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Chapter 1

Intr oduction

Thequality of softwareis animportantaspecbf softwaredevelopmentandmain-
tenance Both in industryandin academiamucheffort is putinto methodsmod-
els, andtools that enablesoftware engineerdo maintainor improve the quality
of software. We distinguishbetweerseveralapproacheto softwarequality, using
two dimensiongVliet 2000). The first dimensionis the productversusprocess
dichotomy To improve softwarequality onecanfocusonimproving thequality of
the software productitself, for exampleby makingit moreuserfriendly or more
reliable. A differentapproachs to improve the procesghat createghe software
product,assuminghatanimprovedprocesgproducesigherquality products.The
seconddimensionis the conformance/ersusmprovementdimension.Here,con-
formanceapproacheto software quality aretamgetedat conformingto somestan-
dard. Approachesamgetedat improvementon the otherhand,aim to implement
bettermethodsandworking practicego increaseguality.

Tablel.1 shavs examplesof eachof the four approachedSO 9126(ISO/IEC
1995, ISO/IEC 199%) is a standardor productquality which definesa tree of
quality attributes,includingmeasureso quantifythosequality attributes. The‘best
practices’include suchpracticesas software configurationmanagementnspec-
tion, testing,etc. ISO 9000(1SO 1987) is a seriesof standardshatstategequire-
mentsfor quality systems.Software Quality Assurancé SQA) procedureseview
and audit software processe$o checkwhetherthe work is doneasit shouldbe
done.Finally, the SoftwareCapabilityMaturity Model (CMM) (SEI11995),SPICE
(ISO/IEC 15504) (El Emam, Drouin and Melo 1998), and Bootstrap(Kuvaja,
Simila, Krzanik, Bicego, Koch and Sauklonen1994) are all methodsaimedat
improving softwareprocesseby providing areferencdramevork againswhicha
softwareorganizationcancomparetself. Sucha comparison- usuallytermedan
assessment resultsin theidentificationof processeandactvities which arenot

1



2 Introduction

| Conformance| Improvement

Product 1ISO9126 ‘bestpractices’
1SO 9000 SoftwareCMM
Process SOA SPICE
Bootstrap

Tablel.1: Fourapproacheto softwarequality (Vliet 2000)

performedadequatelythusproviding directionsfor improvement.

A third dichotomyin thesoftwareengineeringlomainis theonebetweersoft-
waredevelopmentandsoftwaremaintenanceWhetherthe differencebetweerde-
velopmentand maintenancés realandhasconsequence®r methods skills and
toolsneededs thesubjeciof debatdseee.g.PfleggerandRosenbear 1998,Schnei-
dewind, KitchenhamNiessink,Singer von MayrhauseandYang1999,Kitchen-
ham, Travassosyon MayrhauserNiessink,Schneidwind, Singer TakadaVehvi-
lainenandYang1999,Niessinkandvan Vliet 2000).

In this thesiswe arechiefly concernedvith onecrosssectionof the threedi-
mensionsnamelythe improvementof software maintenancerocessesWe ex-
ploretwo perspectiesonimproving softwaremaintenanc@rocesses:

e Thebottom-up,measurement-basegipal-basedpproach.In this case we
basicallytry to solve problemsor reachgoalsby gatheringelevantinforma-
tion, decidingon the bestcourseof action,andimplementinghe solution.

In this perspectie, measuremerns usedasanenablerof improvementactiv-
ities. The Goal/Question/Metri§GQM) paradigms the bestknovn method
to translateémprovementgoalsinto the metricsthatneedto be gatheredIn
section2.1 we discussGQM and otherapproacheso measurement-based
improvement.

e Thetop-davn, assessment-basadaturity-base@pproach Here,we usea
referenceframevork which is assumedo containthe ‘right’ actities for
our organization. We comparethe organizationwith the referenceframe-
work andimplementthe actvities thataremissingin the organizationthus
becomingmoremature.

Processmprovementfrom this perspectie is initiated by a comparisorof
theorganizatiorwith anexternalreferenceThebestknonvn exampleof such
a referencdramework is the Software Capability Maturity Model (CMM).
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The SoftwareCMM providesanorderedsetof key processethata ‘mature’
software organizationshouldhave implemented.The Software CMM and
otherreferencdrameavorksarediscussedh section2.2.

In this chapteran overview of the researchandthis thesisis given. First, we
discussthe context in which the researctpresentedn this thesishasbeendone.
Next, in sectionl.2we describeheresearchyjuestionsnvestigatedin sectionl.3
thedesigrof theresearclis discussedSectionl.4discussethemaincontritutions
of thisthesis.In sectionl.5anoverview is givenof thestructureof theremaindenof
thisthesis.Next, in sectionl.6thesupporis acknaviedgedof themary peopleand
organizationghatwereinvolvedin theresearclpresentedhere.Finally, sectionl.7
gives an overviewv of the work discussedn this thesisthat hasbeenpublished
elsavhere.

1.1 Reseach context

Theresearchiescribedn thisthesisvasdonein thecourseof two researciprojects
sponsoredy the Dutch Ministry of EconomicAffairs andseveral Dutch compa-
nies. The first project, called ‘ConcreteKit’, ranfrom 1995until 1997,andthe
secondproject, called ‘Kwintes’, ran from 1997 until 1999. The projectswere
donein cooperatiorwith the TechnicalUniversitiesof Delft and Eindhosen, and
with CapGemini, TwijnstraGuddeandthe Tax and CustomsComputerand Soft-
wareCentreof the Dutch Tax andCustomsAdministration(B/AC).

The acrorym ConcreteKit standsfor ‘Concetisering van Kwaliteitsbeheer-
sing en-verbetering:naareennieuwegeneratidT -tools’, meaning Concretizing
quality controlandimprovement: towardsa newv generation T tools’. The Con-
creteKit projectarosefrom the needsof IT organizationssuchas Cap Gemini
and Twijnstra Guddefor quality control andimprovementmethodsaimedat the
post-deelopmentlife cycle phaseof IT products. The goal of the projectwas
twofold (Rijsenbrij, KempermanyanVliet andTrienelens1994):

e to gainquantitatve, objectve, andfundamentainsightinto quality with re-
spectto the maintenancandmanagementf IT productsand

¢ to develop methodstechniquesandtools to supportthe maintenanceand
managementf IT products,specificallytakinginto accountthe customers
andusersof theselT products.

The ConcreteKit projecthasresultedin a methodandsupportingtool to specify
servicdevel agreementéSLAS)in acustomeifocusedway, aclassificatiorsystem
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for incidentsthatoccurduringmaintenancandmanagemertf IT infrastructures,
anda simulationmodelfor helpdeskprocesses.

The Kwintes project (Rijsenbrij, van Veen,Beekman,Trienelens, van Vliet
andLooijen 1996)continuedthe researctstartedduring ConcreteKit. More em-
phasiswas put on quantifying, evaluating,and improving IT services. Kwintes
resultedn arevisedSLA specificatiormethod practicalexperiencevith measure-
mentprogramsameasurememhaturitymodel,aninformationtechnologyservice
maturitymodel,anda methodto implementserviceprocessessingsimulation.

Resultsof theseprojectshave beenpublishedn two books(Trienelens,Zwan,
NiessinkandVliet 1997, Ruijs, de Jong,Niessinkand Trienelens2000), several
publicationsin internationaljournals, conferenceproceedingsworkshopsand a
technicareport(Bouman,TrienelensandvanderZwan1999,Horst,Niessinkand
vanVliet 1999 Kitchenham;Travassosyon Mayrhausermiessink,Schneiderind,
Singer TakadayVehvilainerandYang1999,NiessinkandvanVliet 1997 ,Niessink
1998,Niessinkandvan Vliet 1998, NiessinkandvanVliet 1998, Niessinkand
van Vliet 1998, Niessinkandvan Vliet 199%, Niessinkandvan Vliet 1999,
NiessinkandvanVliet 1992, NiessinkandvanVliet 2000).

1.2 Reseach questions

As describedn the previous section,both ConcreteKit and Kwintes focusedon
developingmethodsandtoolsto supportthe delivery of high quality IT services.
Informationtechnologyservicesaredefinedasactvities, soldby oneparty—thelT
servicepravider—to anothelparty—thecustomer-to install, maintain supporthe
usageof, operatepr enhancénformationtechnologyusedoy thecustomerDuring
the researctprojectsan abstracimodelwas developedto describethe procesof
deliveringandmanagindT services.

Figurel.1shaws this processnodel. Theleft partof the lemniscateconcerns
thespecificatiorof IT servicequpperarrav) andthe evaluationandmonitoringof
the performancef the serviceprovider (lower arrown). Theright partconcernghe
evaluationand monitoringof serviceprocessegupperarron) andthe designand
organizatiorof thoseprocessesTheservicelevel agreementSLA) playsa pivotal
rolein thisscheme.

For example,anindustrialorganizationusesseveral softwaresystemgo moni-
torits productionprocessedf theorganizatiorwantsto outsourcéhemaintenance
of the software, it is importantthat the maintenancerganization— the service
provider—andtheindustrialorganization- the customer malke explicit whatser
vicesthecustomewill receve andwith whatquality, i.e.theservicelevels. In this
case the customes productionprocessesrein operation24 hoursa day, sothe
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specifying and quantifying SLA’s tracking and evaluating service processes
Service Level
Agreement
IT service Service Level Service Process IT service

needs Management Management processes

tracking and evaluating SLA’s designing and implementing service processes

Figure1.1: ServiceLevel Managementemniscateg(Trienelens,Zwan, Niessink
andVliet 1997)

maintenancservicemightneedo beavailable24 hoursadayaswell. However, in
orderto decidethis, the serviceprovider andcustometogethemeedto investigate
theneedsf the customer This processesultsin a servicelevel agreemenivhich
statesvhatthe customercanexpect,but alsowhatobligationsthecustomehas.In
this casetheserviceprovider mightdemandhatthe customeimplementsts own
testervironmentto conductuseracceptanceestsof new versionsof the software.

To the serviceprovider, the servicelevel agreementormsthe basisfor imple-
mentingthe serviceprocessesDependingon what servicelevels are agreedon,
the serviceprovider might decideto useits existing helpdesko interfacewith the
customeror implementa separatdelpdeskat the customess site.

Basedon the servicelevel agreementind its serviceprocessesthe service
providerwill measurets performancevith respecto theservicelevelsagreedn.
Thesemeasurementsanbe usedfor internalperformanceracking,informing the
customemboutthedeliveredservice andfor processmprovementaswell.

The deliveredserviceandthe servicelevel agreementvill be evaluatedwith
the customeion aregularandevent-drien basisin orderto addresspecificprob-
lems,andto make surethe servicelevel agreementstaysin line with the possibly
changingserviceneedsf the customer

Thebasicpremiseof theresearclis thatin ordertoimprove IT servicesall four
phase®f theServicelLevel Managemeniemniscataneedto betakeninto account.
ThelT InfrastructureLibrary (ITIL) (CentralComputerand Telecommunications
Agengy 19923) gives detailedguidelinesfor mary of the processeshat play a
role in thedelivery of IT services.However, therearea numberof aspectof IT
servicedelivery thatarenot, or notadequatelycoveredby ITIL. Weidentifiedthe
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following researclareas:

1. Thestructuredranslationof IT serviceneedsnto servicelevel agreements
(theuppetleft arrow).

2. The implementationof the IT serviceprocesseshasedon andin confor
mancewith the servicelevel agreementdower-right arraw).

3. Theusageof measuremerih supporiof the previoustwo actiities.

In addition,asa resultof a numberof casestudiesdoneon thesethreeresearch
areasafourthresearctareawasidentified:

4. It seemghatwe candistinguishbetweenmatureandimmaturelT service
providers, basedon certainprocesseshat an IT serviceprovider hasim-
plemented.lIs IT serviceprocessmaturity a useful conceptto supportthe
improvementof IT services?If so, whatcharacterizea maturelT service
provider andwhich arethe processethatthe serviceprovider shouldimple-
ment?

Theresearchlescribedn thisthesisfocusesonthelasttwo of thefour research
areas.The othertwo researclareasvereaddressetty otherpartnersn the Con-
creteKit and Kwintes projects. In the next sectionwe describehow the generic
guestionsabove wereconcretizedandhow theresearclwasconducted.

1.3 Reseachdesign

As mentionedn theprevioussectionwe focusonthefollowing two researclissues
in thisthesis:

e Measuement-basedmprovement the usageof measurementor the im-
provementof IT servicesandIT serviceprocesses.

e Maturity-basedmprovement the conceptof IT serviceprocessnaturityas
ameando guidetheimprovementof IT servicesandIT serviceprocesses.

Theseresearchssuescoincidewith thetwo perspectieson processmprove-
mentmentionedon page2. Sectionl.3.1detailsthe first researchissue— the
measurement-basgérspectie on processmprovement- andsectionl.3.2deals
with the secondresearchissue— the maturity-basederspectie on processm-
provement.
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1.3.1 Measurement-basedmprovement

We have concretizedhefirst researctareainto thefollowing researchyjuestions:

1. How to introducemeasuremenh anlT serviceorganizationWhatarethe
necessargtepgo setup ameasuremergrogrant andin which ordershould
they beperformed?

2. Whatarethe prerequisiteshat needto be satisfiedin orderto improve the
likelihoodof succes®f themeasuremergrogram?

3. Whatis — or what shouldbe — the relationbetweenmeasuremerdandthe
maturityof thelT serviceorganization?

Obviously, theseresearchguestionsarestill very broad. In the previous sec-
tion, we definedIT servicesas‘activities|. . .] to install, maintain,supportthe us-
ageof, operatepr enhancenformationtechnologyusedby the customer While
all IT servicexconcernsupportinganorganizationin its sustainediseof informa-
tion technologythe rangeof actvities neededo deliver IT servicess wide. We
limit thethreeresearchyuestiondistedabove to onetypeof IT service- software
maintenance- for thefollowing reasons:

e By limiting the typesof IT servicesinvestigatedjt will be easierto com-
pareresearcldonein differentorganizationssinceall organizationswill be
softwaremaintenancerganizations.

e Whendoing researchnto software measuremengatheringenoughdatain
a shortperiodof time to performstatisticalanalysisis difficult. Individual
changego software usuallytake limited time andeffort to implement,but
at the sametime are often treatedas small projects. Hence,we expectto
be ableto measurea fair amountof attributes of individual changesfor
exampleeffort data,designmeasures;odemeasurestc. At the sametime,
becauséndividual changesreusuallynottoo big, we alsoexpectto beable
to measure fair numberof changesn alimited periodof time.

e Availableexpertisein the areaof software engineeringat the Vrije Univer-
siteit, e.g.Vliet (2000).

In addition,we have limited thepossiblemeasuremerapplicationdo theplan-
ning andestimationof softwaremaintenanceffort, againto improve the possibil-
ities to compareresearctacrosorganizations.

“Measuremenprogram’is the phraseusedfor measuremeructiities and processe# a (soft-
ware)organization.



8 Introduction

| Category Validationmethod \

Obsenational | Projectmonitoring: collectdevelopmentdata

Casestudy monitorprojectin depth
Assertion:adhocvalidationtechniques

Field study: monitormultiple projects

Historical Literaturesearch:examinepreviously publishedstudies
Legacydata examinedatafrom completedorojects
Lessonslearned: examine qualitative datafrom completed
projects

Staticanalysis:examinestructureof developedproduct
Controlled Replicatedxperiment develop multiple versionsof product
Syntheticervironmentexperiment:replicateonefactorin lab-
oratorysetting

Dynamicanalysis:executethe developedproductfor perfor
mance

Simulation:executeproductwith artificial data

Table 1.2: Summaryof software engineeringvalidation models(Zelkowitz and
Wallacel1998)

Four casestudiesweredonein four differentsoftware maintenancerganiza-
tionsto investigatethesequestions.All four casestudiesconcernedhe planning
and estimationof software maintenanceffort. In termsof the taxonomydevel-
opedby Zelkowitz andWallace(1997,1998),depictedn tablel.2,two of thecase
studiesare‘legag data’becausave investigatehe measuremergrogramsa pos-
teriori. The othertwo measurementrogramsarea combinationof a ‘casestudy’
anda ‘replicatedexperiment’. They arereplicatedexperimentdn the sensehatin
both organizationghe measuremerggrogramwasimplementedn the sameway,
using the samesteps. However, we obviously could not control all factorsthat
arerelevant, suchasthe software processised,sofrom thatpoint of view thetwo
measuremergrogramsvereactuallycasestudies.

1.3.2 Maturity-based improvement

As mentionedn sectionl.2, the secondresearclissueemepgedasa resultof a
numbetrof casestudiesdoneduringtheresearclprojectsConcretekit andKwintes.
It wasobseredthatthe succes®f the applicationof our methodsduringthe case
studiesdependean certaincharacteristicef the organization suchasexperience
with servicelevel agreementghe existenceof standardvork proceduresheway
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in which incidentswere managedetc. We hypothesizedhat someorganizations
weremore ‘mature’ with respecto IT serviceprocessethanotherorganizations
andthat the maturity of the organizationswvas an importantfactorin explaining
casestudysuccess.

Thisresearchssuewasconcretizednto threequestions:

1. Whatamgumentscanwe supplyto supportthe notionof IT serviceprocess
maturity?

2. How shouldmaturelT serviceorganizationdook? Which processeshould
amatureserviceproviderimplement?

3. How canwe usethe conceptof IT serviceprocesamaturity in practiceto
supportheimprovementof IT serviceproviders?

Again, we focuson softwaremaintenancasonepossibleT serviceto reduce
thecompleity of theresearch.

Thefirst of thesethreequestionsvasinvestigatedhroughliteratureresearch.
The secondjuestionwasexploredby developinga maturity modelin closecoop-
erationwith expertsin the field of IT services. The last questionwas examined
by performingserviceprocessassessments two software maintenancandsup-
port organizations. Thesecasestudiesare a first steptowardsvalidation of the
developedmaturitymodelfor IT serviceproviders.

1.4 Main contributions

Themaincontritutionsof thisthesisarethefollowing.

In partl we describfour measuremergrogramcasestudies.Fromthesefour
casestudieswe learnseverallessonswith respecto successndfailure factorsof
measuremergrograms We introduceanabstracprocessnodelof measurement-
basedrocessmprovement.We usethisprocessnodelto compardifferentguide-
linesandframeworks for implementingmeasuremergrograms.The comparison
revealsthat theseguidelinesagreeon the basicactvities neededfor successful
measurementut at the sametime emphasizalifferentaspects.In addition,the
usageof the abstracprocesanodelshaws thattheseguidelinesendto ignorethe
applicationof measurememnesults.

We concludethatthe consensusuccess$actorsfor measuremerrogramsas
foundin the literatureare necessaryut not suficient preconditiondor the suc-
cessfulimplementatiorof measuremenmirograms.These whatwe call ‘internal’
succesgactors,needto be complementedvith ‘external’ succes$actorsthatare
aimedat securinghatmeasuremerirogramsyeneratevaluefor the organization.



10 Introduction

We proposédour externalsuccess$actorsandwe suggestnumberof actiitiesthat
canbeusedto adherdo theseexternalsuccessactors.

In partll we present new perspectie on softwaremaintenancenamelysoft-
waremaintenancasaservice Viewing softwaremaintenancasaservicemplies
se/eralconsequencdsr thewayin whichcustomersvill judgethequality of soft-
waremaintenanceandhencet hasconsequencesr the processethatarekey to
delivering high quality software maintenance We lay down theseconsequences
in acapabilitymaturitymodelfor IT servicesWe shav somepreliminaryexperi-
enceswith applyingthelT ServiceCMM in the assessmertf two organizations
thatprovide IT services.

1.5 Structure of this thesis

Thisthesids structuredasfollows. In thenext chaptemefirst give abrief overvien
of theliteraturewith respecto processmprovement.As mentionedn thischapter
we distinguishbetweenwo perspecties on processmpravement:measurement-
basedmprovementandmaturity-basedmprovement. Theremaindeiof thethesis
is alsostructuredaccordingo thesetwo perspecties. Partl discussetheresearch
doneon softwaremaintenanc@rocessmprovementfrom a measuremergerspec-
tive, partll presentsheresearctdoneonimproving softwaremaintenancérom a
maturity perspectie.

Part| presentgour measuremergrogramcasestudies.Chapters3 and4 ana-
lyze two measuremergrogramsn retrospectChapter5 reportson two measure-
mentprogramsimplementedn two differentorganizationswith the help of two
graduatestudents.Chapter6 synthesizeshe experiencegrom the four measure-
mentprogramsin a measurementaturity model. In the lastchapterof part| a
first attemptis madeto validatethe measuremenmnaturity model. The modelis
comparedagainstrelatedwork usinganabstracmodelof the measurement-based
improvementprocessFromthecomparisorwe concludehatthereis afairamount
of consensusboutthe issuesthat are importantin measurementHowever, the
improvementpart of the measurement-baséudprovementprocesgemainsunder
exposed. A numberof actwitiesis proposedo supplemenit.

Partll startswith chapter8 which discussesoftwaremaintenancérom a ser
vice pointof view. Specifically attentionis givento thedifferencesetweerprod-
uct developmentand servicedelivery, and how this appliesto software mainte-
nance.We amguethatthe differencesdetweerservicesand productscausea need
for differentprocesseto deliver high quality software maintenancethanpresent
in currentmaturity modelsfor software development. Chapter9 presentghe IT
ServiceCapabilityMaturity Model which is aimedto provide thesekey processes
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specificallyneededor IT serviceprovision. Chapterl0 describeswo casestudies
duringwhich two software maintenancend supportorganizationsvereassessed
againsthelT ServiceCMM.

Finally, chapterl1 presentshe conclusionsf thisthesis.
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1.7 Publications

Most of the materialpresentedn this thesishasbeenpublishedelsavhere. This
sectiongivesanoverviev of previously publishedvork.

The casestudiesin chapterst and5 werepresentedt the InternationalCon-
ferenceon SoftwareMaintenancéNiessinkandvanVliet 1997,Niessinkandvan
Vliet 1998). Thework on measurementaturity in chapteré was presentedt
the EuromicroConferencen SoftwareMaintenanceandReengineeringNiessink
andvan Vliet 199&). The materialin section7.1 andsection7.3is describedn
(NiessinkandvanVliet 199%). Section7.2is asummaryof thework presentect
the EuropearSoftware Controland Metrics ConferencgHorst, Niessinkandvan
Vliet 1999). The external succesdactorsfor measurement-baseahprovement
in section7.4 were presentedht the InternationalSoftware Metrics Symposium
(NiessinkandvanVliet 199%).

Thedifferencebetweersoftware maintenanceandsoftwaredevelopmentrom
a servicepoint of view asdiscussedn chapter8 wasfirst presentedt the Work-
shopon Empirical Studiesof Software MaintenancgNiessink1998). The work-
shopresultedin a paperin the Journalof Software Maintenancey nine partici-
pants(Kitchenham,Travassosyon MayrhauserNiessink,Schneideind, Singer
Takada,Vehvilainenand Yang1999). A paperdiscussingsoftware maintenance
from a serviceperspectiesis to appearin the Journalof Software Maintenance
(Niessinkandvan Vliet 2000). The casestudiesdescribedn section8.3 andan
earlierversionof the IT ServiceCMM aspresentedn chapter9 werefirst pub-
lishedin the journal Software Process- Improvementand Practice(Niessinkand
vanVliet 1998&).



Chapter 2

RelatedWork

In this chaptemwetake alook attheliteratureon processmprovement.Theaim of
this chapteris to provide anoverviev of the availablework. In later chaptersve
will discussadditionalrelatedwork whereappropriate.

As describedn theintroductorychapterwe areinterestedn theimprovement
of thequality of softwaremaintenancey improving thesoftwaremaintenancero-
cess.Lookingatprocessmprovementmethodologiesywe candistinguishbetween
two perspecties. This division is basedon the sourceof the referenceagainst
whichimprovementis tracked.

Inter nal reference-basegrocessmprovement
This is the perspectie that wasloosely termed‘bottom-up, measurement-
based,goal-basedimprovementin chapterl. The methodologiesn this
catgyoryfocusonprocessmprovementwith respecto internallydetermined
improvementgoals. Thesemethodologiesll more or lessimplementthe
‘scientific method’: basedon someobseration or questiona hypothesiss
formulatedwhichis next testedoy performinganexperiment.Basedonthe
outcomeof the experimentthe hypothesisanberejectedor (provisionally)
acceptedandtheorganizationcanbeimproved by emplog/ing theresults.

The mainexamplefrom this cateyory in the softwareengineeringlomainis
the Goal/Question/Metri¢gGQM) paradigm.

External reference-basegrocessmprovement
Theseconctateyory, thatwascalledthe‘top-dovn, assessment-basedatu-
rity-based’approachin chapterl, consistof all methodologieshatprovide
organizationsith aprescriptve referencdramevork againswhich organi-
zationscanassessheir processeandfind directionsfor improvement.

13



14 Related\ork

Themainexamplein this catgyory is the SoftwareCapabilityMaturity Mod-
el. However, notonly maturitymodelssuchasthe SoftwareCMM andTril-

lium belongto this cateyory. Otherexamplesof referenceframenorks are
collectionsof bestpracticessuchasthe IT InfrastructureLibrary andstan-
dardssuchasthelSO 9000series.

This subdvision concurswith the subdiisions madeby Solingenand Berghout
(1999) and Bgeagh, Depanfilis, Kitchenhamand Pasquini(1999). Solingenand
Bemhoutdistinguishbetweeritop-dowvn approachedb softwareprocessmprove-
ment, like the Software CMM, and ‘bottom-upapproaches’like the Goal/Ques-
tion/Metric paradigmandthe AMI (Applicationof Metricsin Industry)approach
(Pulford, Kuntzmann-Combelleand Shirlav 1996). In addition, Solingenand
Berghout usethe phrasesassessment-basedhd ‘measurement-basedbr that
samesubdvision. Bgegh, Depanfilis,Kitchenhamand Pasquinidistinguishthree
typesof softwarequality methodology:processmprovementmethodologiedike
the SoftwareCMM, metricsmethodologiedjke GQM, andproductquality meth-
odologieslike the ISO 9126standard.

In theremainderof this thesiswe will use‘measurement-basechprovement’
to referto internalreference-baseagrocessmprovement,and‘maturity-basedm-
provement’to referto externalreference-basagrocessmprovement. Thoughthe
two longertermsindicatethe differencebetweenthe two classesf approaches
more precisely we will usethe shorterphrasesnstead. Not only becausehey
aremorecornvenient,but alsobecauséheresearchn this thesisis focusedon the
measuremenaspectof internalreference-basegrocessmprovementandon the
maturity aspeciof externalreference-basegrocessmprovement. Hence,we do
notattemptto cover all aspect®f softnaremeasuremergndsoftwareprocessm-
provementin this chapter For a generalovervien of software measuremerthe
readeris referredto Fentonand Pfleager (1997). An in-depthdiscussiorof the
history andtheoryof softwaremeasuremerntanbefoundin Zuse(1998). Thom-
sonand Mayhew (1997)give an overview of software processmprovementap-
proachesZahran(1997)providesanextensve overvien of maturity-basegrocess
improvementmethodologies.

In the next sectionwe discussrelatedwork on measurement-basqatocess
improvementandin section2.2 we discussmaturity-basedmprovementmethod-
ologies.

2.1 Measurement-basedmprovement

Internalreference-baseidhprovementmethodologiesake internalsourcesasref-
erencedor theimprovementactiities. Usuallythismeanghatthebusinesstratgy
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1) Characterizéhecurrentprojectervironment.

2) Setup goalsandrefinetheminto quantifiablequestionsand metricsfor
successfubproject performanceand improvementover previous project
performances.

3) Choosethe appropriatesoftware projectexecutionmodelfor this project
andsupportingnethodsandtools.

4) Executethe chosemprocesseandconstructhe productscollectthe pre-
scribeddata,validateit, andprovide feedbackn real-time.

5) Analyzethedatato evaluatethecurrentpracticesgetermingheproblems,
recordthefindings,andmake recommendation®r improvement.

6) Proceedo stepl to startthenext project,armedwith theexperiencegained
from this andprevious projects.

Table2.1: Quality ImprovementParadigm(Basili andRombachL988).

andbusinesgyoalsof the organizationform the‘leitmotiv’ in theimprovementef-
forts. The businesgyoalsaretranslatednto improvementgoalsfor the software
organization,andtheseare next translatednto measuremengoals. A measure-
mentprogramis usedto fulfill the measuremergoals,andbasedon the outcome
of the measuremenprogram,decisionscan be taken and improvementscan be
implementedo reachtheimprovementgoals.

Most measuremerdandimprovementmethodsusedin the software engineer
ing domainbuild uponthe Goal/Question/Metriparadigm(Basili andRombach
1988). TheGoal/Question/Metri¢(GQM) paradignoffersastructurecapproacto
translatehigh level measuremergoalsinto questionghatneedto be answeredo
reachthe goals,whichin turn leadto the metricsneededo answerthe questions.
In section2.1.1we give anoverviev of GQM andothergoal-basedneasurement
approaches.

Many reportson the implementatiorof measuremermrogramsmentionspe-
cific success$actorsthatcontrilute eitherto a successfubr unsuccessfuheasure-
mentprogram. Researcherbave aggrgyatedthesesuccesgactorsinto lists that
should provide guidanceto organizationsthat want to implementmeasurement
programsWe discusghesemeasuremerirogramsuccess$actorsin section2.1.2.
Otherresearcherbave tried to capturethe processeseededor successfumea-
surementn maturitymodels.We look attwo of thesein section2.1.3.
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Goal
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Figure2.1: Goal/Question/Metritree

2.1.1 Goal-basedmeasuement

Most goal-basedneasuremerdpproachearebasedon the Quality Improvement
Paradigm(QIP) and the Goal/Question/MetriGQM) paradigm,developedby
BasiliandRombach1988)in the TAME (Tailoring A MeasuremenEnvironment)
project. The Quality ImprovementParadigmconsistsof six major steps,seeta-
ble 2.1. It aimsto provide a basisfor organizationalearningandimprovementby
facilitating learningfrom experiencen projectsandfeedingthis experienceback
to the organization.Eachnew projectis regardedasan experimentandavailable
resultsof every foregoingandongoingexperimentshouldbe package@ndreused.
TheQIP hasacontinuousharactewhichis implementedy two feedbaclcycles:
the projectfeedbaclkcycle andthe corporatgeedbackcycle. The projectfeedback
cycle providesnew projectswith informationaboutforegoingprojects.Thecorpo-
ratefeedbaclcycle providesknowvledgeto thecompleteorganizatiorby comparing
individual projectswith theaggr@atedprojectdata(SolingenandBerghout1999).

The Goal/Question/MetrigGQM) paradigmis a methodwhich helpsdeter
mining which measureshouldbetakento supportreachingcertainmeasurement
goals, and hencecan be usedto implementstep2 of the quality improvement
paradigm. Basedon the measurememgoals, questionsare formulatedthat need
to beansweredNext, the questiondeadto metricsthatneedto be measuredThe
informationthus gatheredorovidesthe answerdo the questions.This leadsto a
tree— or rather a directedagyclic graph— of goals,questionsand metrics,see
figure2.1for anexample.

Themethodprovidestemplatesvhich canbeusedto formulatethegoals.The
following exampleoriginatesfrom researclinto thecausesndeffectsof interrupts
onsoftwaredevelopmentvork (Solingen BerghoutandLatum1998,Solingenand
Berghout1999). Thefollowing measuremergoalwasdefined:
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Analyze: interruptsandtheir effects
for the purposeof: understanding
with respectto: - impacton schedule

- thecost/benefibf interrupts
from the viewpoint of: projectteam
in the following context: projectX

Next, questionsvereformulatedthatneededo be answeredo reachthe goal, for
example:

e Whatis theinfluenceof interruptson thework thatwasinterrupted?
¢ Whatfactorsinfluencetreatmentndeffort for handlinganinterrupt?
e s preventionof interruptspossible?

Thesequestiongormedthe basisfor selectingnetricsthatshouldprovide answers
to theseguestionsExamplef suchmetricswere:

e Numberof interruptsfor currentwork.

o Numberof interruptsfor not currentwork.

o Numberof interruptsthataretreatedmmediately
o Numberof interruptsthatareplanned.

o Numberof interruptsperday

Basedon thesemeasuremenis wasdiscoseredthatmoreinterruptsoccurredthan
wasexpectedandthatthedepartmenspentabout20%of its totaltime onhandling
interrupts. Basedon theseand other outcomes action points were definedand
implementedo, for example,reducethe numberof personabisits in favor of e-
mail communication.

GQM hasbeenappliedin measuremenprogramsquite often (seefor exam-
ple Basili, Briand, Condon,Kim, Melo andValett 1996, Birk, van Solingenand
Jarvinen1998,Birk, Derks,HamannHirvensalo Oivo, Rodenbachyvan Solingen
and Taramaal998, Latum, van Solingen,Oivo, Hoisl, RombachandRuhe1998,
Fuggettal avazza,MarascaCinti, OldanoandOrazi 1998, Panfilis, Kitchenham
andMorfuni 1997). Thesecasestudiesresultedin a numberof proposedexten-
sionsof or additionsto the Goal/Question/Metrienethod. For example,Panfilis,
KitchenhamandMorfuni (1997)reporton two extensionghey made:
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e they foundit necessaryo rigorously definemeasuresn termsof entities,
attributes,units,andcountingrules,and,

e theinitial GQM planwassubjectedo anindependenteview.

Both Fuggettal.avazza MarascaCinti, OldanoandOrazi(1998)andLatum,van
Solingen,Oivo, Hoisl, Rombachand Ruhe (1998) stressthe necessityof being
ableto characteriz¢he processstructure.This concurswith therecommendations
of PfleggerandMcGowan (1990)to take the maturity of the software processnto
accountwhenselectingmeasures.Solingen,Lattum, Oivo and Berkhout(1995)
describean extensionof GQM (model-base@ QM) thatincludesexplicit models
of the software processandproducts.Metrics arenext definedaccordingto both
the standardGoal/Question/Methodnethod,as well as from the perspectie of
the processand productmodels. Both setsof metricsare mutually checled for
consisteng andcompleteness.

Thoughmary authorsstressthe necessityof deriving metricsfrom specific
improvementandmeasuremergoals,not all researchergavor this top-davn ap-
proach. For example,Hetzel (1993) adwocatesa bottom-upapproachn which a
basicsetof measurements definedthatis to be measuredluring every project.
Theunderlyingprinciplebehindhis bottom-upmeasuremergngineeringnodelis
thatthe primaryrole of measuremeris to supportengineeringactiities. It should
stimulatequestionsandprovide insightaboutthe softwareprocessandproducts.

Still, thetop-davn approachebasedon GQM seemto be the onesmostused
whenit comeso implementingneasuremergrograms.

2.1.2 Measurementprogram succesgactors

Severalauthorshave synthesizedists of succes$actorsfor implementingneasure-
mentprograms pasedon experienceseportedin the literature. Hall and Fenton
(1997)identify a numberof consensusuccesg$actorsfor the implementatiorof
measuremenprograms. Table 2.2 shavs thesefactors,that wereidentified after
studyingotherliterature,suchasGrady(1992)andPfleayer(1993).

We candistinguishbetweentwo groupsamongthe succesgactorslisted by
Hall andFenton:onegroupis tamgetedat obtainingacceptancéom the develop-
ersinvolved in the measuremenrogram. This cateyory includesthe factors4-9,
11,13-15.Eachof thesefactorsaimsto corvincethe developershatthe measure-
mentprogramis rigorous,usefulandnot usedagainstthe developers.Thesecond
catgyory consistof factorsaimedatagraduaintroductionandenhancemerdf the
measuremergrogram:the measuremergrogramshouldbe incrementallyimple-
mentedconstantlyimproved,useexisting materialspesupportedy management,
andawell-plannedmetricsframevork shouldbeused(1-3, 10, 12).
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Incrementalmplementation
Well-plannedmetricsframevork

Useof existing metricsmaterials

Involvementof developersduringimplementation
Measuremenprocesgransparento developers
Usefulnes®f metricsdata

Feedbacko developers

Ensurethatdatais seeno have integrity
Measurementatais usedandseernto beused
Commitmentrom projectmanagersecured
Useautomatediatacollectiontools
Constantlyimproving the measuremergrogram
Internalmetricschampionsisedto managehe program
Useof externalmetricsgurus

Provision of trainingfor practitioners
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Table2.2: Consensusucces$actors

We will usethe succesdactorsof Hall and Fentonin the remainderof this
thesis(specificallyin chapters3, 4, and5) asa meango assesshe measurement
programsnvestigated.

2.1.3 Measurementmaturity

Inspiredby theSoftwareCMM someresearchersave capturedyuidelinesor mea-
suremenprogramsn theform of maturity models.We discusgwo of thesemea-
suremenmaturitymodelsin chapter7, namelythe softwaremeasuremenechnol-
ogy maturity framevork by Daskalantonakisyacobellisand Basili (1990-1991)
andtheprocessnodelof softnaremeasuremeriy ComerandChard(1993).

Unfortunately we know of no empiricalresearcion the actualusageof these
maturity models. For the software measuremertechnologymaturity framework
of DaskalantonakisyacobellisandBasili a maturityquestionnairdéasbeendevel-
opedby BudlongandPetersor(1995). However, we arenot aware of ary publi-
cationson the applicationof measuremenhaturityassessmenendthe question-
naire.
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2.2 Maturity-based improvement

Thebasicschemeof externalreference-baseidhprovementapproachess arefer
enceframavork — definedexternally to the organizationin question— which pre-
scribestheactvities, methodologiespracticesand/ortoolsanorganizatiorshould
implementand/oruse.

Someapproachestructureheframevork in levelsin orderto facilitateimple-
mentation.Therearetwo waysto applyso-calledmaturity levels’ to aframevork
(Zahran1997):

¢ Stayed model The stagedmodel comprisesa numberof maturity levels,
andeachprocesor processareais tied to a certainlevel. At eachlevel, an
organizationimplementshe processesttachedo thatlevel. If we usethe
term measuremenibosely we cansaythat a stagedmodel‘measuresthe
maturity of acompleteorganization.

Theunderlyinglogic of stagednodelsis thattheprocesseenacertainlevel
form the foundationfor the next levels. So, skippingprocessesr levelsis
generallynotadvisedpecausell processesn andbelow acertainlevel are
neededor the next level. The Software CMM (Paulk, Curtis, Chrissisand
Weber1993,Paulk, Weber Garcia,ChrissisandBush1993,SEI 1995)is an
exampleof a stagednodelwith five maturity levels, rangingfrom level 1 —
theinitial level —to level 5 — continuousmprovement.

e Continuousmodel In a continuousmodelthe processethemselescanbe
ratedalonga maturity scale. So the model measureshe maturity of indi-
vidual processefsteadof the maturity of anorganization.ln a continuous
model, as opposedo a stagedmodel, it is possiblefor one processo be
implementedatalow level of maturityandanothemprocessatahighlevel of
maturity TheSPICE(1SO 15504)(El Emam,DrouinandMelo 1998)model
is anexampleof acontinuousnodel. Thematurity (capability)of individual
processesanrangefrom level 0 —incomplete- to level 5 — optimizing.

Severalauthorshave comparedhe SoftwareCMM with the SPICEmodel(Garcia
1997,Paulk, Konradand Garcial995,Paulk, Garciaand Crissis1996). Paulk et
al. mentionasthe adwvantageof a stagedarchitecturethat it focuseson the ‘vital
few’ areasthat typically block processperformanceat a particularstagein the
organizatiors life. The maturitylevels prioritize generalsoftware problems.The
adwantageof acontinuousnodelis thatit providesa moredetailedoverview of the
maturity of anorganizatiorby measuringhe maturity of individual processes.

A comparisorof ISO 9001andthe Software CMM is given by Paulk (1995).
Paulkconcludeshatthebiggestifferencebetweerthetwo is thefocusof the Soft-
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| Assessment | No assessment

SoftwareCMM
SPICE(ISO 15504)
Trillium

Bootstrap

No maturitylevels || ISO9000series ITIL

Maturity levels

Table2.3: Processmprovementmethodologies.

wareCMM on continuougprocessmprovement,wherelSO 9001 only addresses
theminimumrequirement$or anacceptablguality system Becausef thediffer-
entrequirement®f ISO 9001andthe Software CMM, thereis no directmapping
betweerthetwo. Paulk concludeshatanlSO 9001-complianbrganizatiorwill be
someavherebetweerlevel oneandlevel threeof the Software CMM. Conversely
a SoftwareCMM level two or threeorganizationwill probablybe consideredSO
9001compliant.

Often, an assessmennethodaccompanieshe processmprovementframe-
work to facilitate the comparisonof organizationalpracticeswith the practices
asprescribedoy the frameavork. Generally threetypesof assessmergre distin-
guishedZahran1997):

e Self-assessment his refersto the situationwherethe assessmeris per
formed by the organizationitself, and mainly by its own personnel. The
main objectie in this caseis to identify the organizations own processa-
pability andinitiate a planfor processmprovement.

e Second-partassessmentn this casethe assessmeiis performecdby exter-
nal assessorandthe objective is to evaluatethe organizatiors capabilityto
fulfill specificcontractrequirements.

e Third-party assessmentHere an independenthird-party organizationper
formsthe assessmenilhe main objective in this caseis to verify the orga-
nizations ability to entercontractsor producesoftwareproducts andsome-
timesto provide thefulfillment of certificationaccordingto a selectedstan-
dard.

Thelasttwo variantsarealsoknown as‘capability determination’.
Table 2.3 shavs examplesof differenttypesof improvementmethodologies.

All maturityframeworks,suchasthe SoftwareCMM, SPICE/ISOL5504 ,andTril-
lium (Trillium 1996),areaccompaniethy assessmemhethods A SoftwnareCMM
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assessmemanbe doneusingthe Software CapabilityEvaluationmethod(Byrnes
andPhillips 1996). The ISO 15504standardncludesa framework for conducting
assessmentmgethemwith guidelinesfor the useof theframavork in two different
contets: whenusedfor processmprovement,.e. self-assessmerandwhenused
for processapabilitydeterminatior(Rout1995).

The SO 9000seriesstandardsincludingthe ISO 9000-3guidelines provide
an internationalstandardfor quality managemenand assurancéhat canbe ap-
pliedto softwaredevelopmentandmaintenanc€Schmaucii995,1ISO 1987, ISO
198, ISO 198, 1ISO 198, ISO 1991).1SO 9000certificationcanbe obtained
througha registrationaudit by an accreditedthird-partyregistrar Guidelinesfor
auditorsfor conductingauditsaredescribedn ISO 10011(ISO 1990). Schmauch
(1995)givesa list of questionghat canbe usedfor a ISO 9000self-assessment.
However, thereis no formal procedurdor performinga self-assessment.

In additionto areferencdramavork, animprovementimplementatiormethod
is neededo organizeand enablethe implementationof changes.The Software
Engineeringnstitutehasdevelopedthe IDEAL (Initiate, DiagnoseEstablishAct,
Leverage)software processmprovementmethod(McFeelg 1996). The method
startswith aninitiating phaseduringwhich theinitial improvementinfrastructure
is establishedA softwareprocessmprovementplanis createdo guidethe orga-
nizationthroughthe completionof the otherphasesThemethodusesa capability
assessmerduring the diagnosingphaseto determinethe currentstateof the or-
ganization. During the establishingphase the issuesfound during the diagnosis
are prioritized andan actionplan is developed. The actingphaseconsistsof the
piloting anddeploymentof new andimproved processedrinally, duringthelever-
agingphasethe experiencesreevaluatedandpackagednto a processlatabaséo
provide inputfor thenext cycle throughthe model.

In the remaindeof this sectionwe discusghe SoftwareCMM andITIL. The
Software CMM is the mostwell-knovn maturity modelfor software processm-
provement,claimedto be applicableto both software developmentand software
maintenanceprocesses.The IT InfrastructureLibrary is a setof bestpractices
aimedatIT serviceproviders,andshouldassuchbe suitablefor softwaremainte-
nanceprovidersaswell.

2.2.1 The Software Capability Maturity Model

The Software CMM measures software organizations software processcapa-
bility on a five-level ordinal scale. The software processcapabilityis definedas
the rangeof expectedresultsthat can be achiezed by following a software pro-
cess(SEI1995,p. 9). Themodeldistinguisheshefollowing five maturitylevels:

1. Initial: The software processis characterizeds ad hoc, and occasionally
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Maturity Levels

Indicate Contain

Process Capability Key process areas
ACM \irganized by
Common features

Address \iomain
Implementation or Key practices
institutionalization

Describe

Activities or infrastructure

Figure2.2: TheCMM structure(SEI1995)

evenchaotic.Few processearedefined,andsuccesslepend®nindividual
effort andheroics.

2. Repeatable Basic project managemenprocessesre establishedo track
cost,scheduleandfunctionality Thenecessarprocesdlisciplineis in place
to repeatarliersuccessesn projectswith similarapplications.

3. Defined The software processfor both managemenand engineeringac-
tivities is documentedstandardizedandintegratedinto a standardoftware
procesgor theorganization All projectsuseanappraed,tailoredversionof
theorganizatiors standardsoftwareprocesdgor developingandmaintaining
software.

4. Mangged Detailedmeasuresf thesoftwareprocesandproductquality are
collected.Both the software processaandproductsarequantitatvely under
stoodandcontrolled.

5. Optimizing Continuousprocessimprovementis enabledby quantitatve
feedbackrom the processaandfrom piloting innovative ideasandtechnolo-
gies.
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Eachmaturity level is characterizedy a numberof processeshat an orga-
nization residingon that level should perform. Theseprocessesre groupedin
key processareasseefigure 2.2. Eachkey processareaconsistsof actities that
an organizationneedsto implement. Theseactvities are groupedaccordingto
their commonfeatures.Five commonfeaturesare distinguished:commitmentto
perform,ability to perform,actvities performedmeasuremerandanalysis,and
verifying implementation.Commitmentto performactvities are aimedat secur
ing managementommitmentby meansof organizationalpoliciesand establish-
ing leadership Ability to performactiities aretargetedat fulfilling preconditions
necessaryo successfullymplementthe software process Examplesaretraining,
resourcesandorganizationabktructures Activities performeddescribethe actvi-
ties, roles,andproceduresiecessaryo implementa key processarea. Examples
are the developmentof plans, performingthe work, trackingit, andtaking cor
rective actionswhennecessaryMeasuremenandanalysisactivities describethe
basicmeasuremergracticeghatareneededo determinghestatusof the process.
The measurementare usedto control andimprove the process.Finally, verify-
ing implementatioractvities areaimedatensuringhatactvities areperformedn
complianceawith theestablishegrocessTypically, reviews andauditsby manage-
mentandthe softwarequality assurancgroupareusedto checkthis.

Table2.4 shaws the key processareasin the Software CMM. Threeprocess
catgyoriesaredistinguishedn the Software CMM: managementrocessearere-
latedto establishindasicprojectmanagementontrols.Organizationaprocesses
areaimedat establishingan infrastructurethat institutionalizeseffective software
engineeringand managemenprocessacrossprojects. Engineeringorocessesare
focusedon performinga well-definedengineeringorocesghatintegratesall soft-
wareengineeringactvities to producecorrect,consistensoftware productseffec-
tively andefficiently.

Thefirst processethata softwareorganizatiomeedgo implementarethe six
managemenprocessest level two. Theseprocesse$ocuson the management
of individual software projects. Organization-wideéssuesare tackledat the third
level. Below we discusghekey processireasof level two. For adescriptiorof the
key processareasof thethird andhigherlevelswe referthereaderto SEI (1995).
Thesix level two processehave thefollowing purposegSEI 1995):

e Requiementanangementis aimedat establishingp commonunderstand-
ing betweerthe customemlandthe softwareprojectof thecustomers require-
mentsto be addressetby the project. The requirementsorm the basisfor
managingandplanningthe softwareproject.

e Thepurposeof softwae projectplanningis to establisireasonablglansfor
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‘ Levels | Management | Organizational Engineering |
Optimizing ‘ Technologychangemanagement
Procesghangemanagement Defect
prevention
Managed Quantitatve processnanagement Softwarequality
management
Defined | Integratedsoftware Organization Software
management procesgocus product
engineering
Intergroupcoordination | Organization Peerreviews

procesglefinition
Trainingprogram

Repeatable| Requirements
management
Softwareprojectplanning
Softwareprojecttracking
andoversight
Softwaresubcontract
management
Softwarequality
assurance
Softwareconfiguration
management

Initial Ad hocprocesses

Table2.4: The CMM key processareasandprocessatayories(SEI 1995)
performingthe software engineeringactiities and for managingthe soft-
wareproject.

e The softwae project tracking and oversight key processareais aimedat
establishingadequateisibility into actualprogressothatmanagementan
take effective actionswhennecessary

e Whenapplicable softwae subcontact mangementis usedto selectquali-
fied softwaresubcontractorandmanagghemeffectively.

e Softwae quality assuanceprovidesmanagemenwith appropriatevisibility
into the processeingusedandthe productsbeingbuilt.

e Thepurposeof softwae configuation manajements to establisrandmain-
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tain the integrity of the productsof the software project, throughoutthe
projects softwarelife cycle.

The SoftwareCMM is saidto be applicablebothto softwaredevelopmentorgani-
zationsaswell asto softwaremaintenancerganizationsHowever, thewordingof
the key practiceds orientedtowardssoftware development.Drew (1992)reports
on his experiencesapplying the Software CMM (level two) to a software main-
tenanceorganization. He concludeghat the issuesthat arisewhenapplying the
Software CMM to a software sustainingorganizationare significant,but do not
prohibit the useof the model. The main difficulties arosewith the treatmentof
requirementanddifferencesn projectmanagememneeds.The Software CMM
treatsthe requirementsasthe basisfor software projects,whereadn the caseof
software maintenancechangerequestsand problemreportsare the basisfor the
maintenancectities. Similarly, projectplanningactvities areaimedat manag-
ing large projects,whereassoftware maintenancerojectsresultingfrom change
requestandproblemreportsareof widely differentsizesandcanbevery small.
The Software Capability Maturity Model hasreceved quite someattention
in the literature,both positve and negatve. The criticism is aimedat two main
issues:the maturity modelitself on the one handandthe assessmenmnirocedure
on the otherhand. The main pointsarethe following (Bach1994,Bollinger and
McGowan1991,GrayandSmith1998,FayadandLaitinen1997,0uld 1996):

e Themodellacksa formal theoreticabasis. It is a ‘madeup’ model,which
describesan ideal organizationwhich never existed. Whetherthe model
indeedcontainsactvities neededor a maturesoftware organizationis un-
known.

For example,Ould (1996)criticizesthe useof statisticalanalysisof the per
formanceof the processe use.He claimsthattreatingsoftware develop-
mentasa manubcturingactvity is anunhelpfuldemand pecauset is not
a manufcturingprocessput anintellectualandsociologicalactivity prone
to mary changes.Suchchangesncludechangesn the type of work being
done,changesn the technologiedo be used,changesn staf or recruit-
mentpolicy, etc. Hence,Ould amuesthat using statisticalprocesscontrol
(SPCQ)is neitherappropriatanor necessarjor defectpreventionandprocess
improvement.

e Constructvalidity and predictive validity of ‘software processcapability’.
‘Are software processassessment® measurea notional conceptsuchas
IQ?" If so,thenquestionsaboutits natureneedto be answered For exam-
ple, whethersomethindik e ‘software processapability’ doesreally exist,
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whetheiit is staticor evolving throughtime, andwhetherit canbemeasured.
In addition,we needto be ableto determinets predictve validity.

e Therepeatabilityandreproducibilityof processaassessment3.he question-
nairesusedto determinethe capabilityof an organizationneedto beinter
preted.Is this doneconsistently?

Fusaro,El Emamand Smith (1998)investigatedhe reliability of the 1987
CMM maturity questionnairendthe SPICE(versionl) capabilitydimen-
sion and concludedthat both assessmernihstrumentshave a high internal
consisteng Internalconsisteng is one aspectof reliability, otheraspects
suchasinterrateragreemenheedto be studiedaswell. However, no pub-
lishedreportsoninterrateragreemenstudiesof SoftwareCMM assessments
areknown. Thereareanumberof studiednto internalconsisteng andinter
rateragreementor SPICEassessmen{seeEl EmamandGoldensori996,
El Emam,BriandandSmith 1996,Simon,El Emam,Rousseau]acquetand
Babey 1997,El Emam,Simon,RousseaandJacquetl998,El Emam1998,
El Emam1999).

In addition, the questionnaireaddresses subsetof all the actvities per
formedby softwareorganizations Are all relevantactiities included?Are
irrelevant actiities excluded? Also, the scoringschemeusedfor software
capabilityevaluation(ByrnesandPhillips 1996)is criticized: Bollinger and
McGowan(1991)shawv thatonly 12 questiongleterminevhetheranorgani-
zationis assessedt eitherlevel oneor two.

e Irrelevance,incompletenesandquestionabl@rganizationaimpactof soft-
ware processassessmerandresultantimprovementplans. Do processas-
sessmentassessheright processesyhenis the organizationreadyfor im-
provementandhow to ensurethat the organizationfocuseson the relevant
issues?

McGarry Burke and Decler (1998) analyzedover 90 software projectsin

one organizationwhere information was available characterizingooth the
endsoftware productaswell asthe methodsandgeneralprocessesisedto

producethatproduct. They concludeamongsbtherthingsthattherewasnot
asignificantcorrelationbetweerguantifiedorocessnaturityandthe product
measuresisedto assesproductquality In addition,software productvity

andsoftwaredefectratesimproved consistentlyover a 14-yearperiod,inde-
pendentof the software processactvities implementedasedon Software
CMM improvements.

e Economicsand cost effectivenessof processassessmentsls a Software
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CMM basedmprovementprogramworth the costsinvolvedin (repeatably)
assessintheorganizationandplanningandimplementingkey practices?

Accordingto Herbsleb Zubrow, GoldensonHayerandPaulk (1997)it takes
abouttwo yearsperlevel to getfrom level oneto level threeof the Software
CMM. Thecostrangesrom $500to $2000peremplg/eeperyear Though
returnon investment®f 7.7 to 1 have beenreportedDiaz andSligo 1997),
the questionremainswhetherall processmprovementprogramsare that
successful.

Despitethe criticism listed abave, quite somepositve experienceswith the
SoftwareCMM have beenpublishedaswell. For example, Humphrg, Sryderand
Willis (1991)reportonthesoftwareprocessmprovementprogramat HughesAir-
craftwhich estimatests annualsavingsto be about$2 million. Otherpositive ex-
periencesrepublishedaswell (Daskalantonaki$994,Diaz andSligo 1997,Dion
1993, Hollenbach,Young, Pflugradand Smith 1997). Empirical resultsare reg-
ularly summarizedy the Software Engineeringnstitute (e.g.Herbsleb,Zubraw,
GoldensonHayerandPaulk 1997).

2.2.2 IT Infrastructur e Library

Accordingto the CentralComputerand Telecommunicationdgeng (1992), the
primaryobjective of thelT Infrastructurd.ibrary (CentralComputeiandTelecom-
municationsAgeng 1992) is ‘to establishbestpracticesand a standardof IT
servicequality that customershoulddemandand providers shouldseekto sup-
ply.” ITIL wasoriginally developedby the British governmenthroughtheir Cen-
tral Computer& Telecommunicationsgeng (CCTA). Nowadays,TIL is being
maintainedy theNetherland$T Examinationdnstitute(EXIN). We do notknow
of ary scientificliteraturedescribingexperiencesvith applyingITIL. Thedescrip-
tion belaw is solelybasednthelT InfrastructureLibrary itself.

Notethat ITIL usesa differentdefinition of whatan IT serviceentails,than
we usein this thesis(seepage4). ITIL definesanIT serviceas'‘a setof related
functionsprovidedby IT systemsn supportof oneor morebusinessareaswhich
in turn may be madeup of software,hardwareandcommunicatiorfacilities, per
ceived by the customerasa coherentandself containedentity’. In our definition
anlT serviceis soldby onepartyto anothemparty theITIL definitiondefinesanIT
serviceasfunctionality providedby anIT system.

ITIL usesalayeredview of IT servicemanagemengeefigure2.3. Customers
of IT servicegeceve their servicethroughlT serviceprovision actiities, suchas
usersupport,bug fixes, new releasesteplacemenof broken hardware, etc. The
IT serviceprovision actwities build upontheIT infrastructure.The management
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Management of Environmental
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IT services management

External suppliers of IT services

Figure2.3: ITIL layeredviewpointof IT servicemanagementomponents

of the IT infrastructureis doneby actvities suchas configurationmanagement,
changananagementetwork managemengtc. In turn,thelT infrastructurenan-
agementctiities needan ervironmentalinfrastructure suchasthe cableinfras-
tructure,securepower supplies the office working ervironment,etc. In addition,
somepartsof the servicesmight be outsourcedandthus needto be manageds
well. Thecombinationof IT serviceprovision, IT infrastructurananagemengn-
vironmentalinfrastructurenanagemengndexternally provided IT serviceanan-
agements calledIT servicemanagement.

The goal of the IT InfrastructureLibrary is to offer a systemati@approacho
themanagementf IT serviceprovision which providesbenefitssuchas:

e Customeisatisaictionwith IT servicesvhich meettheir needs.

e Reducedrisk of not being ableto meetthe businessrequirementdor IT
services.

e Reducedcostsin developing proceduresnd practiceswithin an organiza-
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tion.

Bettercommunicatiorandinformationflow betweer T staf andcustomers.

Assurancdo the IT directorthat staf are provided with appropriatestan-
dardsandguidance.

Greatemroductvity andbestuseof skills andexperience.

A quality approactto IT serviceprovision.
In addition,the customeusingthelT serviceshouldreceve benefitssuchas:

e Reassurancthat IT servicesare providedin accordancevith documented
procedureswhich canbeaudited.

e Ability to dependuponIT servicesgnablingthe custometto meetbusiness
objectes.

e Provision of clearly definedcontactpointswithin IT servicesfor enquiries
or discussiongboutchangingequirements.

e Knowledgethat detailedinformationis producedto justify chagesfor IT
servicesandto provide feedbackfrom monitoring of servicelevel agree-
ments.

The library consistsof several setsof bookletsthat containthose‘best prac-
tices’in IT servicedelivery. Thebookletsaredividedinto nine sets. Thefirst six
setsarecalledthelT serviceprovisionandIT infrastructurananagemergets.The
otherthreearecalledthe Environmentalksets.Thesdatterthreesetscover theervi-
ronmentalnfrastructurefor IT, suchasthe building, cablingandservicefacilities.
We will only look atthe IT serviceprovision andIT infrastructuremanagement
sets. The six setscover the following practices(eachpracticeis describedn a
separatdooklet):

e The ServiceSupportset covers configurationmanagementproblemman-
agementchangemanagementelpdesk,andsoftwarecontrolanddistribu-
tion.

e TheServiceDelivery setcoversservicdevel managementapacitymanage-
ment,contingeng planning,availability managemengndcostmanagement
for IT services.

e TheManagerssetdealswith managingacilitiesmanagemerandcustomer
liaison.
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Change
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an IT Service | Installation Control
for Operational Use & Acceptance & Distribution
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Computer | Unattented Network Management
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Processors & Terminal

Configuration Management

Figure2.4: SuggestedTIL implementatiororder(startingfrom the bottom)

e The Software Supportsetdescribesoftware life-cycle supportandtesting
anlIT servicefor operationalise.

e TheComputerOperationsetcoverscomputeroperationgnanagementjn-
attendedperatingthird partyandsinglesourcemaintenanceandcomputer
installationandacceptance.

o Finally, the Network setdescribeghe managementf local processorand
terminals.

Eachbooklet describeghe practicesin termsof planning; implementation;au-
dits; benefits,costand possibleproblems,and tool support. Attention is given
to operationaproceduresioles,responsibilitiesgdependenciesupportprocesses,
training, etc.

For example, the changemanagemenbooklet provides directionsfor oper
ational proceduredor changemanagement.The IT serviceorganizationshould
implementproceduredor: submittingrequestdor change(RFC’s), logging the
RFC's, allocationof priorities, impactandresourceassessmenthangeadvisory
boardmeetings changeschedulingchangebuilding, changetesting,changeim-
plementationandchangereview.

Althoughthebookletscover awide rangeof issuegegardinglT servicesthere
arestill anumberof importantissueghatneedmoreattention.Examplesare:

e Thespecificatiorof servicelevel agreementsAlthoughITIL doespromote
theuseof SLAs, it doesnot provide muchhelpon how to developthem.
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e Theuseof servicecatalogs.ITIL doespromotethe useof a servicecatalog
(in the servicelevel managemenbooklet)to facilitate the communication
with the customersbut againdoesnot saymuchaboutthe contentsor how
to developit.

e ITIL implementationITIL itself doesnot provide muchinformationonthe
bestway to implementthe differentprocesseandon how to decideon the
bestorder of implementationnor is thereary supportfor processassess-
ment. An orderfor implementations suggestedn CentralComputerand
Telecommunicationggeng (199d), seefigure 2.4. Still, it is addedthat
thereareno hardandfastrules,andthatimplementatiormustbe driven by
businesseeds.

e The distinction betweenservice producingprocessesnd servicesupport
processeslin our opinion, ITIL doesnot clearly distinguishbetweerthose
two types. For example,the ITIL help deskis both usedfor communica-
tion with the end-usergneededor incidenthandling)andfor usersupport
(aservice).

While over the yearsdifferentcompaniehave beenselling serviceghatcom-
plement TIL, suchaseducationtraining,andconsultingonITIL implementation,
ITIL still lacksanoverall approactto the improvementof serviceprocesseslm-
provementis notanintegral partof thelibrary.

2.3 Conclusions

In this chapterwe have discussedlifferentapproacheso procesimprovement.
We have distinguishedbetweenapproacheshat useinternal referencepointsto
trackimprovementagainstand approacheghat useexternalreferencepoints. In-
ternalreference-baseiinprovementapproachesnainly consistof measurement-
basedmethodologieshat startfrom organizationalgoalsthatneedto bereached.
Measuremeris usedo deliverthenecessarinformationneededo make decisions
andchangehe organization.The bestknowvn exampleof measurement-baséu-
provementmethodsgs the Goal/Question/Metriparadigm.

The seconccateyory, externalreference-baseidprovementapproaches;on-
sistsof framavorks that describeprocesseandactiities neededor high quality
softwaredevelopmentsoftware maintenancer IT servicedelivery. Theassump-
tion is thattheseprocesseareneededy most,if notall, organizationgo beable
to deliver high quality softwareor IT servicesn arepeatabl@ndcontrolledman-
ner Most of theseframenvorksemploy alayeredarchitectureof so-calledmaturity
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levels. Processassessmens usedto compareorganizationalprocessesvith the
processespecifiedoy theframevorks. Thebestknovn exampleof maturity-based
improvementframeavorksis the Software CapabilityMaturity Model.

If we look at theseimprovementmethodsrom a software maintenanceoint
of view, we seethatthe measurement-baseghproacheareapplicableto software
maintenanc@istaswell asto softwaredevelopmenbrganizationsThesemethods
generallydo not assumearything aboutthe contet in which they areapplied. In
partl of this thesiswe reporton our experiencesvith measuremenrogramsin
softwaremaintenancenvironments.

Maturity-basedmprovementmethodson the other handare domain-depen-
dentby definition. They provide organizationswvith a setof processesvhich are
specificallyneededor a matureorganizationin the domainthe modelappliesto.
TheSoftwareCMM assumethatsoftwaremaintenancandsoftwaredevelopment
aresuficiently similar to be considerecbnedomain. Hence the Software CMM
shouldbe applicableto both maintenanceind development. We investigatethis
issuefurtherin partll of thisthesiswhenwe look atthedifferencesandsimilarities
of softwaredevelopmeniandsoftwaremaintenancérom a serviceperspectie.
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Part| of thisthesisdiscussethe useof softwaremeasuremerib improve soft-
waremaintenanc@rocesses\Ve investigatehreeresearclguestionsn this part:

1. How to introducemeasuremernih anlT serviceorganizationAVhatarethe
necessargtepsto setup a measuremergrogramandin which ordershould
they beperformed?

2. Whatarethe prerequisiteshat needto be satisfiedin orderto improve the
likelihoodof succes®f themeasuremergrogram?

3. Whatis — or what shouldbe — the relationbetweenmeasuremerdind the
maturity of thelT serviceorganization?

To investigatethis we have donefour casestudiesof measurementrograms
in four differentsoftware maintenancenvironments. Two of thesemeasurement
programswereinitiated by the companieshemseles; we analyzedoththe mea-
suremenfprogramand the datathat were gatheredn retrospect. The othertwo
measuremenprogramswere implementedby two graduatestudentsin two dif-
ferentmaintenancerganizations.Herewe hada fair amountof influenceon the
introductionandsetupof the measuremengrograms.

Theamounf successf thesefour measuremergrogramsariedwidely. We
concludedthat at leastpart of the differencesn successare dueto the maturity
of the organizationwith respecto measuremenirocessesThis led to theformu-
lation of a measuremennaturity modelthattriesto capturethosedifferencesn
differentlevels of organizationameasuremenhaturity

Having developeda first versionof this measuremernnaturity model,we set
out to compareour modelto existing framewvorksin the literature. However, the
differentnatureof the framevorks madea direct comparisordifficult, so we de-
cidedto constructa genericprocessanodelfor measurement-basétprovement,
andusethatabstracimodelasa basisfor the comparison We discoreredthatthe
differentframeavorks agreeon the basicprocesseseededor measurementis-
agreeon a large numberof otheraspectof softwaremeasuremengndgenerally
pay very little attentionto the usageof the resultsof software measurementWe
concludethat the consensusuccesgactorsfor measuremenprogramsas found
in the literatureare necessaryut not suficient preconditionsor the successful
implementatiorof measurememrograms.Thesewhatwe call ‘internal’ success
factors,needto be complementedvith ‘external’ succes$actorsthatareaimedat
securingthatmeasuremerrogramsgyeneratezaluefor the organization.We pro-
posefour externalsuccesgactorsandwe suggest numberof actvities thatcan
beusedto adhereo theseexternalsucces$actors.

Chapters3, 4 and5 discusghefour measuremerdrogramcasesAll four cases
areconcernedvith the measuremertf certaincharacteristicef the maintenance
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processn orderto help estimatingthe effort neededo implementchangeso the
maintainedsystems.In eachchapter four aspectof the measuremenprograms
arediscussed:

1. Organizationalanalysis why doesthe organizationin questiorwantto use
software measurement2Vhat are the goalsor problemsthe organization
wantsto addressisingthe measuremenrogram?In orderto answerthese
questionghe contet of the situationneedssomeattentionaswell, i.e. the
organizationabtructure the softwareprocessthe relationshipwith the cus-
tomer(s) etc.

2. Measuementimplementationhow hasthe measurememirogrambeenim-
plemented? What measuresvere selected,what measuremenprotocols
were implementedhonv was the measuremenprogramembeddedn the
softwareprocessetc.

3. Measuementanalysis whatweretheresultsof the measuremergrogram?
Have the measuremergoalsbeenreachedhow cleararetheresults,which
methodsvereusedto analyzethe gatheredlata,etc.

4. Organizationalimplementation how have the resultsof the measurement
programbeenused? What changesasthe organizationimplementedye-
sultingfrom the measuremengrogram?

Dependingon the characteristicsf the casestudyat handtheemphasisvill beon
oneor two of thequestionsaindthe otherquestiongeceve lessattention.
Chapter6 describeshe measuremennaturity modelwe developed,basedon
thefour measuremenmnirogramcases Finally, chapter7 presentshe abstracpro-
cessnodelof measurement-bas@dprovementanda comparisorof themeasure-
mentmaturity modelwith otherapproacheso measuremenrogramimplemen-
tation. Four external succesdactorsare proposedand a numberof actvities is
suggestethatcanbeusedto adhereo theseexternalsuccess$actors.



Chapter 3

Casel: A Company-wide
MeasurementProgram

Thischapteidescribes measurememrograminitiatedby asoftwaremaintenance
organization,which we will call organizationA. OrganizationA is the software
maintenanceinit of a large Dutch software house. The organizationhasa large
numberof customerdor which it performssoftware maintenanceysually both
correctve andadaptve maintenance.

Oneof the problemsthe organizationfacesis the factthatcustomerglemand
fixed-pricecontractsfor correctve maintenance.Thesecontractsusually have a
durationof two or threeyears. This makesit importantto be ableto estimatethe
correctve maintenancavorkloadfor new systemsn adwance. Therefore organi-
zationA starteda measuremergrogramtargetedat finding relationshipdetween
maintenanceproject characteristic®n the one handand correctve maintenance
workloadon theotherhand.

As describedn page38, the casestudiesaredescribedn four steps:(1) why
did the organizationstarta measuremerprogram,(2) how wasthe measurement
programdesignedindimplemented(3) whatweretheresultsof themeasurements,
and(4) how have theresultsof the measuremergrogrambeenused.In this case
we concentraten stepsl and2 (section3.1 and3.2) becausé¢heimplementation
of the measuremerrogramwasof suchlow quality that steps3 and4 werenot
performed.

3.1 Organizationalanalysis

OrganizationA maintainsalarge numberof informationsystemsor differentcus-
tomers. The systemsmaintaineddiffer widely in platforms, programminglan-

39



40 Casel: A Compan-wide MeasuremenProgram

guage size,etc. Somesystemshave beenbuilt by otherdivisionsof the compary
organizationA is partof, othersystemshave beenbuilt by the customeiitself, or
by third parties.Mostof thecontractsoncerrbothcorrectve andperfectve main-
tenanceThe correctie maintenancés donefor afixed price perperiod,adaptie
maintenancés billed on a projectbasis. The maintenanceontractsusually have
adurationof two or threeyears.This long durationof the contractanakesit nec-
essaryto have someideaof the maintenancevorkloadto be expected beforethe
contractsarefinalized.

3.2 Measurementimplementation

The goal of the measuremenmirogram which wasstartedn 1995,wasto find re-
lationshipsbetweencharacteristic®f the maintenanceontracton the onehand,
andthe effort neededo performcorrectve maintenancdor that contracton the
otherhand. The organizationdecidedto gatherinformationaboutits currentcon-
tracts. Thatinformationwasto be analyzedusinga multivariateregressiontool,
developedby thecompan itself in the courseof anESPRITproject.

The datawasgatheredusinga questionnaire The questionnairavasfilled in
by the projectleaders.Thequestionnairés comprisedf two parts:thefirst partis
filled in oncefor eachapplicationandcoversthe moreor lessstaticaspect®f the
application suchasthesizeof theapplicatiomandthetechnicainfrastructureused.
Thesecongartof thequestionnaireoversthedynamicaspect®f themaintenance
of the applicationandis filled in twice per year It asksfor information about
the maintenancectvities performed,for examplethe amountof effort spenton
correctve maintenanceactvities andthe numberof problemdixed.

Whenwe analyzedhe questionnairandthe answerdilled in onthe question-
nairesmoreclosely it turnedoutthattherearea numberof problemswith boththe
guestionsasled andthe answergyiven:

No definitions of usedterms Almost noneof thetermsusedin the questionsare
definedor explained.A few examples:

e One questionaskswhethera ‘code generator’is usedas part of the
programmingenvironment.Thefactthatoneof thequestionnaireson-
tained‘Fortrancompiler’ asananswersuggestshatwithout a proper
definition of theterm codegeneratodifferentpeoplehave a different
understandingf thatword.

e Anotherquestionaskswhat percentagef the applicationis ‘datain-
tensve’. Whatthis meands not explained.
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e Not only lessfamiliar termscan causeconfusion,also more familiar
termslike ‘programminganguageheedadefinition. For example the
guestionnaireaskswhich programminganguages used. Unclearis
whetherbatchscriptsor shell scriptsareto be consideredwrittenin a
programmindanguage.

e Otherexamplesof termsthat needdefinitionsare ‘KLOC’ (refer to
Park (1992)why Kilo Linesof Codeneedsadefinition), TP monitor’,
and‘numberof usedor maintainediles’.

Subjective questions A large numberof questionganonly beansweredn asub-
jective manner Theanswerwill dependon the judgmentof therespondent.
A few examples:

e Thequestionnair@askswhethergood testfiles [are] available?’ What
goodtestfiles areis left to therespondento judge.

e AnotherquestiorasksTo whatextentconstitutegailure of thesystem
a direct threatto the continuity of the businessprocess?’No further
indicationof how to judgethisis given,noris it definedwhata direct
threatconstitutes.

Missing data A fair amountof questionds left unansweredbecausehe respon-
dentsdid not have therequiredinformationavailable. Therewerethreerea-
sonswhy informationwasnot available:

1. Theinformationrequestedvasnot tracked duringthe project. For ex-
ample,threequestionsaskfor the numberof problemsthatis solved
within two days, betweentwo and five days,andin more than five
days,respectiely. The answergo thesethree questionswere often
estimatesindicatedby the oftenused+ sign.

2. Theinformationrequesteavasnolongeravailableatthetimetheforms
werefilled in. Here,the informationwould have beenavailableif the
forms would have beenfilled in on time. For example,the question-
naire asksfor the increasein size of the applicationin the previous
period. However, if a projectleaderdoesnotfill in the form immedi-
atelyattheendof theperiod,heor shecannolongereasilygatherthat
information.

3. Sometimesheinformationis simply unavailablebecausd is too diffi-
cult or too expensve to gather For example onequestioris concerned
with thesizeof theapplicationmeasuredh functionpoints. This ques-
tionis oftenleft unanswered.
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No measuementprotocols In almostall caseshe questionnairgivesno guid-

anceon how to measurehe attributesasled for. This is importantin this
particularervironmentbecauserganizationA maintainsapplicationsfor a
large numberof different customersso we cannotassumehat things are
equalsimply becausehey originatefrom the sameervironment. For exam-
ple, in a developmentorganizationwhich hasa coding standardve would
be reasonablyconfidentin assuminghat codedevelopedby differentpeo-
ple is comparableandhencethatwe canusea straightforvard line countto
measureand compareapplicationsize (whenprogrammedn the samelan-
guage). Here,in organizationA, we cannotassumehis becauséahe code
originatesfrom differentdevelopmentorganizations. Moreover, the ques-
tionnairegivesno indicationwhatsoger how lines of codeshouldbe mea-
sured. So, next to the factthatthe codecould be differentin structureand
layoutacrossapplicationswe arein additionnot surehow thelinesof code
weremeasured.

Also, in anumberof casesit is left undefinedvhattheunit of measurement
is:

e The questionnairaequiresthe percentagef the applicationthat is
concernedvith batchprocessingo be given. It remainsunspecified
whetherthis is to be measuredn a percentagef the lines of code,
modulesor programs.

e Thereis noprotocolon how to countfunctionpoints.

e Thepercentagef theapplicationthatusesacertainhardwareplatform
mustbegiven. Again, how thisis to bemeasureds left unspecified.

The deficienciesof the questionnairdead us to the conclusionthat the data

gatheredisingit areattheleastvery unreliable.

3.3 Measurementanalysis

The datasegatherecdby organizationA usingthe questionnaireonsistsof infor-
mationabout33 applications As mentionedn section3.2, organizationA wanted
to find relationshipsetweencharacteristice®f maintenanceontractson the one
hand,andthe effort neededo performcorrectve maintenancéor thosecontracts
ontheotherhand.

However, ananalysisof the datawould be pointlessfor two reasons:

1. Thedatasets very small,makingit hardto find relationshipdetweerchar

acteristicsof the maintenanceontractsandthe effort neededor correctve
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maintenanceTheoretically 33 obserationsis not too small to build a re-
gressiomrmodel,but it is too smallwhenwe wantto split the datasetn dif-
ferentparts,e.g.to compardifferenttypesof applicationspr if we wantto
investigatemultivariateregressiormodels.

2. As describedn the previous section the answergivento the questionnaire
areunreliable,makingtheresultsof the dataanalysisunreliableaswell. If
we do not getary results,we will not know whetherthatis causedby the
unreliabledataor by thefactthattherearenorelationshipsatall.

We decidenotto analyzethedataset.

3.4 Organizationalimplementation

Themeasuremergrogramdid notresultin any changesmplementedy theorga-
nization.

3.5 Conclusions

We usethe succesdactorsas listed by Hall and Fenton(1997), refer to sec-
tion 2.1.2,to assesshe measuremenprogramimplementedoy organizationA.
Both from the precedingdescriptionof the measuremengrogramin this chapter
andtheadherencéo thesucces$actorsasdisplayedn table3.1,we concludehat
this measuremergrogramis to beconsideredhfailure.

The mainfailure factorwasthe lack of a rigorousimplementationasdemon-
stratedby:

o thelack of measuremerdefinitionsandprotocols,

o thefactthatthemeasurememrogramwasnotembeddeth theregularwork
processesf theorganizatiorand,in addition,

e oOrganization-widemplementatiorwithout organization-widepracticesand
facilities.

In addition, the measuremenprogramwasto tackle a rather‘big’ problem,
which takes quite somedatato solve. This measuremernprogramwasclearly a
bridgetoo far for organizationA.



Success$actors

Incrementalmplementation
Well-plannedmetricsframevork

Useof existing metricsmaterial

Involvementof developersduringimplementation
Measuremenprocesgransparento developers
Usefulnes®f metricsdata

Feedbacho developers

Ensurethatdatais seerto have integrity
Measuremendatais usedandseeno beused
Commitmentfrom projectmanagersecured
Useautomatedlatacollectiontools
Constantlyimproving the measuremergrogram
Internalmetricschampionsvereusedto managehe program
Useof externalmetricsgurus

Provision of trainingfor practitioner

Table3.1: Succes$actorsadheredo in organizationA




Chapter 4

Case2: Effort Estimation with
Function Points

This chapterdescribeghe secondcasestudy In this casestudy we investigated
the measuremenprogramimplementedoy a software supportunit of the Dutch
Ministry of TransportPublicWorksandWaterManagement;alledorganizatiorB
for short.OrganizatiorB supportandmaintainsonelargefinancialadministratre
informationsystemgcalledFAIS, whichis usedthroughouthe ministry.

OrganizationB hadproblemsnegyotiatingthe pricesof changeswith the cus-
tomer organization. Therefore,it was decidedto usefunction pointsasa more
objective measur®f size.In this caseavariantespeciallytailoredto maintenance
wasused.

Again, the casestudyis describedn four steps:(1) why did the organization
starta measuremenprogram,(2) how was the measuremenprogramdesigned
andimplemented(3) whatweretheresultsof themeasurementand(4) how have
theresultsof themeasuremergrogrambeenused.In this casehe emphasi®f the
descriptiorof themeasuremergrogramis onstep3, becauseve did anaposteriori
analysisof the functionalsizemeasureemplg/ed by organizationB.

4.1 Organizationalanalysis

FAIS is alargefinancialinformationsystemcustom-deelopedfor the DutchMin-
istry of TransportPublicWorksandWaterManagementFAIS is writtenin a4GL
(Uniface)and usesthe SybaseDBMS. The size of the systemis approximately
14,000FunctionPoints. It hasbeenin operationalsesincethe summerof 1994.
FAIS is usedat 28 locationsspreacdbver the country It has1200endusers.

The FAIS supportorganizatiorhasthreefunctionalunits:
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e CustomerContactshandlesall contactswith the usersof the system. This
unit developsuserspecificationsor changerequestsandtakescareof user
training.

e FunctionalMaintenancealoesthe design,implementatiorandtestingof all
change®f the system.Correctve maintenanc@ndsmall changesarehan-
dled by onesub-unit(the helpdesk)plannedmaintenancandnew releases
arehandledby anothersub-unit.

e TechnicalMaintenancaakescareof thetechnicalinfrastructureandinstalls
new releases.

In this casestudywe concentrat®n planned(i.e. non-correctie) maintenance
actvities. Incomingchangeaequestsrefirstanalyzedy CustomeContactsThis
resultsin oneor morechangeproposalsat the level of a FAIS-function. A FAIS-
functionis aunit of applicatiorfunctionalitywhich canbeseparatelyjnvokedfrom
amenuby theuserof thesystem.

Next, CustomerContacts representinghe customerand FunctionalMainte-
nancehave to cometo anagreemenon the effort neededo implementthechange
requestsMoreover, anagreemenhasto bereachedn the pricethe customethas
to payfor the change.Reachingthe agreementausedroublesfor organization
B, soit wasdecidedto usea functional size measureasan objectve measureof
the sizeof the change.The price of the changewould thensimply be determined
basedon the functionalsize of the change.The planningof the changerequests,
including effort estimationwasnot the target of this measuremerggrogram. The
functionalsizemeasurevassolelyto beusedfor changerequespricing.

4.2 Measurementimplementation

OrganizationB decidedto usefunctionpointsasa functionalsizemeasureHow-
ever, traditionalfunction pointsare not very well suitedfor measuringhe func-
tional sizeof changes Hence the organizationimplementeda functionpointvari-
ant,especiallytamgetedat softwaremaintenance.

In section4.2.1we first discussunction pointsin general.Next, section4.2.2
discussethemaintenancéunctionpointsusedn thisorganization Finally, in sec-
tion 4.2.3,we describehemeasuremergrocessmplementedy the organization.

4.2.1 Function points

FunctionPointAnalysis(FPA) is awell-knovn methodto measurghefunctional-
ity of asystemfrom theusers pointof view. It doessoby calculatingthe number
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Compleity level
Functiontype Low | Average| High
Externallnput 3 4 6
ExternalOutput 4 5 7
Externallnquiry 3 4 6
InternalLogical File 7 10 15
ExternalLogicalFile | 5 7 10

Table4.1: Functiontypesandtheir weights

of functionpointsof a systemin atwo-stepprocess:

1. Thefunctionalsize of a systemis calculatedby assigninga weightto each
individual function. The sum of theseweightsis termedthe Unadjusted
FunctionPoints(UFP).

2. At thelevel of thecompletesystemanumberof predefinedipplicationchar
acteristics,suchas processingcompl«ity andtransactiorrate, resultin a
ValueAdjustmentFactor(VAF).

Multiplying UFPandVAF yields AFP: the AdjustedFunctionPoints.

Theversionof the FPA-modelgenerallyusedis the onepublishedby Albrecht
andGafiney (1983). Laterrefinementsoncernclarificationof the countingrules,
notthestructureof themodel.

Albrecht(1979)claimsthatfunction pointsare‘an effective relatve measure
of functionvaluedeliveredto our customer’. Variousotherresearcherbave also
foundastrongrelationbetweerthe numberof functionpointsandwork effort (see
e.g.Kemererl987,Banker andKemererl989,KemererandPorter1992,Jefery
and Stathis1996, Abran and Robillard 1996). FPA is a popularmethodfor de-
velopmenteffort prediction,even thoughvariousresearcherfiave criticized the
underlyingmethodology(Symonsl988,FentonandPfleeger1997).

To obtainthe Unadjusted~unctionPointsof a system Albrechtdistinguishes
five function typesandthreecompleity levels for eachfunctiontype. The five
functiontypesare: Externallnput, ExternalOutput,Externallnquiry, InternalLog-
ical File andExternalinterfaceFile. Thefirst threearetransactiorfunctiontypes,
andthe lasttwo aredatafunction types. The UFP associatedvith anindividual
function dependsn the type of the function andthe compleity level associated
with thatfunction;seetable4.1. For transactiorfunctions,the compleity level is
determinedoy the numberof file typesreferenced FTR) andthe numberof data
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File Types| DataElementTypes(DET)

ReferencedFTR) 14 5-15 > 15
0-1 Low Low Average

2 Low | Average| High

> 2 | Average| High High

Table4.2: Compleity levelsfor Input Functions

elementypesof thosefiles (DET). For datafunctions,the compleity level is de-
terminedby the numberof recordelementtypes(RET) andthe numberof data
elementypesof thelnternalLogicalFile or the ExternalinterfaceFile in question.
As anexample table4.2indicatesghe compleity levelsfor Input Functions.

Albrecht’s generaformulafor determininghe numberof FunctionPointsin a
developmentrojectalreadytakesinto accounthatsucha projectgenerallybuilds
on existing functionality (AlbrechtandGaffney 1983):

AFP = UFPyeietedx VAFpre + (UFPehangedt UFPadded % VAFpost (4.1)
where
e AFP = AdjustedFunctionPointsfor thenew system,
e UFPyeleted= Unadjusted-unctionPointsdeletedrom the system,

UFP:hanged= Unadjusted=unctionPointschangedn thesystemasexpected
atcompletionof the project,

UFPadded= Unadjusted~unctionPointsaddedo the system,

VAFpre = ValueAdjustmentFactorof the systemat the startof the project,

VAFpost= ValueAdjustmentFactorof the systemat projectcompletion.

Thoughonemight betemptedo usethis formulafor maintenanceéaskstoo, there
areatleasttwo reasongor notdoingso:

1. remoring functionality from a systemwill mostlikely be cheapethande-
velopingthatsamefunctionality and

2. addingasmallamountsay n FunctionPoints,to alargefunctionof, say N
FunctionPoints,will mostlikely be cheapethanadding N FunctionPoints
to afunctionof sizen.
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4.2.2 From function points to maintenancefunction points

The Dutch FunctionPoint UserGroupNEFPUG (nowvadayscalled NESMA) de-
velopeda variantof the FPA to remedythedisadantageof usingFPA in amain-
tenancssituation(NEFPUG1993).1n thismodel,thevariousUnadjusted-unction
Pointcountsaremultiplied with a MaintenancémpactRatio(MIR), indicatingthe
relative impactof a change.OrganizationB usesa slight variationof this variant.
Thelatteris describedelow.

Obviously, MIR equalsl for functionsaddedto the system. For functions
deletedrom thesystemMIR is setat0.2in organizatiorB. To determineMIR for
changedunctions,aschemesimilarto thatfor thecompleity levelsof functionsis
used.For example ,whenatransactiontypefunctionis to be changedthatchange
will affect a subsetof the file typesreferencedandtheir dataelementtypes. If
the changeinvolves a small subsetof FTR andDET, it is reasonabléo assume
the changeto costa smallfraction of the initial developmentcost. If the change
involvesa large fractionof FTR and/orDET, thenthatchangemay costup to the
initial developmentcost. The situationis evenworsein the latter case sincesuch
a changenot only incursan effort approximatinghatfor the initial development,
but anextra effort to undo(remove) the original functionaswell.

In organizatiorB, afive pointscaleis usedfor MIR-levelsfor transactiortype
functions. The resultingschemédor determiningMIR is givenin table4.3. The
mappingto numericalvaluesis givenin table4.4. Here,%FTR denoteghe per
centageof file typeschangedj.e. %FTR = (FTRchanged/ FTRpre) X 100%. The
percentagef dataelementtypeschanged(%DET) is definedin a similar way.
Multiplication of UFP with MIR yields the numberof UnadjustedMaintenance
FunctionPoints(UMFP).

AbranandMaya (1995)foundthat mostadaptve changesresmall. To han-
dle these he proposesa schemean which the lower compleity levels arefurther
refined. This essentiallyamountgo applyinga MaintenancémpactRatio, partof
thetime.

For the situationwe are consideringmary of the Value AdjustmentFactors
distinguishedby Albrechtand Gaffney (1983)do not apply simply becausave
areconsideringonesystemonly, sothattheir valueis the samefor eachproposed
change.Threeof the ValueAdjustmentFactorswereretained anda new onewas
added.More importantly the possibleinfluenceof thesefactorsis taken into ac-
countatthelevel of anindividual transactioror datafunction,ratherthanthe com-
pletesystem.Sothecomplity of agivenfunctioninfluencegheeffort to change
that function; the compleity of otherfunctions,or the systemasa whole, does
not. The possibleeffect of the Value AdjustmentFactorsis simply multiplicative,
asfor instancein the COCOMO-mode(Boehm1981),andoccasionallyadditive.
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%DET
%FTR < 25% < 50% <75% < 100% > 100%
< 25% | VerySmall Small Average Large VeryLarge
< 50% Small Average Large VeryLarge | VerylLarge
< 75% Average Large VerylLarge | VerylLarge | VeryLarge
<100% Large VerylLarge | VeryLarge | VeryLarge | VeryLarge
> 100% | VeryLarge | VeryLarge | VeryLarge | VeryLarge | VeryLarge
Table4.3: MIR levelsfor transactiortypefunctions
MIR-level | VerySmall | Small | Average| Large | VerylLarge
Value 0.125 0.25 0.5 0.75 1.2

Table4.4: MIR valuesfor transactiortype functions

Thefollowing ValueAdjustmentFactorsaredistinguished:

. FunctionalSimilarity. Thisis thereusabilityfactorof AlbrechtandGaffney
(1983),thoughwith a quite differentsemantics.If a changerequestincurs
similarchangesn otherfunctions,it is reasonablé assumeicopying effect
from thefirst suchchangeo thenext ones.In thatcaseall but thefirst such
changageta multiplicative adjustmenbf 0.75.

. Performanc&ensitvity. A functionis consideregherformanceensitve if it
usesasuficiently large databaséablein atleastonelocation.In thatcasea
multiplicative adjustmenbf 1.15is used.

. Complex Function. Somefunctionsareconsideredcomple. Two levels of
compleity aredistinguishedcomplex andverycomple. If acomple (very
compl) functionis added,suchincursa multiplicative adjustmenfactor
of 1.5(3). If a complex (very comple) functionis changedthe additive
adjustments 3 (12).

. Standardrunctionality Somechangesan be easilyaccommodatedvith,

becausehey mapwell ontothe primitivesof the 4GL beingused.In these
casesa multiplicative adjustmentactorof 0.5 is used. This factoris not
presenin AlbrechtandGaffney (1983).
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4.2.3 The measuementprocess

As describedn section4.1,incomingchangerequestsarefirst analyzedoy Cus-
tomer Contacts. This resultsin one or more changeproposalsat the level of a
FAIS-function. CustomeiContactandFunctionaMaintenancéndependentlyle-
terminethe numberof Maintenancd-unctionPointsfor eachchangeto a FAIS-
function. They have to cometo an agreemenaboutthis numberaswell asthe
descriptionof the changewhich arethenbothfrozen. The Maintenancd-unction
Pointsarenext usedto bill theclientorganization.

Both the CustomerContactsdepartmenandthe FunctionalMaintenancedle-
partmentcountthe numberof maintenancdunction pointsfor a changerequest
basedon detailedcountingguidelines. Theseguidelinesgive definitionsof the
conceptaused,suchasFile TypesReferencedData ElementTypes,etc.,anda
procedureon how to countthe numberof maintenancdunction points. In addi-
tion, theguidelinegprovide tablesof InternalLogical Filesandof functionsthatare
considereccomplex. Thesetablesareaimedat loweringthe numberof subjectve
decisionghathave to bemadeduringfunctionpointcounting.

The actualplanningof maintenancectvities by FunctionalMaintenances
basedon an expert estimateper changeto a FAIS-function,andnot on the main-
tenanceunction point count. This expert estimateis madeby FunctionalMain-
tenance.We do not know the extentto which the FunctionPoint estimatehave
influencedthe expertestimates.The oppositeinfluenceis unlikely, giventhe de-
tailedcountingguidelineshathave beenused.

4.3 Measurementanalysis

In this sectionwe examinethe suitability of the usedMaintenancd-unctionPoint
(MFP)modelto estimateheeffort neededo implementchangeequestsBecause
organizatiorB is usingthenumberof maintenancéunctionpointsto pricechange
requestswe would like to seea fair correlationbetweenthe numberof function
pointsof achangeequestandtheeffort requiredto implemenit. Wewill compare
the quality of the predictionsof the MFP-modelwith the quality of the expert
estimatedrom the dataset.Also, we will decomposehe MFP to determinethe
contritution of modelcomponentso the estimatgcf. AbranandRobillard 1996).
Finally, we will useanalogy-baseéstimationasanothermeansof assessinghe
suitability of thedatasefor estimation.

Thereare several criteriato evaluatethe predictionsof a model(Conte,Dun-
smoreand Shen1986). The coeficient of multiple determination(R?) is usedto
indicatetheamountof variancethatis accountedor by theindependenvariables
in alinearmodel. BecauseR? tendsto be an optimistic estimateof how well the
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Onetransactiorfunctionchanged 90
Multiple transactiorfunctionschanged 50
Numberof changes 140
Total hoursspent 6655
Total of expertestimates 6765
Total AMFP 648.88
Hoursspentper AMFP 10.26

Table4.5: Globalinformationon dataset

modelfits the populationwe alsoprovide the adjustedR? which compensatefor
thenumberof independentariablesin the model.

We alsousethe MeanMagnitudeof the Relatve Error (MMRE) to indicatethe
relative amountby whichthe predictionsover or underestimatéherealvalue.We
usePRED(25)to indicatehow mary of the predictiondie within 25% of thereal
value. Conte,Dunsmoreand Shen(1986)usethe simultaneousatishctionof the
two measures

MMRE < 25% andPRED(25)> 75% (4.2)

asacriterionfor acceptablenodelperformance.

4.3.1 The dataset

Mostdatais collectedatthelevel of achangdo asingleFAIS-function: actualtime
spentto design,implementandtestthe changean expertestimateof the change
effort, andthe numberof maintenancéunctionpointsof thechange.

As notedin section4.2.2,the function points measuremenprocessncludes
a datafunction type measuremerdind a transactiorfunction type measurement.
SinceFAIS doesnotinterfaceothersystemsthenumberof ExternalinterfaceFiles
is zero.Changedo InternalLogical FilesoftenspanmorethanoneFAIS function,
or evenmorethanonechangerequest.Suchchangesnay morewer involve data
conversions. Thoughdataon this type of changehasbeencollected,they areat
alevel whichis incompatiblewith the level at which function pointsarecounted.
Ouranalysiss thereforerestrictedo the transactiorfunctiontypes.

Ourinitial datasehas327 entriesatthelevel of a FAIS-function. For 175en-
tries,actualhoursspenthave notbeenrecordedatthis level. Thesemostlyconcern
changeswhich take little time individually, suchasthe removal of onefunction.
For 12 entries the datawereincomplete. The remainingl40 datapointsareused
in the analysisbelav; of these, 90 concerna changein onetransactiorfunction,
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Figure4.1: Effort scattemplots

WEpred = Std.err. | R? | R? adj. | MMRE | PRED(25)
ExpertEstimates - 0.66 - 57% 39%
10.26 x AMFP - 0.46 - 91% 22%

Table4.6: Comparinghe estimates

while 50 concernmorethanone changedransactiorfunction. Seetable 4.5 for
someglobalinformationonthis datasetandfigure4.1(a)for ascatteplot of effort
versusAdjustedMaintenancéd-unctionPoints(AMFP).

4.3.2 Assessinghe maintenancefunction point estimates

First, we comparehe expertestimatesvith thosefrom the Maintenancd-unction
Point(MFP)model.To predicttheWork Effort (WEpred) for changeequestsising
maintenancéunctionpointswe usetheformulaWEpeq = MFP-ratiox AMFP. We
calculatethe MFP-ratiousingthe total numberof adjustedmaintenancéunction
points (AMFP) for this datasetandthe total numberof hoursspentworking on
thesel40changerequestsseetable4.5. The MFP-ratiofor this datasets 10.26
hoursper AMFP. We comparethe estimateof the MFP modelwith the expert
estimatesn table4.6.

It is clearthatthe expert estimateutperformthe MFP modelon all quality
figures.In thenext sectionave will explorewhetherothercombinationsf model
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WEpred— Std.err | RZ | RZadj. | MMRE | PRED(25)
749 x UFP— 15.06 | 44.08 | 0.40| 0.39 | 110% | 26%
7.98 x UMFP+10.86 | 47.27 | 0.31| 0.30 | 149% | 22%
8.96 x AMFP+6.01 | 41.98 | 0.46| 045 | 104% | 22%

Table4.7: Regressiommodelsfor UFR, UMFP andAMFP

component®r otherestimatiortechniquesmprove theresults.

4.3.3 Modelsbasedon function point components

As describedn section4.2.2, the mainstepstakenwhencomputingthe numberof
AMFP for achangeaequestre:

UFP MR, umFp Y25, AMFP (4.3)

Unadjusted~unctionPointstimesthe MaintenancdmpactRatio yields the num-
berof UnadjustedMaintenancd-unctionPoints. Next, multiplying and/oradding
the Value AdjustmentFactorsresultsin the AdjustedMaintenancd-unctionPoint
count. We would expectthe R? to increasen eachof thesestepsas extra infor-
mationis addedto the maintenancéunction point count. Table4.7 displaysthe
regressiormodelsfor UFR, UMFP andAMFP.

The valuesof R? suggesthatinclusionof MIR in the model makes matters
evenworse. To find a possiblereasorfor this behaior, we will have to consider
the more detailedattributesthat make up the value of MIR, like DETchanged We
canonly do sofor changesnvolving onetransactiortype function. For changes
involving multiple transactiorfunctions thetypeof changemaydiffer betweerthe
transactiorfunctionsthat constitutethe change.This reductionleaves us with 90
datapoints,63 of which concermachangeo onefunction, 19 concerrtheaddition
of afunctionand8 belongto a restcatayory (suchasthe deletionof a function).
We performtheregressioranalysisagainonthetwo subsetgor thesamevariables
asin table4.7,seetable4.8.

Note that we calculatedthe regressionmodelsfor new transactiorfunctions
twice. Usingthe 19 new transactiorfunction the regressionanalysisis quite un-
successfullf we look atthework-hoursfor thesel9 changerequestswe obsere
thatthereis oneoutlier Onechangaequestostsaboutfour timesthework-hours
of ary of the other18 cases.Thoughthe datasewith new transactiorfunctions
is too small to performfurther analysis,the figuresin table 4.8 do suggesthat
somethingis wrong in the estimatesor changedunctions. Becausehis setis
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Changedransactiorfunctions(n = 63)
WEpred = Std.er. | R?* | R?adj. | MMRE | PRED(25)
6.16 x UFP— 9.82 22.42 | 0.13| 0.12 117% 19%
3.63 x UMFP+16.28 | 22.77 | 0.10| 0.09 126% 22%
3.25 x AMFP +16.85 | 22.84 | 0.10| 0.08 121% 19%

New transactiorfunctions(n = 19)
WEpred = Std.er. | R? | R? adj. | MMRE | PRED(25)
4.15 x UFP+ 4.01 34.62 | 0.02| -0.04 | 130% 21%
4.15 x UMFP+4.01 | 34.62 | 0.02| -0.04 | 130% 21%
3.12 x AMFP +13.70 | 34.44 | 0.03| -0.03 | 120% 21%

New transactiorfunctions(n = 18)

WEpred= Std.ert | RZ | R%adj. | MMRE | PRED(25)
7.78 x UFP— 19.80 | 8.16 | 051| 048 | 58% 28%
7.78 x UMFP—19.80 | 8.16 | 0.51| 0.48 | 58% 28%
539 x AMFP—0.38 | 6.31 | 0.71| 0.69 | 47% 28%

Table4.8: Regressiommodelsfor changedandnew transactiorfunctions

sufiiciently large (63 cases)ve maytry to improve the modelsby investigatingal-

ternaties. Thefactthatthe R? for theregressiormodelwith UFPonly is aslow as
0.13is notvery surprising:we do not expectthework-hoursneededo implement
achangen afunctionto correlatewell with the numberof (developmentfunction

pointsof thatfunction. We do expect,however, a fair correlationbetweenwork-

hoursandUMFP. Thefactthatthe R? for UMFP is evenlower at 0.10suggests

flaw in themappingfrom UFPto UMFP.

To further examinethis, we try to constructa nev MIR thatwill improve the
regressiormodelfor UMFP. In the currentMFP model,MIR is computedrom
atablewnhich hasasits inputsthe percentagef DET changedandthe percentage
of FTR changedseetables4.3and4.4. We try to constructa betterMIR by per
forming a stepwiseregressiornon the componentshat make up MIR: DETchanged
DETpre: FTRchanged@NdFTRyre. Sowe aretrying to find the modelof theform:

WEpred = (/60 + B % DETchanged’|‘ B2 X DETpre+
B3 x FTRchangedt B4 x FTRyre) X UFP  (4.4)

Doing soyieldsthefollowing modelfor MIR’:

MIR" = 0.19 x DETchanged+ 0.02 X DETpe + 2.03 (4.5)
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Changedransactiorfunctions(n = 63)

WEpred = Std.er. | R* | R? adj. | MMRE | PRED(25)
1.23 x UMFP —3.88 | 15.78 | 0.57| 0.56 71% 21%
1.04 x AMFP' +1.27 | 16.81 | 0.51| 0.50 73% 32%

Table4.9: Reggressiommodelswith MIR’

Using this nev MIR we recomputdJMFP and AMFP — resultingin UFMP and
AMFP'. If we useUMFP andAMFP’ on the subsebf 63 changedunctionswe
gettheresultsaspresentedn table4.9.

XMIR

We now have a definiteimprovementin the stepUFP —— UMFP. Com-
paring table 4.3 with equation4.5, we obsere a striking difference. Whereas
the original model assumeghat effort is proportionalto the relative size of a
changegequationd.5 suggesteffort is proportionalto the size of the component
changedThis obserationis in line with resultsreportedn theliterature(seee.g.

Jogenserl995): maintenanceffort is highly correlatedwith size.

The stepUMFP 225, AMFP, however; still doesnot improve R2. Our at-

temptsto improve VAF by consideringts constituentdiave beenin vain. Regres-
sion analysison individual factorsand combinationghereofyield quite different
parametevalues suggestinghatonefactoractsasa correctionto theother rather
thanasanimprovementof the modelasawhole. This fits in with the obseration
thattheseadjustmentactorsarehighly negatively correlated.

4.3.4 Analogy-basedestimation

Analogy-basecstimation(ShepperdSchofieldand Kitchenham1996)is an es-
timationtechniquein which we male predictionsbasedon a few historicalcases
from alargerdataset.Thesehistoricalcasesactasanalogiegor the onefor which
we aremakingthe prediction. Using the tool Angel (seeShepperdSchofieldand
Kitchenham1996) we canautomatethe searchprocesdor the analogies.Angel
determine@nalogiedy computingthe Euclideandistancebetweercases.

To assesshe suitability of the datasefor makinganalogy-baseeéstimations
Angel usesjack-knifing; one by one eachcaseis taken from the datasetand an
estimates determinedisingthe remainderof the dataset.The estimatesogether
determinghe MMRE andPRED(25)quality figures. This processs repeatedor
eachcombinationof attributes, yielding the bestcombinationtogetherwith the
quality figuresfor thatcombination.

If we let Angel assessur dataseusingthe maintenancéunction point com-
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ponems(FTRposb I:-I-Rprev FTRchanged DETposb DETpre- DETchanged UFR, UMFPR,
MIR, VAF, AMFP), we obtainthefollowing result:

Variablesusedfor prediction| MMRE | PRED(25)
FTRchanged DETchanged 39.8% 38%
DETpre, UMFP, VAF, AMFP

The valuesfor MMRE and PRED(25)are muchbetterthanthosefor the re-
gressionmodelsin tables4.6 and4.7. A possibleexplanationis that the dataset
is ratherheterogeneousThe scatterplotn figure 4.1(b)illustratesthis. Plotsfor
othervariablesshov similar patterns. If the numberof attributesis suficiently
large andat the sametime discriminateshe casesvell, analogy-basedstimating
is apromisingalternatve to morerigid regression-basechodels.

4.3.5 Measurementanalysisresults

In theprevioussectionsve usedvariousFPA variantgto predictmaintenanceffort.
We startedoff with a variantwhich, like Albrecht’s original model,assumeshat
maintenanceffort is stronglydeterminedy thesizeof achange Theperformance
of theresultingmodelprovedto beratherpooronthe datasetve studied.

Furtheranalysigevealedoneparticularlyweakspot.In organizatiorB thesize
of acomponenthangedasa muchstrongerimpacton the effort neededhanthe
sizeof the changeitself. The generalform of the relationbetweeneffort andthe
sizeof thecomponent/changs betterdescribeds

Effort = constantx sizeof thecomponentx (1 + € x sizeof changg (4.6)
ratherthanas
Effort ~ constantx sizeof change 4.7)

On hindsight this fits in well with othermodelsthatusesizeasthe primaryfactor
influencingmaintenanceffort.

The stepswe have taken somehwv constitutea calibrationof the structue of
the MFP model,ratherthana calibrationof its parametersnly. Whethertheneed
for sucha structuralcalibrationis causedby the particularorganizationwe have
beenstudying,or hasmoregeneralmerit, is still anopenquestion.

Notwithstandingthe improvementswe have beenableto male to the initial
model, the resultsare still ratherunsatisctory None of the presentednodels
satisfiesthe criterion for predictionmodelsmentionedn equationd4.2. Whether
suchis partly causedby the omissionof relevant factors,suchasthe ageof a
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componenbr its compleity, is not knowvn. We have simply no otherattributes
availablethanthosecollectedfor the MFP model. We nonethelessuspecthatthe
heterogeneitpf the datasetemainsin conflict with the ‘one modelfits all’ flavor
of regression-typenodels.In suchcasesanalogy-basedstimationseemdo offer
aninterestingalternatve.

4.4 Organizationalimplementation

OrganizatiorB implemented new procedureo determinghe priceof thechange
requestsasdiscussedn section4.1. This proceduraemored the needfor exten-
sive negotiationsbetweerthe CustomeiContactsandthe FunctionalMaintenance
departmenaboutthe price of changeaequestsFromthis perspectie the measure-
mentprogramhelpedsolvingthe problemandcanbe considered success.

Our analysisof the datagatheredshavs that the maintenancéunction point
modelusedby organizationB doescontainweakpoints. However, organizationB
did not usetheresultsof our analysisto improve the function point model. There
weretwo reasonsvhy theresultswerenot applied. First, despitethe weaknesses
the organizationwas contentwith the modelasit was, sinceit solved their prob-
lem of determiningthe price of changes Seconda large partof the maintenance
actvities wasto be outsourcedn the shortterm.

45 Conclusions

This measuremergrogramcanbeconsidered successhothfrom ameasurement
pointof view andfrom animprovementpoint of view. Theimplementatiorof the
measuremergrogramwasdonerigorously the measuremergrocessvasembed-
dedinto the maintenanc@rocessetc. Thisis alsoillustratedby table4.10,which
comparegaseB with the success$actorsfor measuremergrogramsasdescribed
by Hall andFenton(1997). Themeasuremengrogramenabledhis organizatiorto
useamoreobjectve measuref thesizeof achangewhich easedhenegotiations
with thecustomersboutthe price of achange.

Theonething thatorganizationB failedto do wasto checkthe validity of the
usedfunction point model. We have shawvn in section4.3 thatthereis certainly
roomfor improvementof themodel.



Succes$actors

>

Incrementalmplementation
Well-plannedmetricsframeavork

Useof existing metricsmaterial

Involvementof developersduringimplementation
Measuremenprocesgransparento developers
Usefulnes®f metricsdata

Feedbacko developers

Ensurethatdatais seento have integrity
Measurementatais usedandseento beused
Commitmentrom projectmanagersecured
Useautomatediatacollectiontools
Constantlyimproving the measuremergrogram
Internalmetricschampionsvereusedto managehe program
Useof externalmetricsgurus

Provision of trainingfor practitioner

UL R

« 1

Table4.10: Success$actorsadheredo in organizationB.







Chapter 5

Cases3 and 4: Measuring
MaintenanceEffort

This chapterdescribesoth the third and the fourth measuremenprogramcase
study In eachof thesetwo casestudies,a graduatestudentimplementeda mea-
surementprogramin a software maintenancesrganization. Both organizations
have trouble estimatingthe effort neededo implementchangego the software
they maintain.Thegoalof bothmeasuremergrogramswvasto determinghemain
factorsthatinfluencethe effort neededo implementchangesBoth the two mea-
suremenprogramsaswell asthe maintenancerganizationsare quite similar, so
thesetwo casestudiesarepresentedogether

Justlike to first two casesthe casestudiesaredescribedn four steps:(1) why
did the organizationstarta measuremerprogram,(2) hov wasthe measurement
progranmdesigneandimplemented(3) whatweretheresultsof themeasurements,
and(4) how have theresultsof the measuremengrogrambeenused.

5.1 Organizationalanalysis

OrganizationC

OrganizationC is the IT departmenbdf a large organization,responsiblgor car
rying out part of the Dutch social securitysystem. As of the beginning of 1996,
theorganizatiorhasbeensplit into anon-profitpublic bodyanda privatefor-profit
organization- partof whichis thelT departmentin thefuture,thelT department
will have to competewith third parties. However, at the time this casestudywas
done(secondalf of 1996),thisis notyetthecaseandthemajority of thecustomers
of thelT departmenarestill departmentérom the non-profitsibling organization.

61
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Figure5.1: Maintenanceeleasest organizationC

The IT departmentonsistsof several units, one of which containsthe so-
calledproductteams Eachproductteamdevelops,maintainsandsupportsnultiple
systemdfor one (departmenbf the) customer Eachteamis further divided into
differentgroupsthateachmaintainseveral of the customes informationsystems.
Our measuremerrogramwasintroducednto threeof the eightproductteams.

Eachproductteamconsistf about20to 30 engineersEachgroupin a prod-
uctteamis stafed with betweeroneto five people.Contactswvith thecustomesare
handledby the teammanagerandgroupleaders.The customersubmitschange
requestghatareanalyzedoy the responsibldeammanageor groupleader The
changerequestsare thenimplementedand deliveredin the next release as dis-
playedin figure5.1. Note thatthe contractfor releasen 4 1 canonly befinalized
whenall of its changeshave beenanalyzedandagreedupon. This pointin time
roughly coincideswith the delivery of release:. Most systemshave threeor four
releaseperyear with betweeroneandtenchangeequestperrelease.

Officially, changeaequestsindego five distinctphasedeforedelivery, seefig-
ure5.2. However, duringtheimplementatiorof themeasuremergrogramit turned
outthatthe preparatiorandfunctionaldesignareusuallydoneby the sameperson,
the groupleader The samegoesfor the technicaldesignandbuilding, which are
usuallydoneby the sameengineer Therefore groupleadersandengineeroften
donotknow how muchtime they have spenton eachof thesephaseswhich malkes
it hardto distinguishbetweenthem. In our analysis,we will thereforeusethree
phasesindicatedby a shadedackgroundn figure 5.2: (1) analysis which con-
sistsof preparatiorandfunctionaldesign(2) coding whichis thesumof technical
designandbuild, and(3) testing.

In one of the threeteamsthe testingof changerequestsvasnot doneby the
engineersn theteam,but wasoutsourcedo a separatéestteam.
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| Customer | Group leader | Engineer | Testteam |
1 Request . 1 1 1
! change l | i |

| [ | Preparation. | |
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Figure5.2: MaintenancerocesorganizationC
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Figure5.3: MaintenancgrocesrganizationD

OrganizationD

OrganizatiorD is thelT departmenof alarge Dutchindustrialorganization.The
IT departmentonsistof severalunits,oneof which—theapplicationsunit—is re-
sponsibldor the developmentandmaintenancef the administratie andprocess-
control systemghat the organizationuses. The measurementwok placeat two
of thethreesuhunits of the applicationsunit. Eachsulunit is stafed with 20to 30
engineers.

For eachof theinformationsystemsthereis anintermedianbetweertheclient
andthemaintenancdepartmentseefigure5.3. Thisintermediaryis locatedat the
clientsite. He or sheis responsibldor phrasinghe changaequestsTheinterme-
diaryis in directcontactwith the programmeatthe T departmentvho maintains
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the systemsof his department.The amountof analysisand designdoneby the
intermediaryvariesper system:someintermediariexhangethe functionaldocu-
mentatiorthemseles,othersgive aninformal descriptionof the changeandleave
it up to the engineerto changethe functionaldocumentation We only collected
theeffort spentby theengineersnottheintermediariesasindicatedby theshaded
boxin figure5.3.

Budgetsfor maintenancere allocatedper systemperyear Changerequests
areimplementedtestedanddeliveredoneby one,asopposedo beinggroupedn
releases.

5.2 Measurementimplementation

Eachmeasuremergrogramwassetup by a (different)graduatestudent.Thegoal
of both measuremergrogramswvasto gaininsightinto maintenanceostdrivers,
in orderto supporthe estimatiorandplanningof softwaremaintenancéasks.The
measuremergrogramshada durationof about7 months.

Both studentsisedthe samestepsto implementthe program:

1. Modelthemaintenanc@rocesses.
. Determindikely maintenanceostdrivers.

. Developformsto collectthedata.

. Useflyersto provide feedbacko theengineers.

2
3
4. Collectthedataby ‘walking around'.
5
6. Analyzethedata.

7

. Presentheconclusiongo theengineerandmanagement.

During thefirst step,the studentsiren up a processnodelof the maintenance
processusedin the organizations.They basedtheir model mostly on interviens
with managersndengineers.In neitherorganizationa formal standardprocess
existed. Thestudentsvereableto derive adefactostandargrocesghatwasmore
or lessusedby all theengineersHowever, differentgroups,evenwithin the same
unit or team,would executedifferentvariantsof the defactostandardgrocess.

In the secondsteplikely driversof maintenanceostsweredeterminedpased
on literatureresearctandinterviens with managersandengineersTheupperpart
of table5.1 shaws the costdriversmentionedindicatedby a /) by engineersand
management.
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Costdriversmentioned. ................... in organization:
Typeof maintenancactvity (correctve, adaptve, etc.)
Changingrequirements

Work neededo corvertdata

Changediseof thedatabase

Userinterfacechange

Codestructurednesseadability andquality

Experienceof theengineemwith thecode

Kind of databasesed

Relationshipwith otherapplications

Relationshipwith otherchangerequests

Readability completenesgndstructureof thedocumentation
Availability of testsets

Testsperformed

Compleity of thechange

Sizeof the codeto bechanged

Sizeof thechange

Applicationcharacteristics

<J0O

NN
L L R |©

LKL <

Table5.1: Candidatecostdrivers

It is surprisingthatsizeattributeswerenot mentionedaspossiblecostdrivers.
Becauséoth organizationsisesourcecodeversioncontrolsystemsandthusthe
sourcecodeand changedo the codeare easily available, it wasdecidedto also
collectsourcecodesizemetrics.

It wasdecidedto not gatherapplicationcharacteristicssuchase.g.program-
minglanguagetotalsizeof theapplicationnumberof usersgetc. Onereasonis that
applicationfactorswere not mentionedas possiblecostdriversin theintervievs.
Moreover, thenumberof changaequestperapplicationrwould berelatively small
— betweeroneandten. This makesit difficult to accuratelycompareheinfluence
of applicationcharacteristicenthe effort to implementchanges.

Usingthepossiblecostdrivers,thestudentslevelopedformsto collectthedata.
In bothorganizationsengineersegistertheirhoursusinganeffort registrationsys-
tem. However, in organizationC, the effort is not registeredper changerequest,
but perrelease. So, in organizationC, the hoursplannedand spentper change
requesheededo beregisteredon theforms. In organizationD, this wasunneces-
sary sincethe hoursperchangeequesivereavailablefrom the effort registration
system.In both organizationscodemetricsweregatheredafterthe changesvere
completedusingtheversioncontrolsystems.
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Next, theformswerehandedutto therelevantmanagerandengineersn the
organizationto befilled in. Knowing exactly who wasworking on which change
requestthe studentgegularly visited thesepersondo seewhetherthe changere-
guestswereready This guaranteedhe forms would be filled in and collected
timely.

During both projects feedbackwvasgiven usingflyerswith informationabout
thestatusof theprojectandintermediateesults.At theendof theprojectsbothstu-
dentsperformeda preliminarydataanalysis usingstatisticaltools,and presented
thoseresultsto the peopleinvolvedin themeasuremergrograms.

5.3 Measurementanalysis

In this sectionwe presentheresultsof our analysisof the datagatheredBecause
we have aratherlarge numberof attributesfor bothorganizationsespeciallywhen
comparedo the numberof obserations, we use principal componentsanalysis
(PCA) to determinethe main underlyingdimensionsof the datasets.Using the
constructedactors,we build regressionmodelsto attemptto explain the effort
spent.

The advantageof first applying PCA is that it reducesthe large numberof
attributesinto orthogonalfactors. The orthogonalityof the factorspreventscol-
linearity problemswhendoing multivariateregressioranalysis.The disadwantage
is thatthe factorsare constructedrom the original attributesand cannotbe mea-
sureddirectly. So,if wewantto desigranestimatiorprocedurdéasedntheresults
of the analysiswe still needto measurdhe attributesfrom which the factorsare
constructed.However, sincein thesetwo caseghe goalis to find the main fac-
torsinfluencingmaintenanceffort, andnotto immediatelydevelopanestimation
procedurethis problemis notinsurmountable.

The next sectiongivesan overvien of the datagathered.Next, section5.3.2
describeghe resultsof the principal componentsanalysis. Finally, section5.3.3
presentsheresultsof theregressioranalysis.

5.3.1 The datasets
OrganizationC

The datasetf organizationC containanformationabout84 changerequestzon-
cerning13 differentinformationsystems.Of thesel3 systems,12 arewritten in
Cobol,andonesystembothin Cobolandwith Pawvertuilder. For 18 changere-
qguestspnly thefirst phasganalysiswasperformedj.e.theactualimplementation
waseithercanceledr deferredo alaterreleaseFor 46 of the 57 changaequests
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thatwereboth completedand concernedCobol only, codemetricsweregathered
from the versioncontrol system.For eachchangerequesthe following attributes
weregatheredy useof theforms:

Functional Design Doesthe functionaldesignremainunchangedis it changed,
oris it to benewly designedfunctional design).

Database This attribute indicateswhetherthe structue of the useddatabaséas
to bechangediueto the change Sincethis happenednly twice, we did not
includethis attribute in our analysis.

Complexity Theplannersvereasledto assesshecompleity of thechangeona
five-point-scalerangingfrom very simpleto very difficult (complexity).

Screens Thenumberof new screenaindthenumberof screenghangediueto the
changeeques(screens changed andscreens new).

Lists Listsareoutputof batchprogramghatprovide informationto theuserabout
the processin@f the batchjobs. Like screengrovide the userinterfacefor
interactve programslists provide the ‘userinterface’for batchprograms.

A list providesinformationaboutthe numberof transactionprocessedan

overview of the transactiongprocessedan overviev of transactionghat

failed, an overview of databaseablesused,etc. We measuredheincrease
of the numberof lists (lists new) andthe numberof lists thatwerechanged
(lists changed).

Files Files are all configurationitemsin the versioncontrol system,excluding
documentationExamplesare: COBOL prograntiles, COBOL moduléefiles,
job controlfiles, recorddefinitionsandscreerdefinitions.COBOL programs
areCOBOL files thatresultin anexecutableprogram.Programsmplement
the main flow-of-control of the system.COBOL modulescontaincodethat
is used(‘called’) by programsor othermodules.

Informationaboutthe numberof files that wereto be deleted,changedor
addedn thecourseof achangerequest(files deleted, files new, files chang-
ed) wascollected.We alsoseparatehasledfor thenumberof programsand
modules(programs deleted, programs new, programs changed, modules
deleted, modules new andmodules changed). Notethatin generaprograms
changed + modules changed < files changed, becausef othertypesof files
thatarechangedalso. Examplesarejob controlfiles andrecorddefinitions.

Usingtheversioncontrolsystemwe alsomeasuredhetotal size(in linesof
code)of thechangediles (files loc), andseparatelyf thechangegrograms
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Variable Mean | Std.dev. | Min. | Max.
effort total 71 56 7| 260
effort analysis 14 16 0 76
effort coding 44 45 0| 192
effort test 22 23 0 81

Table5.2: Effort organizationC in hours

andchangednoduleg(programs loc andmodules loc). We did the samefor
new files (files new loc, programs new loc andmodules new loc). We also
measuredhe sizeof the changeby comparingthe old andnew versionsof
filesusingthe UNIX programdi f f . Thisresultsin two measuresthenum-
ber of lines addedandthe numberof lines deleted. Again, thesemeasures
weretaken for all files together(files loc added andfiles loc deleted) and
separatelyor programgprograms loc added andprograms loc deleted) and
moduleg(modules loc added andmodules loc deleted).

Tests Theformsalsocontainedwo questiongibouttesting butin thecourseof the
measuremergrogramit turnedoutthatthesequestionsveremisunderstood
andanswerednconsistently Thesedatawereomittedfrom thedataset.

Table5.2 shavs the meanandstandardieviation of the effort spenton the 57
changerequestsn organizationC. Thereis oneoutlierin this datasetvith respect
to total effort. This changerequestook 472hours,while thenext biggestcost260
hoursandthe averageeffort is 71 hours(excludingthe outlier). The large amount
of effort for this changerequesis causedy alarge testingeffort, while the other
characteristichave normalvalues. After inquiry it turnedout that this change
requestwas testedby a nev emplo/ee. We do not exclude this changerequest
from our datasetywe only ignoreit whenanalyzingtestingeffort andtotal effort.

OrganizationD

In organizationD we have collecteddataon 63 changeghat were appliedto 9
differentsystems. Most of thesesystemsare written completelyor partially in
COBOL. Of the 63 changerequests5 changesconcernednon-COBOL code.
Thesechangerequestsare not usedin the analysis. For 52 of the remaining58
changeswe have collectedsourcecodemetrics. This datasetlso containsone
outlier: achangaequesthattook 302hoursto complete Thenext biggestchange
requestook 130 hours,the averageis 35 hours(excluding the outlier). Sincewe
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Variable | Mean | Std.dev. | Min. | Max.
effort total 35 30 0 130

Table5.3: Effort organizationD in hours

wantour analysisto hold for the majority of the data,the outlieris removed from
thedatasetThisleavesuswith 51 datapoints.

Table 5.3 shaws the effort spenton changerequestsn organizationD. Next
to thetotal effort data,which wastaken from the organizatiors effort registration
system,information was gatheredon the hoursspenton different phasesf the
maintenancerocess- design,codingandtesting. However, the hoursspenton
eachphasewereto be estimatedas a percentagef the total hoursper change
request.This did not resultin correctdata,not only becausé¢he percentagewere
estimated but also becausesometimesnore than one personwould work on a
changerequest.Becausehe form wasfilled in by only oneof thesepersonswe
only know the effort distribution of thatperson.Hence ,we do not furtherlook at
theeffort dataperphase.

For eachchangaequestthefollowing attributesweremeasured:

Entities The numberof databasentitiesusedin the new versionthat were not
usedbeforethechangdentities new) andthenumberof entitieswhoseusage
changedi.e. theusageof oneor moreattributeschangedentities changed).

Attrib utes The numberof attributesusedin the new versionof the softwarethat
were not usedbeforethe change(attributes new), plus the numberof at-
tributesno longerusedafterthe changgattributes deleted).

Note thatif entitiesor attributesare changed,.e. the usage changesthis
doesnotimply thatthe underlyingdatabasstructurehaschanged.

Files Thetotalnumberof changedCOBOL files (files), andseparatelghenumber
of changedmodules(modules) andthe numberof changedCOBOL pro-
grams(programs) aremeasuredln addition,the numberof newv programs
or moduleg(new files) is measuredNotethatasopposedo organizationC,
we only measuredCOBOL sourcesat organizationD, so programs + mod-
ules = files.

Usingtheversioncontrolsystemthe lengthof changediles (loc), thenum-
berof lineschangedloc added andloc deleted), andthe lengthof the new
files (loc new) weremeasuredAlso, for eachof thesethe numberof lines
changedadded,or new in the proceduraivision wascounted resultingin
loc pd added, loc pd deleted, loc pd, andloc pd new.
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Requirements Becauseprogrammersvere confrontedfrequentlywith changing
customerrequirementsiuring the implementationof changerequeststhe
numberof suchrequirementhangesvascountednew requirements).

Data conversion Thenumberof temporaryprogramsneededor corversionpur
posegtemporary programs).

The following attributes are constructedrom attributesthat were measuredcper
file, asopposedo the otherattributesthatweremeasuregberchangerequestFor
example welookedateachsourcdile soseewhethemotostatementwereused.If

atleastoneof thesourcdilesthatis changedontaingyotostatementshevariable
goto is one,otherwisét is zero.

Codequality The quality of the sourcecodewas measuredy two ordinalmea-
sures:doesthe sourcecontainsgoto-statement§oto) anddo all programs
andmoduleshave a goodstructure(structure).

Program type Theprogramtypewasmeasuredo distinguishbetweerinteractve
programsandbatchprogramspecaus@&ngineersonsiderchangesn inter
active programsmore difficult than changesin batchprograms. program
type is batch(zero)if all of thechangednodulesor programsareonly used
for batchoperationsptherwisethe programtypeis interactve (one).

Documentation The quality of the documentatiorfdocumentation quality) is set
to zeroif oneor moredocumentsecessarjor the changes of low quality,
oneotherwise.

Experience Theexperienceof theprogrammewith thecodethatis to bechanged
(experience) is oneif the programmehasmuchexperiencewith all filesto
bechangedzerootherwise.

Difficulty Thecodeto bechangeds deemedo bedifficult (difficulty is one)if at
leastoneof thefilesto bechangeds considerediifficult.

5.3.2 Principal componentsanalysis
OrganizationC

Thefirst stepin principalcomponentanalysiss to decideontheappropriatenum-
ber of factorsfor the dataset.Using the unrotatedfactormatrix anda plot of the
eigewvaluesof the factors(a so-calledscreeplot) we obsere that the common
variancen this datasets bestdescribedy threefactors.Table5.4 shavsthethree
factors,after varimaxrotation. For readability all factorloadingsbetween—0.30
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Attributes Factors

Ci1]| c2| c3
programs loc added 0.86
programs changed 0.85
files loc added 0.82
programs loc 0.76
files changed 0.76 0.40
programs loc deleted 0.71
files loc deleted 0.70
files loc 0.63
lists changed 0.59
lists new 0.31
files loc new 0.90
programs loc new 0.84
programs new 0.83
files new 0.81
modules new 0.64| 0.33
functional design 0.54
modules loc new 0.47
modules loc added 0.87
modules changed 0.82
modules loc deleted 0.79
modules loc 0.57
complexity 0.45
screens changed 0.41
screens new
Eigervalue 5.32| 4.03| 3.46
Percentagef variance | 22.2 | 16.8 | 14.4
Cumulatie percentage 22.2| 39.0| 53.4

Tableb.4: Rotatedfactormatrix for datasetC
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and 0.30 have beenomitted. Togetherthesethree constructedvariablesexplain
slightly morethan50% of the varianceamongthe attributesused. We seefrom
table5.4 thatthefactorscanbeeasilyinterpreted:

C1. Thefirst factorcanbe interpretedasthe amountof changethat affectsthe
flow-of-control. As notedbefore, programsimplementthe main flow-of-
control. A changeén a progranfile is thereforelikely to affect otherconfig-



72 Cases3 and4: MeasuringMlaintenance=ffort

urationitems, suchasjob controlfiles, aswell. For the samereasonsuch
changescan affect the processingnformation that batch programsreturn
in differentlists (lists changed). This factoris thusdominatedby flow-of-
controleffects.

C2. Factor2 is theincreasen the sizeof the systemin termsof new files. The
numberof new files, new programsandnev modulesall load on this factor
aswell asthe size of the new files (files loc new, programs loc new and
modules loc new). Also functional design hasits highestloading on this
factor This is not surprising,sincefunctional design was codedO for no

changeto the functionaldesign,1 for a changeand2 for a new functional
design.

C3. Thethird factorreflectsthe amountof changen modules.

Two of thesefactorsthusreflectthe amountof changeo existing code.Factor
C1 can be roughly characterizedhs control flow change,and factor C3 canbe
labeledalgorithm change. Factor C2 denotesthe new code, and apparentlyno
distinctionasto thetype of additioncanbemade.

OrganizationD

We alsoperformprincipalcomponentanalysison dataseD. Usingthe unrotated
factormatrix we obsere thata numberof threefactorsfits this datasebest. Ta-
ble 5.5shavs thefactorloadingmatrix aftervarimaxrotation. Again, for readabil-
ity all factorloadingsbetween—0.30 and0.30 have beenleft out.
Thethreefactorsexplain nearly50%of thevarianceamongthe usedattributes.

Using table 5.5, we seethat interpretationof the threefactorsis againnot too
difficult:

D1. Thefirst factorcanbeinterpretedasthe total size of the codecomponents
affectedby thechange.

D2. Thesecondactordenotegsheamountof change.
D3. We seethatthethird factorcanbeinterpretedastheamountof codeadded.
Notethatthis datasetdoesnot reveal a differencein the type of change(con-

trol-flow versusalgorithmic). On the otherhand,it doesdiscriminatebetweerthe
changdtself andthe systentslice’ affectedby thechange.
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Attributes Factors

D1| D2 | D3
files 0.87
loc pd 0.85 -0.31
loc 0.85 -0.32
modules 0.68
used-by 0.68 -0.33
programs 0.53
entities changed 0.43 0.32
relationships 0.36
goto statements 0.32
difficulty 0.32
entities new
loc pd deleted 0.93
loc deleted 0.93
temporary programs 0.72
loc pd added 0.71| -0.33
loc added 0.67| -0.35
new requirements 0.63
structure 0.43
documentation quality
new files 0.85
loc new 0.83
loc pd new 0.82
experience -0.64
testing 0.53
program type 0.37 -0.43
attributes new 0.42
attributes deleted
Eigervalue 5.70| 3.71| 3.27
Percentagef variance | 21.1| 13.8| 12.1
Cumulatie percentage 21.1| 34.9| 47.0

Table5.5: Rotatedfactormatrix for dataseD

5.3.3 Regressionanalysis

Thenext stepin our analysigs to investigatevhethemwe canusethefactorsfound
in the principal componentanalysisto explain the effort spenton the changere-
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Dependent Independenvariables Adjusted| Std.
variable Cl C2 C3 teamA teamB R? | Em.
effort total 0.56 0.41 0.34 0.58| 37.1
effort analysis 0.46 0.20| 13.6
effort coding 0.60 0.56 0.65| 23.8
effort test 0.42 -0.67 -0.80 0.66| 13.9
effort test? -0.68 -0.78 0.48| 17.1
aWithout C1

Table5.6: Stepwisenultivariateregressioranalysisfor organizationC

guests. We perform multivariate regressionanalysis,using the factorsfound in
section5.3.2. We usethe betacoeficientsof theindependenvtariablesto indicate
therelative weightof eachof thevariablesn theequation.

OrganizationC

Input variablesfor the stepwiseregressionanalysisare the factorsfoundin sec-
tion 5.3.2,completedvith two dummyvariableso discriminatebetweerthethree
teams.Theresultsof theregressioranalysiss shavn in table5.6. For eachdepen-
dentvariable,the tableshavs which independenvariablesenteredhe regression
formula. The numbersshavn are the betacoeficients of the variablesentered,
which allow usto assesshe relative importanceof eachof theindependenvari-
ablesenteredn the equation.

If we look at the adjustedR?’s, we seethat the equationfor the total effort
explains 58% of the variance. Using the betacoeficients, we seethatC1 is the
mostinfluentialvariable followedby C2. Theformulasfor effort coding andeffort
test both explain abouttwo-third of the variance. The main differenceis thatfor
effort test theteamdummyvariablegteam A andteam B) play themostimportant
role. Thebetacoeficientsareneggative, becauséhe averagetestingeffort of these
two teamsis considerablyower thanfor the third team. This is explainedby the
factthatthethird teamoutsourceshetestingto aseparatéestteam while theother
two teamgestthe changaequestshemseles,seefigure’5.2. If we omit factorC1
from theanalysiswe seethattheexplainedvariancerom thetwo dummyvariables
aloneis almost50%. Adding C1 increaseshe explainedvariancewith about20
percentag@oints. So, althoughthe explainedvariancefor testingis ashigh asfor
coding,its sourceis ratherdifferent.

The explainedvariancefor effort analysis is much lower than for the other
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Dependent Independentars. | Adjusted| Std.
variable | D1 D2 D3 R? | Err.

| effort total | 0.33 ‘ 0.09] 28.5]

Table5.7: Stepwisenultivariateregressioranalysisfor organizationD

equations.lt seemghatthe factorsthatwe have constructechave little influence
on the effort neededo preparethe changerequest. This doessuggesthatit is
importantto look atthe maintenanc@rocesscarefullyandselectdifferentmetrics
for eachof the processteps.

OrganizationD

Using the factorsfound in section5.3.2, we againperform stepwiseregression
analysis.Theregressioranalysisdoesresultin a formula, but the explainedvari-
anceis not nearlyashigh asfor the datasebf organizationC. Only onevariable
entergheequation:D2 — theamountof codechanged.

It is difficult to investigatethis further, sincewe don't know how muchof the
effort in organizationD wasspenton design,codingandtesting.As mentionedn
section5.3.1,theway in which we attemptedo collectinformationaboutmainte-
nancesubtaskdailedto deliver reliabledata. Hence we canonly hypothesizeon
the reasonswhy the informationgatheredn this measuremenrogramexplains
solittle aboutthe maintenanceffort, asopposedo theresultsfor organizationC.
We think therearetwo possiblereasongor this difference:

e The maintenanc@rocessat organizationD is quite dependenbn the spe-
cific maintenanc@rogrammeiand his relationshipwith the customer The
amountof analysisdoneby the programmetargely dependson howv much
analysigheintermediaryatthe customessite hasdone.

e Theeffort dataweretakenfrom the effort administratiorsystem.We do not
know —andhadno control over — the accurag with which thesedatawere
registered.

5.4 Organizationalimplementation

Dueto differentfactorsneitherorganizatiorusedtheresultsto changeheplanning
procesdor changerequestsln organizationC, anattemptwasmadeat continuing
the program.However, becausehe organizationdid not make anyonespecifically
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@]
o

Success$actors

Incrementalmplementation
Well-plannedmetricsframevork

Useof existing metricsmaterial

Involvementof developersduringimplementation
Measuremenprocesgransparento developers
Usefulnes®f metricsdata

Feedbacko developers

Ensurethatdatais seeno have integrity
Measurementatais usedandseento beused
Commitmentfrom projectmanagersecured
Useautomatediatacollectiontools
Constantlyimproving the measuremergrogram
Internalmetricschampionsvereusedto managehe program
Useof externalmetricsgurus

Provision of training for practitioner

R R R
R R R

|§|
|«|

Table5.8: Successactorsadheredo in casesC andD.

responsibldor collectingthe metrics,the forms were not filled in anymore and
the measuremenprogramcameto a halt. In organizationD, the managemwho
had initiated the programbecameill, and managemensupportfor the program
stopped.

In addition, neitherorganizationusedthe datato implementor improve the
planning procedures. In organizationC it was felt that more information was
neededo build a soundplanningprocedure OrganizationD did not usethedata,
becauseaswe have seenin section5.3, the datadoesnot explain the effort ex-
pended.

5.5 Conclusions

Froma measuremengrogramimplementatiorpoint of view both programswere
rathersuccessful. Table 5.8 shavs how thesetwo measuremernprogramsscore
whencomparedo thesuccess$actorsmentionedy Hall andFenton(1997).How-
ever, in bothorganizationghe programscollapsedafterthe studentshadleft their
positionasmetricsguru. Sofrom animprovementpoint of view, themeasurement
programsboth failed. They did not have ary impactin termsof improvementto
the organizationsnvolved.



Chapter 6

MeasurementMaturity

In the previousthreechaptersve have reportedon the four measuremenirogram
casestudiesdone. The succesf thesemeasuremenprogramsvaried widely.
The measurememrogramdescribedn the first casewasquite unsuccessfulthe
measuremenprogramin casetwo was rathersuccessfuland the measurement
programamplementedn caseghreeandfour weresuccessfulslong asthe stu-
dentsweresupportingthe program. In this chapterwe reassesthe casedrom a
measuremergrogramimplementatiorpoint of view, i.e. we try to find factorsthat
might explain the succes®r failure of the measuremerpirograms.Fromthis as-
sessmenive concludethatatleastpartof thesuccesseemso beexplainedby the
capabilityof theorganizatiorwith respecto softwaremeasurementie proposea
measurememhaturitymodelthatcaptureshedifferencesn capabilityin different
maturity levels.

Section6.1 presentghe reassessmewf the measurementrogramcasestud-
ies. Next, section6.2 elaborate®n the notion of measurementapability Sec-
tion 6.3 present®ur measuremerdapabilitymaturitymodel. Finally, thelastsec-
tion presentshe conclusion®f this chapter

6.1 Casestudy overview

In this section,we reassesghe measuremenprogramcasespresentedn chap-
ter 3, 4, and5. We give a shortoverviev of eachof the organizationsand its
measuremergrogram.

A. Thisorganizationis a businesaunit of a major Dutch softwarehouse.It main-
tainsandoperatesnformationsystemdor several smallandlarge customers.
In 1995,a questionnairavasdevelopedto gatherprojectinformationin order

77
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to supportthe bidding procesgor new projectsandnewn ServicelLevel Agree-
ments.

Estimatesvereto bederivedusinganexperimentatool developedn thecourse
of an ESPRIT project. Therewasvery little knowledge of the tool andthe
underlyingstatisticswithin the businesaunit. The unit hadundegoneseveral
reoiganizationsn thelastfew years,andwasstill very muchin a stateof flux.
The accurag of the datagatheredwas, at best, mixed. Quite a few entries
wereleft blank. Quite a few alsosuspiciousiylooked like guesstimatesThe
guestiongposedsometimessledfor a subjectie answerandweresometimes
ambiguous.

B. OrganizationB maintainsand supportsa large financial administratie infor-
mationsystemfor oneof the ministriesof the Dutchgovernment.Here,main-
tenancdunction points— a variantof the standardAlbrechtfunction points—
areusedto supportnegotiationsbetweenthe usersandthe maintainersabout
changedo the system.

Thisseemedike ameasurement-wisgrganization.Thereweredetailedguide-
linesasto how andwhatto measure The measuremergrocessvasstrongly
supportedy managementverybodyknen whatthemeasuremenisereused
for. Therewereclearlyvisible pie chartsillustrating variousperformancendi-
catorsonthe doorof themanages office.

C. OrganizationC is the IT departmenbf a large organization,responsiblefor
carryingout partof the Dutch socialsecuritysystem.The measurementsere
doneat threeof the so-calledproductteams which areteamsof about25 en-
gineerseachteambeingresponsibléor the maintenancef anumberof infor-
mationsystems.The goal of the measurememirogramwastwofold: to gain
insightinto thecostdriversfor changaequestandto gainpracticalexperience
with theintroductionof a measuremergrogram.

This is alsoan organizationin flux. It is partof a large organizationthat has
beensplit up andgonecommercial. The peoplestill have to getaccustomed
to their naw role: from beingan internalmaintenancelepartmento beinga
commerciabkerviceprovider. Thesettingup of ameasuremergrogramaswell
as collectingdataand analyzingthemwere doneby an MSc studentas part
of his graduatiorproject. Participantswerewilling to help, but their attention
easily slipped. Managemens goalswere primarily aimedat establishinga
soundorganizationandtakingmeasurementsassupportednsofarthishelped
to reachthe primarygoals.

D. Thefinal organizationis the IT departmenbf a large Dutch industrial orga-
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nization. The measurement®ok placeat two departmentsresponsiblgor
themaintenancef severaladministratre systemsandprocess-contraystems.
Thegoalof thismeasuremermirogramwasidenticalto thegoalof organization
C. Asin organizationC, the settingup of the measuremerrogramaswell as
the collectionand analysisof datawas doneby a (different) MSc studentas
partof agraduatiorproject.

Thisorganizatioris astableorganization Its primaryprocesgoncernghepro-

ductionof steel.For eachinformationsystemthereis anintermediarybetween
theclientandthe maintenancelepartmentThis intermediaryis locatedat the

clientsite. Heis responsibldor thephrasingof changeequestsHeis in direct
contactwith the programmer(s)n the maintenancelepartment.The amount
of analysisanddesigndoneat the client side variesper system. Budgetsare
allocatedper systemperyear Thereis somepressurdrom the client sideto

malke maintenanceostsmore'visible’. Themeasuremergrogramwasstarted
becausef this pressure.

Success$actors A|B|C|D
Incrementalmplementation -l -] -] -
Well-plannedmetricsframevork -V IVIY
Useof existing metricsmaterial - - VIV
Involvementof developersduringimplementation 21V IV IV
Measuremenprocesgsransparento developers - VIV YV
Usefulnes®f metricsdata - VIV
Feedbacko developers - VIV IV
Ensurethatdatais seento have integrity -V IVIY
Measurementlatais usedandseento beused -V - -
Commitmentrom projectmanagersecured N RVARVA IRV,
Useautomatediatacollectiontools -V -] -
Constantlyimproving the measuremergrogram -l -] - -
Internalmetricschampionsisedto manageheprogram| - | - |/ | v/
Useof externalmetricsgurus -l -] -] -
Provision of trainingfor practitioner -V -] -

Table6.1: Successactorsadheredo in casesA, B, C andD.

Table6.1 shavs to whatextentthe organizationsadheredhe Hall andFenton
success$actors.We seeagoodcorrelatiorbetweerthesuccessf themeasurement
programandthe numberof success$actorsadheredo.

Fromthecasestudiesve have learnedhefollowing lessons:
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A soundandrigorousdefinitionandimplementatiorof measuresneasure-
ment protocolsand measuremenprocessess an essentialprerequisiteto
success.

e The previous issueneedsto be masteredhroughoutthe organizationbe-
fore an organization-widemeasuremenprogramcan be implemented. In
otherwords, masteringbasic measuremendctvities is a preconditionfor
organization-wideémplementatiorof a measuremergrogram.

e Measuremenprocesseshat are integratedin the software (maintenance)
proceseedlessattentionto be performedadequatelyhanthosewhich are
notintegrated.In organizationB, the countingof the measuremerfunction
pointswas an integral part of the changeprocessso theseactvities were
doneautomatically In organizationsC andD themeasuringf changechar
acteristicavasnot partof thenormalsoftware processPractitionersieeded
to beencouragedegularlytofill in theforms.

e OrganizationB applieda metric — maintenancdunction points— without
propervalidationof the underlyingmodel. Properanalysisof the metricsis
neededo validatethemeasures.

6.2 Measurementcapability

We hypothesizeahat part of the differencesn measuremernrogramsuccessan
be explainedby the differencesn measurementapability We seethatorganiza-
tion A tried to establistanorganization-wideneasuremergrogram.However, the
organizatiorhadnotmasteredhebasicpracticesieededor definingmeasureand
measurementrotocols. Therewasno tool supportfor the measuremeryrocess,
nor wasthe measuremergrocessntegratedin the softwaremaintenancgrocess.
OrganizatiorB ontheotherhand,did asoundmplementatiorof themeasurement
program:the measuresveredefinedrigorously the measuremenrocessvasin-
tegratedinto the maintenanc@rocessandthe scopeof the measuremergrogram
waslimited andclear In organizationsC andD, the measuremergrogramswvare
implementedy two studentsThestudentfunctionedastheinternalmeasurement
guru’s andkeptthe programrunningby stimulatingthe practitionergo fill in the
measuremerforms and providing feedback.We seethatin both organizationC
andD themeasuremenmirogramstoppedassoonasthestudentdeft their positions
asmeasuremerguru.

This assessmersuggestshatwe candifferentiatetheamountof measurement
capabilitya software organizationhas. We definemeasuementcapability as‘the
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extentto which an organizationis ableto take relevant measure®f its products,
processeandresourcesn a costeffective way resultingin informationneededo
reachits businesgoals.

In chapter2 we have discussedereral guidelinesfor implementingmeasure-
mentprograms. First, we discussedjoal-basedneasuremerdpproachei sec-
tion 2.1.1. Theseapproacheprovide guidelinesfor the derivation of measures
from measuremengoals, and stepsto be taken to packageand reusemeasure-
mentexperience However, thesemethodgocusmostly on oneaspecbf software
measurementiamelythe derivation of measure$rom measuremergoals. Less
attentionis paidto aspectsuchasdataanalysismeasuremergrotocols.etc.

Secondjn section2.1.2succesg$actorsfor measurememrogramsweredis-
cussedSeveralauthorshave identifiedsucces$actors(e.g.Hall andFenton1997,
Jefery andBerry 1993, Rifkin andCox 1991). After studyingotherresearcton
measurementiall andFenton(1997)identifieda consensusn requirementgor
measuremergrogramsuccessWe have shavn to whatextentthesesuccessac-
torswereadheredo in our four casestudiesin table6.1. However, thesesuccess
factorsdo notprovide organizationsith aclearcut pathon how to introducemea-
surementnto their organizationj.e. which stepsneedto be takenfirst andwhich
processeneedto bein place.

Third, we have mentionedwork on measuremenmaturity modelsin section
2.1.3.Thiswill befurtherdiscusseéh chapter7. Fornow it suficesto notethatthe
softwaremeasuremeriechnologymaturityframework by Daskalantonakisyaco-
bellis and Basili (1990-1991)acksa clearfocuson measuremenrocessesand
thatthework by ComerandChard(1993)is limited to onematurity level only.

With respecto softwareprocessmprovementdifferentapproachesxist, most
notablythe SoftwareCapabilityMaturity Model (SE11995,Paulk, Curtis, Chrissis
andWeber1993,Paulk, Weber Garcia,ChrissisandBush1993). Otherimprove-
mentparadigmdor software arelargely basedon the Software CMM, including
the BootstrapapproachiHaase MessnarzKoch, KuglerandDecrinis1994,Ku-
vaja,Simila, Krzanik, Bicego, KochandSauklonen1994)andthel SO 15504stan-
dardfor softwareprocessssessmemindimprovementSPICE)(El Emam,Drouin
andMelo 1998). Eachof theseimprovementmodelsincludesmeasuremerdsa
meansto help improving the software process. However, thesemethodsdo not
prescribehow themeasuremengrocessethemselesshouldbeimplementedFor
example the SoftwareCMM doesprescribethatin all key processareasneasure-
mentsshouldbetakento determinghe statusof theactwities. But only onlevel 4,
measuremeris explicitly dealtwith by the key processareaQuantitatve Process
Management.Sincethe Software CMM is concernedvith the software process,
measuremeris only coveredinsofar it directly dealswith improving the software
processTheissueof introducingandimproving measuremergrocesseis beyond
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Level Measures

5. Optimizing: improvementfed backto process| processandfeedback
for changingprocess
4. Managedmeasuregbrocesgquantitatve) procesandfeedback
for control

3. Defined:processiefined,nstitutionalized product

2. Repeatableprocessiependenonindividual | project

1. Initial: adhoc baseline

Table6.2: Processnaturityrelatedto measure¢PfleegerandMcGowvan 1990)

thescopeof the SoftwareCMM proper

On the subjectof therelationbetweermeasuremerdandsoftware processm-
provement,PfleegerandMcGowan (1990)recommendhe collectionof different
measureslependingon the organizatiors maturity level. Seetable6.2. Pflegyer
(1995) presentsa combinationalapproachto measuremenprograms,using the
Goal/Question/Metriparadigmto derive goalsto be metandquestiongo be an-
swered,and the Software CMM to decidewhat canbe measured- i.e. whatis
visible. As the processnaturesyisibility increasesnda morecomprehense set
of metricscanbemeasured.

Noneof thesesourcegivesastructurecpathto enhanceneasuementapabil-
ity. The succesg$actorsfor software measurementshoughhighly useful,do not
differ all thatmuchfrom thehit list for softwarereuseformalspecificationspr ary
majororganizationathangerelatingto the software process.They give premises
for successnot roadsto getthere.In a similar way, Pflegger’s work (1990,1995)
givesinsightinto which measuresanbe collectedat which maturitylevel. It does
not helpusto improve themeasuremergrocesstself. The MeasuremenEMM is
intendedo fill thatgap.

6.3 The MeasurementCapability Maturity Model

In this sectionwe describeheproposedMeasurementapabilityMaturity Model.
First, the objectives of the MeasuremenCMM arelaid out. Next, the maturity
levels of the Measuremen€EMM aredescribed.Section6.3.3toucheson the key
processareasandfinally section6.3.4describesherelationbetweerthe Measure-
mentCMM andothermaturitymodels.
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6.3.1 Primary objectivesof the MeasurementCMM
Thegoalof theMeasuremenCMM is twofold:

1. to enableorganizationdo assessheir capabilitieswith respecto both soft-
wareandsoftwareprocessneasuremengnd,

2. to provide organizationswith directionsandstepsfor furtherimprovement
of their measuremerdapability

The Measuremen€MM doesthis by measuringhe measurementapabilityma-
turity on afive level ordinal scaleandby prescribingprocessethathave to bein
placein orderfor anorganizationto resideon thatlevel. Thisis roughlythe same
framewvork asusedin the SoftwareCMM, or the PeopleCMM (Curtis,Hefley and
Miller 1995, Curtis,Hefley andMiller 1995).

We definemeasuementcapability as ‘the extentto which an organizationis
ableto take relevant measure®f its products,processeand resourcesn a cost
effective way resultingin informationneededo reachits businesgjoals.

An organizationthat scoreshigh on the Measuremen€MM scaleshouldbe
ableto:

e gatherrelevant information aboutits own performancewith respectto its
long andshorttermbusinesgyoals;

e continueto collecttherelevantinformationwheneitherthe organizationit-
selforits ervironmentchanges;

e dosoin acosteffective way by reducingthe numberof collectedmeasures
or by usingautomatedneasureollectionwhenpossible;

e provide anenvironmentin which bothmanagemerandstaf arecorvinced
of the usefulnesf measuremenand, morewer, are continuouslybeing
cornvincedby the measurethemseles.

Notethatthebusinesgjoalsthemselesarenotpartof themodel,they areinput
to the model. Measuremengoalsare derived from the businesgyoals. Organiza-
tions with a highermeasurementapability shouldbe betterableto measurehe
right measure@ orderto helpreachtheir businesgoals.

Also notethatmeasuremertapabilityaddressetheability of organizationgo
measurgrocesseqroductsandresourcessis. Improvementof the softwarepro-
cesor productss notpartof theMeasurementEMM, thoughhighervisibility (i.e.
maturity)offersmoreopportunitieso measuréseePfleegerandMcGowan1990).
For example,let us supposédhat an organizationwantsto knov how muchtime
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it spendson testing,but the organizationdoesnot follow a defineddevelopment
cyclein which it is clearwhenthe testingphasestartsandwhenit ends. In such
a casethe organizationcannotexpectto take valid measurementsf time spent
ontestingwithout clearly specifyingwhatis meantby testingandwithout making
sureeveryoneis working accordingto that specification. Similarly, implement-
ing a configurationmanagemensystemto ensurethat software componentsre
uniquelyidentifiableis not partof the Measuremen€MM. While thesesoftware
processmprovementsdo improve visibility of the software processthey do not
improve measuementcapability Moreover, they arealreadypartof softwarepro-
cesamprovementmethodssuchasthe Software CMM.

6.3.2 The maturity levelsof the MeasurementCMM

Thematuritylevelsfor theMeasuremenEMM aredefinedsimilarly to thoseof the
othercapabilitymaturitymodels.Thismeanghatonlevel 1 —initial —thereareno
key procesareasiefined.In essencdevel 1isthelevel onwhichall organizations
residethathave nokey procesareasmplementedOnlevel 2 —therepeatabléevel
— organizationdhave basicmeasuremergrocessem place which meanghey are
ableto collect measuresluring projects. Measuresare probablynot comparable
acrossrojects,sinceeachprojectpotentiallyhasits own measuremergoalsand
definesits own measuresOn level 3 — the definedlevel — this problemis solved,
becauséhe organizationstandardizeits measuremenprocessand determinesa
basicsetof measureshateachprojecthasto collect. Also, an organizationwide
measuremerdatabasés createdwhich containsall historic projectdata.Level 4
is themanagedevel, meaningthattheorganizatiorwill be ableto assesshe costs
of differentmeasuresTechnologyis beingusedto make themeasuremergrocess
moreefficient. Finally, atlevel 5 —theoptimizinglevel — the organizations ensur
ing thatmeasuremergrocessearenotonly efficient, but alsoeffective. Measures
areregularly judgedontheir meritsandmeasuremenirocesseareadjustedvhen
necessaryo reflectchangesn the measuremergrvironment.
More formally, we definethe MeasuremenEMM maturitylevels asfollows:

1. Initial : The organizationhasno definedmeasuremerprocessedew mea-
suresare gatheredmeasuremerthat takes placeis solely the resultof ac-
tionsof individuals.

2. Repeatable Basic measuremenprocessesrein placeto establishmea-
suremengoals, specify measuresind measuremenprotocols,collect and
analyzethe measuresindprovide feedbackto softwareengineerandman-
agement.The necessaryneasuremerdisciplineis presento consistently
obtainmeasures.
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3. Defined The measurementrocesss documentedstandardizedandinte-
gratedin the standardsoftware procesof the organization.All projectsuse
atailoredversionof the organizations standardneasuremeryrocess.

4. Managed Themeasuremergrocesss quantitatvely understoodThecosts
in termsof effort andmoneg/ areknown. Measuremenprocessesire effi-
cient.

5. Optimizing: Measurementare constantlymonitoredwith respecto their
effectivenessand changedwvherenecessary Measuremengoalsare setin
anticipationof changesn the organizationor the ervironmentof the organi-
zation.

6.3.3 The key processareasof the MeasurementCMM

For an organizationto reacha certainlevel otherthanthe first level, certainpro-
cesseseedo bein place. Theseprocessearegroupedn key processareaswhere
key merelymeanghattherecould be more— non-key — processeshut thatthose
non-key processedo not needto bein placeto reacha certainmaturitylevel. An

organizationcanonly reacha certainmaturity level whenit hasimplementedll

key processareador thatlevel.

Below we presenthekey procesareador the MeasuremenEMM. Notethat
eachof thesekey processareasshouldbe describednorethoroughly in termsof
goalsandcommonfeaturegcommonfeaturesdefinethe actvities performedand
theactvities neededo institutionalizetheprocesgseeSEI1995)).Sofar, we have
only specifiedthe purposeof eachkey processarea:

1. Initial: nokey processareas.
2. Repeatable:

(a) MeasuremeriDesign:Measuremengoals measureandmeasurement
protocolsare establishedaccordingto a documentedrocedure and
goals measureandprotocolsarekeptconsistentvith eachother Mea-
suremenprotocolsaremanageandcontrolled.

(b) MeasureCollection:Measuresrecollectedaccordingo themeasure-
mentprotocol.

(c) MeasureAnalysis: The collectedmeasuresre analyzedwith respect
to themeasuremergoals.

(d) MeasuremenfFeedback: The measuremengioals, the measurement
protocols,the collectedmeasuresind the resultsof the analysisare
madeavailableto the peopleinvolvedin the measuremerprocess.
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3. Defined:

(a) OrganizationMeasuremenfocus: Software measuremenactiities
are coordinatedacrosshe organization. Strengthsandweaknessesf
themeasuremergrocessreidentifiedandrelatedo thestandaranea-
suremenprocess.

(b) OrganizationMeasuremenbesign: A standardneasuremerprocess
for the organizationis developedandmaintainedandinformationwith
respectto the useof the standardneasuremenprocesss collected,
reviewed andmadeavailable.

(c) OrganizationMeasureDatabaseCollectedmeasuresirestoredin an
organization-widedatabasendmadeavailable.

(d) Training Program:Peopleare providedwith the skills andknowledge
neededo performtheirroles.

4. Managed:

(a) MeasurementostManagementCostsof measuremergreknovnand
usedto guidethe MeasuremenbDesignProcessandthe Organization
MeasuremenbDesignprocess.

(b) TechnologySelection:The informationof measuremertostsis used
to chooseand evaluatetechnologysupportfor the measuremenpro-
cess.

5. Optimizing:

(a) MeasurementChangeManagement:The measurementapability is
constantlybeingimproved by monitoringthe measuremerprocesses
andby anticipatingchangesn the softwareprocesr its environment.

The Measuremen€MM maturity levels togetherwith the key processareas
provide organizationsvith botha measuremergcalealongwhich they canassess
theirmeasuremertapability anddirectionsfor futureimprovements.

6.3.4 Relationshipwith other capability maturity models

As mentionedn section6.3.1,the Measuremen€MM doesnot prescribetheim-
provementof processestherthanmeasurementrocessesThe improvementof
software processess coveredby the Software CMM. The two modelsarelinked
by the processesproductsandresourceshat are subjectto measuremenn the
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[ Measurement CMM ] [Measures] [ Software CMM (example kpa's) ]

Measurement Design
Measure Collection
Measure Analysis

Measurement Feedback Configuration Management

- Peer Reviews
Organization Measurement Focus Product

Organization Measurement Design
Organization Measure Database
Training Program

Organization Process Definition
Process

Resources

Measurement Cost Management
Technology Selection

Measurement Change Management "~ People CMM

Figure6.1: TheMeasurementCMM relatedto otherCMMs

one hand,and are part of the software process- and thus coveredby the Soft-
ware CMM - on the otherhand. The samegoesfor the relationshipbetweenthe
MeasuremenCMM andthe PeopleCMM. We canvisualizethis asin figure6.1.

We canseethatanorganizatiorthathasreachedevel 2 of the Software CMM
is ableto take detailedmeasuregboutsoftware componentshat are undercon-
figuration management.On the other hand,if the organizationdoesnot have a
standardsoftware processit will bedifficult — if notimpossible-to measurdhe
durationof softwareactuities, sincethey have not beenstandardizegdseePfleegger
andMcGowan1990,Pfleeger1995).

We obsere that an organizationthat wantsto increasethe knowledgeabout
andinsightsinto its own softwareprocesses)eedso advanceon boththe Software
CMM andthe MeasurementMM ladder

6.4 Conclusions

If we applythe MeasurementapabilityMaturity Model to the environmentsdis-
cussedn section6.1, we obsere thefollowing:

e OrganizationA is atlevel 1. Noneof the key processareasof level 2 has
beenfully implemented.The attemptto build anorganization-wideproject
databaselearlywasabridgetoofar. Firstimprovementshouldconcentrate
onimproving themeasuremerdesignandcollectionprocessareas.

e OrganizationB is at level 2. Sincethe organizationis concernedvith one
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projectonly, oneis temptedto concludethatit is atlevel 3 aswell. How-
ever, currentmeasuremenireusedfor onegoalonly, viz. estimatehesize
of changes.Whenwe tried to relatethesesize datato otherresourceand
productcharacteristicswe encountereconsiderabldifficulties. Clearly
processareassuchas OrganizationMeasuremenEocusand Organization
MeasureDatabasearenotfully developedyet.

e Both organizationC and organizationD areat level 1. The MSc projects
concernedll of the processareasof level 2. Clearly noneof thesepro-
cessesarefirmly embeddedvithin theorganizationget. For thatreasonthe
measuremergrogramis fragile.

The Measuremen€apability Maturity Model providesus with aninstrument
to assesshe variouservironmentsin which we implementeda measuremeriro-
gram. It allows usto assigna measuremergcoreto eachof the organizationsand
explainsthe succes®r failure of our measuremergfforts. It alsoidentifiesareas
in whichimprovementsanbe sought.

In orderto validatethe Measuremen€MM we would needto shav thatthe
modelis partof avalid predictionsystemin which organizationghatscorehigher
on the Measuremen€CMM scale,are betterable at developing and maintaining
software than organizationsthat scorelower on the MeasuremenCMM scale.
However, sucha validationis difficult to performfor severalreasons:

e Themodelwould have to be specifiedinto moredetailto containkey prac-
ticesandarelatedquestionnair¢o facilitateassessments.

e A full validation,in which we shav that organizationsmplementingthe
MeasuremenCMM indeedperform betterthan thosethat do not, would
probablytake severalyears.We do not have thatmuchtime available.

Thesereasonsnadeit impossibleto validatethe Measuremen€MM in thecourse
of the ConcreteKit and Kwintes researctprojects. However, asa first step,we
comparethe Measuremen€CMM with otherliteratureon measuremergrograms.
This comparisons describedn the next chapter



Chapter 7

Measurement-based
Impr ovement

In the previouschapterwe have developeda preliminaryMeasurementapability
Maturity Model. In orderto validatethis model,we have to demonstrat¢hatour
modelis partof somepredictionsystemin which organizationghatscorehigh on
the MeasuremenCMM scale,have a higher probability of achieving successful
projects,makinga higherprofit, etc. However, issuesuchasthetime andmoney
needednadeit impracticabldo performsuchanevaluationwithin thetwo research
projectscoveredby thisthesis.

In this chapterwe take somefirst stepgto validatethe Measuremen€MM by
comparingt to otherliteratureon implementingandmanagingneasuremeryiro-
gram. To facilitatesucha comparisorof the literatureon measuremergrograms,
we have developedan abstractprocesamodel of measuremerdndimprovement
processedn section7.1we presenthis Measurement-baseéohprovementmodel.
In section7.2 we shaw how this modelcanbe usedto analyzethe measurement
programsetup by anEricssordepartmenaspartof its efforts to reachlievel four of
the Software CMM. Next, in section7.3we comparethe literaturewith the Mea-
surementCMM, usingthe Measurement-basdchprovementmodel.We conclude
thatthe emphasiof mostof the literatureis on gettingthe measurementrocess
right, andthatthereis little attentiorfor theactualusageof themeasurememesults
to generatevaluefor theorganization.Section7.4 proposes numberof ‘external’
success$actorsfor measuremergrogramsin additionto thewell-known ‘internal’
succesdgactors. We alsoshav how thesesuccesgactorscould be adheredo by
tightly couplingthe actiities thatprecedg¢heimplementatiorof the measurement
programwith theactwitiesthatshouldbeperformedasaresultof themeasurement
program.

89



90 Measurement-basdohprovement

|
. ‘ .
analysis \ analysis
|

Possible
cause
|

Measurement
program
Experiment

Problem

Measurement
Goal

Improvement
|
Possible

solution
|

|
implementation : implementation

Figure7.1: A genericprocessnodelfor measurement-basadprovement

7.1 The measuement-basedmprovementmodel

Figure7.1displaysagenericprocessnodelfor measurement-bas@dprovement.
It moreor lessresembles ‘pretzel’, aloaf of breadin the form of alooseknot.

The pretzelconsistof two parts—thawo halves,threeconcepts—thélackdots,
andfour steps—thdour arrans.

Thecycle startswith anorganizationaproblemor goal (left blackdot). We do
notassumaerything aboutthe‘size’ of the problemor goal. A problemcouldonly
affect onedeveloperor the whole organizationjn both caseshe samestepshave
to be passedhrough. The organizationanalyseghe problem(upperleft arraw),
andarrivesatoneor morepossiblecause®f the problemand/orpossiblesolutions
(middledot). Theanalysiswill generallybe basednacombinatiorof knowledge
aboutthe own organization,knowledgefrom literature (‘theory’), and common
sense Next, the organizationhasto decidewhetherit hassuficient knowledgeto
establishthe causeof the problemand correctit, or to reachthe statedgoal. If
this is the case the organizationneednot traversetheright cycle. In mostcases,
however, the organizatiomneeddo find outwhich of the possiblecausess thereal
causeof the problem,or which of the possiblesolutionsis the bestsolution. Or, it
may needextra informationto implementthe solution. To gatherthis information,
theorganizatiorcandesignanexperimentor setup ameasuremergrogram(lower
right arron). Executingthemeasuremergrogramor experiment(right dot) results
in thegatheringof data,whichis analyzedandrelatedto the problemor solutionat
hand(upperright arron). Finally, the organizationsolvesthe problemor reaches
thegoalby implementinghe solutionsfound (lower left arrow).

10f coursefrom amathematicapoint of view, thefigurelookslike alemniscateof Bernoulli.
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Measurement

4da 2,4b

Figure7.2: An exampleof measurement-bas@dprovement

Althoughboththeprecedinglescriptionandthearravs in figure 7.1 suggest
chronologicakequencef stepsthisis notnecessarilyhecase . Thearrovs merely
indicatecausatelations.Hence themodeldoesnotprescribesingleloopthrough
thelemniscatelt is verywell possiblefor anorganizatiorio iteratetherightloopa
numberof timesbeforeimplementingasolution. For example it maybenecessary
tofirstimplementanexperimento find thecauseof aproblem andthenimplement
anotherexperimentto find a suitablesolution. Moreover, organizationsnightalso
wantto implementa solutionanda measuremerrogramin parallel,to monitor
theimplementatiorof the solution.

Let usillustratethe modelby meansof an example,seefigure 7.2. Suppose
a software maintenancerganizationhas problemsplanningthe implementation
of changerequests.Often, the implementatiorof specificchangerequestgakes
much more time than planned,and the organizationfails to deliver the changed
softwarein time. So,theproblemthis organizatiorfacess theinaccuratglanning
of changeaequestgA). After analyzingtheproblem(1), theorganizatiordiscovers
thatit doesnotknow whichfactorsinfluencethetime neededo implementchange
request¢B). The organizationdecidedo investigatethis, anddesigng2) a short-
runningmeasuremenprogram(C) to investigatepossiblefactors. After running
this measuremergrogramfor alimited periodof time, the gatheredlataareana-
lyzed (3). We assumeéhata numberof factorsarefoundthatinfluencethe effort
neededo implementchangerequestgD). Next, a planningprocedureis devel-
opedandimplemented4a) in which thefactorsfoundareusedto planthe change
requests An accompaying measuremerrogram(E) is designed4b) to gather
thedataneededor the new planningprocedureandto monitortheaccurag of the
planning(5).

We concludethis sectionwith a few remarkson the natureof the presented
genericprocessnodelof measurement-bas@dprovement.
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First, onecouldwonderwhetherthis modelis prescriptve or descriptve. We
assumehatif softwareorganizationsvantto improve their processesr products,
andusemeasuremernb supportthoseimprovementsthey will performtheactii-
tiesaswe have describedabore. Thatmeansve usethe modelasarepresentation
— thoughvery abstract- of whatgoeson in reality; i.e. it is a descriptve model.
Onecould arguethatthe modelis alsoa prescriptve model; it tells uswhich ac-
tivities to performwhenconductingmeasurement-basé@uprovement. However,
becausef thehighlevel of abstractionthemodelis unsuitabldo directly support
organizationsn their measurement-bas@dprovementefforts.

Secondthe modelresembleshe Goal-Question-Metriparadigm(Basili and
Rombach1988). One could be temptedto mapthe GQM goal on the left black
dot, GQM questionson the middle dot, andthe GQM metricson the right dot.
However, the goal of the GQM-paradigmand the goal of the processmodelare
notthe same:thegoalin the pretzelis anorganizationafoal, whereaghegoalin
the GQM-paradigmis a measuremergoal. Still, GQM canvery well be usedto
supportthe designof the measurememrogram(lower right arrav). Adaptations
of GQM (suchasdescribedn Latum, van Solingen,Oivo, Hoisl, Rombachand
Ruhel1998,Park, GoethertandFlorac1996)focuson theright side of the pretzel
aswell.

Third, the distinction madein the model betweenimprovementon the one
hand,andmeasuremenin the otherhand,correspondsvith the distinctionmade
by Kitchenham PfleggerandFenton(1995)betweertheempirical,realworld and
the formal, mathematicaWorld. Their structuralmodelof software measurement
consistof two parts:anempiricalworld anda formal world. Theempiricalworld
containsentitiesthat can have certainproperties,called attributes. The formal
world consistof valuesthatmeasuregheattributesof entities,expressedn certain
units. Measuremennow, is the mappingof a particularentity andattribute from
therealworld to a valuein the formal world. The genericprocessmodelreflects
the differencesbetweernthesetwo worlds: measuremerdctvities (the right half)
areconcernedvith constructinga formal world basedon therealworld, whereas
improvementactuities (the left half) areconcernedvith changingthe realworld
basedntheformal world createdby the measuremersctiities.

7.2 Measurement-basedmprovementat Ericsson

In this section,we usethe measurement-baséeprovementmodel presentedn

the previous sectionto assesthe measuremenprogramemplged by a depart-
mentof Ericssonin the Netherlands.The goal is to shav the feasibility of the
modelto describea successfumeasurementrogram,andto shav thatthe mea-
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suremenprogramimplementedoy Ericssonindeedcoversall four phaseof the
measurement-bas@dprovementiemniscate.

EricssonETM/BL/RU is a software developmentcentre,more specificallya
Unix DevelopmeniGroup(UDG), in the Netherlandswhichwasassesseditlevel
threeof the Software CMM in 1995. The developmentcentreis part of the re-
searchanddevelopmentdepartmenof the EricssonTelecommunicationBrm. At
the moment,the organizationconsistsof 60 emplg/ees. The main productof the
organizatioris the FormattingandOutputtingSubsystenfFOS).TheFOSisaC++
applicationrunningon anadjunctprocessowhich processeandoutputschaging
dataproducedby the centralprocessonf an EricssonAXE telephonesxchange.
The customersf the UDG are sharplyfocussedon costandtime to market of
softwaredevelopment At the sametime, performancdéspeed)faulttoleranceand
securitydemandsrehigh.

Thesehighandpotentiallyconflictingdemandsnake it importantfor theUDG
to beableto communicatavith its customersiboutthecostof softwarequality; i.e.
howv muchit costsandhow long it takesto develop softwareof a certainquality.
Consequent|ythe UDG alsoneeddo beableto quantitatvely manageandcontrol
its software process. Therefore,the organizationis currentlyimplementingthe
CMM?2. level four key processreasStatisticalProces$lanagemeniQrganization
Proces$erformanceandOrganizationSoftwareAssetCommonality

For eachof thefour phase®f the measurement-bas@dprovementmodelwe
investigatewhetherthe UDG hasimplementedhem,how the actwities areimple-
mented andhow the actiities contritute to the goal of a quantitatvely controlled
softwareprocess First, we look at the organizationakontet of the measurement
programandthe reasonsvhy EricssonUDG decidedto implementlevel four of
the SoftwareCMM. Next, section7.2.2discussefiow the measuremergrogram
wasimplementedwhatis beingmeasurecgndhow the measuremergrogramis
embeddedn the normaldevelopmentprocess.Section7.2.3shaws the resultsof
themeasurememrogram.Whatdatawasgatheredandwhatanalysesveredone.
Thelastof thefour stagess describedn section7.2.4. Herewe discusshe orga-
nizationalchangesindimprovementshatwereimplementedasedon theresults
of themeasuremergrogram.

7.2.1 Organizationalanalysis

In this section,we discussthe organizationalcontext which led the UDG to im-
plementa measuremergrogram.The challengegacingsoftware developmentat
Ericssors Unix DevelopmeniGroup(UDG) areposedrrom threegenerakources:

2UDG usedraft C of the SoftwareCMM version2.0,which containgdifferentkey processareas
onlevel 4 thanversionl.1 of the SoftwareCMM.
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the telecommunicationmarket, the overall organizationandthe product. These
arediscussedbelow.

Ericssonis a globalorganization.Developmentof nev productss distributed
over developmentcentresall over theworld. EricssonTelecommunicatiom.V. is
one of the designcentresinvolved in developingsoftware productsfor the AXE
telephonexchange.Eachdesigncentredevelopspart of the productto be deliv-
ered.Thisdistributeddevelopmentplacesa highdemandn lead-timeprecisionof
development.All thelocal companiesnustdeliver new productsin orchestration
sothatthefinal productreacheghe customeiontime. Hence estimatingsoftware
projectcostandlead-timeareimportantfor Ericsson.In addition,thetelecommu-
nicationsmarketis highly competitve, new competitorsandnew productsemege
very quickly. For the Unix DevelopmeniGroupthis translate$o developinginno-
vative andhigh quality softwareproductsastandin orchestratiorwith mary other
developmentcentredistributedworld-wide. The mainproductof the UDG is the
Formattingand OutputtingSubsysten{FOS).This C++ applicationformatscall-
relateddatageneratedby thecentralprocessoof anAXE telephonexchangeThe
formatteddatais thensentto post-processingystemsof the AXE operator The
natureof thedatabeingformattedplaceshighreliability demandentheFOS.The
FOSrunsonanadjunctprocessoandmustmatchtheever-increasingcapacityand
performancéspeedpf the AXE exchange.

To meetthe high and potentially conflicting demandson the software pro-
cessesEricssonusesthe Software Capability Maturity Model to get a grip on
software development. Startedin 1993, Ericssonreachedhe third level in 1995.
In orderto further controlandmanagéts software processJUDG decidecto start
implementingthe fourth level of the Software CMM. The goal UDG wantedto
reachis to be ableto quantitatvely visualizeandcontrolits softwaredevelopment
processSpecifically the UDG wantsto controlthefault contentin thepackage#
deliversto its customer

7.2.2 Measurementimplementation

Oneof thekey processareaf level four of the SoftwareCMM is concernedvith
StatisticalProcesControl. SPC(Montgomery1985)is a well-knowvn theory us-
ing numericaldataandstatisticaimethod<go visualizeandcontrolthe performance
of the primary process.Measuremenactvities were actually startedwhenEric-
ssonprogressedowardslevel threein 1995. Processneasuredike testresults,
productvolume, lead-timeand effort per productand processactivity were col-
lected.However, theenormityof theavailabledataandthedifficulty in identifying
key performancendicatorsmadea structuredvay of handlingall this information
impossible.
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Up to this point, analysesandreportingof measurementesultshadbeenre-
strictedto a small group of project-, process-and quality managers.Therewas
very little feedbackto the developersaboutthe resultsof the measurementsThe
main purposehadbeento provide visibility to a selectaudienceof managerand
customers.

The measuremergystenwhich wassetup next wasbasedon a setof prereq-
uisites. First of all, no nev measuresvereto be defined. Implementatiorshould
startwith the availabledata. Secondthe measuremerdystemshouldnot become
aseparat@rocessAll measurementausthave aplacein the normalworkflow of
softwaredevelopmentandprojectmanagementThird, theinformationyieldedby
themeasuremergystemshouldprovide a solid basefor decisions.

The first steptaken wasto define organizationaltemplatesfor measurement
definitionsin orderto ensurehereliability andvalidity of the measuresAlso, the
purposeandusefulnes®f eachmeasuravasto be defined. Thesetemplategrig-
geredanalysef the historicaldatabasgielding a small numberof well-defined
critical processperformancendicators. Thesewere introducedthrougha pilot.
Pilotsatthe UDG meanthatasingleprojectwill usealimited numberof measure-
mentsfor the durationof thatproject. If apilot is successfulthe pilotedmeasure-
mentsareintegratedinto the softwaredevelopmenfprocesses.

Oneof thegoalsof themeasuremergrogramwasto controlthefaultcontenin
products.This goalwastranslatedo agoalfor eachof thetestphase®f a project.
Projectsat Ericssons UDG have threetestphasesf which the basictestis the
earliestin the developmentife cycle. The purposeof measurindault densityis to
help preventfaultsand possiblerisks from slipping throughto the next testphase
in the developmentprocess.Thefirst steptaken wasto analyzehistoricaldataon
fault densitybasictestin orderto geta goodinsightin the usability validity and
reliability of the measurelt turnedout thatapproximatelytwo-thirdsof the com-
ponentsvith unusuahigh or low faultdensitiesn basictestalsocausegroblems
in subsequenestphasesThedecisionwasmadeto pilot the statisticaluseof this
measuremernh thenext project.

Faultdensitybasictestis the numberof basictestfaultsreportedperthousand
non-commentedourcestatements So basicallytherearetwo measurements-
volved; the numberof basictestfaultsandthe numberof statementsMeasuring
thesewas alreadypart of the normalbasictestactvities. So definingthe mea-
surementgormally did not involve very upsettingchangedor developers. The
formal definition of the measurementdid however improve the reliability of the
measurements.

The measurementare definedby MeasuremenData Definitions (MDDs).
Theseworkinstruction-lile MDDs wereinspectedoy the developersresponsible
for executingthemeasuremeni hroughthesenspectionsdifferencesn interpre-
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tation by the developerswereresoled. It alsohelpedin clarifying the purposeof

themeasuremen@ndraisingawarenessf statisticaimethods At thesametime a
MeasuremenResultDefinition (MRD) wasdrafted. This definitiondescribesion

to getfrom the basicdatato a fault densitybasictestchart,andhow to interpret
andusetheresults.

At the UDG a seriesof presentationgvasgivenin the early stagesf the def-
inition of the MRD. The goal wastwofold. First, to introducedevelopersand
managemertb the MRD andto male clearthatinterpretatiorof resultswould be
rigorously defined. Secondto get feedbackirom developerson the influencing
factorslistedin the MRD.

In the next sectionwe discusshow UDG analyseghe datagatheredcandhow
thenumbersareinterpretedo form abasisfor furtherdecisionmaking.

7.2.3 Measurementanalysis

Theuseof statisticalmethodscontritutedto improving lead-timeprecision.Con-
trol chartson fault contenthave helpedto preventdefectsrom slippingthroughto
subsequendevelopmeniphases.

The MRD ‘Fault DensityBasic Test’' featuregwo presentationsa cumulatve
line-chartfor trackingthetrendof theresultsanda controlchart. The MRD is ex-
ecutedby the developerseachtime they finish a basictestreport. The presentation
of all basictestreportresultsis the responsibilityof Quality Management.The
controlchartis presente@n a weeklybasis thetrendline chartmonthly

For fear of misinterpretatioror hastyconclusionsasedon incompleteinfor-
mation, resultsare always presentedn combinationwith analysisresults. These
analysesretriggeredby controllimits definedin theMRD.

The control chartfeaturestwo setsof limits: control limits and specification
limits. Controllimits representhe normalstatisticalvarianceof basictestresults.
Theselimits werearrived at by standardstatisticalmethodsbasedon normalhis-
torical data. Normal historicaldataare all resultsfrom a regularly executedpro-
cess. Any measurementesultsthat were not the outputof a normally executed
softwaredevelopmentprocessvereexcludedfrom the datasetprior to calculating
the control limit. The resultwas a bandwidthof normaland expectedbehaior.
The calculateduppercontrollimit washowever higherthanthe goalsseton fault
content.Soin orderto ensurehatprocessesultsconformto the goals,specifica-
tion limits wereset. Any valueoutsidethe specificationimits may posea risk for
goal achieement. Specificatiorlimits aretypically narraver thancontrol limits.
Valuesoutsidespecificationlimits are analyzedon possible(technical)risks for
subsequentstphaseandstatisticaldeviations. With ameasurdik e fault density
it mayverywell bethatasinglereportedaultonavery smallcomponenproduces



7.2 Measurement-baseéghprovementat Ericsson 97

aresultoutsidespecificatiorimits.

Any valueoutsidecontrol limits may indicateirregularitiesin processxecu-
tion or the productitself. If a packages outsidecontrollimits anadditionalanal-
ysis on processexecutionsis performed. Resultsoutsidethe limits thustrigger
analysesTheresultof the analysiscombinedwith othermeasuremenesultsand
anevaluationof influencingfactorsdetermindf, andwhatactionis to betaken.

7.2.4 Organizationalimplementation

Thelaststageof themeasurement-bas@dprovementprocessnodelis concerned
with actualusageof the measuremeniesultsto improve the organization.When
a software componendisplaysmore defectsthanmay be expectedfrom the sta-
tistically determinedsarianceof the processa technicalandstatisticalanalysisis
done.In somecaseshishasledto theidentificationof technicaissuesThesewere
solved beforethe componentvas handedover to the next phase. In othercases
structuralprocessssuesvereidentifiedandsolvedby processmprovements.

Two exampleswhereresultsexceededhe limits illustrate hov measurement
and analysistriggeredaction at the UDG. The first instancewas a component
whosebasictestresultsexceededhe specificatiorlimits. Thecomponentn ques-
tion was (statistically)normal. The teamperformeda technicalrisk analysisand
identifiedfour risksof whichthey proposedo solve two. Theteamspentfive extra
hourson the packagebeforeit washandedover to the next testphase During this
subsequeriestphasdhetestteamwasasledto evaluatetherisksandthesolutions
implementedy the developersof the previous phase . Thetestteamindicatedthat
hadtherisksnotbeensolved,they would have hadto spendorty extrahoursonthe
testruns. This ratio of oneto eightwasalsofoundin othercomponent®f which
identifiedrisksweresolvedbeforehand-wer to thenext testphase.

In anotheiinstanceacomponens resultexceededhecontrollimits. Not only
did the packagenarborsignificanttechnicalrisks, on further analysisflaws in the
organizationandthe processvereuncovered. Therisks weresolved beforehand-
overto thenext phase.In addition,the processandorganizationissuesuncovered
werereportedto seniormanagemengndresultedn a changeof the development
process.

The examplesgiven led to two major changesn the organizations standard
software process. The first instance wherea risk was solved beforehand-woer,
led to a work instructionfor the testteam. The testteamalreadyevaluatedthe
basictestrecordbeforeacceptinga componentThis evaluationwasextendedwith
theinstructionnot to accepta componentvith basictestresultsoutsidethe limits
without a risk analysisandactionplan. The secondnstancded to additionof an
extra processtepanda betterset-upof teamplanning.
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7.2.5 Summary

Using the measurement-bas@wprovementprocessmodel, we have shavn why
the EricssonUDG implementech measurementrogram,how it wassetup, how
theresultswereanalyzedandinterpretedandhow theresultswereusedto actually
improve the organizationandits software process.We can safely concludethat
this measuremenprogramis a successfuprogram. We feel that an important
determinanbf its successs the fact that eachof the four stepsfrom the process
modelreceved suficient attention: the measuremenwvasdriven by a cleargoal,
the implementationof the measuremenprogramwas donerigorously the data
analysiswas appropriate and the resultsof the measuremenprogramwere fed
backinto the organizatiorby usingtheresultsto improve the softwareprocess.

7.3 Comparing measurementprogram guidelines

In thissectionwe usethegenerigprocessnodeldescribedn section7.1to compare
differentframeavorks for measurementrograms.In eachsubsectiorwe indicate
which activities and processeshe respectre framavorks prescribe and position
theseactiities andprocessesnthegenericprocessnodel.

We discussmeasuremenprogramguidelinesfrom six differentsources:the
MeasurementechnologyMaturity Modeldescribedy Daskalantonakis{acobel-
lis andBasili (1990-1991)the Measuremeniaturity Model presentedby Comer
and Chard(1993); the Goal-orientedvieasuremenProcesslescribedoy Briand,
Differding and Rombach(1996); the succesgactorsfor measuremernprograms
identifiedby Jefery andBerry (1993);the succesg$actorsfor measuremenpro-
gramsby Hall andFenton(1997);andtheMeasurementapabilityMaturity Model
describedn chapter6.

7.3.1 The software measuementtechnologymaturity framework

DaskalantonakisyacobellisandBasili (1990-1991efinea framewvork to beused
to assesthemeasuremertechnologyevel of anorganization.Thearticledefines
five levels of measuremenrtechnologymaturity dividedinto 10 themeslistedin
table7.1.

Thefivelevelsof maturityaresimilarto the SoftwareCMM,; i.e.initial, repeat-
able,definedmanage@ndoptimizing. However, themodeldoesnotprescribeary
processebk e the SoftwareCMM does.Insteadthe modelgivescharacterizations
of eachof the tenthemeson eachmaturity level. For example,the characteriza-
tionsof thethird theme,scopeof measurementlpok asfollows (Daskalantonakis,
YacobellisandBasili 1990-1991):
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Formalizationof the developmentprocess
Formalizationof the measuremergrocess
Scopeof measurement
Implementatiorsupport
Measuremengvolution
Measuremensupportfor managemerdontrol
Projectimprovement

Productimprovement

Processmprovement

10 Predictability
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Table7.1: SoftwareMeasurementechnologyMaturity Framevork themes

Level 1. Doneoccasionallyon projectswith experiencedgeople,or notatall.

Level 2. Doneon projectswith experiencedpeople. Projectestimationmecha-
nismsexist. Projectfocus.

Level 3. Goal/Question/Metripackagedevelopmentandsomeuse. Datacollec-
tion andrecording.Existenceof specificautomatedools. Productfocus.

Level 4. Metric packagedeing appliedand managed. Problemcauseanalysis.
Existenceof integratedautomatedools. Procesgocus.

Level 5. Have learnedandadaptednetricpackagesProblemprevention.Process
optimization.

The major differencebetweenthe approachtaken by Daskalantonakiet al.
and the other approacheslescribedn this chapteris that the first usesa more
declaratre descriptiorof the differentlevels of measuremengechnologymaturity
Insteadof describingthe activities organizationsieedto implement the resultsof
theseactiities are specified. Otherapproacheput muchmore emphasion the
actiities andprocessethemselesthatorganizationsieedto implement;.e. they
follow animperatve approach.This declaratre natureof the measuremertech-
nology maturity framevork makesit difficult to mapit onto our genericprocess
model. We have to translatethe declaratre specificationof the themesinto cor-
respondingactivities. Figure7.3 shaws our approximatiorof how the tenthemes
couldbe placedin themodel.

Themegwo, three,andfour areconcernedvith theimplementatiorof a mea-
suremenprocess.This measurementrocessncludesautomatiorof datacollec-
tion, evaluation,andfeedback.Themesseven, eight,andnine prescribethe usage
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Improvement Measurement

7,8,9 2,34

Figure 7.3: Mapping of the Software TechnologyMaturity Framevork on the
genericprocessnodel

of measuremendatato improve projects,products,and processestespectiely.
Unfortunately the descriptionsare morein termsof the resultsof the improve-
mentsthanin termsof improvementactvities to perform.

The otherthemesdo not fit into the genericmodel. Themeoneis concerned
with the formalizationof the developmentprocessandessentiallycoincideswith
the Software CMM, and hencedoesnot fit into the pretzel. We were not able
to translatethemesfive, six, andten into correspondingctvities. Themefive,
‘measuremengvolution’, is concernedvith the typesof measureshataretaken.
Measuringdifferentkinds of measuresloesnot necessarilychangethe actiities
neededsowe cannotplacethis themein our procesamodel. The sameholdsfor
the sixth theme,'measuremensupportfor managementontrol’. This themeis
specifiedn termsof thetype of supportmanagemenecevesfrom measurement.
Differenttypesof supportdo not necessarilyequiredifferentactvities. Theme
ten, ‘predictability’, describediow the predictabilityof measureincreasesasthe
maturity level of an organizationincreases Again, this themecannotdirectly be
translatednto measuremendr improvementactvities.

7.3.2 A measuementmaturity model

ComerandChard(1993)describea processnodelof software measuremerthat
can be usedas a referencemodel for the assessmentif software measurement
processnaturity Unlike thematuritymodelsdescribedn sections7.3.1and7.3.6,
the measurementaturity model of Comerand Charddoesnot definedifferent
levelsof maturity Themodelconsistf four key processesjerivedfrom different
sources:



7.3Comparingneasuremergrogramguidelines 101

b,c,d

Improvement Measurement

Figure7.4: Mappingof the MeasuremeniMaturity Model on the genericprocess
model

a. Proces®Definition This processncludesactvities suchas: specificatiorof the
products processesandresourcesn needof trackingor improvement;identi-
fying goalsof the organizationandthe developmenternvironment;deriation of
metricswhich satisfythegoals.

b. Collection Activities in the collection processnclude definingthe collection
mechanismautomationof the measuremengathering,implementinga mea-
surementlatabaseanddataverification.

c. Analysis Dataanalysis.

d. Exploitation Exploitation of analyseso improve the software development
process.

Unfortunately Comerand Charddo not elaborateon the processe&nalysis’
and‘exploitation’, which makesit somevhatdifficult to mapthemontothegeneric
processnodel. We assumehe processanalysis’ consistsof analyzingthe gath-
ereddata,andrelatingthe datato measuremengoals. The exact bordersof the
‘exploitation’ processare undefined. Especiallythe extentto which this process
covers the actualactvities needecdo improve the software processemainsun-
clear

Figure7.4 shavs how the four processes our opinion maponto the generic
processnodel. The processexploitation’ hasbeenplacedon the lower left arrov
with aquestiormark,becausehepaperprovidesinsuficientinformationto decide
to whatextentthatprocesss meantto cover theimplementatiorof solutions.
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Characterizéhe ervironment

Identify measuremergoalsanddevelop measuremenilans
Definedatacollectionprocedures
Collect,analyzeandinterpretdata
Performpost-mortenanalysisandinterpretdata
Packagesxperience
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Table7.2: Procesdor goal-orientedneasurement

7.3.3 Goal-oriented measuement

Briand, DifferdingandRombach(1996)presenta numberof lessondearnedrom
experienceswith goal-orientedneasurementGoal-orientedneasuremeris de-
scribedas ‘the definition of a measuremenprogrambasedon explicit and pre-
cisely definedgoalsthat statehonv measuremenwill be used’. The procesdor
goal-orientedneasuremertonsistof six processtepsdisplayedn table7.2.

During the first stepthe relevant characteristicef the organizationand of its
projectsareidentified. Typical questiongo be posedare: Whatkind of productis
beingdeveloped?Whatarethe main problemsencounterediuring projects?The
characterizatiofis intendedto be mainly qualitative in nature.In the secondstep,
measuremergoalsaredefined basednthecharacterizatiomadeduringthefirst
step.Measuremergoalsaredefinedaccordingo Goal-Question-Metritemplates
(Basili, Briand, Condon,Kim, Melo andValett1996,Basili andRombachl1988),
basedn five aspectsobjectof study purposegquality focus,viewpoint, andcon-
text. Having definedthe measuremergoalsby meanof the GQM templatesdata
collectionproceduresre definedduring stepthree. Stepfour is concernedvith
the actualcollection, analysis,andinterpretationof the gathereddata. Stepfive
putsthe datain a broaderperspectie by e.g.comparingthe gathereddataof one
projectwith theorganizatiorbaseline Thefinal stepconsistof packaginghedata
analysisresults, documentsandlessondearnedn areusabldorm.

Figure 7.5 shavs how the six stepsof goal-basedneasurememnmnapontothe
pretzel. Steponeis concernedvith the analysisof the organizationandits prob-
lemsandgoals,andthuscorrespondwith theuppedeft arrav. Stepswo andthree
dealwith thetranslatiorof organizationagjoalsinto measuremergoalsandthede-
signof the measurementrogram(lower right arron). Thelastthreestepsconsist
of the collection,analysisjnterpretationandpackagingof the measuremerdata,
hencethey belongto theupperright arrow.
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1 4,5,6

Improvement Measurement

Figure7.5: Mappingof thegoal-orientedneasuremergroces®n thegenerigoro-
cessmodel

C1

Cc2
C3
C4
C5
C6
Cc7
C8
C9

The goalsof the measuremenprogramare congruentwith the goalsof
thebusiness.

Themeasuredtaf participatein thedefinitionof themeasures.

A quality ervironmenthasalreadybeenestablished.
Thedevelopmentprocessearesuficiently stable.
Therequiredgranularitycanbe determinedandthe datais available.
Themeasuremergrogramis tailoredto the needsof the organization.
Thereis seniormanagement/sponscommitment.

Theobjectivesof themeasuremergrogramareclearly stated.
Therearerealisticassessmentd the pay-backperiod(s).

Table7.3: TheBerry andJefery successactors(context).

7.3.4 A framework for evaluation and prediction of metrics program

Success

Jefery andBerry (1993)identify anumberof organizationafecommendationi®r
theestablishmemf measuremermrograms Therecommendationariginatefrom
otherliterature(suchasGradyandCaswell1987,Fenton1991,Basili 1990,Selby
Porter SchmidtandBerngy 1991,Musa,lanninoandOkumoto1987).Jefery and
Berry distinguishfour perspectieson measuremergrograms:

e Contt: the ervironmentin which the measuremerrogramis developed

andoperated.

e Inputs factorsor resourceshatareappliedto the measuremergrogram.
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I1 Themeasuremergrogramis resourcegroperly

12 Resourceareallocatedo training.

I3 At leastthreepeopleareassignedo the measuremerirogram.

14 Backgroundresearch’into the measuremenprogramsand their effec-
tivenesss beingdone.

Table7.4: The Berry andJefery success$actors(input)

PM1

PM2
PM3
PR1
PR2
PR3
PC1
PC2

PC3
PC4

PC5
PC6

PC7
PC8
PT1
PT2

The programis promotedthroughthe publicationof successtories,and
it encouragetheexchangeof ideas.

A firm implementatiorplanis available.

Theprogramis notusedto assesidividuals.

The measuremerteamis independentf the softwaredevelopers.
Clearresponsibilitiesaredefined.

Theinitial collectionof measuresgs properly‘sold’ to the datacollectors.
Thereareimportantinitial measureslefined.
Therearetools,acquiredor developed for automaticdatacollectionand
analysis.

Thereis a ‘persistentmeasureslatabase.

Thereis amechanisnior changinghe measuremersystemn anorderly
way.

Measuremeris integratedinto the process.

Capabilitiesare provided for usersto explain eventsandphenomenas-
sociatedwith the project.

Thedatais ‘cleaned’andusedpromptly
Well-definedobjectvesdeterminghe measures.

Adequatdrainingin softwaremeasuremens carriedout.
Everyoneknows whatis beingmeasuredndwhy.

Table7.5: TheBerry andJefery success$actors(process)PM standdor process
motivationandobjectives, PR for procesgesponsibilityandmetricsteam,PC for
procesglatacollection,andPT for procesdrainingandawareness.
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P1 Themeasureareclearandof obviousapplicability

P2 The endresultsprovide clearbenefitsto the managemenprocessat the
chosermanagemerdudiencdevels.

P3 Constructie feedbaclonresultsis providedto thosebeingmeasured.

P4 The measuremergystemis flexible enoughto allow for the addition of
new techniques.

P5 Measuresreusedonly for predefinedbjecties.

Table7.6: TheBerry andJefery successactors(product)

e Processthemethodusedto develop,implementandmaintainthe program.

e Product the measuresaken, reportsproducedandotheroutputof the pro-
gram.

Fromthe literature,the authorssynthesizea list of questiondo beasledto assess
measuremerprogramsuccessdivided into the four perspecties. Basically the
questionsaskwhethereachof the succesg$actorsis beingadheredo. Tables7.3,
7.4,7.5,and7.6list thesuccessactorsasthey werepublishedn OffenandJefery
(1997).

Theauthorsusethelist of questiondo assesghreemeasuremerygrogramsn
threedifferent organizations. A scoringschemeis usedin which eachquestion
is assignedh scorebetweernzeroandfour, dependingon the extentto which the
requiremenbf eachquestionwasfulfilled. The authorsconcludethatthe scores
obtainedby meansf thelist of questionsupporttheir own qualitative assessment
of thesucces®f thethreemeasuremergrogramsdescribedn (Jefery andBerry
1993).

Figure7.6 shavs how the success$actorsfrom the four tablesfit ontothe pro-
cesanodel.We seethat7 of the9 contet factorsapplyto thefirst phaseof the pro-
cessmodel. Most of the factorsapplyto the measuremerimplementatiorphase.
Themeasuremerdnalysigphasés coveredby oneinputfactor threeprocesslata
collectionfactorandoneproductfactor Finally, theorganizationalmplementation
phasds toucheduponby threefactors.However, two of themarewarnings:PM3
forbidsthe usageof the measurememrogramto assesindividuals,andP5 says
to only usethemeasure$or predefinedbjectives. Only P2 stateghatendresults
shouldprovide clearbenefitso the managemerntrocess.

7.3.5 Successactors for measuementprograms

Hall andFenton(1997)identify anumberof consensusuccess$actorsfor theim-
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C1,C3,C4,C6-9 14, PC2,PC6,PC7; P3

Improvement Measurement

PM3: P2,P5 C2,C5; 11-3; PM1,PM2; PR*
PC1-5,PCS8; PT*; P1,P4

Figure7.6: Mappingof theJefery andBerry succes$actorsonthegenerigprocess
model. PR* andPT* areabbreiationsfor all PRandPT success$actors.

plementatiorof measurementrograms.Table 7.7 shaws thesefactors thatwere
identified after studyingotherliterature(suchas Grady 1992, Pfleager 1993). A
closerlook at the succesg$actorsshavs thatthey aremainly tamgetedat reducing
therisk of failure. For example themotivationgivenby Hall andFentonfor factor
six —usefulnessf metricsdata— is notthatthe measurememirogramshouldhave
addedvaluefor the organization but ratherthatthe usefulnesshouldbe obvious
to the practitioners. From the 15 succesdactors,10 are taigetedat gainingthe
acceptancef thepractitionersnvolved (4-9,11, 13-15). The otherfive factorsare
concernedvith reducingthe risk of failure by adwocatinga gradualintroduction
andimprovementof the program.Themeasuremermirogramshouldbeincremen-
tally implementedconstantlyimproved, use existing materials,be supportedoy
managemengnda well-plannedmetricsframevork shouldbe used(1-3, 10,12).

Figure7.7 shavs how thesucces$actorscanbe mappecbntothe genericpro-
cessmodel. The majority of the succesgactorsmentionedby Hall and Fenton
referto the implementatiorof measuremerggrograms.Someare concernedvith
the collectionandanalysispart,andonly onesuccessactoris concernedvith the
usageof themeasuremerdata(factornine). Thatfactoris markedwith aquestion
mark, becauseHall and Fentonmotivate it in termsof acceptancef the mea-
suremenprogramby the practitionersyatherthanin termsof addedvalue of the
programto thecompap.

7.3.6 The measuementcapability maturity model

In chapters3, 4, and5 we have describedh numberof measuremenirogramcase
studies.Fromthesecasestudieswe concludedhatsomeorganizationsare better
at software measuremerthan otherorganizations.Part of this differencecanbe
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Incrementalmplementation
Well-plannedmetricsframevork

Useof existing metricsmaterials

Involvementof developersduringimplementation
Measuremenprocesgransparento developers
Usefulnes®f metricsdata

Feedbacko developers

Ensurethatdatais seeno have integrity
Measurementatais usedandseernto beused
Commitmentrom projectmanagersecured
Useautomatediatacollectiontools
Constantlyimproving the measuremergrogram
Internalmetricschampionsisedto managehe program
Useof externalmetricsgurus

Provision of trainingfor practitioners
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Table7.7: Consensusucces$actors

explainedby thefactthattheirmeasuementapabilityis higher;i.e.they aremore
maturewith respecto softwaremeasuremenMeasurementapabilitywasdefined
as ‘the extent to which an organizationis able to take relevant measuref its
products processeandresourcesn a costeffective way, resultingin information
neededo reachits businesgyoals’on page80.

Our MeasuremenCMM definesfive differentlevels of organizationalmea-
surementapability similarto the Software CMM:

1. Initial: Theorganizationhasno definedmeasuremengrocessedew mea-
suresaregatheredmeasuremerthat takes placeis solely the resultof ac-
tionsof individuals.

2. Repeatable: Basic measuremenprocessesirein placeto establishmea-
suremenfoals, specify measuresand measuremenprotocols,collect and
analyzethe measuresindprovide feedbacko softwareengineerandman-
agement. The necessaryneasurementisciplineis presentto consistently
obtainmeasures.

3. Defined: The measurememirocesds documentedstandardizedandinte-
gratedin the standardsoftware procesf the organization.All projectsuse
atailoredversionof the organizations standardneasuremeryrocess.
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6-9,11

Improvement Measurement

9? 1-5,10,12-15

Figure7.7: Mappingof the Hall andFentonsucces$actorson thegenericprocess
model

4. Managed: Themeasuremenmirocesss quantitatvely understoodThecosts
in termsof effort andmoneg areknown. Measuremenprocessesre effi-
cient.

5. Optimizing: Measurementare constantlymonitoredwith respecto their
effectivenessand changedvherenecessary Measuremengoalsare setin
anticipationof changesn the organizationor the ervironmentof the organi-
zation.

Eachof the maturity levels is definedby a numberof key processareasthat
an organizationneedsto implement. Whenan organizationhasimplementedll
level-two key processareasthe organizationis consideredo be at level two of
theM-CMM. Whentheorganizationmplementsoththelevel two andthreekey
processareasit is at level three,etc. Thekey processareasof the Measurement
CMM arelistedin table7.8, numberedy maturitylevel.

Figure7.8 shawvs the M-CMM appliedto the genericprocesanodel. It is not
surprisingthatall of thekey processareasmapontotheright half of the ‘pretzel’.
After all, we madea clearchoicein thedevelopmentbof the MeasuremenEMM to
focuson the measurementapability of software organizationstherebyignoring
their capabilitywith respecto improvement.Our agumentin chapteré wasthat
theimprovementcapabilityis alreadycoveredby procesimprovementmethods,
suchasthe Software CMM. We assumedhatthe organizationaboalsaredefined
outsidethescopeof the M-CMM, sothey areinvariablefrom ameasuremergoint
of view. Themeasuremenmirocesshenstartswith thetranslatiorof businesgoals
into measuremergoals,andendswith the interpretatiorof the gathereddataand
feedbacko the owner of the businesgoals.
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2a Measuremenbesign

2b MeasureCollection

2c MeasureAnalysis

2d Measurementeedback

3a OrganizationMeasuremenfocus
3b OrganizationrMeasuremenbesign
3c OrganizatiorMeasuremenbDatabase
3d TrainingProgram

4a MeasurementostManagement
4b TechnologySelection

5a MeasurementChangeManagement

Table7.8: MeasuremenEMM key processareas

7.3.7 Differencesand similarities

In the previous sections,we have comparedsix different measuremenprogram
frameworks, using the genericprocessmodel for measurement-baseaohprove-
ment. Therearea numberof issueghatdesere attention.

First, if we look at the intersectionof the guidelinesprovided by the differ-
entapproachesywe seethatthereis quite someconsensusn what actvities are
neededo successfullydesignandimplementmeasuremerirograms.Thoughthe
framewvorksall stresdifferentaspect®f measuremergrogramsthey agreeonthe
basicsof measuremergrogramssuchaspractitionersupport,properdataanaly-
sis,feedbacketc.

Second,eachof the approacheseemsto offer guidelinesthat the other ap-
proachedo not offer. This probablyis partly dueto the different structureand
natureof the frameavorks. However, it doessuggesthatbeyondthe basicrequire-
mentsfor measuremerrogramsthereareanumberof issueonwhichconsensus
hasnot beenreachedset. For example,only Briandet al. prescribethe packaging
of measuremeraxperiencedn areusabldorm. Of theframeavorksdiscussediall
andFentonarethe only onesto adwocatethe useof externalmeasuremergurus.

Third, if we look at eachof the pretzelsusedto shav how the actities of the
differentapproachesnaponto the measurement-basé&tprovementprocesswe
seethatnoneof theframeavorkscoversthe completecycle. Eithertheframewvorks
only cover measuremerdctiities, or they only partly cover theimprovementac-
tivities. One could argue that this is logical, sincethesemeasuremenprogram
frameworks focus on the implementatiorof measuremenprograms,andnot on
improvementactiities. However, failure factorsfor measuremernrogramssug-
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2b,2c,2d,3c

Improvement Measurement

2a,3a,3b,3c,3d,4a,4b,5a

Figure7.8: Mappingof the MeasuremenCMM key processareason the generic
processnodel

gestotherwise.Take for examplethe failure factorsfor measuremergrogramsas
suggestethy Verdugo reportecby FentonandPfleeyer(1997,p. 511):

1. Managementoesnot clearly definethe purposeof the measuremenpro-
gramandlaterseeghe programasirrelevant.

2. Systemsprofessionalsesistthe program,perceving it asa negative com-
mentaryon their performance.

3. Alreadyburdenedrojectstaf aretaxedby extensve data-collectiomequire-
mentsandcumbersom@rocedures.

4. Progranreportsfail to generatenanagemerdaction.

5. Managementithdrawns supportfor the program,perceving it to be mired
in problemsand‘no-win’ situations.

Fromthesefailurefactorswe seethatboth supportfrom practitionerdor the mea-
suremenprogram,aswell asmanagemengupport,is important. A measurement
programwill fail if practitionersdo not seethe value of it, but it will alsofail

if managemenfails to take actionbasedon the generatediata. This meansthat
a successfumeasuremenprogramneedsmore than carefully designedmetrics,
accuratedataanalysismeasuremerdatabasestc. It needdo beused.Any mea-
surementprogramthat doesnot generateary actionis to be considered failed
measuremergrogram.After all, like the proof of the puddingis in the eating,the
proof of softwaremeasuremerns in its usagdor improvement.
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In the next section,we will explore possiblesuccesgactorsfor the left hand
sideof the measurement-basé@uprovementprocessnodel. In addition,we will
suggeshctionsthatcanbetakento ensurehefulfillment of thesesucces$actors.

7.4 Successactors for measuement-basedmpr ovement

In this sectionwe first describea humberof commonusesof measuremenpro-
gramsin section7.4.1. From thoseuseswe derive a numberof succesgactors
thatareexternalto measurementrograms.Next, in section7.4.2,we proposea
numberof stepsorganizationsouldtake to fulfill the succes$actorsidentifiedin

section7.4.1.

7.4.1 Possibleusesfor measuementprograms

Measurementshouldgeneratevalueto the organization.This valueis determined
outsidethe measuremendrogramproper A majorfactordeterminingthe success
of ameasuremenmtrogramis whetheror notit actuallydoescreatehatvalue.In the
previoussectiorwe have shavn thatmeasuremergrogramsucces$actorssuchas
listed by Hall andFenton(1997)focuson the measuremergrograminternals.in
this section,we investigatedifferentsituationsin which a measuremernprogram
may be usedto gatherdataneededo solve organizationaproblemsor helpreach
organizationalgoals. The purposeis to derve additionalsuccesdactors,exter-
nal to the measurementrogram,but neverthelessessentiafor the succes»f the
measuremergrogram.

Measuremenprogramscan sene mary purposesand hencecreatevalueto
a software organizationin differentways. In our experience the main kinds of
purposedor which measuremergrogramsareusedare:

e Reporting A situationwherethereis acontractuabbligationto reachcertain
talgets.For example a softwaremaintenancerganizationrmayguaranteén
its servicelevel agreementsomelevel of availability of a system,or some
maximumdown-time. The actualperformanceof the organizationis then
monitored,andresultsare reportedto the customer Often, the agreement
explicitly statespenaltiesincurredin caseof non-fulfillment of the agree-
ment.

Whatmeasurementseedto betakenfor reportingpurposesanfairly easily
bederivedfrom theservicelevel agreemenathand.However, themeasure-
mentprograms value can be improved by not only measuringhe service
levels coveredby the servicelevel agreementbut alsofactorsthat enable
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the organizationto predictsituationsthat might causethe servicelevelsto

be violated. For example,if a servicelevel agreemenincludesa threshold
on the maximumresponsédime of certaininformationsystemsthe service
provider mightwantto measure¢heloadof thesener thatrunsthesoftware.
Thatway the serviceprovider canprevent high responsdimesby keeping
thesenerloadlow enough.

Monitoring performanceln this situation,someondusuallymanagement)
setsthe standardsusuallyin termsof a setof performancendicators,and
measurementene to seewhetherthesdevelsof performancaremet. The
main differencewith the reportingcaseis thatthe ‘customer’ of the datais
externalin thereportingcasewhile it is mostofteninternalin this case.

It is vital for the succes®f this kind of measuremerprogramthatthe or-
ganizationhasa clearplanon how to actif the desiredperformances not
beingachieved. For example,if the organizatiorwantsto measureschedule
slippage;t alsoneedso be preparedo take measureso improve schedule
and planningaccuray. The latter type of measurds often not dealtwith
explicitly. As a result,the organizationis likely to play the ostrichin case
expectationsaarenot met.

Learning The organizationhasa problembut doesnot immediatelyseea
solutionto it. First,it needdo investigatethe problemmorethoroughly and
find theroot causespr mainunderlyingfactors thatcausethe problem.

For example asoftwaremaintenancerganizatiorperformscorrectve main-

tenancdor alarge numberof customergor afixedpriceperperiod.It needs
to beableto estimatehecorrectve maintenancevorkload(i.e. theexpected
numberof bugs)to be ableto setareasonablgrice. The software mainte-
nanceorganizationstartsa measuremengrogramto identify the mainfac-

torsthatdeterminghecorrectve maintenancevorkload.If thosefactorsare

found, the organizationcould usethis informationin theform of anestima-
tion procedureo supportthe bidding procesgor new contracts.Probably

the organizationwill alsowantto keepmonitoringboththe factorsandthe

actualcorrectve maintenancevorkloadfor the differentcontractsn order
to calibratethe estimationprocedure.

Performanceimprovementin this case certainrelationsbetweenproduct
and/orprocessyariablesare assumedr formulated. For example,a soft-
waredevelopmentorganizationassumeshatthe laterbugsarefixed during
the developmentprocessthe more expensve the fix is. The organization
decidedo strive for phasecontainmenof faults(Hevner1997).A measure-
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mentprogramis thenstartedto gatherthe necessargata.Next, thedataare
analyzedandactionsaretaken basedon the outcomeof the analysis. For
example,measuresanbetakento improve the in-phasedetectionof faults.
This processusuallyis a cyclic one, wherebyhypotheseget formulated,
refinedor rejected andnew hypotheseguidethe next cycle.

e Organizationalhealth Thisis kind of acheck-up.Theorganizatioris com-
paredagainsta setof norms(usuallycreatedexternally). In this case,it is
mostinterestingo considetthe casewvherethenormsarenotmet. Whatkind
of action,if ary, will betakenin thatcase?And how doesthecheck-uphelp
in decidingwhatthe bestactionswould be?In the caseof anassessmeruf
the software processagainsta setof normslike put down by the Software
CMM (SEI1995,McFeely 1996),theassessmemesultsin alist of recom-
mendationdor improvements.In the caseof a benchmarlagainstndustry
averagesthe actionsthat shouldbe taken asa resultof the comparisorare
lessclear

e Navigation In this situation, managementleterminesa destination,or at
leastadirectionfor travel. Next, aplanis madehow to getthere.Duringthe
subsequenjburne/, measurementare usedto answerquestiondike ‘How
well am | following the plan?’, ‘Have | reachedmy destinationyet?’, or
‘Wasthejourney worthit?’. Again,it is generallyworthwhileto payspecial
attentionto casesherethe answerto thesequestionss negative.

Fromthis list of typical applicationsof measuremerprogramsfour success
factors— externalto themeasuremergrogram- emege:

1. Variousassumptionsnderliethe measuremermrogram.Theseassumptions
shouldbe madeexplicit andit shouldbedecidedf andwhentheseassump-
tions are tested. Theseassumption®ften take the form of a cause-déct
relationbetweeranticipatecchangesndadesiredresult.

2. Different outcomescan resultfrom a measuremenprogram. An organi-
zationshouldconsiderall possible- negative and positve — outcomesand
decidehow to acton them. Often, only one of thesepossibleoutcomess
satisactory: performances OK, targetsaremet, etc. It is theotherpossible
outcomeghataremostinterestingfrom our point of view: whathappensf
theperformances not OK, targetsarenot met,etc. If it is notspecifiedvhat
to doin thosecasesthereis quitea chancehatnothingwill bedone.

3. Theorganizationshouldactaccordingto the outcomeof the measurement
programjn orderto reachthegoalssetor solve theproblemsdentified. This
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appliesto bothnggative andpositive outcomeslf the organizationdoesnot
act, the value of the measuremenprogramdegradesandit will sooneror
later, but usuallysoonercometo anend.

4. The organizationshouldmonitorthe changesmplementedin orderto ver-
ify thatthesechangesndeedconstituteanimprovementor theorganization.
Measuremeninvolves modeling,andthusabstractingaway from mary as-
pects. We shouldverify that our model capturegreality sufiiciently well,
andkeepsdoingsoif reality changesver time. Also, it shouldbe verified
whetherthe desiredoutcomeis broughtabout(by the changesmplemented
or for ary otherreason).

In the next section,we proposea numberof actiities that organizationscan
follow to fulfill thesucces$actorsdescribedabore.

7.4.2 Stepsfor measuement-basedmprovement

In this sectionwe describestepsan organizationcould take to fulfill the success
factorsidentifiedin the previous section. Thesestepsareillustratedusingan ex-
ample basednthe measuremergrogramdescribedn chapter.

1. Determineavaluableoutcomeof themeasuremergnd/orimprovementpro-
gram. The organizationin questionexplicitly determinesvhatresultsit ex-
pectsfrom the measuremenand/orimprovementprogramand how these
resultsareto bemeasured.

For example,a software maintenancerganizationandits (only) customer
have difficulties determininga fair price for changerequests.Togetherthe
software maintenancerganizationand the customerdecideto implement
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functionpoints— morespecificallymaintenancéunctionpoints—asameans
to determinethe price of changerequests Hence the valuableoutcomeof
this improvementinitiative is to have an objective mechanisnto determine
afair pricefor changeaequests.

2. Assumptionsaboutrelationshipsbetweerchangeto be madeandresultsto
be obtainedaremadeexplicit.

Notehow theorganizatiorassumethat: (1) themaintenancéunctionpoints
will indeedbe an objective measureof the volume or size of a changere-
questand(2) thenumberof maintenancéunctionpointsof changeaequests
arecorrelatedwith the effort neededo implementthosechangeswhich is
neededor areasonabléair price.

3. Developaplanto obtainthis outcome.Improvementcanonly be achiered
by changingthe organizationin oneor morerespectsThe plandetermines
howv andwhatis goingto bechangedit is decidedwvhich assumptionseed
to be testedbeforethe changesare implemented,and which are checled
during or afterimplementatiorof the changesHence this stepalsoresults
in themeasuremergoalsto befulfilled by themeasuremergrogram.

In our example, the software maintenancerganizationand the customer
designanew changeequesplanningproceduravhichincludeshecounting
of maintenancéunctionpointsof eachchangeequesto determinets price.
Becausehis is the first time this particularfunction point modelis being
used,t is decidedo usethemodelfor awhile andthenanalyzets behaior.
Specifically correlationwith theeffort neededo implementhechangesvill
beinvestigated.

So, the measuremenprogramto be implementedneedsto fulfill two re-
guirements(1) provide the necessarinformationto applythe maintenance
functionpoints,and(2) provide theinformationneededo evaluatethemain-
tenancdunctionpointmodel.

4. Follow-up scenariosredeveloped. For eachpossibleoutcomeof the mea-
suremenprogram scenariosredevelopedthatdescribenow to acton that
particularoutcome.

If the correlationbetweenmaintenancdunction pointsand effort is lower
thana certainvalue,the modelstructurewill be adjusted.For example,the
model makes certainassumptionsboutthe cost of deletingfunctions: it
stateghatdeletionof a functioncosts20% of the effort neededor building
the function. If neededthatfactorof 0.2 caneasilybe adjustedusingthe
effort data.
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This completeghefirst phasgtheupperleft arrav) of themeasurement-based
improvementprocessnodel. Oneway to continuefrom hereis to setup a mea-
suremenprogram,analyzeits results,andonly thenimplementsomechangesin
thatcasewe apparentharenotquitesureyetwhethertheassumptionmadein the
previous stepsreally hold. In casewe arevery confidentabouttheseassumptions,
we maydecideto justimplementthe changesandnotbotheraboutmeasurements
atall. An intermediatdorm is to do bothatthe sametime: somechangesreim-
plementedandat the sametime ameasuremergrogramis startedto beableto do
anaposterioricheckontheviability of thosechangesin generaljt depend®nthe
situationat handwhich of thesecontinuationss to be chosen.In the examplewe
areconsideringhere,it is reasonabléo follow thelastoneidentified. Sowe will
startto usefunctionpointsasanobjective effort measureandatthe sametime we
starta measuremergrogramin orderto beableto testour functionpoint model.

5. Designandimplementtheimprovementsandthe measuremenirogram.

Thenew planningproceduras implemented.The measuremergrogramto

gatherthe function pointsandthe effort datais implemented.The organi-

zation developsa detailedmeasuremenprotocol and countingguidelines.
Themeasureso betakenaretheinput datafor thefunctionpoints,i.e. data
elementtypes,recordelementtypes, etc., and the effort dataper function

changedneededor theevaluation.

. Act uponthe measuremerrogram(step5) accordingto the scenariosle-

velopedin step4.

After a while, the measurementlataare analyzedand, dependingon the

outcome pneof the scenarioglevelopedin step4 is executed.In this case,
thefunctionpointmodelassumeshatthesizeof afunctionchangedndthe

sizeof thechangatself contrituteequallyto theeffort neededor thechange
(i.e. changinga function of size2x takestwice asmucheffort aschanging
a function of size z andchanging60% of a function takes twice asmuch

effort aschanging30% of afunction). However, theanalysisshavs thatthe

sizeof thefunctionis muchmoreimportantfor determiningthe effort than

therelatve portionof thefunctionthatis changedHence thefunctionpoint

modelis changedo reflectthesefindings,andthe proceduresireadaptedo

thenew versionof themodel.

The stepdistedareanexampleof how anorganizationcouldimplementmea-

surement-basdthprovement makingsurethatthesucces$actorsdescribedn the
previoussectionaretakeninto account.
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Note thatthoughthe exampleasdescribedabore is fictional, it is basedon a
realmeasuremerrogram,asdescribedn chapter4. In reality, the organization
did notmake theassumptionBstedin step2 explicit. We wereasledto analyzethe
function pointmodel. Thefactthatwe wereindeedableto analyzeit wasa mere
coincidencetheeffort datawasfor alarge partrecordecon thelevel of changeso
individual functions,whereit could have beenrecordedat a morecoarsedevel of
granularityjustaswell.

Whenwe discoreredthat the modelneededstructuralchangego improve its
correlationwith effort, the organizationwasnot preparedo make thosechanges.
Oneof the reasonavasthe fact that the organizationwas ratherhapgy with the
model, despitethe low correlation,becauset solved part of the problem,i.e. it
provided an objective pricing mechanisnfor changerequests.The fact that the
function model could needcalibrationwasnot explicitly recognizedup front. A
commitmento actuponthe outcomeof the measuremermirogramwasnot made.
Not surprisingly our findings were not implemented,and things stayedas they
werebeforeour analysisof thefunctionpoint model.

7.5 Conclusions

In this chaptemwe have introduceda generigprocessnodelfor measurement-based
improvement.In section7.2we have usedthe processnodelto describeghe mea-
suremenprogramof one of the department®f Ericssonin the Netherlands.We
have shavn how the measuremenprogramof Ericssoncontainsactivities from
eachof the four stepsof the measurement-basétprovementprocesanodel. In
section’.3,we have usedtheprocessnodelto assesandcomparaifferentguide-
linesfor implementingmeasuremergrogramsrom theliterature,amongsiwhich
our Measurement€apabilityMaturity Modelthatwasintroducedn chapter6.
Fromthe comparisorwe drav threeconclusions:

o thereis quite someconsensusn the basicactiities neededo successfully
implementmeasuremerngrogramsput,

¢ atthe sametime, differentframewvorks emphasizeavidely differentaspects
of measuremerrogramimplementation.

In addition,theassessmermsorevealsthat:

e thereis almostno consensusn, nor descriptionof, actiities neededo suc-
cessfullyusetheresultsfrom measuremergrograms.

All the examinedguidelinesfor implementingmeasuremernprogramsfocus
on the internalsof measuremenprograms. In section7.4, we have amguedthat
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to guarante¢he succes®f measurementrogramspneshouldalsotake external
factorsinto account.Theseexternalfactorsareaimedat makingsurethatthe mea-
surementprogramgeneratevalue for the organization. By discussingdifferent
usesof measurementrogramswye have identifiedfour externalsuccess$actorsof
measuremergrograms:

1. The variousassumptionsinderlyingthe measuremenprogramshouldbe
madeexplicit. It shouldbedecidedf andwhentheseassumptionaretested.

2. Different outcomescan resultfrom a measuremenprogram. An organi-
zationshouldconsiderall possible- negative and positve — outcomesand
decidehow to actonthem.

3. Theorganizationshouldactaccordingto the outcomeof the measurement
program,in orderto reachthe goalssetor solve the problemsdentified.

4. Theorganizatiorshouldmonitorthechangesmplementedin orderto verify
thatthesechangesndeedconstituteanimprovementfor the organization.

Our external succesdactorscomplementhe succesdactorssuchas presented
by Hall and Fenton. Togetherthesesuccesgactorscover all four phasesf the
measurement-baséehprovementprocesanodel as presentedn section7.1. In
addition,we have shavn howv anorganizationcouldadherdo the externalsuccess
factorsby explicitly addressingheseissuesheforedesigningandimplementinga
measuremergrogram.



Part 1l

The Maturity Perspectve
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As explainedin chapter2 we distinguishbetweerimprovementmethodologies
basedninternalreferenceandon externalreferencesln partl we have examined
the usageof the former in software maintenancesnvironments,in this part we
investigatethelatter

A large classof externalreference-baseithprovementmethodss formedby
maturity models, of which the Software Capability Maturity Model is the best
known. Thesematurity modelscontainprocessesvhich are claimedto be key
for softwareorganizationso becomemorematurewith respecto softwaredevel-
opment.Most of thesematuritymodelsalsoclaim to cover softwaremaintenance.

However, if we look at softwaredevelopmentandmaintenancérom a service
perspectie we seethat software maintenancénasmore service-lilke aspectghan
software development. This hasa numberof consequence®r the way in which
customergnay determinethe quality of software maintenance This alsomeans
thatthe processesvhich canbe consideredey for maturesoftware maintenance
organizationsaredifferentthanthe key processefor software developmentorga-
nizations.We have developeda maturity modelwhich containsprocessethatwe
considetkey for maturel T serviceproviders.We have choserthescopeof thema-
turity modelto be IT servicesn generabecauseoftware maintenancandother
IT servicessuchassystemoperationsusersupport,infrastructuremaintenance,
arequite similarwith respecto the key processeseeded.

Chapter8 explainsthe differencesbetweenservicesand productsin general
andthenlooks at the differencedetweensoftware maintenancenddevelopment
from a serviceperspectie. Chapter presentshelT ServiceCapabilityMaturity
Model. Finally, chapterl0 reportson two pilot assessmerstudiesdoneusingthe
IT ServiceCMM.






Chapter 8

Software Maintenancefrom a
Sewice Perspectve

In this chapterwe investigatethe differencesetweensoftware maintenanceand
softwaredevelopmentrom a servicepoint of view. We shav thattherearediffer-
encedbetweerproductsandservicesn general. Thesedifferencesaffect the way
in which customersaissesshe quality of productsandservices.In particulay ser
vice quality is assessedn two dimensionsthetechnicalquality — whatthe result
of the serviceis — andthefunctionalquality— how the serviceis delivered.

We aguethatsoftwaremaintenanceanbeseerasproviding aservice where-
assoftware developmentis concernedvith the developmentof products.Conse-
quently customerswill judgethe quality of software maintenancelifferentfrom
thatof softwaredevelopment.This meanghatto deliver high quality results both
the functional quality and the technicalquality dimensionis importantfor soft-
ware maintenance.To provide high-quality software maintenancedifferentand
additionalprocesseareneededhanprovidedby the SoftwareCapabilityMaturity
Model.

During the ConcreteKit andKwintes projects,a numberof casestudieshave
beenundertakn to testand evaluatemethodologiedo improve IT services.Ex-
amplesarethe servicelevel agreemenspecificatiormethod,the useof standard
servicelevel agreementsevaluationof servicequality, etc. Thesecasestudies
hadmixedresults.We obsered thatsomeserviceprovidersweremorematureas
regardstheir servicecapabilitiesthanothers.Thesepracticalexperiencegave ad-
ditionalindicationsthatIT serviceprovidersneeddifferentprocessethansoftware
developmentbrganizations.

We have capturedthe issuesarisingfrom the serviceviewpoint andfrom the
experienceswith the casestudiesin a maturity modeltamgetedat organizations

123
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thatprovide informationtechnologyservices ThisIT ServiceCapabilityMaturity
Model (IT ServiceCMM) is describedn chapter®.

This chapteris structuredasfollows: in section8.1 we discussa numberof
differencedbetweerservicesandproductsn generalandbetweersoftwaremain-
tenancendsoftwaredevelopmentn particular In section8.2,we shav haw these
differencesffect organizationghatmaintainsoftware. In particular we arguethat
thereareanumberof processethatshouldbeconsideredkey to becomingamature
softwaremaintenancerganizationput arenot partof themuchusedSoftwareCa-
pability Maturity Model. Next, in section8.3we discussa numberof casestudies
doneduringthe ConcreteKit andKwintesprojects.In section8.4we furtherelab-
orateon the key processe$or software maintenancerganizationspasedon the
casestudiegpresentedh section8.3. Section8.5discusseselatedwork on factors
thatinfluencethequality of softwaremaintenancefinally, section8.6 presentsur
conclusions.

8.1 Sewvicesversusproducts

In the servicemarleting literature,a wide rangeof definitionsexists of what a
serviceentails,seeGronroos(1990)for a list of examples. Usually a serviceis
definedasanessentiallyintangiblesetof benefitsor actvities thataresold by one
partyto another Themaindifferencedetweermproductsandservicesare(Zeithaml
andBitner 1996):

Intangibility Thisis consideredo bethe mostbasicdifferencebetweerproducts
andservices.Services- beingbenefitsor actiities — cannotbe seen felt,
tastedpr touchedJike productscan.Consequently

e serviceannotbeinventoried,

e servicexannotbe patented,

¢ servicexannotbereadilydisplayedor communicatedand
e pricingis moredifficult.

Heterogeneity Becauseservicesare createdby actvities, andactvities are per
formedby humans servicesendto be more heterogeneouthanproducts.
Consequently

e servicedeliveryandcustomesatishctiondependnemplg/eeactions,

e servicegqualitydependsnfactorswhicharedifficult to control,suchas
theability of the custometto articulatehis or herneedstheability and
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Relatively Service-intensive Hybrid Product-intensive Relatively
pure product product service pure service
Private automobile Airline -
Packaged foods transportation Fast food transportation Babysitting
Tangible part of product Intangible part of product

Figure8.1: The product-serviceontinuum(Berry andParasuramat991)

willingnessof personneto satisfythoseneedsthepresencer absence
of othercustomersandthelevel of demandor theservice,and

e thesecomplicatingfactorsmale it hardto knowv whetherthe service
wasdeliveredaccordingo planor specifications.

SimultaneousProduction and Consumption Servicesarealways producedand
consumedsimultaneouslywhereador productsproductionand consump-
tion can be separated. For example, a car can be producedfirst, sold a
few monthslater, and then be consumedover a period of several years.
For serviceson the otherhand,the productionandconsumptiorhasto take
placein parallel. The productionof the servicecreateghe ‘set of benefits’,
whoseconsumptiorcannotbe postponedFor example,a restauranservice
— preparinga meal,servingthe customer haslargely to be producedvhile
the customeiis receving the service.Consequently

e customerparticipatein andaffectthetransaction,
e customersnay affecteachother

o emplo/eesaffectthe serviceoutcomeand

e centralizatiorandmassproductionaredifficult.

Perishability Servicesannotbe savedor stored.Consequently

¢ it is difficult to synchronizesupplyanddemandvith servicesand
e servicexannotbereturnedor resold.

The differencebetweerproductsandserviceds not clearcut. Often, services
areaugmentedvith physicalproductsto make themmoretangible,for example,
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Relatively Service-intensive Hybrid Product-intensive Relatively
pure product product service pure service
Shrink-wrap Custom software Adaptive Corrective Software

software development maintenance maintenance operation

Figure8.2: The product-serviceontinuumfor softwaredevelopmentandmainte-
nance

luggagetags provided with a travel insurance. In the sameway, productsare
augmentedvith add-onservicesfor examplea guaranteeto improve the qual-
ity perceptionof the buyer In the servicemarketing literature (e.g. Berry and
Parasuramari991),a product-serviceontinuumis usedto shawv thatthereis no
clearboundarybetweenproductsandservices. This product-servicespectrumis
a continuousdimensionwith pure productson one endand pure serviceson the
otherend,andproduct-servicenixturesin betweenFigure8.1shavs someexam-
ple productsandservicespositionedon the product-serviceontinuum.

As figure 8.1 shaws, productsandservicescanbe intertwined. In the caseof
fast-food,boththe product— the food itself — andthe service— fastdelivery — are
essentiato thecustomerThis meanghatthequality of sucha product-servicenix
will bejudgedon bothproductandserviceaspectsis thefood quickly sened,and
doesit tastewell.

If we turnto the software engineeringlomain,we seethata major difference
betweersoftwaredevelopmentandsoftwaremaintenancés the factthat software
developmentesultsn aproduct whereasoftwaremaintenanceesultsn aservice
beingdeliveredto the customer Software maintenancéasmore service-lile as-
pectsthansoftwaredevelopmentbecausehe valueof softwaremaintenancés in
the actvities thatresultin benefitsfor the customerssuchascorrectedaultsand
new features. Contrastthis with software development,wherethe development
actwities do not provide benefitsfor the customerdirectly, but it is the resulting
softwaresystenthatprovidesthe benefits.

As saidabove, the differencebetweenproductsand servicess not clearcut.
Consequentlythis goesfor software developmentand software maintenances
well. Figure8.2 shaws the product-serviceontinuum,asdisplayedn figure 8.1,
but with examplesrom the softwareengineeringlomain.
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8.2 Sewvice quality

Thoughwe amguedin the previous sectionthatwe canview softwaremaintenance
as a serviceand software developmentas productdevelopment,we did not yet
mentionwhy this would be beneficiary In orderto do so, we againturn to the
literaturein the areaof servicemanagemerandmarketing.

Gronroos(1990)stateghattherearetwo dimensionghatdeterminehe expe-
riencedquality of services:

e Thetechnicalquality of theoutcome Thisdimensionis formedby theresult
of the service,what the customeris left with when the servicehasbeen
delivered.

e Thefunctionalquality of the process.This dimensionis determinedy the
way in which the customerecevestheservice,in otherwordshowthe ser
viceis delivered.

So, bothtechnicalandfunctionalquality determinehow a customeipercevesthe
service. Servicemarleteersoften usethe gapmodelto illustratehow differences
betweerperceved servicedelivery andexpectedservicecancomeabout,seefig-
ure 8.3. Thedifferencebetweerthe perceved quality of the servicesandthe ex-
pectedquality (gap5) is causedy four othergaps(ZeithamlandBitner 1996):

Gap 1 Theexpectedserviceaspercevedby thecompay differsfrom theservice
asexpectedby the customer

Dueto inadequatenarlet researchlack of communicatiorbetweercontact
emploeesandmanagemengndinsuficient relationshipfocus,the service
provider hasa perceptionof whatthe customerexpectswhich differs from
therealexpectedservice.

For example theserviceorganizatioraimsto satisfycertainavailability con-
straints(e.g.99.5%availability), while the actualcustomerconcernis with
maximumdowntime (e.g.nolongerthanonehourperfailure).

Gap 2 Theservicespecificatiordiffersfrom the expectedserviceasperceved by
thecompanm.

Causeddy alack of customerdriven standardsabsenc®f processnanage-
ment,lack of aformal procesdor settingservicequality goals,poorservice

designandinadequateserviceleadershipthe servicedesignsandstandards
will not matchthe servicerequirementaspercevedby thecompary.

For example,the customerexpectsa quick restartof the system while the
standargrocedureof the maintenancerganizationis focusedon analyzing
thereasorfor thecrash.
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Gap 3 Theactualservicedelivery differsfrom the specifiedservices.

Servicedelivery doesnot follow the servicedesignsandstandard$ecause
of deficienciesn humanresourcepolicies, failuresto matchdemandand
supply andcustomersotfulfilling theirrole.

For example,customerdypassthe helpdeskoy phoningthe maintainerof
theirsystemdirectly, andthushindera properincidentmanagemerrocess.

Gap 4 Communicatioraboutthe servicedoesnot matchthe actualservicedeliv-
ery.

Communicatiorby the serviceprovider aboutits deliveredservicesloesnot
matchtheactualservicedelivery becaus®f ineffective managemendf cus-
tomer expectationspverpromising,andinadequatéorizontalcommunica-
tions (i.e. insufiicient communicatiorbetweersalesandoperationsandbe-
tweenad\ertisingandoperationsanddifferencesn policiesandprocedures
acrosgheorganization).

For example,a customeiis notinformedaboutthe repairof a bug he or she
reported.

Thefifth gapis causedy the four precedinggaps. Hence perceved service
quality canbeincreasedy closingthefirst four gaps thusbringingthe perceved
servicein line with theexpectedservice.

To summarizeso far, we seethatthe quality of serviceds determinecby two
quality dimensionsithe technicalquality — whatis the result— andthe functional
quality — how is the resultreached. We also shaved how the gap betweenthe
percevedservicedelivery andexpectedservicedelivery is causedy severalother
gapsin theserviceprovider’s organization.

Thequestions, how doesthis all translateo theareaof softwareengineering?
Ouramgumentis thatsincesoftware maintenancerganizationsaareessentiallyser
vice providers, they needto considerthe issuesmentionedn this section. They
needto manageheir product— software maintenance- asa serviceto be ableto
deliver high quality softwaremaintenance.

Looking atthe gapmodelpresentedn figure 8.3, we noticea numberof pro-
cesseemepge which pertainto the quality of the deliveredservices.To closethe
gapsaserviceprovider needgo:

e Translatecustomeiserviceexpectationsnto clearserviceagreement§Gap
1).

e Usethe serviceagreementsis a basisfor planningandimplementingthe
servicedelivery (Gap2).
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Figure8.3: Gapsmodelof servicequality (ZeithamlandBitner 1996)

e Ensurethat servicedelivery is doneaccordingto planningand procedures
(Gap3).

e Managecommunicatioraboutthe servicedelivered(Gap4).

Thenext sectiondiscusses numberof casestudiesdonein the courseof the Con-
creteKit andKwintesresearctprojectswhich provide moreinsightin theactvities
softwaremaintenancerganizationsor otherlT serviceproviders,coulduseto im-
plementthefour processelistedabore.

8.3 Casestudies

As mentionedn chapterl, we useagenericprocessnodel(repeatedn figure 8.4)
asthe basisfor our research.Guidedby the lemniscatedifferentresearctissues
have beenidentified,includingthe specificatiorof servicelevel agreementsval-
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specifying and quantifying SLA’s tracking and evaluating service processes
Service Level
Agreement
IT service Service Level Service Process IT service

needs Management Management processes

tracking and evaluating SLA’s designing and implementing service processes

Figure8.4: ServiceLevel Managemeniemniscate

uation of servicequality, the useof servicecatalogsand problemmanagement.
Theseissueshave beeninvestigatedn several casestudiesthatare presentede-
low. The casestudiesdemonstrataéhe occurrenceof the gapsidentifiedin the
previoussection.

To facilitate the translationof diffuselT needsof customersnto measurable
servicelevel agreementgupperleft arrav of the lemniscateln SLA specification
methodwasdeveloped. Sereral casestudieswere performedto evaluateandim-
prove themethod.Sections8.3.1and8.3.2describawo of them.

An importantquestionwith respecto servicelevel agreementss whetherthe
right levels have beenestablished.In one casestudy we investigatedthe use of
ServQualo evaluateservicelevel agreementflowerleft arron). This caseis de-
scribedin section8.3.3.

Accordingto ITIL, problemmanagemeris animportantaspecbf servicepro-
vision. ThelTIL ProblemManagemenprocessaimsat minimizing theimpactof
failures(‘incidents’) and on correctingroot causef failure. This makesit part
of boththe uppetright andthe lower-right arrav of the IT servicelemniscate.n
the casestudy describedn section8.3.4we looked at the problemmanagement
process.

As mentionedin section2.2.2,ITIL adwcatesthe useof a servicecatalog
but doesnot provide directionson how to implementit. Therefore,we did two
casestudieson the developmentof servicecatalogs,describedn sections8.3.5
and8.3.6.
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8.3.1 CaseA —developinga service level agreement

This casestudywas part of an educationmprovementprogramundertaken by a
Dutch university Part of the programis the supply of notebookdo all students,
includingdifferentservicessuchasend-usesupportandrepairmaintenanceThe
notebooksandservicesaredeliveredby alarge DutchIT serviceprovider.

During the casestudya servicelevel agreemenbetweerthe serviceprovider
andthe university wasdeveloped. The servicelevel agreemen{SLA) specifica-
tion method(Bouman,TrienelensandvanderZwan 1999)wasusedto derive the
neededservicelevels, taking the students- the end-users- asthe startingpoint.
Thiswasthefirst timethatthis serviceprovider usedthe SLA specificatiormethod
to developservicdevel agreementsgndit wasalsothefirsttimethey deliveredthis
particularservice.Despitethe lack of experiencethe servicelevel agreememnvas
developedaccordingo the methodwithout majorproblems.

8.3.2 CaseB —developing a genericservice level agreement

Thiscasestudywasheldin theinformationtechnologydepartmenof alarge Dutch
governmentabrganization.The studywaspart of alarger programto implement
a quality systemin the organization. The casestudy concernedhe introduction
of the SLA specificationmethodand the developmentof a genericservicelevel
agreement.

This organizationhada quite formal organizationaktructure but at the same
time this formal structurewasbeingignoredto be ableto reactto organizational
andtechnicalproblems. The organizationwas not usedto drav up servicelevel
agreementsvith its customers.Agreementdetweernthe departmenandits cus-
tomerswerein the form of effort obligations,not results. No quality methodolo-
gies,suchasITIL or ISO9000,werebeingused.

It seemedo usthatthis organizationwasnot quite readyfor the introduction
of genericservicelevel agreementsyithoutfirst gainingpracticalexperiencewith
theuseof resultorientedcontracts.

8.3.3 CaseC —evaluating service quality

During this casestudy the quality of the servicesdeliveredby the IT department
of a decentralizedyovernmentalorganizationwas evaluated. We usedServQual
(Zeithaml, ParasuramaandBerry 1990)to measurehe perceved quality of the
IT servicedy theend-usersServQuais a measuremennethodtargetedat mea-
suringthe quality of services See(Pitt, WatsonandKavan 1995, Watson Pitt and
Kavan 1998)for examplesof the applicationof ServQuain measurindT service
quality.
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The IT departmenmanagesand maintainsthe IT infrastructureof the local
governmentalorganizationand provides end-useisupport. The departmentioes
useservicelevel agreementsyut thesearemainly usedto specifyproceduresnd
openingtimes,anddo notaddressoncreteandmeasurablservicelevels.

The casestudywasquite successfulusersof the IT serviceswverevery well
capableof detailingtheir opinion on the quality of the serviceprovision. Appar
ently, theevaluationof servicequality doesnotdependnthepresencef specified
quality levels.

8.3.4 CaseD —incident and problem management

This organizationis theIT departmenbf alarge organizationyesponsibldor car
rying out part of the Dutch social securitysystem. As of the beginning of 1996,
theorganizatiorhasbeensplitinto anon-profitpublic bodyanda privatefor-profit
organization- partof whichis thelT department.

The IT departmenprovidesa large numberof IT servicesto its customers,
which aremainly departmentfrom the sibling organization.To managehe com-
municationwith customergegardingthoseservices,the departmentasimple-
mentedhelpdeskmanagemenand problemmanagemenprocesses.The imple-
mentationof theseprocessefiasbeenbasedon ITIL. HelpdeskManagemenis
usedto guaranteghe continuity of serviceswhile ProblemManagemenis used
to improve thelevel of servicein thefuture. So,HelpdeskiManagemendealswith
incidents whereadProblemManagemenis concernedvith solvingthe problems
thatcauseheseincidents.

The goal of this casestudy wasto assesghe quality of the ProblemMan-
agemenprocess.It soonbecameapparenthat the organizationwas not ableto
executethe ProblemManagemenprocesgroperly because¢he Help DeskMan-
agemenprocesdglid notresultin the necessargataneededo adequatelyanalyze
andsolve problems.For example,mary incidentswerenot classifiedin theright
incidentcategory, or not classifiedatall. This resultedin alow validity of thein-
cidentdatabaseit wasestimatedhatmorethan30% of the incidentswerecoded
incorrectly

It wasfoundnecessaryo firstimplementa clearandconsistentegistrationof
theincidentsthat occurduring servicedelivery, beforeattemptingto improve the
problemmanagemerrocess.

8.3.5 CaseE —developing a sewice catalog

This casestudywasdonein thecentrallT departmentf alarge Dutchgovernmen-
tal organization. The IT departmentievelops,operatesand maintainshardvare
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andsoftwarefor thedecentralizedovernmentabrganization.Thegoalof thecase
studywasto investigatehe possibilityto usea servicecatalogto improve commu-
nicationbetweerthe IT departmenandits customersThe purposeof the service
catalogwould be to facilitate the negotiation of servicelevels by providing a set
of servicexombinedwith standardervicelevelsthattheIT departments ableto

provide, togethemwith standardrices.

Whenthe casestudy startedthe IT departmenhadalreadydevelopeda doc-
umentthat was supposedo be a servicecatalog. However, closerinvestigation
shaved thatthis documentdid not containthe informationnecessaryo negotiate
servicelevels: it hardlycontainecary quantitatve dataandno indicationsof costs
of services.Furtherresearctshaved that the organizationdid not only omit this
informationfrom the servicecatalog,but alsothatit did not have the necessary
dataavailable. This madeit impossibleto implementa full scaleservicecatalog
duringthetime-sparof the casestudy

8.3.6 CaseF —developinga sewvice catalog

This casestudywasdonewith anIT organizatiorthatdeliversa wide spectrunof
IT servicesrangingfrom PCinstallationto systemmanagementlrheorganization
usesITIL to implementits servicemanagemenprocessesThe organizationhas
beensplit in a numberof businessunits that work togetherto deliver integrated
services.Theorganizationhasbeenusingresult-orientedervicelevel agreements
for a numberof yearsand generallylooks like an IT serviceprovider that has
becomeof age.

The goal of this casestudywasto implementpart of a servicecatalog. The
organizationfelt thata servicecatalogwould be a goodsteptowardstheir goal of
qualityimprovement.Thecasestudyhadthefull commitmenbf bothmanagement
and emplo/eesandresultedin a prototypeservicecatalogthat was usedin the
negotiationswith alarge customer

8.3.7 Lessondearned

Althoughthe six casestudiesdiscusseaover a wide rangeof issuesanddifferent
organizationswe feel that several importantlessonscan be learnedfrom these
casestudies. The mostimportantlessonis thatIT serviceimprovementcanonly
be successfuif the organizationapreconditionshave beenfulfilled.

The casestudieswere conceved as experimentsio testserviceimprovement
techniguesindmethodologydevelopedin the courseof our projects.Thesuccess,
or lack of successpf someof thesecasestudiescanbe easilyinterpretedn terms
of thegapmodel.In particular:
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Gapsl and2 were successfullybridgedin caseA. The SLA specification
methodis specificallyaimedat guiding the dialoguebetweencustomerand
serviceprovider asto the contentsof theservice.Theresultingservicelevel

agreemenprovidedasolid basisfor planningandimplementingheservice.
The casestudy hasnot beencarriedon long enoughto obsere the actual
servicedelivery.

In caseB, thesesamegapswerenot successfullybridged. In particular the
jump from nothingto a genericservicelevel agreementvasnot successful.

In caseC thequality of the serviceasperceved by the customersvasmea-
sured. This casestudiessuggestshatit is very well possibleto determine
the sizeof gap5, independentlyf the actualquality of theIT servicesand
thelT serviceprovider.

Gap4 wasvery visible in caseD. Incidentmanagemenivasnot donecon-
sistently andthis causedroblemsin the (internalaswell asexternal)com-
municationaboutthe servicedelivered.

ThelT departmenin caseE wantedto developa servicecatalogcontaining
the servicesprovided by the organization,including servicelevels andthe
costsof differentservicesHowever, the organizatiordid not have sufiicient
(quantitatve) insightinto its own processet developafull-fledgedservice
catalog.Thusgap3 wasnhotclosed.

In caseF theorganizatiorsuccessfullydevelopedanduseda servicecatalog.
Theservicecatalogwasbasedntheexperienceof thecompary with service
level agreementin the past. Hence,this organizationhad enoughinsight
into its own servicedelivery to successfullyoridgegap3.

Several of our casestudieswere ratherunsuccessfulmainly becausehe or-
ganizationwasnot ‘ready’ for the nev methodologyintroduced. The reasorthat
anorganizationis not readycanbe causeddy culturalissueshut alsoby the lack
of certainpracticeghatareneededor theimprovement.For example,the lack of
historicaldataon servicegprovidedmalesit impossibleor thelT departmentrom
caseE to developa full fledgedservicecatalog. Anotherexampleis the problem
managementrocesof the T departmenin caseD which cannotbe properlyex-
ecuteddueto thelow quality of theincidentdatabaseApparently somepractices
needotherpracticego beimplementedbeforethey canbe carriedout properly:

problemmanagememeedsonsistentncidentmanagement;
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e implementatiorof a servicecatalogneedshistoric informationon service
level agreementandperformance.

On the other hand,thereare a numberof casestudiesthat were successful,
despitethe apparentow maturity of the organizationsFor example the ServQual
evaluationsof the servicedelivered by the caseC organizationwere successful
despitethe lack of measurableervicelevel agreementsAnotherexampleis the
successfuliseof a servicelevel agreemenbetweercustomerndserviceprovider
in caseA, despitethe factthatthis is the first time the IT organizationprovides
this particularservice Apparently practicessuchasserviceevaluationandservice
specificatiorandreportingcanbeintroducedn ary IT serviceorganization.

8.4 Bridging the gaps

In thissectionwe discusgour processethatmayhelpbridgethegapsdentifiedin
section8.2. Theseprocessewerederivedfrom thegapsthecasestudiespresented
in theprevioussectiondiscussionsvith maintenancenanagersandacritical look
atthe SoftwareCMM from a maintenanc@erspectie.

8.4.1 Gap 1: managementof commitments

It is importantthat maintenanceommitmentse plannedanddocumented.This
works bestif the maintenancerganizationand customemwork togethertowards
the specificatiorof relevantandrealisticmaintenanceervicecommitmentgoften
calleda ServicelLevel Agreement— SLA), basedon the needsof the customer
Theactualmaintenancservicedelivered the specifiedservicelevelsandthecus-
tomers serviceneedsrereviewedwith thecustomeonaregularbasis.As aresult
of this evaluation,the servicelevel agreemenimay have to be adjustedo stayin
line with possiblychangingmaintenanceeeds.

Therearetwo basicissuesnvolved here: first, the maintenanceerviceto be
deliveredis specifiedn a contract-the servicelevel agreement containingmea-
surableservicelevels. Secondtheservicelevelsspecifiedshouldaddresshe busi-
nessneedwf the customer

The servicelevel agreementiocumentghe maintenanceervicego be deliv-
ered. It coversthe purpose scopeand goalsof the servicestheir specification,
andotheragreementsThe servicelevel agreementunctionsasa meanso close
gapl by settingexpectationgor the maintenancservice.lt shouldata minimum

specify:

1. the maintenancaervicedtself, i.e. a specificationof the servicego be de-
livered;
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2. with what levels of service,i.e. how fast, haw reliable, etc., specifiedin
a measurablenanner Servicelevels needto be measurabldecausdahe
organizationhasto reporttherealizedservicelevels.

3. theconditionsthe customeshouldobey. Exampleof suchconditionscould
be that the customershouldusea certainformat for documentingchange
requestsr, in caseof a bug, provide the maintenanc&epartmentvith the
inputthatcausedhefaultto manifestitself.

4. whathappen# themaintenancerganizatiordoesnotreachtheagreedipon
servicelevelswhile the customedid not violatethe customeiconditions.

5. whenandwhatwill bereportedto the customerregardingthe actualdeliv-
eredmaintenancservices.

6. whenandhow theservicelevel agreementvill bereviewed.
7. underwhich circumstancegcalamities)serviceis notguaranteed.

Thecommitmentasdocumentedn the servicelevel agreemenshouldbe de-
rivedfrom themaintenanc@eedwf the customelasopposedo justthe capabili-
tiesof the maintenancerganization).Thesemaintenanc@eedsshouldberelated
to the businesgprocessesf the customerits informationtechnologyits business
stratgy, etc. This ensureshatthe maintenancerganizatiorthinksaboutwhatthe
customeneedsandthushelpsto closegapl.

8.4.2 Gap 2: maintenanceplanning

The maintenancectvities asspecifiedin the servicelevel agreemenhave to be
planned.This includesthe planningof the maintenanceactvities themseles, the
transferof the resultsthereofto the customerthe estimationof resourcesieeded,
the schedulingof maintenancectvities, andtheidentificationof possiblerisks.

In anormal,non-emeageny situation,changesreoftenbundledinto releases.
Therearevariouswaysof decidingon the contentsandtiming of the next release.
For example releasesnaybe scheduledat fixedtime intenals, while therealsois
a fixed numberof peopleavailablefor doing maintenanceThe next releasewill
thencontainall changesvhich couldbe handledwithin thattime frame.Onemay
alsongyotiateandfix the contentsof the next releasen adwance,andallocatethe
numberof peopleaccordingly This planningof releasess part of the mainte-
nanceplanningprocess StarkandOman(1997)describeanobseration of several
stratgiesappliedin practice.
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An importantcharacteristiof software maintenances that the maintenance
actwities are often eventdriven. The submissiorof changerequestsandbug re-
portsdrives the maintenancevork. Hence,animportantaspectof the planning
of maintenancés the estimationof the event-driven maintenancevorkload,i.e.
the numberof changerequestandbug reportsexpectedandthe effort neededo
procesghem.

Explicitly basingthe planningof maintenancectvities on the commitments
asagreediponwith the custometelpsto closegap?2.

8.4.3 Gap 3: maintenanceactivity tracking

The servicelevel agreemenstateswhich maintenancectiities areto be carried
out,andhow fast,reliable,etc.this shouldbedone.In orderto beableto reporton
theperformancef themaintenancerganizationn thisrespectinformationabout
theactualmaintenancactvitiesis to begatheredThe purposeof themaintenance
actvity trackingprocesss to provide thisinformation,monitormaintenanceacti-
ities, andtake correctye actionsif necessary

For example whenthecustomereportsa bug, informationaboutthebug itself
(originator type, etc.) is recordedaswell asthe reportingtime, the time when
correctve actionwasstartedandended,andthe time whenthe bug wasreported
fixed. If thesedataindicatethatthe averagetime to fix bugsexceedghelevel as
specifiedn theservicdevel agreementhe maintenancerganizatiormightassign
moremaintenancetaf to this system put maintenancetaf on point-dutyat the
customesite,rengyotiatetheagreeduponservicelevel, or take ary otheractionto
realignagreemenandreality.

By keepinga stricteye uponthe performancef themaintenancerganization,
andadjustinghemaintenancelanningand/omrengyotiatingthecommitmentsvith
thecustomemwhenrequired,gap3 is narraved.

8.4.4 Gap 4: event management

Eventmanagementoncernghe managemenf eventsthat causeor might cause
the maintenancectiities carriedout to deviate from the agreedupon levels of
maintenancservice.Eventscanbeeither:

e Requestdor changesrom usersor other staleholders. For example, re-
guestdor anew featurein the software;

o Incidentsthatcauseor will causeservicelevelsto belowerthanagreedipon
if noactionis beingtaken. Forexample asenerthatis dovn mightcausdhe
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specifiedmaximumdown-timeto be exceededf it is not restartedquickly
enough.

Themainpurposeof eventmanagemeris to manageall eventsthatoccurdur
ing softwaremaintenanceEventmanagemergncompassesnumberof actiities
thatshouldensurehatincidentsandchangerequestareresohedin time andthat
affectedgroups,including the customerarekeptinformed. Theseactvities thus
contrilbute to boththe functionalaswell asthe technicalquality of softwaremain-
tenanceA subsebf possibleeventmanagemerdctvitiesis:

e An eventmanagemeniibrary systemis establishedisa repositoryfor the
eventrecords.

Thiseventmanagemeriibrary system(oftenin theform of a‘helpdesksys-
tem’) shouldprovide for the storage update andretrieval of eventrecords,
thesharingandtransferof eventrecordsetweeraffectedgroupsandshould
helpin the useof eventmanagemengtrocedures.

This supportghe communicatiorwith the customeraboutthe maintenance
servicedelivered. It alsosupportdhe maintenancelepartmenitself, in its
role of a historicaldatabaseof changesThe eventmanagemergystenthus
helpsto closegap4.

e Eventsareidentified,recordedyeviewed, andtracked accordingto a docu-
mentedprocedure.

Eacheventis recordedn the library system the impactof the eventis as-
sessedind documentedand ‘action items’ are formulatedand initiated to
resohe theevent.

This activity reinforceghatthe maintenancactvities carriedoutarekeptin
accordancevith the maintenanceommitmentsand the maintenancelan-
ning, thushelpingto closegap3.

e Standardeportsdocumentinghe eventmanagemenrdctvities andthe con-
tentsof the event repositoryare developedand madeavailable to affected
groupsandindividuals.

This actvity helpskeepingthe customeinformedaboutthe progressf ac-
tivities to resole incidentsor processhangeaequestsThecommunication
with the customemot only pertainsto individual changerequestsbut also
their bundling into releases.Therethusis a relationwith the maintenance
planningprocess. Keepingthe customerinformedwill help managecus-
tomerexpectationsagainnarraving gap4.
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8.5 Relatedwork

In his book Practical Softwae Maintenance ThomasPigoskilamentsthat soft-

waremaintenanc@rganizationmeedto realizethatthey arein the customerser

vice businesgPigoski1996,pp. 171-172). Apparently this is not widely recog-
nizedyet. Within the software engineeringdomain, including software mainte-
nancethe focusis on productaspects.The final phase®f software development
supposedhconcernthe delivery of anoperationamanual,installing the software,
handlingchangerequestsandfixing bugs. In practice therole of the information
systemslepartmenis muchbroaderduringthe deplgymentstage asillustratedby

theubiquitoushelpdesk.

Publishedevaluationsof software maintenanceracticestendto concentrate
on the narrav issueof efficiently handlingchangerequestsand bug fixes (e.g.
Briand, Kim, Melo, SeamarandBasili 1998,0noma,Tsai, Tsunoda,Suganuma
andSubramaniad995,Singer1998,West1996). For example ,acommondenom-
inatorin thesepaperss theemphasishatis placedon a presencef whatis termed
a bug tracking system,historical databaseof changespr changemanagement.
Thewordingis suchthattheinternal useof thisinformationgetsemphasizedThe
informationis consideredmportantfor themaintainersthey mustbeableto track
similar bugs, they mustbe ableto retrieve the statusof eachchangeandso on.
By taking a serviceperspectie, we additionallystresghe externaluse,i.e. in the
communicatiorwith the customerof essentialljthe sameinformationin whatwe
call eventmanagement.

Stalhane Borgersemand Arnesen(1997)did a surwey to find thoseaspectf
quality thatcustomergonsidemmostimportant. The mostimportantresultof their
studyis thestrongemphasisustomerplaceonservicequality Thetopfivefactors
foundin their studyare: serviceresponsienessservicecapacity productreliabil-
ity, serviceefficiengy, and productfunctionality They alsoquotean interesting
resultfrom a quality studyin the telecommunicationdomain. On the question
‘Would you recommendthersto buy from this compay?’, a 100%yeswasob-
tainedfor the cateyory usershathadcomplainedandgot a satishctoryresult. For
the catgory userghathadnot complainedthis percentag&vas87%. Apparently
it is moreimportantto customerso geta satishctoryservicethanto have no prob-
lemsatall.

Finally, Pitt etal. alsoamguethatsoftwaremaintenancéasasignificantservice
component. They have usedServQualas a measureof IS servicequality (Pitt,
WatsonandKavan 1995,Watson Pitt andKavan 1998).
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8.6 Conclusions

We have shawvn in this chapterthat the quality of servicess determinedoy two
guality dimensionsthe technicalquality — whatis the result— andthe functional
quality — how is the resultreached. We also shaved how the gap betweenthe
percevedservicedelivery andexpectedservicedelivery is causedy severalother
gapsin theserviceprovider’s organization.

Thequestions, howv doesthis all translateo the areaof softwareengineering?
Ouramgumentis thatsincesoftwaremaintenancerganizationsareessentiallyser
vice providers, they needto considerthe issuesmentionedn this section. They
needto manageheir product— software maintenance- asa serviceto be ableto
deliver high quality softwaremaintenance.

We have presenteaix casestudiesfrom which we have deduceda numberof
processewhich pertainto the quality of the deliveredservices.To closethe gaps
asoftwaremaintenancerganizatiomeeds:

¢ Managementof commitmentstranslatecustomerserviceexpectationswith
respecto softwaremaintenancento clearserviceagreement§Gap1).

e Maintenanceplanning usethe serviceagreementsisa basisfor planning
andimplementinghe maintenanceactvities (Gap?2).

e Maintenanceactivity tracking ensurghatmaintenancés doneaccordingo
planningandprocedure$Gap3).

¢ Eventmanayement managecommunicatioraboutthe maintenancectii-
tiescarriedout (Gap4).

We have elaboratean eachof thesgour processeto indicatehow they couldhelp
softwaremaintenancerganizationgo narrav thefour gaps.

If we comparethe processeasidentifiedabove with the key processes the
Software Capability Maturity Model (seetable 2.4 on page25), we obsere that
theprocesseglentifiedin this chapterarenot presenin the SoftwareCMM. Most
notably:

¢ In the Software CMM, the planningof the software projectsis basedon
the softwarerequirementsywhich aredervedfrom the systenrequirements.
Requirementlicitation is not part of the requirementsmanagemenkey
processarea. Our processmanagemenbf commitments’doesincludethe
‘elicitation’ of themaintenanc@eedwf the customeorganization.

e TheSoftwareCMM useghesoftwarerequirementgasbasisfor the planning
of the software project. If the requirementchange the projectplanning
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needgo be changed However, in a maintenancernvironmentthe actiities
are often not requitementdriven, but eventdriven: bug reportsandfeature
requestdnitiate the work. Our processmaintenanceplanning’ takes this
into account.

¢ In theSoftwareCMM, trackingis aimedat monitoringprojectprogressThe
trackingis doneagainstthe software developmentplan. Becausesoftware
maintenancés oftenevent-driven, we needto monitorthe numberof events
next to the progresf the actuities.

e The Software CMM doesnot containprocesseshatdealwith the manage-
mentof communicatiorbetweerthesoftwareorganizatiorandthecustomer

In the next chapterwe presentheIT ServiceCapabilityMaturity Model that
aimsto capturethe lessondearnedin this chapterin a maturity model. Although
this chaptewasprimarily concernedvith software maintenancewe have chosen
to developamaturitymodelnot exclusively aimedat softwaremaintenancejut at
all typesof IT services.Onereasoris thatthe researclguestionswith respecto
maturity-basedmprovementweretamgetedat IT servicesn general. The second
reasoris thatwe felt thatthe four processeglentifiedin this chaptercanbefairly
easilyappliedto otherIT servicesesidesoftwaremaintenance.






Chapter 9

IT Service Maturity

ThelT ServiceCapabilityModel is a maturity grovth modelakin to the Software
Capability Maturity Model (SEI 1995). The structureof the modelis similar to
that of the Software CMM, but its applicationdomainis different. Whereaghe
Software CMM tamgets software developmentprocessés the IT ServiceCMM
talgetsthe processeshatwe considerkey to producinghigh quality IT services.
IT servicesare provided by operating,managing,installing, or maintainingthe
informationtechnologyof a customeror supportingthe usersof thattechnology
So,softwaremaintenancés oneof thepossiblelT serviceghatcanbeprovided.

In the next sectionwe discusghe primary objectvesof thelT ServiceCMM.
Section9.2 explainsthe structureof the model. In section9.3, we presenthefive
maturity levels of the modelandin section9.4, we give an overvien of the key
procesareasof the model. Section9.5 presentdwo of the level two key process
areadn moredetail. Finally, section9.6 present®ur conclusions.

Note thatthe IT ServiceCMM usesthe samestructureand wording as the
SoftwareCMM asdescribedn SEI (1995). Consequent|ythetext in this chapter
is moreformal thanin otherchaptersn this thesis,mostnotablythe specification
of thekey practicesn section9.5.

What we describein this chapteris the versionof the IT ServiceCMM as
developedduringtheKwintesproject(NiessinkandvanVliet 199%). Thisversion
describesall five levels of the IT ServiceCMM andthe key processest each
level. However, only the level two key processesiave beendetailedto the level
of individual key practices. The key practicesof higherlevel key processareas
remainto be specified.

The Software CMM is claimedto be suitedfor both developmentand maintenancgrocesses,
but difficultiesimplementingthe modelin a maintenance-onlgrganizationwerereportedoy Drew
(1992).

143
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9.1 Primary objectivesof the IT Sernice CMM

Theobjective of the IT ServiceCMM is twofold:

1. to enableT serviceprovidersto assessgheir capabilitieswith respecto the
delivery of IT servicesand,

2. toprovide IT serviceproviderswith directionsandstepdor furtherimprove-
mentof their servicecapability

The IT ServiceCMM fulfills thesegoalsby measuringhe capability of the
IT serviceprocessesf organizationson afive level ordinalscale.Eachlevel pre-
scribescertainkey processethathave to bein placebeforeanorganizatiorresides
onthatlevel.

Moreformally, we definel T serviceprocesscapabilityastherangeof expected
resultsthatcanbeachievedby following a serviceprocessIT serviceprocesper
formancerepresenttheactualresultsachieved by following anIT serviceprocess.
IT serviceprocessmaturity is the extentto which a specificprocesss explicitly
defined,managedmeasuredc¢ontrolledand effective. ThelT ServiceCMM fo-
cuseson measuringandimproving the IT serviceprocessmaturity of IT service
organizations.

An organizatiorthatscoreshighonthelT ServiceCMM scaleshouldbe able
to:

e deliver quality IT servicestailoredto the needf its customers;
e dosoin apredictablecost-efective way;

e combineandintegratedifferentservicespossiblydeliveredby differentser
vice providers,into a consistenservicepackage;

e continuallyimprove servicequality in a customeifocusedway.

9.2 The structureof theIT Sewice CMM

ThelT ServiceCMM is basedon the Software CMM. Whereapplicable the de-
scriptionsof the IT ServiceCMM maturity levels and key processareasare ad-
justedfrom SEI (1995). The structureof the Softnare CMM andthe IT Service
CMM arelargely the same,seefigure 9.1. The model consistsof five maturity
levels,which containkey processareas.For anorganizationto resideon a certain
maturity level, it needsto implementall of the key processesor thatlevel, and
lower levels.
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Maturity Levels

&)ntain
Process Capability Key process areas

ACM \irganized by
Common features

Address \iomain
Implementation or Key practices
institutionalization

Describe

Activities or infrastructure

Figure9.1: TheCMM structure(SEI1995)

Indicate

Eachkey processareais structuredusingcommonfeatures Commonfeatures
are practicesthat, when performedtogether guaranteghat the key processarea
is implementedand institutionalized. Commonfeaturesconsistof key practices
thatdescribeactiities thathave to be performedor infrastructureshathave to be
present.

9.3 The maturity levelsof the IT Sewice CMM

We measurehe serviceprocesamaturity of organizationson a five level ordinal
scale. Thefirst — initial — level hasno associatedey processareas. This is the
level whereall IT serviceorganizationsesidethathave notimplementedhelevel
two key processareas.Level two is therepeatabldevel. Organizationghathave
reachedevel two will be ableto repeatearliersuccessem similar circumstances.
Thustheemphasi®f level two is ongettingthe T servicegight for onecustomer
Onlevel three the definedlevel, the serviceorganizatiorhasdefinedits processes
andis usingtailoredversionsof thesestandardprocesse$o deliver the services.
By usingcommonorganization-widestandardgrocesseghe processapabilityto
deliver servicesconsistentlyis improved. At level four, the managedevel, orga-
nizationsgain quantitatve insightinto their serviceprocesseandservicequality.
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By usingmeasurementandan organization-widemeasuremendatabas®rgani-
zationsareableto setandachie/e quantitatve quality goals. Finally, atlevel five,
the optimizinglevel, the entireorganizationis focusedon continuousprocessand
serviceimprovement. Using the quantitatve measurementhe organizationpre-
ventsproblemsfrom recurringby changinghe processesTheorganizationis able
to introducenew technologiesndservicesnto theorganizatiorin anorderlyman-
ner
More formally, we definethe five maturitylevelsasfollows:

Initial level ThelT servicedelivery processs characterizedsadhoc,andocca-
sionally even chaotic. Few processesre defined,andsuccesslependon
individual effort andheroics.

Repeatablelevel Basic servicemanagemenprocessesre establishedo track
cost, scheduleand performanceof the IT servicedelivery. The necessary
disciplineis in placeto repeatarliersuccessesn projectswith similar ser
vicesandservicelevels.

Definedlevel The IT serviceprocesseare documentedstandardizedandinte-
gratedinto standardserviceprocessesIT servicesare deliveredusingap-
proved,tailoredversionsof the organizatiors standardserviceprocesses.

Managedlevel Detailedmeasurementsf thelT servicedelivery procesandser
vice quality arecollected.Both the serviceprocesseandthe deliveredser
vicesarequantitatvely understooagndcontrolled.

Optimizing level Continuougprocessmprovemenis enabledy quantitatve feed
backfrom theprocesseandfrom piloting innovative ideasandtechnologies.

9.4 Thekeyprocessareasof the IT Serice CMM

For an organizationto resideon a certainmaturity level, it needsto implement
all key processegor that maturity level — andthosefor lower levels. The term
key processareamerelymeanghattheseprocesseare seenasthe key to reacha
certainmaturity level. Theremight be more— non-key — processedyut theseare
not strictly necessaryo reachthe next maturitylevel.

Table9.1givesanoverviaw of thekey processareas.Thekey processareasare
groupedinto threeprocesscatgories: managementnablinganddelivery. The
first groupis concernedvith the managementf services. The secondcateyory
dealswith enablingthe delivery procesy meansof supportprocesseandstan-
dardizationof processesThe third cateyory consistsof the processeshat result
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Process| Management Enabling Delivery
categories
Serviceplanning, Supportand Actual service
Levels | managemengtc. standardization. delivery:.
Optimizing TechnologyChangeManagement
ProceshangeManagement Problem
Prevention
Managed Quantitatve Processvlanagement ServiceQuality
Management
Defined | IntegratedService OrganizationProcess | ServiceDelivery
Management Focus
OrganizationProcess
Definition
TrainingProgram
Repeatable | ServiceCommitment Configuration
Management Management
ServiceDelivery Planning EventManagement
ServiceTrackingand ServiceQuality
Oversight Assurance
SubcontracManagement
Initial Ad hocprocesses

Table9.1: Key processareasassignedo procesgsategjories

in the consistentefficient delivery of servicesaccordingto the appropriateguality
levels. Below we presenthe key processareasfor eachof the maturity levels of
thelT ServiceCMM.

9.4.1 Level1: Initial

Thereareno key procesareagrescribedor level one.

9.4.2 Level 2: Repeatable

Thekey processareador level two areconcernedvith establishinghe processes
that enablethe organizationto repeatearlier successfuservicesin similar situa-
tions. We distinguishbetweerntwo kinds of processethat an organizationhasto
implementon this level. The first catgyory dealswith servicemanagementthe
planning,specificationfrackingandevaluationof services.The secondcateyory
is concernealith servicesupport:processethatsupportheactvitiesthatactually
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delivertheservices.

The managemenprocesse®n this level look asfollows. First, the service
provider andthe customerdrav up an agreemenaboutthe servicesto be deliv-
ered,the quality of the services— specifiedin termsof servicelevels — andthe
costsof the serviceg ServiceCommitmentManagement)To ensurethatthe ser
vice levelsarerealistic,theserviceprovider dravs up aserviceplanthatshavs the
feasibility of the servicelevels (ServiceDelivery Planning).During servicedeliv-
ery, the serviceprovider tracksthe realizedservicelevels andreportstheseto the
customeron a regular basisto demonstrat¢hatthe provider hasindeeddelivered
the servicesagainsthe promisedservicelevels (ServiceTrackingandOversight).
After a periodof serviceprovision, the customerandthe serviceprovider review
the servicelevel agreemento seewhetherit still conformsto the IT needsof the
customeServiceCommitmentManagement)Justlike the organizatiordravs up
a servicelevel agreementvith its customerthe organizationshouldalsouseser
vice level agreementa/henit delegatespartsof theservicedelivery to third parties
(SubcontracManagement).

We identify threesupportprocessethata level two organizationneedgo im-
plement.First,almostall IT servicesconcerrthe managemengperationor main-
tenanceof hardware and software components.Therefore , wherenecessaryor
consistenservicedelivery, thesecomponentsre put underconfigurationcontrol.
This ensureghatat all timesthe statusandhistory of thesecomponentss known,
andthatchangesre controlled(ConfigurationManagement) Secondduringthe
periodthatthe servicesaredelivered,eventscanoccurthatneedto beresohed by
the serviceprovider. Theseeventsrangefrom simplerequestgor serviceto seri-
ousincidentsthatpreventthe customerfrom usingits informationtechnology All
theseeventsneedto be identified, tracked, resohed andreportedto the customer
(Event Management)To servicethe requestandto resole incidents,changego
theconfiguratiormaybe necessarylThechangaequestareevaluatedby thecon-
figurationcontrolboardwith respecto theservicelevel agreemenandrisk for the
integrity of the configuration.Only aftera changerequesthasbeenappraed by
the configurationcontrol board,will the configurationbe changedConfiguration
Management) Finally, to ensurethe quality of the servicesthe serviceprovider
deplgys quality assurancéechniquessuchasreviews andaudits(ServiceQuality
Assurance).

Next follows a descriptiorof the level two key processreas:

1. ServiceCommitmentManagement:
Purpose:Servicesare specifiedand realistic servicelevels are nggotiated
with thecustomein orderto deliver serviceghatsatisfythecustomes need
for IT services.Thedeliveredservicesthe specifiedservicelevels andthe
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customers serviceneedsarereviewed with the customeion aregularbasis.
Whennecessarythe servicelevel agreemenis adjusted.

Therearetwo basicissuedarmgetedby thiskey processareafirst, theservice
to be deliveredis specifiedin a contract— the servicelevel agreement-
containingmeasuable servicelevels. Secondthe servicelevels specified
shouldaddresghe businessieed=f the customer

2. ServiceDelivery Planning:
PurposeTheservicedeliveryis plannedn orderto ensurehatthe specified
servicegzanindeedbedeliveredaccordingo theagreediponservicelevels.

3. ServiceTrackingandOversight:
Purpose:Servicedelivery is beingtracked. The realizedservicelevels are
comparedvith the specifiedservicelevelsandarereportedio the customer
andmanagemerdnaregularbasis.Correctie actionsaretakenwhenactual
servicedelivery deviatesfrom the specifiedservicelevels.

Theserviceproviderreportso thecustometheactualservicesielivered the

actualservicelevels, and, whenrelevant, calamitiesthat hinderedaccurate
servicedelivery. Theservicelevel reportsareusedasinputfor theevaluation

of servicelevel agreementéseeServiceCommitmentManagement).

4. SubcontracManagement:
PurposeSelectqualifiedIT subcontractorandmanagehemeffectively.

The servicepravider canselectandhire subcontractorfo delegatepartsof
theservice.If thisis the casethe serviceto be deliveredby the subcontrac-
torsis laid down in a servicelevel agreement.The serviceprovider keeps
track of the actualservicesdeliveredby the subcontractoandtakescorrec-
tive actionswhentheactualservicelevelsdeviate from the specifiedservice
levels.

5. ConfigurationrManagement:
Purpose:The integrity of productswhich are subjectto or part of the IT
serviceds establishe@ndmaintained.

ConfigurationManagemeninvolvesthe identificationof the relevant hard-
ware and software componentavhich needto be put underconfiguration
control. This includescomponentwned by the customerthat are being
managedy the serviceprovider, componentowned by the provider that
areusedby the customerand component©wned by the provider that are
usedto deliver the service.Changedo the configurationare evaluatedwith
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respecto the servicelevel agreemenandwith respecto possiblerisksfor
theintegrity of the configuration.

6. EventManagement:
PurposeEventsregardingtheserviceareidentified,registeredfracked,ana-
lyzed,andresohed. Thestatusof eventsis communicateavith the customer
andreportedo management.

Thiskey procesareaconcernshemanagemertf eventsthatcauseor might
causeservicedelivery to deviatefrom theagreeduponservicelevels. Events
canbeeither:

e Requestdor servicefrom users.For example,requestdor a new fea-
turein the software;

¢ Incidentsthatcauseor will causeservicelevelsto belowerthanagreed
uponif no actionis beingtaken. For example,a sener thatis down
might causethe specifiedmaximumdown-time to be exceededf it is
not restartedjuick enough.

To resohe requestdor serviceandincidents,changedo the configuration
might be necessaryThe decisionwhetherto implementthe changerequest
thatresultsfrom aservicerequesbr incidentis the concerrof Configuration
Management.

7. ServiceQuality Assurance:
Purpose:Managements provided with the appropriatevisibility into the
processebeingusedandtheserviceseingdelivered.

ServiceQuality Assurancenvolvesthe reviewing andauditingof working
proceduresservicedelivery actiities andwork productsto seethat they

comply with applicablestandardsand procedures.Managemengandrele-
vantgroupsareprovidedwith theresultsof thereviews andaudits.Notethat
whereServiceTrackingandOversightis concernedvith measuringservice
quality in retrospectfrom anexternalpoint of view, ServiceQuality ASSur

anceis concernedvith measuringjuality in advance from aninternalpoint
of view.

9.4.3 Level 3: Defined

At level three, anorganizatiorstandardizeits processeandusedailoredversions
of thesestandardprocessego deliver the IT services. The goal is to establish
a more predictableperformanceof the processesnd henceincreasethe ability
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of the organizationto drav up realisticservicelevel agreementsThelevel three
key processareaseachfall into oneof thethreeprocesscateyories: management,
enablingor delivery.

Thefirst catggory—servicemanagementis concerneavith thetailoring of the
standaraserviceprocessew thecustomerandtheservicelevel agreemenathand.
Also, the actualserviceprocesseseedto be integratedwith eachotherandwith
third party serviceprocessegintegratedServiceManagement) The secondcate-
gory— enabling- dealswith makingstandargrocesseavailableandusable.The
organizationdevelopsandmaintainsstandardgprocessefor eachof the servicest
delivers.Usually organizationswill provide severalservicego onecustomeatthe
sametime. Hence nhot only the serviceprocessethemseles,but alsotheintegra-
tion of theseprocessehasto be standardize@smuchasis feasible(Organization
Proces®efinition). To coordinateprocessefforts acrossservicesand organiza-
tionalunitsandovertime, organizationakupports institutionalized Organization
Process-ocus).Also, to teachpeoplehow to work with the standardseindhow to
performtheirroles,atrainingprogramneedso beputin place(TrainingProgram).
Thethird category — servicedelivery — concerngheactualdelivery of the services
to thecustomeuwusingthetailoredserviceprocessegServiceDelivery).

Thelevel threekey processireasaredescribedasfollows:

1. OrganizationProces®efinition:
Purpose:Develop and maintaina usableset of serviceprocessassetghat
improve procesgerformancecrossservicesandprovide a basisfor cumu-
lative, long-termbenefitso the organization.

Thiskey processareanvolvesthecreationandmaintenancef standarder

vice processesanda procesglatabasevhich containshistoric dataon used
processedncludingthe servicelevel agreementghe serviceplanning,the
servicelevel reportsandthe eventmanagemerdatabaseBasedon historic
serviceprocesses servicecatalogis developedandmaintainedvhich con-
tainsthe servicesandservicelevelsthatthe organizatiornprovides.

2. OrganizatiorProcesg-ocus:
PurposeEstablishorganizationatesponsibilityfor serviceprocessctvities
thatimprove the organizations overall serviceprocessapability

The activities neededo assessgevelop, maintainandimprove the organi-
zations serviceprocessesareresourcedindcoordinatedacrosscurrentand
futureservices.

3. TrainingProgram:
Purpose:Develop the skills andknowledgeof individuals sothey canper
form their roleseffectively andefficiently.
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4. IntegratedServiceManagement:

PurposelntegratethelT serviceandmanagemerdctvitiesinto acoherent,
definedIT serviceprocesghatis derived from the organizations standard
serviceprocess.

The serviceplanningis basedon this tailoredserviceprocessanddescribes
how its actwvities will be implementedandmanaged.The serviceplanning
takes the organization-widecapacityand availability of resourcesnto ac-
count. Cooperatiorwith third partiesthatalsodeliver IT servicesor prod-
uctsto the customeris planned Notethatthesehird partiescanbe external
providersor organizationalunits of the customeiitself. An exampleof this
couldbethecustomeihaving its own helpdeskvhich relaysreportsof hard-
warefailuresto the serviceprovider. Procedureseedto be putin placeon
how thesereportswill be deliveredto the serviceprovider andwhetherthe
helpdeslor the serviceprovider will inform the userof the statusof there-
port. An examplewhich involvescoordinatiorwith third partiesthatdeliver
productsto the customeris software development. Supposea third party
is developing software for the customerthat is to be managedand main-
tainedby the serviceprovider. Involvementof the serviceprovider in the
developmentprocesscan ensurethat the maintainabilityof the softwareis
sufficiently beingtakeninto accounduringdevelopment.

. ServiceDelivery:

Purpose:Consistentlyperforma well-definedservicedelivery procesghat
integratesall servicedelivery actiities to deliver correct,consistentT ser
viceseffectively andefficiently.

ServiceDelivery is the actualexecutionof the servicedelivery actiities ac-

cordingto atailoredversionof theservicesdefinedserviceprocesseévhich

is the outputof the IntegratedServiceManagemenkey processarea). Be-

causeheserviceactiities dependntheparticularserviceseingprovided,

thereis no fixed list of actiities to be performed. However, all services
shouldperformthe actvities asdefinedin the level two key processareas.
Thelist of actities will befilled in dependingon the servicesathand.For

example,in the caseof software maintenancehe generalserviceactvities

canbe extendedwith the software engineeringasksmentionedn the key

processreaSoftwareProductEngineeringf the SoftwareCMM (SEI1995,
pp.241-261).
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9.4.4 Level4: Managed

At level four, organizationsgain a quantitatve understandingf their standard

processeby taking detailedmeasuresf serviceperformancexndservicequality

(Quantitatve ProcesManagementandby usingthesequantitatve datato control

thequality of the deliveredserviceqServiceQuality Management).
Therearetwo level four key processareas:

1. Quantitatve Processvlanagement:
Purpose:Controlthe procesgerformancef the servicedelivery quantita-
tively.

2. ServiceQuality Management:
PurposeDevelopa quantitatve understanding@f the quality of the services
deliveredandachiere specificquality goals.

9.4.5 Level5: Optimizing

At level five, serviceproviderslearnto changetheir processeto increaseservice

quality andserviceprocesgperformanc€Proceshangavlanagement)Changes

in theprocessearetriggeredby improvementgoals,new technologie®r problems

thatneedto beresohed. New technologiesreevaluatedandintroducedinto the

organizationwhenfeasible(TechnologyChangeManagement)Problemghatoc-

cur arepreventedfrom recurringby changinghe processeéProblemPrevention).
Thelevel five key processareasare:

1. Proces€hangeManagement:
PurposeContinuallyimprove the serviceprocesseasedn theorganization
with theintentof improving servicequality andincreasingoroductvity.

2. TechnologyChangeManagement:
Purposeidentify new technologiesaandinject theminto the organizationin
anorderlymanner

3. ProblemPrevention:
Purposeidentify the causeof problemsandpreventthemfrom recurringby
makingthe necessarghangedo the processes.

9.5 Examplesof level two key processareas

In this sectionwe presentwo of the level two key processareashatareusedto
implementthe processeslentifiedin section8.4. Section9.5.1presentshe goals
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andkey practiceof the ServiceCommitmentManagemenkey processarea.This
key processareais targetedat aligningthe serviceto be deliveredwith the service
needsof the customer In section9.5.2the Event Managemenkey processarea
is presented.The Event Managemenkey processareais targetedat managing
andcontrollingthe handlingof all kinds of eventsthathapperduringthe delivery
of services,and at managingthe communicatiorwith the customeraboutthose
events.

Eachof the key processareads describedn termsof its goalsandkey prac-
tices.Thekey practicesaredividedinto five types:commitmento perform,ability
to perform,actvities performed measuremerandanalysis andverifying imple-
mentation(SEI 1995).

Wherenecessarykey practicesareaugmentedvith examplesof typical con-
tentof document®r implementatiorof actwities. Organizationshouldnormally
considertheseelaborationgnandatoryexceptwhenthereis a goodreasomot to
implementthem.Boxedtext is meantto give examplesor clarify thekey practices.

9.5.1 Sewice Commitment Management

The main purposeof ServiceCommitmentManagemenis to ensurethatthe ser
vice commitmentsetweenserviceprovider and customerand hencethe actual
servicedelivered,arebasednthelT serviceneedf the customer The service
commitmentspecify(amongsbtherthings)theresultsof the servicedo bedeliv-
ered.Theseresultsshouldcontritute to fulfilling (partsof) theIT serviceneedsof
thecustomer

The actvities in this key processareaaretargetedat ensuringthatthe service
commitmentsare basedon the IT serviceneeds,and stayin line with possibly
changingl T serviceneeds.Thisis enforcedby periodicevaluationsof the service
commitmentswith respecto theIT serviceneedsandby evaluationsof the actual
servicedelivered.

Goals
Goall Selwvice commitmentsare documented.
Goal2 Serwice commitments are basedon current and future IT

service needsof the customer

Commitment to Perform

Commitmentl A sewice manageris designatedto be responsiblefor nego-
tiating sewice commitments.
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The servicecommitmentsconsistof externaland internal
commitments. Externalcommitmentscan be both agree-
mentswith the customeontheserviceso bedelivered,and
agreementsvith third partieson out-sourcedservices. In-
ternalcommitment@reagreementbetweerinternalgroups
andindividualson theresourcesindactiities neededo ac-
curatelydeliver the agreedservices. The servicecommit-
mentsto the customemaresetdown in aservicelevel agree-
ment. Commitmentdy a third partyaresetdowvn in a sep-
arateservicelevel agreemenbetweerthe organizationand
the third party seealsothe SubcontracManagemenkey
processarea.Theinternalcommitmentsaredescribedn the
servicedelivery plan.

Commitmen2  ThelT sewiceis specifiedand evaluatedaccordingto awrit-
ten organizational policy.

This policy minimally specifieghat:

Ability to Perform
Ability 1

1. ThelT serviceneedsof the customerare identified and
documented.

2. ThelT serviceneedf the customeiarereviewedby:
¢ thecustomerand,
e theservicemanager
3. ThelT serviceneedsof the customerare usedasthe ba-
sisfor negotiatingthe servicecommitmentswith the cus-
tomer
4. Theservicecommitmentaredocumented.
5. Theservicecommitmentsarereviewedby:
thecustomer
theservicemanager
seniormanagemengnd,
otheraffectedgroups.

6. The servicecommitmentsareevaluatedon a periodicba-
sis.

Responsibilitiesfor developingthe sewvice commitmentsare

assigned.
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1. The servicemanagerdirectly or by deleggation, coordi-
nateghe developmenibf theservicecommitments.

Adequateresouicesand funding are provided for develop-
ing the sewice commitments.

Sewvice managersare trained to perform their sewice com-
mitment managementactivities.

Examplesof traininginclude:
e ngyotiationmethodsandtechniques,
e theapplicationdomain.

Activities Performed

Activity 1

Activity 2

Activity 3

The IT sewice needsof the customerare identified accord-
ing to a documentedprocedure.

This proceduraninimally specifieghat:
1. ThelT serviceneedsareidentifiedin cooperatiorwith the
customer
2. ThelT serviceneedsarereviewed by the customer

The IT sewice needsare documented.
ThelT serviceneedsypically cover:

1. Thebusinesstratgy andIT stratgy of thecustomer
2. Thebusinesgprocessesupportedy thelT.

3. TherelevantIT components.
4

. Expectedchangedo the businessstratgy, IT stratgy,
businesgprocesseand|T components.

5. CurrentlT servicesusedby thecustomer

The sewice commitmentsare documented.
The servicecommitmentsninimally cover:
1. Thepurposescope andgoalsof theservicedo bedeliv-
ered.
2. Specificatiorof the servicego bedelivered.
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3. Specificatiorof thequality levels of theservicego bede-
livered.

Servicequality levels specify the minimum or max-
imum value for all relevant attributes of the service.
Servicequality levels shouldbe specifiedn ameasur
ableway, becausehe servicelevels of the delivered
serviceshave to be reportedto the customer seethe
key processareaServiceTrackingandOversight.
Examplesof performancettributesof IT servicesn-
clude:

e theguaranteeadvailability of a system,
e themaximumresponséime of asystem,
e maximumprocessingimesof servicerequests.

4. Theservicedelivery schedule.

The servicedelivery schedulespecifieswhen certain
serviceactiities will take placethathave aneffecton
theservicelevels. Exampleof suchactvities are:
e the delivery andinstallationof new softwarere-
leases,
e plannedoutageof systemsor maintenanceur
poses,
e upgrading hardware due to increasingperfor
mancedemands.
Note that the servicedelivery scheduleboth contains
serviceactvities thattake placeat a fixed momentin
time, for examplenew releasespr actvities thatare
executedvhencertainotherconditionsaremet,for ex-
ampleinstalling additionalhardware to meetincreas-
ing performancelemands.

5. Specificatiorof theserviceconditions.

Serviceconditionsare resolutve conditionsthat the
customerhasto fulfill (i.e. the serviceprovideris ex-
emptedfrom delivering the serviceaccordingto the
servicequality levels, if the customerdoesnot fulfill
theserviceconditions).

6. Specificatiorof calamities.
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Calamitiesaresituationdgn whichtheserviceprovider
is exemptedfrom delivering the serviceaccordingto
the servicequality levels. Note thatthesecalamities
aresubjectto negotiation. Exampleof suchsituations
are:
e naturaldisastersuchasearthquaks,stormstidal
waves,

e civil unreststrikes,riots, watr,
e power failures telecommunicatiofailures.

7. Agreement®n reviewing actualservicedelivery.

Part of the servicecommitmentsare agreement®n

hov andwhenthe serviceprovider will reporton the
deliveredservicego the customer The servicedeliv-

eryreportsminimally covertheactualservicelevelsas
comparedo the servicelevels specifiedn the service
commitments.

Referto the key processareaService Tracking and
Oversightfor practicesoncerninghetrackingandre-
view of actualservicedelivery:.

8. Planningof serviceevaluation.

Part of the servicecommitmentsare agreement®n
how andwhenthe servicecommitmentswill beevalu-
ated.

Referto Activity 4.

Activity 4 Sewice commitments are evaluated with the customer on
both a periodic and an event-driven basis.

The primary purposeof periodic and event-drven service
evaluationsof the servicecommitmentswith the customer
is to ensurethat the actualservicesdeliveredstay in line
with currentandfutureIT serviceneedf thecustomer

1. ThecurrentlT serviceneedf thecustomemrreidentified
anddocumented.

Referto Activity 1 andActivity 2.
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2. The current!IT serviceneedsof the customerare com-
paredwith the previously identifiedIT serviceneeds.

3. The currentIT serviceneedsof the customerare com-
paredwith thepreviously establishedervicecommitments.

4. If necessarythe servicecommitmentsare adaptedo the
new IT serviceneeds.

Activity 5 Actual sewice delivery is evaluated with the customer on
both a periodic and an event-driven basis.

1. Actualservicedeliveryis comparedvith theservicecom-
mitments.

Refer to the key processareaService Tracking and
Oversightfor practicesconcerninghetrackingof ac-
tual servicedelivery.

2. Servicedeliveryrisksareaddressed.

3. Non-conformanc#o theservicecommitmentss address-
ed.

4. Significantissuesactionitems,anddecisionsareidenti-
fiedanddocumented.

5. Action itemsareassignedreviewed, andtracked to clo-
sure.
Measurementand Analysis

Measurement Measurementsare made and usedto determine the status
of the sewvice commitment managementactivities.

Examplesof measuremenisclude:

¢ work completedeffort expendedandfundsexpended
in the service commitment managementactiities
comparedo theplan.

Verifying Implementation

Verificationl The sewice commitment managementactivities are review-
edwith seniormanagementon a periodic basis.
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The primarypurposeof periodicreviews by seniormanage-
mentis to provide awarenes®f, andinsightinto, service
processactiities at an appropriatdevel of abstractiorand
in atimely manner Thetime betweernreviews shouldmeet
theneedof theorganizatiorandmaybelengthy aslongas
adequatenechanism$or exceptionreportingareavailable.

1.

Thetechnicalcost,stafing, andschedulgerformances
reviewed.

Conflictsandissuesotresohableat lower levels aread-
dressed.

Servicedelivery risksareaddressed.

Action itemsareassignedreviewed, andtracked to clo-
sure.

. A summaryreportfrom eachmeetingis preparedinddis-

tributedto the affectedgroupsandindividuals.

The sewice commitment managementactivities are review-
ed with the sewvice manageron both a periodic and event-
driven basis.

1.

Affectedgroupsarerepresented.

2. Statusandcurrentresultsof theservicecommitmeniman-

agemenactuities arereviewed.
Dependenciebetweergroupsareaddressed.

Conflictsandissuesot resohableat lower levels aread-
dressed.

Servicedeliveryrisksarereviewed.

Action itemsareassignedreviewed, andtracked to clo-
sure.

A summaryreportfrom eachmeetingis preparedanddis-
tributedto the affectedgroupsandindividuals.

The sewice quality assurancegroup reviews and/or audits
the sewice commitment managementactivities and work
productsand reportsthe results.

Referto the ServiceQuality Assuranceey processarea.
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At aminimum,thereviews and/orauditsverify:

1. Theactiities for reviewing anddevelopingservicecom-
mitments.

9.5.2 Event Management

Themainpurposeof thekey procesareaEventManagemenis to identify, record,
track, analyze ,andresole eventsthatoccurduring servicedelivery. An eventis
an occurrencehat— if not resohed — eventuallywill causethe serviceprovider
to breakits servicecommitments.Two typesof eventsaredistinguished:service
requestsaandincidents. Servicerequestsarerequestsdy the customerfor certain
serviceactvities to be performed.Notethattheseactvities shouldfall within the
boundsof the servicecommitments.For example,the customerasksfor an extra
workplaceto beinstalled.Incidentsareeventsthatneedto beresolhedin orderto
meetthe servicecommitments.For example,if a systemgoesdown it hasto be
restartedeforethe maximumdowntimewill beexceeded.

Eventsare always concernedvith one or more IT components.Eventsare
resohed by actionitems.

Goals

Goall Event managementactivities are planned.

Goal2 Events are identified, recorded,analyzed,tracked, and re-
solved.

Goal3 Affected groups and individuals are informed of the status

of eventsand action items.

Commitment to Perform

CommitmentlL A written organizational policy is followed for implement-
ing event management(EM).

This policy typically specifieghat:
1. Responsibilityfor EM for eachserviceis explicitly as-
signed.

2. EM isimplementedhroughouthedurationof theservice
commitments.
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3. A repositoryfor storingeventinformationis madeavail-
able.

4. The eventrepositoryand EM actvities are auditedon a
periodicbasis.

Ability to Perform

Ability 1 A groupthat isresponsiblgor coordinating and implement-
ing EM for the sewice (i.e.,the EM group) exists.

The EM groupcoordinate®r implements:

1. Creationand managemenof the services event reposi-
tory.

2. Developmentmaintenanceanddistribution of EM plans,
standardsandprocedures.

Managemenof theaccesso theeventrepository
Changedo the eventrepository

Recordingof EM actities.
Productionanddistribution of EM reports.

S

Ability 2 Adequateresourcesand funding are provided for perform-
ing the EM activities.

1. A manageis assignedapecificresponsibilityfor EM.
2. Toolsto supporthe EM actiities aremadeavailable.

Examplesof supporttoolsinclude:
o workstationsaand/orportablecomputers,
e eventmanagemergoftware.

Ability 3 Members of the EM group and related groups are trained
in the objectives, procedures,and methodsfor performing
their EM activities.

Examplef relatedgroupsinclude:
e servicequality assurancgroup,
e configuratiormanagemergroup,
¢ end-usersand
e serviceengineers.
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Example=of traininginclude:

o thestandardsproceduresandmethodgo befollowed
for EM actvities, and

e the role, responsibilities,and authority of the EM
group.

Activities Performed

Activity 1

Activity 2

Activity 3

An EM planis preparedfor eachsewiceaccordingto a doc-
umentedprocedure.

This procedurdypically specifieghat:
1. The EM planis developedin the early stagesof, andin
parallelwith, the overall servicedelivery planning.
2. TheEM planis reviewed by affectedgroups.
3. TheEM planis managedndcontrolled.
A documentedand approved EM plan is usedasthe basis
for performing the EM activities.
Theplancovers:

1. Estimate®f theeventworkload.

2. The EM actvities to be performed,the scheduleof the
actvities, the assignedesponsibilitiesandthe resources
required(includingstaf, tools,andcomputeifacilities).

An event managementlibrary systemis establishedas a
repository for the eventrecords.
Thislibrary system:
1. Provides for the storage,update,and retrieval of event
records.

2. Providesfor the sharingandtransferof eventrecordsbe-
tweenaffectedgroups.

3. Helpsin theuseof eventmanagementrocedures.

Referto Activity 4.

4. Providesfor thearchval andretrieval of historiceventin-
formation.
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5. Supportgproductionof EM reports.

Activity 4 Eventsare identified, recorded,analyzed,reviewed,and re-
solved according to a documentedprocedure.

This procedurdypically specifieghat:

1. Theeventsarerecordedn suficientdetailsothatthecon-
tentandthestatusof eacheventareknown. Thistypically
includes:

auniqueidentifier,
descriptionof the event,
dateandtime of occurrence,

nameandcontactinformationof the persorwho re-
portedthe event,

the configurationtemsconcernedand

relevant characteristic®f the situationin which the
eventoccurred.

2. The impactof the event to the servicecommitmentsis
assessednddocumented.

3. Action itemsresultingfrom eventsare:

identified,

assessefbr risk,

documented,

planned,

initiated,

communicatedo theaffectedgroupsandindividuals,
trackedto closure,and

evaluated.

Activity 5 Affected groups and individuals are informed of the status
of eventson both a periodic and event-driven basis.

Examplesof affectedgroupsandindividualsinclude:
configuratiormanagemenrgroup,
servicedelivery group,

servicemanager

users.
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Activity 6

Activity 7

Standard reports documenting the EM activities and the
contents of the event repository are developed and made
available to affectedgroupsand individuals.

Examplef reportsinclude:
e eventdescriptionandstatus,
e actionitem descriptionandstatus,
e summaryof eventsby configuratiornitem,
e summaryof eventsduringa certainperiod.

Event repository audits are conductedaccording to a docu-
mentedprocedure.

This procedurdypically specifieghat:

1. Thereis adequat@reparatiorfor theaudit.
2. Theintegrity of the eventrepositoryis assessed.

3. Thefacilities of theeventmanagemeritbrary systemare
reviewed.

4. The completenesand correctnesof the repositoryare
verified.

5. Compliancewith applicableEM standardandprocedures
is verified.

6. Theresultsof the auditarereportedto the serviceman-
ager

7. Action itemsfrom theauditaretrackedto closure.

Measurementand Analysis

Measurement Measurementsare made and usedto determine the status

of the eventsin the event repository.

Examplesof measuremenisclude:
e numberof eventsunresoled,
e averagedeadtimeof closedevents,

e percentag®f eventsnot closedwithin the maximum
time.
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Measuremen?2 Measurementsare made and usedto determine the status
of the EM activities.

Examplesof measuremenisclude:
e numberof eventsprocessegerunittime,
¢ numberof actionitemscompletedoerunittime,

o effort expendedandfundsexpendedn the EM activi-
ties.

Verifying Implementation

Verificationl The EM activities are reviewedwith seniormanagementon
a periodic basis.

Verification2 The EM activities are reviewedwith the service manageron
both a periodic and event-driven basis.

Verification3 The EM group periodically audits eventrepositoriesto veri-
fy that they conform to the documentationthat definesthem.

Verification4 The sewvice quality assurancegroup reviews and/or audits
the EM activities and work productsandreportsthe results.

9.6 Conclusions

In this chapterwe have presentedh capabilitymaturity modelaimedat organiza-
tionsthatdeliver IT services.ThisIT ServiceCapabilityMaturity Modelis aimed
at providing processethat help organizationsclosethe servicegapsasdescribed
in chapter8.

If we comparethe IT ServiceCMM with the Software CMM we seethatthe
modelsdiffer in two majorways:

Customerfocusversussystemfocus The delivery of servicesin the IT Service
CMM is basedon measurablservicelevelsthatareestablishedby the cus-
tomerandthe serviceprovider together Software developmentprojectsin
the Software CMM are basedon systemrequirementsgderived outsidethe
scopeof the Software CMM.

The level two practicesof the Software CMM are aimedat managingthe
softwarerequirementandchangegherein. The softwaredevelopmentplan
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is basedon thoserequirementsandthe tracking of the software projectis
aimedat monitoringwhetherprogresss accordingo plan.

ThelT ServiceCMM onthe otherhand,aimsatfulfilling the servicelevels
specifiedin the servicecommitments.Theseservicecommitmentsare de-
rived from the serviceneedsof the customerswhich in turn are basedon
thebusinesmneedsandstratgy of the customer Both servicecommitments
andtheactualservicedeliveredarereviewedwith the customeion aregular
basis.

Thekey procesareasServiceCommitmenManagemenandServiceDeliv-
ery Planningmplementrespectiely the‘managemendf commitmentsand
‘maintenanceplanning’ processeglentifiedin section8.4. Theseprocesses
areaimedat closingrespectiely the gapbetweerthe serviceasexpectedoy
the customersaindthe compaly perception®of the expectedservice(gap1)
andthe gapbetweenthe compay perceptionof the expectedserviceand
the servicedesignsaandstandard¢gap?2). Seefigure8.3on pagel29.

Requirements-driven versusevent-driven ThelT ServiceCMM explicitly deals
with the factthat softwaremaintenancendotherIT servicesaredriven by
eventsthatoccurduringthedelivery of theservice.The EventManagement
key processareadealswith the managemenand control of theseevents.
In addition,the ServiceDelivery Planningand ServiceTrackingand Over
sight key processareasrequirethe serviceorganizationto explicitly deal
with the estimatiorandtrackingof the expectedandactualnumberandtype
of events.

The key processareasServiceTrackingand Oversightand Event Manage-
mentimplementrespeciiely the ‘maintenancectvity tracking’ and‘event
managementrocesseglentifiedin section8.4. Theseprocesseareaimed
at closing respectiely the gap betweenthe servicedesignsand standards
andthe actualservicedelivery (gap 3) andthe gap betweenthe actualser
vice delivery andthe externalcommunicatiorto the customerggap4). See
figure8.3on pagel29.

Obviously, next to differencegherealsoaresimilarities. Both the Software CMM
andthelT ServiceCMM requireorganizationgo implementsubcontractnanage-
ment,configuratiormanagemengndquality assurancedowever, internallythese
key processestill differ becausehe primary focus of the Software CMM is on
softwaredevelopmentwhereaghelT ServiceCMM focuseson serviceprovision.
In orderto validatethe IT ServiceCMM we needto shaw thatit is partof a
valid predictionsystemin which organizationghatscorehigheronthelT Service
CMM scale,are delivering higher quality servicesthan organizationshat score
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lower onthelT ServiceCMM scale.However, sucha validationis ratherdifficult
to performfor severalreasons:

e Dueto the factthat the developmentof the IT ServiceCMM startedhalf-
way during the secondof the two researchprojectscoveredin this thesis,
little time wasleft to applythemodelin practice.

e For the samereasonthe modelitself hasnot beenspecifiedfully. Only
the level two key processareashave beenspecifieddown to the level of
individual actvities. Thehigherlevel key procesareasgemainto bedone.

o A full validation,in whichwe shaw thatlT serviceorganizationghatfollow
the IT ServiceCMM perform betterthanthosethat do not, would proba-
bly take sereralyears.Fromliteraturewe know thatsoftwareorganizations
needup to two yearsto maove onelevel up in the Softnare CMM. Because
thestructureof thetwo modelsis similar we expectsimilar figuresfor orga-
nizationsthatusethe IT ServiceCMM.

Thesereasonsmadeit impossibleto validatethe IT ServiceCMM during the
courseof theresearclprojectsConcreteKit andKwintes. However, we have done
two casestudiesin which we appliedthe modelin a processassessmentThese
casestudiesaredescribedn thenext chapter
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AssessindT Service Maturity

In this chapterwe describetwo casestudiesin which the IT ServiceCMM was
usedas a referenceframeavork for the assessmertf two IT serviceproviders.
For both assessmenige useda questionnairebasedon the key practicesof the
IT ServiceCMM. This questionnairavas developedand pilot testedby a MSc
student.The goal of both casestudieswasto applytheIT ServiceCMM andthe
relatedquestionnairén actualprocesassessments.

We usedtwo differentapproacheso conductthe assessmentdn thefirst as-
sessmentyvhich wasdoneatthe T managemendepartmenof oneof the project
partnerswe performedthe assessmerih a workshopform. The aim wasto per
form a quick-scanof the maturity of the organizationusinglimited time andre-
sources.Thesecondcasestudywasdoneat a softwaresupportdepartmenof one
of the other project partners. In this case,the assessmenvas doneat the site
of the partner usinga traditionalassessmerformat (e.g. Olson, Humphre and
Kitson 1989).

The questionnairaiseddiffered betweenthe two assessmentdn the first as-
sessmena versionwas usedwhich containedone or two questiongor eachkey
practiceof the Activities Performeccateyory. For eachkey practice the question-
naireaskswhetheiit is performed.If thekey practiceis to be performedaccording
to a documentegrocedurea secondquestionaskswhetherthatis the case. For
example the ConfigurationManagemenikey practice:

Activity 1 A CM planis preparedfor eachserviceaccordingto a documented
procedure.

Thematchingquestionsn thequestionnairesk:

la. IsaCM planpreparedor eachservice?

1b IstheCM planpreparediccordingo adocumentegrocedure?

169
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In the later versionof the questionnaireysedin the secondcase thereis exactly
onequestionperkey practicé. Sothe questionrelatedto the key practiceabove
would simply be:

1. IsaCM planpreparedor eachserviceaccordingo adocumentegbrocedure?

Possibleanswergo thequestionsare: ‘yes, always’, ‘not always’, ‘no, never’, ‘do
notknow'.

10.1 Casel: A quick-scanassessment

The organizationassesseth this casestudy (organizationA) is the IT manage-
mentandexploitationdepartmenof the TaxandCustomsComputermandSoftware
Centreof the Dutch Tax and CustomsAdministration. This organizationinstalls,
maintainsandoperatefardwareandsoftwareusedby the DutchTaxandCustoms
Administration. This includeshardware and software operateccentrally andthe
hardware and software usedlocally at the differentsitesof the Tax and Customs
Administration.

Systemglevelopmentandmaintenancés doneby a sibling departmentHow-
ever, organizationA is thefront-office towardsthe customers.

10.1.1 The assessmenapproach

Thegoalof this assessmentastwofold:
e TotestthelT ServiceCMM onawholeorganizationand

e To investigatethe feasibility of performingan assessmerinh a workshop
form.

Becausgerforminga processassessmemequiresquite someeffort from the par

ticipating organizationwe investigatedhe possibility of performinga quick-scan

of the maturity of the organization.The hypothesisvasthatwe could geta quick

overview of thematurityof theorganizatiorby doinganassessmeiirt aworkshop

format, usingparticipantavith goodoverall knovledgeof the organization.
Theassessmentasdoneasfollows:

Preparation A numberof assessmemtarticipantavasselectedrom theinternal
auditpool of the Software Centre. Theseparticipantsgperformauditsof the

tUnlike the Software CMM questionnairéZubrawv, Hayes, Siegel andGoldensorl994),where
therelationshipbetweerkey practicesandquestionss notoneto one.
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processesf organizationA. Hence they arefamiliarwith theprocesseem-
ployedin organizationA. Next to thesefour participantsiwo emplo/eesof
organizatiorA itself participatedaswell. Theassessmentorkshopwasled
by the authorof this thesis. It wasplannedto discussall six? level two key
processreas.

AssessmentThe assessmentorkshoptook 3 hours. The participantseceved a
shortintroductionto the IT ServiceCMM andthe goalsof the assessment.
Eachparticipantreceved a versionof the questionnaire.The assessment
coveredthe ServicePlanningand Evaluationand ConfigurationManage-
mentkey processareas Eachparticipantfilled in the questionnaireandthe
guestionsverediscussewneby one.For eachquestiona consensuanswer
was sought. Becauseahe discussiorof the answersook muchmoretime
than planned,only two of the six key processareaswere discussed.The
assessmentasroundedoff with anoral evaluation.

Follow-up A writtenreportof theassessmentassentto the participants.

10.1.2 Assessmentesults

During the assessmenthe participantsansweredhe questionson the question-
naireoneby one. After eachparticipantfilled in onequestionthe answersvere
discusse@nda consensuanswemwassought.After a consensusvasreachedhe
next questionwasto befilled in, etc. Thoughthe planwasthat peoplewould first
fill in the questionwithouttalking to eachother to ensurehatthe opinionsof the
individual participantswould be recorded this turnedout to be difficult. People
tendedo discusgshe questionwith eachotherbeforeeverybodyhadwritten down
ananswerthuspotentiallyinfluencingthe answerf otherparticipants.

The individual answerdo the questionsveregenerallynot identical. People
disagreedor severalreasons:

e Participantsdid not know whetherthe practiceasled aboutin the question
wasactuallyperformed.

e Participantknew thata practicewasperformedn somepartsof the organi-
zationbut notin others.

2At thetime of this assessmenigvel two of thelT ServiceCMM hadsix key processareasThe
ServicePlanningandEvaluationkey processareawaslatersplit into two key processaareaspamely
ServiceCommitmentManagemenandServiceDelivery Planning.
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e Participantgdid know aboutonepartof theorganizatiorperformingtheprac-
tice, but did not know whetherotherpartsof the organizationappliedthe
practice.

e Somepracticesareappliedpartof thetime. For example,mary practicesare
notappliedin so-calledemegengy situations.

Also, oftentimespracticesareapplied,but thereis no formal proceduredescribing
thepracticeor the procedureas outdated.

&
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Key processrea RSSO RS

ServicePlanningandEvaluation 3 13 3 3 0 22
ConfigurationrManagement 1 12 2 6 3 25

Table10.1: Consensuanswers

Table 10.1 shaws the consensusnswersarrived at after discussinghe indi-
vidual answers.The ‘yes’ columnshavs how often the participantsagreedthat
a certainpracticewasalwaysperformed.The ‘not always’ columnindicateshow
mary practicesare performedsometimes, or in somepartsof the organization.
Thecolumn‘never’ depictsthe numberof practiceghatarenever performed.The
‘unknown’ columnindicatesthe numberof practicesof which noneof the partic-
ipantsknev whetherthey wereimplementedn the organizationor not. The ‘no
agreementstolumnshavs how oftentheparticipantslisagreeantheanswerand
henceno consensuanswemwasreached.

If welook attheresultsperkey processareathefollowing picturearisesor the
ServicePlanningandEvaluationkey processarea:organizationA doesnotfollow
aconsistenprocedurdor identifyinganddocumentinghe needsf the customer
documentinghecommitmentsnade andplanningtheservice.In addition,notall
aspect®f theservicedelivery asrequiredby thelT ServiceCMM areplanned:

e Costsareonly estimatedhtthe level of the completeorganizationnotatthe
level of individual services.

o No consistenestimationis doneof the expectedserviceworkload. No pro-
cedureto do soexists.

e Risksarenotalwaysestimatedandreviewed.
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e Servicecommitmentsare being reviewed by seniormanagementbut not
accordingo adocumentegbrocedure.

o Dataabouttheactualservicedelivery is beinggatheredbut the participants
arenotsurewhetherthis datais actuallyusedto evaluatethe planning.

e Sometimeghe serviceis evaluatedwith the customerbut not on a periodic
basis,andnotaccordingo adocumentegbrocedure.

Forthekey procesareaConfiguratioManagemenive arrivedatthefollowing
conclusiondrom theassessment:

e Configuratiormanagemerdctivities arenot alwaysplannedandif they are
planned the plansare not aiwaysused. The participantsdo not know why
thisis thecase.

o Not all departmentsisea configuratiormanagemendatabaseandchanges
to the configuratiorbaselinearenot alwayscontrolled.

e Changeprocedureglo exist, but are often laboriousbecauseools do not
matchthe procedure®r vice versa.Thisis amajorreasorwhy the statusof
configuratioritemsis not maintainedoroperly

e Reportsaremadeof the contentsof andchangego the configurationdata-
bases.However, the participantssuspecthat thesereportsremainunused
becauséhey do not matchthe need=f the potentialusersof thosereports.

e Audits of the configuratiormanagementatabasearedone,reviews of the
configuratiormanagemerdctiities hardly ever.

The assessmemwas roundedoff with an oral evaluation. The participantswere
positve aboutthe assessmentThey appreciatedhe discussionwith their col-
leaguesandthe chanceto participatein nev developments. The large number
of ‘not always’ answersvasnotedasa negative point.

10.1.3 Assessmentonclusions

The goal of this assessmenwastwofold: to testthe IT ServiceCMM to assess
a completeorganizationandto testthe feasibility of a quick-scarassessmelih a
workshopsetting. We concludethe following: thoughthe workshopform, com-
binedwith assessmergarticipantsthat have a global overview of the whole or-
ganization,seemedo be an attractve alternatve to the usualon-siteassessment
approachthis wasnotthe case.Comparedo a standardissessmempproachthe
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workshopform doestake muchlesseffort. In addition,theworkshopform makesit
possibleto quickly reacha consensusn the questionsn the questionnaireHow-
ever, theseadwantagegdo not outweighthe biggestdisadwantageexperiencedn
this assessmenthe participantsthoughhaving a global overview, lack detailed
insightin the daily operationsof the organization. This resultedin alot of ques-
tions answeredvith ‘not always’. So eventhoughthe goalwasto perform‘just’
aquick-scarof thematurity of the organizationthe assessmemesultsareinsuffi-
cientto give agoodjudgmentof the maturity of the organization.

10.2 Case2: On-site assessment

OrganizationB is a marketing, salesand support(MS&S) departmenbf onethe
projectpartners.OrganizationB is responsibldor selling a software productthat
supportshusinesamodeling,conceptuamodeling,and software development.in
addition, the organizationsupportshe customersf the productandinforms the
usersof updatesandbug fixes.

OrganizationB consistsof a marketing team, salessupportteam, a service
desk,andaccounimanagemeniOrganizatiorB is headedy the managemarket-
ing, salesandsupport.ThemanageMS&S is the principal of thisassessment.

10.2.1 The assessmenapproach

Thegoalof this secondassessmemiasestudywasto:

e supportorganizatiorB in determininghequality of its serviceprocesseand
indicatedirectionsfor improvement,and

e useandtestthelT ServiceCMM in areal processassessmentollowing a
standardassessmeirocedure.

Theassessmenmtasperformedby anassessmemeamconsistingof onesenior
consultantSoftware Procesdmprovementof the compay andthe authorof this
thesis.The assessmentasdoneaccordingto theinternalSoftware CMM assess
mentproceduref thecompary. Weadaptedhisprocedurdo thelT ServiceCMM
by replacingthe Software CMM key processedy the IT ServiceCMM key pro-
cessesandby usingthe IT ServiceCMM questionnaire The approachtself was
not changedDuring this assessmentye focusedon thekey processareasService
CommitmentManagementEvent Managemenand ConfigurationManagement.
Thesethreekey processareasvereselectedor two reasons:
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e OrganizatiorB doesnotcurrentlyuseservicelevel agreementbut feelsthat
it will beforcedby its customersnd/orcompetitionto do soin the nearfu-
ture. By looking at the ServiceCommitmentManagemenkey processarea
organizatiorB wantsto gaininsightin thepracticest needdo implemento
beableto useservicelevel agreements.

e The EventManagemenand ConfigurationManagemenkey processareas
wereselectedbecaus@neof the primary processesf organizationB is the
supportof customersn usingthe softwareproduct.Moreover, if the organi-
zationis to usetailoredservicelevel agreementthat containcommitments
to the customersthe Event Managementind ConfigurationManagement
processeneedto beableto supportandenablethesecommitments.

Theassessmentasdoneasfollows:

Preparation Before the assessmergtarted,an assessmerlan was developed
and agreedupon by the manageMS&S. Togetherwith the managerthe
assessmeneamselecteca numberof emplo/eesthatwould participatedi-
rectlyin theassessmengix peoplewereselectedtheteammanageservice
desk,oneservicedeskemplo/ee,theteammanagesalessupportonesales
supportemplo/ee, the teammanagemarketing and one accountmanager
Thesesix peoplefilled in the questionnairesyereintervieved and partici-
patedin all key processareadiscussions.

AssessmentThe assessmentas conductedduring threeconsecutie daysat the
premisef organizationB. Thefollowing actvities wereperformed:

Day 1. During a kick-off meetingall emplo/eesof organizationB were in-
formedof the goalsandapproaclof the assessmentNext, the ques-
tionnaireswerefilled in by the participantsselectedn adwance. The
guestionnairesvere analyzedby the assessmerttamand usedas a
basisfor theinterviens heldin theafternoon.

Day?2. The assessmerieammadea list of positive pointsand possibleim-
provements. Thesepointswere usedasinput for the threediscussion
sessiondieldon daytwo andthree.

In the afternoontwo discussiorsessionsvere held during which the

EventManagemenandConfigurationManagemenkey processareas
werediscussed.

Day 3. The last day startedwith the final key processareadiscussion(Ser
vice CommitmentManagement)Next, the assessmeneamprepared
thefinal presentationDuring the final presentationthe resultsof the
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assessmenteresummarizednd presentedo the emplo/eesandthe
managerof organizationB. All actionitemsidentifiedduringthe as-
sessmentvere agreedupon, assignedo people,and dateswere set.
The presentatiorsessiorwasendedwith a shortoral evaluationof the
assessment.

Follow-up A written reportof the assessmemasdeliveredto the organization.
The organizationis currentlyimplementingthe actionsdefinedduring the
assessment.

10.2.2 Assessmentesults

The analysisof the questionnairesn preparatiorfor the interviavs shaved that
guite someconflicting answerswere given. Someof the participantsindicated
that certainpracticeswere not implementedotherssaid they were. During the
interviens it becameclearthattheseinconsistenciesveredueto a differentinter

pretationof the questionsanddueto the factthatpeoplewerenot awareof certain
practices.

& &
é\\'@.é .4"\\\@6 9\\}@6.\ ’\(\q
F & &
Key processrea O R
ServiceCommitmentManagement 0/2 1/3 1/5 0/1 0/3
EventManagement 0/1 1/3 2/7 1/2 0/4
ConfigurationrManagement 0/1 1/4 4/9 0/1 0/4

Table10.2: Numberof key practicesmplementedy organizatiorB. Thenotation
zly indicateghatx out of y requiredpracticesvereimplemented.

Table10.2shavsthecomplianceof organizationA with thekey practicesf the
threekey processareasassessedasedon the questionnaireandthe interviews.
The mainissuesderived by the assessmerieamfrom the questionnaireandthe
intervievs were:

Serwvice Commitment Management OrganizationB usesone standardmainte-
nanceandsupportcontractfor all its customersThis contractdoesnot con-
tain arny commitmentsto the customer This meansthat the needsof the
customerare not identified, nor are servicelevels specified. Evaluationof
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the servicecommitmentsandthe deliveredservicewith the customelis not
performed. However, the organizationhasstarteda newv aftersalesproce-
durethat containssomeevaluationaspects.BecauseorganizationB hasa
large numberof customergabout2700)individual servicelevel agreements
andevaluationof thedeliveredservicewill bedifficult to achieve.

Event Management Thereis no planningof the eventmanagemenrdctvities in
organizationB. This is not surprisingsince all customershave the same
maintenancend supportcontractand are thustreatedsimilarly. The ser
vice deskusesa helpdesksystentor theregistrationof events. This system
alsosupportghe servicedeskemploeeswith the registrationof callsfrom
customers.Otherpartsof the processare not formalized. Thougha lot of
informationis presentn the servicedeskdatabasefor examplehow often
customersall the servicedesk,this informationis not distributed properly
to otherpartsof theorganization Finally, it is knowvn thattheinformationin
the servicedeskdatabasés incorrectto a certainextent. However, thereare
no activities implementedo preventor correctthis.

Configuration Management Again,becaus@&odistinctionis madebetweercus-
tomers,configurationmanagemenis not plannedseparatelyfor eachcus-
tomer Two issuesare importantfor organizationB: first, the registration
of which customerrunswhich versionandwhich partsof the software,and
secondwhatis containedn the next releasenf the software. Thefirst point
is arrangedor sufiiciently. The secondooint, however, is a problemfor or-
ganizationB. The actualdevelopmentof the softwareis doneby a separate
departmenbf the compary, outsideorganizationB. OrganizationB hasin-
sufficientinsightin the contentf new releasesandthis causeproblemsn
thecommunicatiorwith thecustomers.

During the key processareadiscussionsvith all involved emplo/ees,positive
pointsandimprovementpointswerediscussedMulti-voting wasusedo selecim-
provementpointsto focuson. During the sessionsgoncretampraovementactions
weredefined,ncludingthe persongesponsiblendtargetdatesor theimplemen-
tation.

Oneexampleof the improvementpoints discussedndimprovementactions
takenis the following: the differentdepartmentsn organizationB have difficul-
ties using and accessinghe informationthat eachof the departmentfiasabout
the customer®f thecompan. This relatesto for exampleActivity 5 of the Event
Managemenkey practices.To improve the exchangeof information,theinforma-
tion needsf eachof theteamswill be specifiedanda procedurdor the exchange
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What Who When
Documentheinformationneeds teamleaders 1 month
of eachof thedepartments

Developaplanto implement teamleadermarketing 2 months
theinformationexchange andsalessupport
Implementtheplan teamleadeservicedesk 2 months
Setupverificationprocess manageMS&S 2 months
Firstevaluationof thenew procedure manageMS&S 3 months

Table 10.3: Exampleimprovementactionsdefinedfor one of the Event Manage-
mentimprovementpoints

of informationwill be developed. Table 10.3 shaws the actionsthatwereagreed
on.

Finally, during the final presentatiorithe resultswere summarizedy the as-
sessmenteamand presentedo the emploseesand managerof organizationB.
The actionsdefinedweresummarizec&ndthe assessmeneéampresentegugges-
tionsfor furtherstepsaftersuccessfumplementatiorof theactions.Someof these
suggestedurtherstepswere:

¢ Develop policy statementdor the Event Managementnd Configuration
Managemenprocesses malke it clearto all peopleinvolved whatthe pol-
icy of organizationB is, what needsto be doneminimally, andhow these
processeshouldbe performed.

e Developaconfigurationmanagemerplanin cooperatiorwith the software
developmentdepartment.
10.2.3 Assessmentonclusions
Theassessmemtescribedn this sectionhadtwo goals:

e SupportorganizationB in determiningthe quality of its serviceprocesses
andindicatedirectionsfor improvement.

e UseandtestthelT ServiceCMM in arealprocesassessment.
Themainconclusionswith respecto thefirst goalare:

e The EventManagemenandConfigurationManagemenprocessesre per
formedsatishctorily, thoughthe actualperformanceof theseprocessesle-
pendsquite heavily on the emplg/eesthat executethem. The distribution
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of informationabouttheseprocessebetweerteamswithin the organization
needsimprovement. The ConfigurationManagemenprocesseedsto be

implementedogetherwith the software developmentdepartmentpecause
this processpandothdepartments.

e The ServiceCommitmentManagemenkey processareais essentiallynon-
existentatorganizatiorB. Eachcustomerecevesthesameamnaintenancand
supportcontract,and no commitmentsare madeto the customer Because
thereareseveral developmentshatwill force organizationB to useservice
level agreementi the future,the organizatiomeedso getexperiencewith
servicelevel agreements Also, informationis neededaboutthe levels of
servicethe organizationis ableto guarantedo its customersAction items
are definedto gain someexperiencewith servicelevel agreementsandto
gaininsightinto the servicelevelsorganizationB canmaintain.

With respecto the secondyoal,we concludethat:

e Theinclusionof the EventManagemenkey processareain thelT Service
CMM is justified by this casestudy The managemenbf eventsis very
importantfor organizationB to maintainthe satishction of its customers.
The ServiceCommitmentManagemenprocesss not usedby organization
B. However, organizationB doesexpectto be forcedto usefirm service
commitmentsn the future by competitorsand/orcustomersThis confirms
our opinionthatservicecommitmenimanagemerns anessentiapartof the
IT ServiceCMM.

e Thescopeof aprocessassessmemeeddo bebasednthe serviceprocess
In this casestudy the assessmentasdoneat the marketing, salesandsup-
port organization. During the assessmerit becameclearthat the software
developmentdepartmenis partof this serviceprocessaswell. Becausehe
softwaredevelopmentepartmentvasnotinvolvedin theassessmeritt was
difficult to defineproperimprovementactionsfor the areaswherethe soft-
waredevelopmentdepartmenheededo beinvolved aswell.

e ThelIT ServiceCMM requiresorganizationgo identify the serviceneeds
of eachof its customers.In the caseof this organization,which has2700
customersthis demandseemaunrealistic. The questionds whetherthe IT
ServiceCMM requirementsretoo strictin thisrespect.

e ThelT ServiceCMM doesnot containary processesr practicesaimedat
thelink betweerasoftwaredevelopmenbrganizatiorandasoftwaresupport
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organization.This link did turn out to be importantin the caseof organiza-
tion B. The questionis whetherthe IT ServiceCMM needso be extended
to coverthis, andif so,how.

10.3 Conclusions

Both assessmemtasestudiesdescribedn this chaptemwereaimedat gettingprac-

tical experiencewith applyingtheIT ServiceCMM andthe accompaying ques-
tionnairein processassessmentd houghthe first casestudywaslesssuccessful
thanthe secondone, we feel thatthe usageof the IT ServiceCMM in thesesit-

uationswas appropriate. Especiallythe key processareasServiceCommitment
Managemenand Event Managemengive insightin the capabilityof the organi-

zationswith respecto the translationof customerserviceexpectationsn service
level agreementsind the managemenodf the communicatiorbetweencustomer
andserviceprovider. Thesetwo casestudiesstrengtherour confidencehatthese
processehlave rightfully beenincludedin thelT ServiceCMM.



Chapter 11

Conclusions

In this chapterwe presentthe conclusionof this thesis. Our researchhasbeen
concernedvith theimprovementof softwaremaintenanc@rocessesin chapterl

we have introducedthe context in which this researcthasbeenperformed,and
we presentedhe researchquestionsand the researchdesign. We distinguished
two perspecties on processmprovement: measurement-baséuprovementand
maturity-basedmprovement. An overvien of the literatureon eachof theseap-

proachesasbeenpresentedn chapter2.

In partl we discussedneasurement-baséaprovementof software mainte-
nanceprocessedVe presentedour casestudiesn whichweinvestigatedheuseof
measuremergrogramsan four softwaremaintenancervironments(chapters3, 4
andb). Basedon theresultsof thefour casestudieswe developeda Measurement
CapabilityMaturity Model, which aimsto capturegheprocesseseededor mature
software measurementThis Measuremen€MM is describedn chapter6. As a
first steptowardsvalidation of the Measuremen€CMM, we comparedour Mea-
suremenCMM with otherguidelinesfor implementingneasuremergrogramsn
chapter7. In orderto facilitatethis comparisonwe developeda simplefour-phase
processnodelof measurement-basg@idocessmprovement. The comparisorre-
vealedthatmostof theguidelinesocusonthe measuremergideof measurement-
basedmprovement.Thereis no consensuen, nordescriptiorof, actvities needed
to successfullysetheresultsof measurememgrogramsThisled usto investigate
‘external’ success$actorsfor measuremermrogramsin additionto thewell-known
internalsuccess$actors.Fromdifferentusesof measurememrogramsve deduced
four externalsuccesgactors.In addition,we provided guidelineswhich could be
usedby organizationdo adhereo theseexternalsucces$actors.

Partll investigatednaturity-basedmprovementof softwaremaintenancero-
cessesln chapter8, we looked at the differencesbetweenservicesandproducts
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in general,andhow theseapply to software maintenancelt wasshowvn thatthe
quality of servicesis judgedon two dimensions:functional and technicalqual-
ity. We presentedhe gapsmodelof servicequality thatexplainshow differences
betweenexpectedand perceved quality comeabout. In addition, we presented
anoverviev of a numberof casestudieswhich wereaimedat testingpart of the
ConcreteKit andKwintesresearclin serviceorganizationsThesetheoreticabnd
practicalexperiencegedto theformulationof anIT servicematuritymodel,which
is presentedn chapter9. We discussedhe objectives of the model, its structure
andthekey procesareast contains Finally, chapterlOpresentedwo casestudies
in which we assessetivo serviceorganizationsagainsthelT ServiceCMM.

In theremainderof this chapterwe revisit the researchguestionsdiscusshe
answergo them,andgive directionsfor possiblefutureresearch.

11.1 Thereseach questionsrevisited

In chapterl we discussedix researclguestionsgdividedinto two researchssues,
thatformedthe basisof the researctpresentedn this thesis. With respecto the
firstissue— the usageof measuremerfor theimprovementof IT servicesandIT
serviceprocesses we posedhreequestions:

1. How tointroducemeasuremerih anlT serviceorganizationAVhatarethe
necessargtepsto setup ameasuremergrogramandin which ordershould
they be performed?

2. Whatarethe prerequisiteshat needto be satisfiedin orderto improve the
likelihoodof succes®f the measuremergrogram?

3. Whatis — or what shouldbe — the relation betweenmeasuremerdind the
maturityof thelT serviceorganization?

We limited our researchby looking specificallyat software maintenances one

typeof IT service.Furthermorewe limited the possiblemeasuremerdpplications

to theplanningandestimationof softwaremaintenanceffort.
Thesecondesearclissuewasconcretizednto thefollowing threequestions:

1. Whatargumentscanwe supplyto supportthe notionof IT serviceprocess
maturity?

2. How shouldmaturel T serviceorganizationdook? Which processeshould
amatureserviceproviderimplement?

3. How canwe usethe conceptof IT serviceprocessmaturity in practiceto
supporttheimprovementof IT serviceproviders?
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Again, we lookedat softwaremaintenancasonepossibldT serviceto reduce
thecompleity of theresearch.

11.2 Measurement-basedmprovement

In thefollowing threeparagraphsve discusghethreemeasuremenesearclyues-
tions.

11.2.1 How to implement measuementprograms?

We have conductedour measuremergrogramcasestudiesto investigatethefirst
of the three measurement-basedprovementresearchquestions. The lessons
learnedfrom thesefour measuremerirogramcasestudieshave beenusedto de-
velop a maturity modelfor software measuremerprocessesThis Measurement
CMM providesan orderedsetof measurementrocesseshat,in our opinion, al-
lows organizationsto assesgheir own measurementaturity and that provides
directionsfor theimprovementof anorganizatiors measuremergrocesses.

We have taken a first steptowardsvalidationby comparingour measurement
maturity modelswith otherguidelinesfor implementingmeasuremengrograms.
In orderto facilitate this comparisonwe developeda simple four-phaseprocess
model of measurement-basqrocessimprovement. Next, we mappedthe ac-
tivities of several measuremenprogramguidelines,including our Measurement
CMM, ontotheprocessnodel.

Fromthis comparisorwe drew threeconclusions:

¢ thereis quite someconsensusn the basicactiities neededo successfully
implementmeasuremergrogramsput,

e at the sametime, differentframevorks emphasizevidely differentaspects
of measuremergrogramimplementationand,

o thereis almostno consensusn, nor descriptionof, actiities neededo suc-
cessfullyusetheresultsfrom measuremergrograms.

11.2.2 Prerequisitesfor successfumeasuementprograms

The comparisorof our Measuremen€MM with otherrelatedwork led usto in-

vestigateexternal’ succesgactorsfor measurememrograms,n additionto the
well-knowvn internalsucces$actors.Fromdifferentusesof measurememgrograms
we have deducedour externalsuccessgactors:
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case 4 case 2

Improvement Measurement

case 3 case 1

Figurell.1: Weakpointsof thefour measuremerirogramcasestudies

1. The variousassumptionginderlyingthe measuremenprogramshouldbe
madeexplicit. It shouldbedecidedf andwhentheseassumptionaretested.

2. Different outcomescan resultfrom a measuremenprogram. An organi-
zationshouldconsiderall possible- negative and positive — outcomesand
decidehow to actonthem.

3. Theorganizationshouldactaccordingto the outcomesf the measurement
program,in orderto reachthe goalssetor solwe the problemsdentified.

4. Theorganizatiorshouldmonitorthechangesmplementedin orderto verify
thatthesechangesndeedconstituteanimprovementfor the organization.

In addition,we have provided guidelineswhich couldbe usedby organizationdo
adhereo theseexternalsuccessactors.

Thecombinatiorof thewell-known ‘internal’ succes$actorsandour four ‘ex-
ternal’ succesgactorscoversall four phaseof the measurement-baséuprove-
ment processmodelintroducedin chapter7. Hence,thesetwo setsof success
factorsgive an answerto the secondresearchquestion: ‘what are the prerequi-
sitesthat needto be satisfiedin orderto improve the likelihoodof succes®f the
measuremergrogram?”’

To illustrate this, figure 11.1 shavs the main weak point of eachof the four
measuremenprogramcases. We seethat the biggestfailure factor of the first
casewasthe lack of a rigorousimplementatiorof the measuremenrogram(an
internalsuccessactor). Thewealestpointof casewo wasthelack of validationof
the maintenancéunction point modelused(alsoaninternalsuccess$actor). The
third casemainly failed dueto a lack of follow-up (an external succesgactor).
Finally, the biggestweaknessf casefour wasthefactthata big assumptionmade
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— processvariationis not an issue— was not madeexplicit, and was not tested
(againanexternalsucces$actor).

11.2.3 Therelationship betweenmeasuementand processmaturity

Thelastof thethreequestionsoncerngherelationshipbetweerprocessnaturity
andthe succes®f measurementrograms.We have found someindicationsthat
a more matureorganizationhasa betterpossibility of a successfumeasurement
program. However, thereis no solid evidence. Moreover, we did not formally
determinethe maturity of the four organizationsnvolvedin the measuremeryro-
gramcasestudies Whatwe do obsereis:

¢ Measuremenprogramcaseghreeandfour weresetup very similarly. How-
ever, the explanatorypower of the datagatheredn casethreewas much
biggerthanin casefour. Sincethemeasuremengrogramsarepracticallythe
same the causeof this effect mustlie in the organizations We suspecthat
organizatiorthreehada morematuresoftwaremaintenanc@rocesshanor-
ganizationfour. The procesdn organizationfour dependechearily on the
individual engineedoingthe maintenancevork.

e TheEricssondepartmentiescribedn section7.2wasassessedtlevel three
of the Software CMM in 1995. Its measuremerprogramis part of its ef-
fort to reachlevel four. The measuremenprogramis quite successfuin
supportinghe organizationaboalsof controllingits softwareprocess.

Thereseemsto be a relationshipbetweenthe maturity of the software process
andthe succes®f the measuremenrogram. However, thesefew datapointsare
not compellingevidence. Moreover, the ‘correlation’ betweensoftware process
maturity and measuremengrogramsuccesgould very well be causedy a third
factor for examplethe culture of an organization. Whethera causalrelationship
exists,andif so,whatthesizeof theeffectis, remainsanopenquestion.

11.3 Maturity-based impr ovement

In this sectionwe discussthe three maturity-basedmprovementresearchgues-
tions.
11.3.1 Thenotion of IT sewice procesgnaturity

Thefirst of threeresearchguestionsconcernedhe conceptof IT serviceprocess
maturity In chapter8 we discussedhe conceptsof servicesand products,and
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we appliedwork from the servicemarketing literatureto the software engineer

ing domain,specificallyto softwaremaintenanceStartingfrom the agumentthat
the quality of serviceis judgeddifferently from the quality of products,we pro-

vided agumentsfor the conjecturethat, becauseof thesedifferences software
maintenancerganizationsieeddifferentprocesses producehigh quality results
thansoftware developmentorganizationsieed. We describedsereral casestudies
to indicatewhat typesof processeshat could be. Theseprocessesre aimedat

supportingthe functional quality of the servicesdelivered,and at narraving the

organizationagapsthatcausealifferencesetweerthe servicequality asexpected
by the customelandasperceved by the customer

We focusedespeciallyon software maintenances onetype of IT servicein
chapter8. Hence the amgumentgyivenleadto the conclusiornthatif we view soft-
waremaintenancéom a serviceperspectie, otherprocesseareneededor high
maturity software maintenancerganizationghanthoseprovided by the Software
CMM. Or putdifferently highprocessnaturitymeanglifferentthingsfor software
developmentandsoftware maintenancerganizations.

We have notby ary meangroventhatthenotionof IT serviceprocessnaturity
exists. However, we have arguedthat,if we accepthatprocessnaturityis auseful
notionto supportprocessmprovementactiities, thenthe processeseededor a
highmaturitylT serviceprovideraredifferentfrom the processeseededor ahigh
maturity softwaredeveloper

11.3.2 MaturelT sewiceprocesses

In chapterd we describedheIT ServiceCapabilityMaturity Model. ThisIT Ser
vice CMM was designedto capturethe issuesdescribedn chapter8. The IT
ServiceCMM includesthefour processeglentifiedin chapte8 thatorganizations
canapplyto helpclosethefour servicegaps.

11.3.3 IT sewice processmaturity applied

We took somefirst stepsin applyingtheIT ServiceCMM in practiceby doingtwo
casestudiesin whichtheIT ServiceCMM wasusedasa referencdramework for
processassessment.

11.4 Futurework

It is clearthatquite somework describedn this thesiscannotbe consideredo be
completelyfinished. In part! we proposeca MeasuremenCMM to describethe
processeseededor successfusoftware measurementThis modelhasnot been
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specifiedasdetailedaswe would like. Furthermorejn orderto shav the merits
of suchamodel,we needto validateit further In chapter7, we have dervedfour
externalmeasuremergrogramsuccess$actorsandactvities thatorganizationgan
useto adhereto thesesuccesgactors. It remainsto be shavn thattheseexternal
succes$actorsareindeedstrictly necessarfor asuccessfuneasuremenmrogram,
I.e. thatif anorganizationdoesnot adherehesesuccess$actors,the measurement
programwill indeedfail.

In partll we looked at maturity-basedmprovementfor software maintenance
organizations.We arguedthat software maintenanceshouldbe seenasa service.
Startingfrom that perspectie, we suggestedhat differentprocessesire needed
for high quality softwaremaintenanceT his agumentis difficult to prove directly.
However, we have capturedtheseprocessein a IT ServiceCapability Maturity
Model. By demonstratinghefeasibility of this model,we cansupplyextra support
for the softwaremaintenance-as-a-sare perspectie.

To summarizetwo majoropenguestiongemain:

o We have amuedthat seseral externalsuccesgactorsexist for measurement
programs. Theseneedto be shavn to be necessaryactorsfor successful
measuremergrograms.

o Weamuedthatsoftwaremaintenancehouldbeconsidere@service.Conse-
quently thisleadsto differentprocessethatarekey for high quality software
maintenanceWe have capturedtheseprocessei a maturity model. The
validity of this modelremaingo bedetermined.
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Samervatting

Perspectiaren op het verbeteren van software onderhoud

Dit proefschriftbehandeleengedeeltevan hetonderzoelgedaartijdensde pro-
jectenConcreteKit enKwintes. Dezeprojecterhadderalsdoelom:

e kwantitatief,objectiefen fundamenteeinzicht te verkrijgenin de kwaliteit
vanonderhoudcnbeheervanIT produktengnom

o methodentechnielen entoolste ontwikkelendie hetonderhoucen beheer
vanIT producterondersteunen.

In dit proefschriftbehandelerwe twee van de vier binnende projectenbehan-
deldeonderzoeksgebied, namelijk (1) het gebruik van metingenen meetpro-
grammas ter ondersteuningen verbeteringvan IT beheeren onderhoud- meet-
gebaseerderbeterenen (2) het conceptvolwassenheidian IT diensterleners’
— volwassenheids-gakeerd verbeteren.Om het onderzoekbeterhanteerbaate
malken is gelkozenvoor de dienstsoftware onderhoudals specifiekaandachtsge-
bied.

In deell vandit proefschriftwordt het eersteonderzoeksgebieblehandeld-
meet-gebaseentkrbeteren We analyserereenviertal meetprogramma’die zijn
gemplementeerdn vier software onderhoucdbrganisaties. Tweevan dezemeet-
programmas zijn door de betrefendeorganisatiexelf ingericht,de tweeandere
zZijn metbehulpvan afstudeerderspgezet.We zien dat de meetprogramma’in
succevarierenvanzeeronsuccesM tot successl. We denlendathetsucces/an
eenmeetprogramman iedergeval gedeeltelijkis te verklarenaande handvande
kwaliteit van de meetprocessedie de organisatieheeftingericht. In hoofdstuk6
ontwikkelenwe eenvolwassenheidsmodeiat beschrijftwelke processemenor-
ganisatiezou moeteninrichtenom beterte wordenin hetmetenvanhaarsoftware
ensoftwareprocessenAls eerstestaprichting validatievandatmodelvergelijken
we in hoofdstuk7 hetmodelmetanderditeratuurdie richtlijnen geeftop hetge-
biedvanhetimplementereranmeetprogramma. Omdezevemelijking mogelijk

201



202 Samenatting

te maken ontwikkelenwe eenabstractmodelvan het procesvan meet-gebaseerd
verbeterenWe gebruilen dit abstractenodelom de verschillendeichtlijnen met
elkaarte vemgelijken. Hieruit concluderernwe dater consensubestaabver de ba-
sisvereistenvoor meetprogramma, maardater buitendie basisgeenovereenstem-
ming is, en dater nauwelijksrichtlijnen wordengegeven voor het daadwerklijk
gebruikenvandemeetggevensvoor hettot standbrengenvanverbeteringern de
organisatie.Dit betelent dater, naastde gebruilelijke ‘interne’ succesdctoren—
watmoeter gergeldzijn omgoedte kunnenmeten- ook ‘externe’succesdctoren
VOOr meetprogramma’zijn — wat moeter gergyeld zijn om de meetggevenstoe
te passewoorverbeteringUit deverschillendesituatiesvaarinmeetprogramma’
wordeningezeteidenwe vier externesuccesdctorermaf. Tevensgevenwe aanhoe
die succesdctorendoororganisatiezouderkunnenwordenvervuld.

Deel Il behandelhet tweedeonderzoeksgebied volwassenheids-gakeed
verbeterenWe baginnenin hoofdstuk8 meteenvemgelijking vandiensteren pro-
duktenin hetalgemeenenhoedit vantoepassings op softwareonderhouansoft-
wareontwikkeling. We latenzienhoeklantende kwaliteit vandiensterbeoordelen
aandehandvantweedimensiesdefunctioneleendetechnisch&waliteit. We ge-
bruiken het ‘gaps-model’van servicekwaliteit om te verklarenhoe het verschil
tussenverwachtingenen perceptievan de ontvangendienstkan ontstaan. Daar
naastbeschrijen we eenaantalcasestudiestijdens welke deelresultatevan de
ConcreteKit en Kwintes projectenwerdengetest. Dezetheoretischeen praktis-
cheoverwaggingenhebbengeleidtot hetformulerenvan eenvolwassenheidsgroe
modelvoor IT diensterleners|T ServiceCapabilityMaturity Model (IT Service
CMM) genaamd.In hoofdstuk9 zijn hetdoelvan dit model,de structuuren de
processebheschreen. In hoofdstukl0 beschrijenwe eentweetalcasestudiedij-
denswelke hetIT ServiceCMM is toggepasbij hetbeoordelerenverbeterervan
deprocessenantweelT diensterleners.

Hetlaatstenoofdstukvandit proefschriftoehandeltlein hoofdstukl opgestel-
deonderzoeksvragenrelateerderesultaterzoalsbeschreenin deoverigehoofd-
stukken aande onderzoeksvrageen geeftrichtingenvoor mogelijk toekomstig
onderzoek.
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