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Abstract

Many organizationsare usingmeasuementasa means
to improve their softwae developmentand maintenance
processesA reasonableonsensublasbheenreadedabout
themainsuccessactors for measuementprograms. How-
ever, no compehensivapproacd hassofar beenpublished
for theprocessethat needto bein placeto ensue effective
and efficient measuement.\\e proposea capability matu-
rity modelfor measuementhat canbe usedto bothassess
the measuementcapability of softwae organizationsand
to identify directionsfor improvemenbf their measuement
capability

This‘Measuement-CMMoriginatesfromour effortsto
establishmeasuementprogramsin a variety of settings.
Theseefforts had mixedresults,and our analysisthereof
showedwidely differentmeasuementcapabilitiesamongst
the organizationsnvolved. A measuementmaturity scale
similar to that of the Softwae-CMM allowedusto explain
manyof the differencesobserved At the sametime it sug-
gestswaysto improveonthis.

1. Intr oduction

One of the first major publicationson the topic of
measuremenprogramswas the 1987 book by Gradyand
Caswell[6]. Sincethen,mary reportshave beenpublished
on the useof software measuremenb measurecomple-
ity, reducefaults,improve quality andimprove processes.
Accordingto FentonandPfleayer: ‘Softwaremeasurement,
onceanobscureandesotericspecialtyhashecomesssential
to goodsoftwareengineering.[5].

In this paperwe wantto discussthe organizationakide
of software measurement.More specifically we want to
addresshefollowing questions:

¢ How to introducemeasuremenin a software orga-
nization? What are the necessarytepsto setup a
measuremenmgrogramandin whichordershouldthey
be performed?How canexisting measurementro-
gramsbeenhanced?

¢ What are the prerequisiteghat needto be satisfied
beforewe cansetup a measuremergrogramor take
certainstepsto improve the program?

e Whatis — or what shouldbe — the relationbetween
measuremenand the maturity of the software pro-
cess?

In the pasttwo yearswe have establishedneasurement
programsn a variety of settings. Theseefforts had mixed
results. An analysisthereofshaved that the participating
organizationshad widely differentmeasurementapabili-
ties. A measuremenhaturity modelakin to the Capability
Maturity Modet, (CMM) [12] allowed usto explain mary
of thedifference®bsened,andprovideduswith initial an-
swersto theabove questions.

Four casestudiesof softwaremeasuremeraredescribed
in thenext section.In section3, welook attheliteratureper
tainingto the successfuintroductionof measuremerro-
gramsin organizations. Section4 describesour proposal
for ameasuremenrtapabilitymaturitymodelasa meansof
structuringthe introductionand enhancementf software
measuremerin organizations.Finally, section5 presents
our conclusionandgivesindicationsfor furtherresearch.

2.Casestudies

Since 1995 we have beeninvolved in a projectaimed
at improving the quality of IT servicessuchasIT infras-
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tructuremanagementsoftware maintenanceand exploita-
tion of informationsystems.The researcHocuseson im-
proving the state-of-the-anvith respecto themanagement
of ServiceLevel AgreementgSLAS) betweenIT service
providersandtheir clients[17]. ServiceLevel Agreements
include performanceindicatorsof various kinds that to-
getherspecifythe servicethatis to be delivered. Measure-
mentplaysanimportantrole in this context:

1. Measuremenf theservicelevelsis neededo report
thequality of thedeliveredserviceto the customer

2. The serviceprovider needsmeasuremernb gainin-
sightin hisown abilitiesto beableto draw uprealistic
SLAs.

3. The serviceprovider needsmeasuremerto identify
possibleareasfor improvementand track the im-
provementprocess.

To investigatetheseroles of measurementye established
measuremenprogramsin various software maintenance
settingswith mixedresults.Theernvironmentsn whichwe
implementedca measuremerirogramcanbe characterized
asfollows:

A. This organizationis a businessunit of a major Dutch
software house. It maintainsand operatesnformation
systemdor severalsmallandlarge customersin 1994,
a questionnairavas developedto gatherprojectinfor-
mationin orderto supportthe bidding procesdor new
projectsandnew ServicelLevel Agreements.

Estimatesvereto bederivedusinganexperimentatool
developedin the courseof an ESPRIT project. There
wasvery little knowledgeof thetool andtheunderlying
statisticswithin the businesaunit. The unit hadunder
goneseveral reolganizationsn the last few years,and
was still very muchin a stateof flux. The accurag
of the datagatheredwas, at best,mixed. Quite a few
entrieswereleft blank. Quite a few also suspiciously
looked like guesstimates.The questiongposedsome-
times asled for a subjectve answey and were some-
timesambiguous.

B. OrganizatiorB maintainsandsupportsalargefinancial
administratve information systemfor one of the min-
istries of the Dutch government. Here, maintenance
functionpoints—avariantof thestandardhlbrechtfunc-
tion points— are usedto supportnegotiationsbetween
the usersandthe maintainersaboutchangego the sys-
tem[11].

This seemedlike a measurement-wis@rganization.
Therewere detailedguidelinesasto how andwhatto
measure.The measuremerprocesswvas strongly sup-
portedby managemengverybodyknew whatthemea-
surementsvere usedfor. There were clearly visible

piechartdllustrating variousperformancendicatorson
thedoorof themanages office.

C. OrganizationC is the IT departmenbdf a large organi-
zation,responsibldor carryingoutthe Dutchsocialse-
curity system.The measurementseredoneat threeof
the so-calledproductteams,which are teamsof about
15engineerseachteambeingresponsibldor themain-
tenanceof a numberof informationsystems.The goal
of the measuremenprogramwastwofold: to gainin-
sightinto thecostdriversfor changeequestandto gain
practicalexperiencewith theintroductionof ameasure-
mentprogram.

This is alsoan organizationin flux. It is partof alarge
organizationthat hasbeensplit up and gonecommer
cial. The peoplestill have to get accustomedo their
new role: from being an internal maintenancelepart-
mentto beinga commercialserviceprovider. The set-
ting up of a measuremenprogramaswell as collect-
ing dataandanalyzingthemweredoneby anMSc stu-
dentaspartof his graduatiorproject. Participantswere
willing to help, but their attentioneasilyslipped. Man-
agemens goalswere primarily aimedat establishinga
soundorganizationandtaking measurementsassup-
portedinsofarthis helpedto reachthe primarygoals.

D. The final organizationis the IT departmenbf a large
Dutchindustrialorganization. The measurement®ok
placeat two departmentsresponsiblefor the mainte-
nanceof several administratve systemsand process-
controlsystemsThegoalof thismeasuremergrogram
wasidenticalto thegoalof organizatiorC. Asin organi-
zationC, the settingup of the measuremergrogramas
well asthecollectionandanalysisof datawasdoneby a
(different)MSc studentaspartof agraduatiomproject.

This organizationis a stableorganization. Its primary
processconcernghe productionof steel. For eachin-
formationsystemthereis anintermediarybetweerthe
client andthe maintenancelepartment.This interme-
diary is locatedat the client site. He is responsibldor
the phrasingof changerequestsHe s in directcontact
with the programmer(sin themaintenanceepartment.
The amountof analysisand designdone at the client
sidevariespersystem.Budgetsareallocatedobersystem
peryear Thereis somepressurdrom the client sideto
make maintenanceostsmorevisible”. The measure-
mentprogramwasstartedoecausef this pressure.

The measuremergrogramat organizationA canbede-
notedasafailure,whereaghe measuremergrogramat or-
ganizationB is a success.The measuremenprogramsin
organization<C andD aresuccessfulo a certainextent,but
arenotyetsolidly embeddedh theorganizationsTheques-



Incrementalmplementation

Well-plannedmetricsframeavork

Useof existing metricsmaterials

Involvementof developersduringimplementation
Measuremenprocesgsransparento developers

Usefulnes®f metricsdata
Feedbaclko developers

Ensurethatdatais seento have integrity
Measuremendlatais usedandseernto beused
Commitmentrom projectmanagersecured
Useautomatedlatacollectiontools
Constantlyimproving the measuremengrogram
Internalmetricschampionsisedto manageheprogram

Useof externalmetricsgurus

Provision of trainingfor practitioners

Table 1. Success factor s (taken from [8])

tion is: whatcauseghesedifferencesandhow canthey be
overcome?

3. Enhancing MeasurementCapability

Severalauthorshave identified succesdactorsfor mea-
suremenfprograms,e.g. [8, 9, 16]. After studyingother
researcton measurementjlall andFenton[8] identifieda
consensusn requirementgor measuremerjprogramsuc-
cess.Tablel displaysthosesucces$actors.

However, thesesuccessactorsdo not provide organiza-
tionswith aclearcutpathonhow to introducemeasurement
into theirorganizationj.e. which stepseedo betakenfirst
andwhich processeseedto bein place.lt seemslogical
stepto try to developa measuremerimprovementmethod
basedon theseconsensusuccesdactors. Before we go
deeperinto this, we first take a look at the role measure-
mentplaysin softwareprocessmprovementmethods.

With respectto software processimprovement,differ-
entapproachesxist, mostnotablythe Software Capability
Maturity Model (S-CMM) [2, 12, 13]. Otherimprovement
paradigmsfor software are largely basedon the S-CMM,
including the BOOTSTRAP approacH?7, 10] andthe ini-
tiative to develop a suite of standardgor software process
assessmerdnd improvement(SPICE)[4]. Eachof these
improvementmodelsincludesmeasuremerasa meansto
helpimproving the softwareprocessHowever, thesemeth-
odsdo not prescribehow the measuremergrocessethem-
seles shouldbe implemented.For example,the S-CMM
doesprescribethatin all key processaareasmeasurements
shouldbetakento determinghestatusof theactvities. But
only onlevel 4, measuremernis explicitly dealtwith by the
key processareaQuantitatve ProcessvianagementSince
the S-CMM is concernedvith the software processmea-

surementis only coveredinsofar it directly dealswith im-
proving the softwareprocess.Theissueof introducingand
improving measuremerprocessess beyond the scopeof
the S-CMM proper

Onthesubjectof therelationbetweemrmeasuremerand
softwareprocessmprovementPfleeggerandMcGowan[15]
recommendhe collectionof differentmeasureslepending
on the organizations maturity level. Seetable2. In [14],
Pflegerpresents combinationabpproacho measurement
programsusingthe Goal-Question-Metriparadigm[1] to
derive goalsto be metand questionsto be answeredand
the S-CMM to decidewhatcanbe measured-i.e. whatis
visible. As the processnatures visibility increaseanda
morecomprehensie setof metricscanbe measured.

Noneof thesesourcegivesa structuredhathto enhance
measuementcapability. The succesdactorsfor software
measurementshoughhighly useful,do not differ all that
much from the hit list for software reuse,formal specifi-
cations,or ary major organizationathangerelatingto the
softwareprocessThey give premisegor successnotroads
to getthere.In asimilarway, Pflegger'swork [14, 15] gives
insightinto which measureganbe collectedat which ma-
turity level. It doesnothelpusto improvethemeasurement
processtself. Our Measurement-CMMs intendedto fill
thatgap.

4. The M-CMM

In this sectionwe describethe proposedvieasurement
CapabilityMaturity Model. First, the objectvesof the M-
CMM arelaid out. Next, thematuritylevelsof theM-CMM
aredescribed Sectiord.3toucheonthekey processareas
andfinally section4.4 describeghe relation betweenthe
Measurement-CMMndothermaturitymodels.



Level Measures

5. Optimizing: improvementfed backto process| processandfeedback
for changingprocess

4. Managedmeasureghrocesgquantitatve) processandfeedback
for control

3. Defined:processiefined,nstitutionalized product

2. Repeatableprocesslependentnindividual | project

1. Initial: adhoc baseline

Table 2. Process maturity related to measures (adapted from [15])

4.1 Primary objectivesof the M-CMM

Thegoalof the M-CMM is twofold:

1. to enableorganizationsto assesgheir cababilities
with respectto both software and software process
measuremengnd,

2. to provide organizationgvith directionsandstepsfor
furtherimprovementf theirmeasuremergapability

The M-CMM doesthis by measuringhe measurementa-
pability maturity on a five level ordinal scaleand by pre-
scribingprocesseshat have to be in placein orderfor an
organizatiorto resideonthatlevel. Thisis roughlythesame
framewvork asusedn theSoftware-CMM|2], orthePeople-
CMM [3].

We define measuementcapability as ‘the extent to
which an organizationis ableto take relevant measure®f
its productsprocesseandresourcedn acosteffective way
resultingin informationneededo reachits businesgoals.

An organizationthat scoreshigh on the M-CMM scale
will beableto:

e gatherrelevant information about its own perfor
mancewith respecto its longandshorttermbusiness
goals;

e continueto collect the relevant information when
either the organization itself or its ervironment
changes;

¢ dosoin acosteffective way by reducingthe number
of collectedmeasuresr by usingautomateaneasure
collectionwhenpossible;

e provide an ervironmentin which both management
and staf are corvinced of the usefulnessof mea-
suremenand,moreover, arecontinuouslybeingcon-
vincedby themeasurethemseles.

Note that the businessgoalsthemseles are not part of
themodel,they areinputto the model. Measuremengoals
are derived from the businessgoals. Organizationswith

a higher measurementapability are better able to mea-
suretheright measure orderto helpreachtheir business
goals.

Also note that measurementapability addresseghe
ability of organizationto measurgrocessegroductsand
resourcesasis. Improvementof the software processor
productsis not part of the M-CMM, thoughhigher visi-
bility (i.e. maturity) offers more opportunitiesto measure,
see[15]. For example,let us supposédhatan organization
wantsto know how muchtime it spendson testing,but the
organizationdoesnot follow a defineddevelopmentcycle
in whichit is clearwhenthetestingphasestartsandwhenit
ends.In sucha casethe organizationcannotexpectto take
valid measurementsf time spenton testingwithout clearly
specifyingwhat is meantby testingand without making
sure everyoneis working accordingto that specification.
Similarly, implementinga configurationmanagemensys-
temto ensurethatsoftwarecomponentareuniquelyiden-
tifiable is not part of the M-CMM. While thesesoftware
processimprovementsdo improve visibility of the soft-
ware processthey do not improve measuementcapabil-
ity. Moreover, they arealreadypartof softwareprocessm-
provementsnethodssuchasthe Software-CMM.

4.2 The maturity levelsof the M-CMM

The maturity levels for the Measurement-CMMare de-
fined similarly to those of the other capability maturity
models. This meansthat on level 1 — initial — thereare
no key processareasdefined. In essencelevel 1 is the
level on which all organizationsresidethat have no key
processareasimplemented. On level 2 — the repeatable
level — organizationhave basicmeasuremeryirocesse
place,which meansthey areableto collect measuresiur-
ing projects.Measuresreprobablynot comparablecross
projects, since eachproject potentially hasits own mea-
suremengoalsand definesits own measures.On level 3
— the definedlevel — this problemis solved, becausdhe
organizationstandardizefs measuremergrocessandde-
terminesa basic set of measureghat eachproject hasto
collect. Also, anorganizationwide measuremerdatabase



is createdwhich containsall historic projectdata. Level 4
is the managedevel, meaningthatthe organizationwill be
ableto assesthecostsof differentmeasuresTechnologyis
beingusedto makethemeasuremergrocessnoreefficient.
Finally, atlevel 5—theoptimizinglevel —theorganizatioris
ensuringhatmeasuremergrocessearenotonly efficient,
but also effective. Measuresareregularly judgedon their
meritsand measuremenprocesseareadjustedvhennec-
essanyto reflectchangesn the measuremergnvironment.

Moreformally, we definethe M-CMM maturitylevelsas
follows:

1. Initial : The organizationhas no definedmeasure-
mentprocessesew measurearegatheredmeasure-
mentthattakesplaceis solelytheresultof actionsof
individuals.

2. Repeatable Basic measuremenprocessesre in
placeto establishmeasuremengoals, specify mea-
suresandmeasuremergrotocolscollectandanalyse
themeasuresindprovide feedbacko softwareengi-
neersandmanagementThe necessaryneasurement
disciplineis presento consistentlyobtainmeasures.

3. Defined The measuremenprocesss documented,
standardizedandintegratedin the standardsoftware
proces®f theorganization All projectsuseatailored
versionof the organization$ standardneasurement
process.

4. Managed The measuremenprocessis quantita-
tively understood. The costsin termsof effort and
mone are known. Measuremenprocessesare effi-
cient.

5. Optimizing: Measurementsare constantly moni-
toredwith respecto their effectivenessandchanged
wherenecessaryMeasuremengoalsaresetin antic-
ipationof changesn theorganizatioror theerviron-
mentof theorganization.

4.3 The key processareasof the M-CMM

For anorganizatiorto reacha certainlevel otherthanthe
firstlevel, certainprocessesaeedto bein place.Thesepro-
cesse@regroupedin key processareaswherekey merely
meanghattherecould be more— non-key — processedyut
thatthosenon-key processeslo not needto bein placeto
reacha certainmaturity level. An organizationcan only
reacha certainmaturity level whenit hasimplementedall
key processareador thatlevel.

Below we presenthekey procesareador theM-CMM.
Note that eachof thesekey processareasshouldbe de-
scribedmorethoroughlyin termsof goalsandcommorfea-
tures(commonfeaturedefinethe activities performedand

theactvities neededo institutionalizethe processse€[2]).
For reasonof spacewe only specifythe purposeof each
key processrea:

1. Initial: nokey processareas.
2. Repeatable:

(a) MeasurementDesign: Measurementgoals,
measureandmeasuremergrotocolsareestab-
lished accordingto a documentedprocedure,
andgoals,measureandprotocolsarekeptcon-
sistentwith eachother Measuremenprotocols
aremanageandcontrolled.

(b) MeasureCollection:Measuresrecollectedac-
cordingto the measuremergrotocol.

(c) MeasureAnalysis: The collectedmeasuresire
analyzedvith respectothemeasuremergoals.

(d) MeasurementFeedback: The measurement
goals,the measuremerrotocols the collected
measuresand the results of the analysisare
made available to the peopleinvolved in the
measuremergrocess.

3. Defined:

(a) Organization MeasurementFocus: Software
measuremenactiities are coordinatedacross
the organization. Strengthsand weaknessesf
the measuremerpirocessareidentifiedandre-
latedto the standardneasuremergrocess.

(b) OrganizationMeasuremenbesign:A standard
measuremergrocessgor theorganizatioris de-
velopedand maintainedand information with
respecto the useof the standardmeasurement
processs collected,reviewed and madeavail-
able.

(c) Organization Measure Database: Collected
measuresare stored in an organization-wide
databas@ndmadeavailable.

(d) TrainingProgram:Peopleareprovidedwith the
skills and knowledge neededto perform their
roles.

4. Managed:

(a) Measuremen€ostManagementThe costsof
measuremendre knowvn and usedto guidethe
MeasuremeriDesignProcesandtheOrganiza-
tion Measuremenbesignprocess.

(b) TechnologySelection:Theinformationof mea-
surementcostsis usedto chooseand evaluate
technologysupportfor the measuremenpro-
cess.
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Measurement Design
Measure Collection
Measure Analysis

Measurement Feedback

Measurement Cost Management
Technology Selection

Measurement Change Management

Organization Measurement Focus Product
Organization Measurement Design Organization Process Definition
Organization Measure Database Process
Training Program Resources

Configuration Management

Peer Reviews

"~ People CMM

Figure 1. The M-CMM linked with other CMMs

5. Optimizing:

(a) Measuremen€hangeManagementThe mea-
surementcapability is constantly being im-
proved by monitoring the measuremenpro-
cesseand by anticipatingchangesn the soft-
wareprocessr its ervironment.

The M-CMM maturity levelstogethemwith the key pro-
cessareasprovide organizationswith both a measurement
scalealongwhich they canassessheir measuremertapa-
bility, anddirectionsfor futureimprovements.

4.4 M-CMM and other capability maturity models

As mentionedin section4.1, the Measurement-CMM
doesnot prescribeheimprovementof processestherthan
measuremermirocessesTheimprovementof softwarepro-
cessess coveredby the Software-CMM. The two models
arelinkedby the processegroductsandresourceshatare
subjectto measuremerdn theonehand,andarepartof the
softwareprocess- andthuscoveredby the Software-CMM
—ontheotherhand.Thesamegoesfor therelationshipbe-
tweentheM-CMM andthePeople-CMM We canvisualize
thisasin figurel1.

We can seethat an organizationthat hasreachedevel
2 of the Software-CMM is ableto take detailedmeasures
about software componentghat are under configuration
managementOn the otherhand,if the organizationdoes
not have a standardsoftwareprocessit will be difficult — if
notimpossible-to measurehe durationof softwareactiv-
ities, sincethey have notbeenstandardizedSee[14, 15].

We obsene that an organizationthat wantsto increase
theknowledgeaboutandinsightsinto its own softwarepro-

cessesneedsto advanceon both the S-CMM andthe M-
CMM ladder

5. Conclusionsand futur ereseach

If weapplytheMeasurementapabilityMaturity Model
to the ervironmentsdiscussedn section2, we obsene the
following:

¢ OrganizationA is atlevel 1. Noneof thekey process
areasof level 2 hasbeenfully implemented.The at-
temptto build anorganization-widegrojectdatabase
clearlywasabridgetoofar. Ourcurrentattempt<on-
centrateon improving the measurementlesignand
collectionprocessareas.

¢ OrganizationB is atlevel 2. Sincethe organization
is concernedvith oneprojectonly, oneis temptedo
concludethatit is at level 3 aswell. However, cur
rent measurementare usedfor one goal only, viz.
estimatethe sizeof changesWhenwe tried to relate
thesesize datato otherresourceand productchar
acteristicswe encountereadonsiderabldaifficulties.
Clearly, processareassuchasOrganizatiorMeasure-
mentFocusand OrganisationMeasureDatabaseare
notfully developedyet. Ournext stepis toimplement
these.

e Both organizationC and organizationD areat level
1. The MSc projectsconcernedll of the processar-
easof level 2. Clearly, noneof theseprocessesre
firmly embeddedwithin the organizationsyet. For
thatreasonthe measuremergrogramis still fragile.



Currentefforts aredirectedat embeddinghe level 2
key processem the organizations.

The Measuremen€apability Maturity Model provides
uswith theinstrumentgo assesshe variouservironments
in which we implementeda measuremernprogram. It al-
lowsusto assigrameasuremersicoreto eachof theorgani-
zations,andexplainsthe succes®r failure of our measure-
mentefforts. It alsoidentifiesareasn whichimprovements
canbesought.

Evidently, the M-CMM needdo befurthervalidated.It
mustbe refinedandtunedto male it a usefulassessment
tool. As notedin section2, our researchs concernedvith
improving the state-of-the-artvith respecto the manage-
mentof ServiceLevel AgreementgSLAS) between T ser
vice providers and their clients. If we are able to deter
mine the measurementapability of the serviceprovider,
we are ableto determinethe level of detail and accurag
to be aimedat whendrawing up an SLA. Suchwill result
in morerealisticSLAs on the shortterm. In the long run,
we will be ableto improve the ServiceLevel Management
processandturnthelT serviceproviderorganizatiorinto a
learningorganization.
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