
A PastryCook’sView onSoftwareMeasurement
�

FrankNiessinkandHansvanVliet

Divisionof MathematicsandComputerScience,Facultyof Sciences,Vrije Universiteit
DeBoelelaan1081,1081HV, Amsterdam,TheNetherlands

Tel: +31204447781,Fax: +31204447653
E-mail:

�
F.Niessink, J.C.van.Vliet � @cs.vu.nl

Abstract

Many frameworksfor implementingsoftwaremeasurementexist, rangingfrom collectionsof success
factorsto maturitygrowth models.Onemayaskto whatextenttheseguidelinesincreasethechanceof
asuccessfulmeasurementprogram.To aid in answeringthisquestion,weintroduceagenericprocess
modelfor measurement-basedimprovement.We usethis modelasa referencemodelto comparea
numberof existing softwaremeasurementimplementationframeworks. Fromtheseassessmentswe
concludethattheguidelinesgivenby theseframeworksprovideaconsiderableamountof supportfor
thebasicactivities neededto implementmeasurementprograms.However, we alsoobserve that the
guidelineshardlyprovide any guidanceto guaranteesuccessfulusage of themeasurementprogram.

1 Intr oduction

Briand,Differding,andRombach[3] statethat ‘Despitesignificantprogressin thelast15 years,im-
plementinga successfulmeasurementprogramfor softwaredevelopmentis still achallengingunder-
taking.’ In this paperwe take a closerlook at differentframeworksin theliteraturefor implementing
measurementprograms.Onemayaskto what extentuseof theseframeworks increasesthe chance
of a successfulmeasurementprogram.Althoughthis questionis difficult to answer, we try to make a
startby investigatingto whatextenttheseguidelines:(1) agreeanddisagreewith eachother, and;(2)
cover differentaspectsof implementingsoftwaremeasurement.

The frameworks for implementingmeasurementprogramswe cover in this paperarequite dif-
ferentin natureandstructure.This makesa straightcomparisonof the frameworks ratherdifficult.
Therefore,we have developedanabstractrepresentationof themeasurementprocess,to beusedasa
referencemodelin thecomparisonof thedifferentframeworksdiscussedin thispaper. This reference
modelis basedon theassumptionthat measurementitself is never a goal,but is alwaysa meansto
reachsomeorganizationalgoal,or to helpsolve anorganizationalproblem.Hence,we alsoassume
thatmeasurementactivitiesarealwaysperformedin combinationwith otheractivitiesneededto solve
theproblemor to reachthegoal;i.e. improvementactivities. Theseimprovementactivitieschangethe
organization,basedontheresultsof themeasurementactivities. Wecall thiscombinationof measure-
mentandimprovementactivities ‘measurement-basedimprovement’.Thereferencemodelpresented
in section2 modelstheseactivities.

�
SoftwareMeasurement– ResearchandPracticeof SoftwareMetrics,ReinerDumke andAlain Abran(ed.),Deutscher

Universitaetsverlag,Wiesbaden,Germany, 1998,pp. 109-126.
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In section3, we shortlydescribefive frameworksfor implementingmeasurementprogramsfrom
theliterature.We show how eachof theseframeworksmapson thereferencemodel. Section4 then
discussesthe differencesandsimilaritiesbetweenthe frameworks. Finally, section5 presentsour
conclusions.

2 Modeling Measurement-basedImpr ovement
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Figure1: A genericprocessmodelfor measurement-basedimprovement

Figure1 displaysa genericprocessmodelfor measurement-basedimprovement.It moreor less
resemblesa ‘pretzel’, a loaf of breadin theform of a looseknot1. Thepretzelconsistsof two parts—
thetwo halves,threeconcepts—theblackdots,andfour steps—thefour arrows.

Thecycle startswith anorganizationalproblemor goal (left blackdot). We do not assumeany-
thingaboutthe‘size’ of theproblemor goal.A problemcouldonly affectonedeveloperor thewhole
organization,in bothcasesthesamestepshave to bepassedthrough.Theorganizationanalysesthe
problem(upperleft arrow), andarrivesatoneor morepossiblecausesof theproblemand/orpossible
solutions(middledot). Theanalysiswill generallybebasedonacombinationof knowledgeaboutthe
own organization,knowledgefrom literature(‘theory’), andcommonsense.Next, the organization
hasto decidewhetherit hassufficient knowledgeto establishthe causeof the problemandcorrect
it, or to reachthe statedgoal. If this is the case,the organizationneednot traversethe right cycle.
In mostcases,however, the organizationneedsto find out which of the possiblecausesis the real
causeof the problem,or which of the possiblesolutionsis the bestsolution. Or, it mayneedextra
informationto implementthesolution.To gatherthis information,theorganizationcandesignanex-
perimentor setupa measurementprogram(lower right arrow). Executingthemeasurementprogram
or experiment(right dot) resultsin thegatheringof data,whichis analyzedandrelatedto theproblem
or solutionat hand(upperright arrow). Finally, the organizationsolvesthe problemor reachesthe
goalby implementingthesolutionsfound(lower left arrow).

Although both the precedingdescriptionandthe arrows in figure 1 suggesta chronologicalse-
quenceof steps,this is not necessarilythecase.Thearrows merelyindicatecausalrelations.Hence,

1Of course,from a mathematicalpoint of view, the figure looks like a lemniscateof Bernoulli. That is, the locusof
points � , suchthatdistance(� ,��� ) � distance(� ,��	 ) 
 (distance(���
����	 )/2)	 , where���
����	 arefixedpointscalledfoci.
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themodeldoesnot prescribea singleloop throughthelemniscate.It is very well possiblefor anor-
ganizationto iteratetheright loopanumberof timesbeforeimplementingasolution.For example,it
maybenecessaryto first implementanexperimentto find thecauseof aproblem,andthenimplement
anotherexperimentto find asuitablesolution.Moreover, organizationsmightalsowantto implement
asolutionandameasurementprogramin parallel,to monitortheimplementationof thesolution.
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Figure2: An exampleof measurement-basedimprovement

Let usillustratethemodelby meansof anexample,seefigure2. Supposeasoftwaremaintenance
organizationhasproblemsplanningthe implementationof changerequests.Often, the implemen-
tation of specificchangerequeststakesmuchmoretime thanplanned,andthe organizationfails to
deliver thechangedsoftwarein time. So,theproblemthis organizationfacesis the inaccurateplan-
ning of changerequests(A). After analyzingtheproblem(1), theorganizationdiscoversthat it does
notknow whichfactorsinfluencethetimeneededto implementchangerequests(B). Theorganization
decidesto investigatethis, anddesigns(2) a short-runningmeasurementprogram(C) to investigate
possiblefactors.After runningthis measurementprogramfor a limited periodof time, thegathered
dataareanalyzed(3). We assumethata numberof factorsarefoundthat influencetheeffort needed
to implementchangerequests(D). Next, a planningprocedureis developedandimplemented(4a) in
which the factorsfoundareusedto plan the changerequests.An accompanying measurementpro-
gram(E) is designed(4b) to gatherthedataneededfor thenew planningprocedureandto monitorthe
accuracy of theplanning(5).

Weconcludethissectionwith a few remarksonthenatureof thepresentedgenericprocessmodel
of measurement-basedimprovement.

First, one could wonderwhetherthis model is prescriptive or descriptive. We assumethat if
softwareorganizationswantto improve their processesor products,andusemeasurementto support
thoseimprovements,they will performtheactivities aswehave describedabove. Thatmeansweuse
themodelasarepresentation– thoughveryabstract– of whatgoesonin reality; i.e. it is adescriptive
model. Onecould argue that the model is alsoa prescriptive model; it tells us which activities to
performwhenconductingmeasurement-basedimprovement.However, becauseof thehigh level of
abstraction,themodelis probablyunsuitableto directly supportorganizationsin their measurement-
basedimprovementefforts.

Second,themodelresemblestheGoal-Question-Metricparadigm[2]. Onecouldbe temptedto
maptheGQM goalon the left blackdot, GQM questionson the middledot, andtheGQM metrics
on theright dot. However, thegoalof theGQM-paradigmandthegoalof theprocessmodelarenot
the same:the goal in the pretzelis an organizationalgoal,whereasthe goal in the GQM-paradigm
is a measurementgoal. Still, GQM canvery well beusedto supportthedesignof themeasurement
program(lower right arrow), seeparagraph3.3.

Third, thedistinctionmadein themodelbetweenimprovementontheonehand,andmeasurement
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on the otherhand,correspondswith the distinctionmadeby Kitchenham,Pfleeger, andFenton[9]
betweenthe empirical, real world and the formal, mathematicalworld. Their structuralmodelof
softwaremeasurementconsistsof two parts:anempiricalworld anda formal world. Theempirical
world containsentitiesthatcanhave certainproperties,calledattributes. Theformal world consists
of valuesthat measurethe attributesof entities,expressedin certainunits. Measurementnow, is
the mappingof a particularentity andattribute from the real world to a valuein the formal world.
Thegenericprocessmodelreflectsthedifferencesbetweenthesetwo worlds: measurementactivities
(the right half) are concernedwith constructinga formal world basedon the real world, whereas
improvementactivities (theleft half) areconcernedwith changingtherealworld basedon theformal
world createdby themeasurementactivities.

3 AssessingMeasurementFrameworks and Guidelines

In this sectionwe usethegenericprocessmodeldescribedin section2 to comparedifferentframe-
worksfor measurementprograms.In eachsubsectionwe indicatewhich activities andprocessesthe
respective frameworks prescribe,andpositiontheseactivities andprocesseson the genericprocess
model.

We discussfive different sources:the MeasurementTechnologyMaturity Model describedby
Daskalantonakis,YacobellisandBasili [5]; the MeasurementMaturity Model presentedby Comer
andChard[4]; the Goal-orientedMeasurementProcessdescribedby Briand, Differding andRom-
bach[3]; thesuccessfactorsfor measurementprogramsby Hall andFenton[8]; andtheMeasurement
CapabilityMaturity Modelproposedby ourselvesin [10].

3.1 The Software MeasurementTechnologyMaturity Framework

Daskalantonakis,YacobellisandBasili [5] definea framework to beusedto assessthemeasurement
technologylevel of anorganization.Thearticledefinesfive levelsof measurementtechnologymatu-
rity, dividedinto 10 themes,listedin table1.

1 Formalizationof thedevelopmentprocess
2 Formalizationof themeasurementprocess
3 Scopeof measurement
4 Implementationsupport
5 Measurementevolution
6 Measurementsupportfor managementcontrol
7 Projectimprovement
8 Productimprovement
9 Processimprovement
10 Predictability

Table1: Thethemesof theSoftwareMeasurementTechnologyMaturity Framework

Thefive levelsof maturityaresimilar to theSoftwareCMM; i.e. initial, repeatable,defined,man-
agedandoptimizing. However, themodeldoesnot prescribeany processeslike theSoftwareCMM
does.Instead,themodelgivescharacterizationsof eachof thetenthemesoneachmaturitylevel. For
example,thecharacterizationsof thethird theme,‘scopeof measurement’,look asfollows [5]:
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Level 1. Doneoccasionallyonprojectswith experiencedpeople,or notatall.

Level 2. Doneon projectswith experiencedpeople. Projectestimationmechanismsexist. Project
focus.

Level 3. Goal/Question/Metricpackagedevelopmentandsomeuse. Datacollectionandrecording.
Existenceof specificautomatedtools.Productfocus.

Level 4. Metric packagesbeingappliedandmanaged.Problemcauseanalysis. Existenceof inte-
gratedautomatedtools.Processfocus.

Level 5. Have learnedandadaptedmetricpackages.Problemprevention.Processoptimization.

The major differencebetweenthe approachtaken by Daskalantonakiset al. and the otherap-
proachesdescribedin this paperis that the first usesa moredeclarative descriptionof the different
levelsof measurementtechnologymaturity. Insteadof describingtheactivities organizationsneedto
implement,theresultsof theseactivitiesarespecified.Otherapproachesputmuchmoreemphasison
theactivities andprocessesthemselvesthatorganizationsneedto implement;i.e. they follow anim-
perativeapproach.Thisdeclarative natureof themeasurementtechnologymaturityframework makes
it difficult to mapit ontoourgenericprocessmodel.Wehave to translatethedeclarative specification
of thethemesinto correspondingactivities. Figure3 shows ourapproximationof how thetenthemes
couldbeplacedin themodel.

Improvement Measurement
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Figure3: TheSoftwareTechnologyMaturity Framework mappedon thegenericprocessmodel

Themestwo, three,andfour areconcernedwith the implementationof a measurementprocess.
Thismeasurementprocessincludesautomationof datacollection,evaluation,andfeedback.Themes
seven, eight, andnine prescribethe usageof measurementdatato improve projects,products,and
processes,respectively. Unfortunately, the descriptionsaremore in termsof the resultsof the im-
provementsthanin termsof improvementactivities to perform.

Theotherthemesdo not fit into thegenericmodel. Themeoneis concernedwith theformaliza-
tion of thedevelopmentprocess,andessentiallycoincideswith theSoftwareCMM, andhencedoes
not fit into the pretzel. We werenot able to translatethemesfive, six, andten into corresponding
activities. Themefive, ‘measurementevolution’, is concernedwith the typesof measuresthat are
taken. Measuringdifferentkinds of measuresdoesnot necessarilychangethe activities needed,so
we cannotplacethis themein our processmodel.Thesameholdsfor thesixth theme,‘measurement
supportfor managementcontrol’. This themeis specifiedin termsof thetypeof supportmanagement
receivesfrom measurement.Differenttypesof supportdo not necessarilyrequiredifferentactivities.
Themeten, ‘predictability’, describeshow the predictabilityof measuresincreasesas the maturity
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level of anorganizationincreases.Again, this themecannotdirectly betranslatedinto measurement
or improvementactivities.

3.2 A MeasurementMaturity Model

ComerandChard[4] describea processmodelof softwaremeasurementthatcanbeusedasa refer-
encemodelfor theassessmentof softwaremeasurementprocessmaturity. Unlikethematuritymodels
describedin sections3.1and3.5,themeasurementmaturitymodelof ComerandCharddoesnot de-
fine different levels of maturity. The modelconsistsof four key processes,derived from different
sources:

a. ProcessDefinition This processincludesactivities suchas: specificationof the products,pro-
cesses,andresourcesin needof trackingor improvement;identifying goalsof the organization
andthedevelopmentenvironment;derivationof metricswhichsatisfythegoals.

b. Collection Activities in thecollectionprocessincludedefiningthecollectionmechanism,automa-
tion of themeasurementgathering,implementingameasurementdatabase,anddataverification.

c. AnalysisDataanalysis.

d. Exploitation Exploitationof analysesto improve thesoftwaredevelopmentprocess.

Unfortunately, ComerandCharddo not elaborateon theprocesses‘analysis’and‘exploitation’,
which makes it somewhat difficult to map them onto the genericprocessmodel. We assumethe
process‘analysis’consistsof analyzingthegathereddata,andrelatingthedatato measurementgoals.
The exact bordersof the ‘exploitation’ processare undefined. Especiallythe extent to which this
processcoverstheactualactivities neededto improve thesoftwareprocessremainsunclear.

Improvement Measurement
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Figure4: TheMeasurementMaturity Modelmappedon thegenericprocessmodel

Figure4 shows how thefour processesin our opinionmapontothegenericprocessmodel. The
process‘exploitation’ hasbeenplacedon the lower left arrow with a questionmark, becausethe
paperprovides insufficient informationto decideto what extent that processis meantto cover the
implementationof solutions.

3.3 Goal-orientedMeasurement

Briand,DifferdingandRombach[3] presentanumberof lessonslearnedfrom experienceswith goal-
orientedmeasurement.Goal-orientedmeasurementis describedas‘the definitionof a measurement
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1 Characterizetheenvironment
2 Identify measurementgoalsanddevelopmeasurementplans
3 Definedatacollectionprocedures
4 Collect,analyze,andinterpretdata
5 Performpost-mortemanalysisandinterpretdata
6 Packageexperience

Table2: Processfor goal-orientedmeasurement

programbasedonexplicit andpreciselydefinedgoalsthatstatehow measurementwill beused’.The
processfor goal-orientedmeasurementconsistsof six processsteps,displayedin table2.

During thefirst steptherelevantcharacteristicsof theorganizationandof its projectsareidenti-
fied. Typicalquestionsto beposedare:Whatkind of productis beingdeveloped?Whatarethemain
problemsencounteredduring projects?The characterizationis intendedto be mainly qualitative in
nature.In thesecondstep,measurementgoalsaredefined,basedon thecharacterizationmadeduring
the first step. Measurementgoalsaredefinedaccordingto Goal-Question-Metrictemplates[1, 2],
basedonfiveaspects:objectof study, purpose,quality focus,viewpoint,andcontext. Having defined
themeasurementgoalsby meansof theGQM templates,datacollectionproceduresaredefineddur-
ing stepthree. Stepfour is concernedwith the actualcollection,analysis,andinterpretationof the
gathereddata.Stepfive putsthedatain a broaderperspective by e.g.comparingthegathereddataof
oneprojectwith theorganizationbaseline.Thefinal stepconsistsof thepackagingthedataanalysis
results,documents,andlessonslearnedin a reusableform.

Improvement Measurement
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Figure5: Thegoal-orientedmeasurementprocessmappedto thegenericprocessmodel

Figure5 shows how the six stepsof goal-basedmeasurementmaponto the pretzel. Stepone
is concernedwith theanalysisof theorganizationandits problemsandgoals,andthuscorresponds
with theupperleft arrow. Stepstwo andthreedealwith the translationof organizationalgoalsinto
measurementgoalsandthe designof the measurementprogram(lower right arrow). The last three
stepsconsistof thecollection,analysis,interpretation,andpackagingof themeasurementdata,hence
they belongto theupperright arrow.

3.4 SuccessFactors for MeasurementPrograms

FentonandHall [8] identify a numberof consensussuccessfactorsfor the implementationof mea-
surementprograms.Table3 shows thesefactors,thatwereidentifiedafterstudyingotherliterature,
suchas[7, 11]. A closerlook at thesuccessfactorsshows that they aremainly targetedat reducing
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1 Incrementalimplementation
2 Well-plannedmetricsframework
3 Useof existingmetricsmaterials
4 Involvementof developersduringimplementation
5 Measurementprocesstransparentto developers
6 Usefulnessof metricsdata
7 Feedbackto developers
8 Ensurethatdatais seento have integrity
9 Measurementdatais usedandseento beused
10 Commitmentfrom projectmanagerssecured
11 Useautomateddatacollectiontools
12 Constantlyimproving themeasurementprogram
13 Internalmetricschampionsusedto managetheprogram
14 Useof externalmetricsgurus
15 Provisionof trainingfor practitioners

Table3: Consensussuccessfactors

therisk of failure.For example,themotivationgivenby Hall andFentonfor factorsix – usefulnessof
metricsdata– is not thatthemeasurementprogramshouldhave addedvaluefor theorganization,but
ratherthattheusefulnessshouldbeobviousto thepractitioners.Fromthe15 successfactors,10 are
targetedatgainingtheacceptanceof thepractitionersinvolved(4-9,11,13-15).Theotherfivefactors
areconcernedwith reducingtherisk of failureby advocatingagradualintroductionandimprovement
of the program. The measurementprogramshouldbe incrementallyimplemented,constantlyim-
proved,useexisting materials,besupportedby management,anda well-plannedmetricsframework
shouldbeused(1-3,10,12).

Improvement Measurement
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Figure6: Thesuccessfactorsmappedto thegenericprocessmodel

Figure6 shows how thesuccessfactorscanbemappedontothegenericprocessmodel.Thema-
jority of thesuccessfactorsmentionedbyHall andFentonreferto theimplementationof measurement
programs.Someareconcernedwith thecollectionandanalysispart,andonly onesuccessfactoris
concernedwith theusageof themeasurementdata(factornine).Thatfactoris markedwith aquestion
mark,becauseHall andFentonmotivateit in termsof acceptanceof themeasurementprogramby the
practitioners,ratherthanin termsof addedvalueof theprogramto thecompany.
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3.5 The MeasurementCapability Maturity Model

In [10], we describeda numberof measurementprogramcasestudies.From thesecasestudieswe
concludedthatsomeorganizationsarebetterat softwaremeasurementthanotherorganizations.Part
of this differencecanbeexplainedby the fact that their measurementcapability is higher; i.e. they
aremorematurewith respectto softwaremeasurement.Measurementcapabilityis definedas[10]
‘the extent to which anorganizationis ableto take relevant measuresof its products,processesand
resourcesin a costeffective way, resultingin informationneededto reachits businessgoals.’

Our MeasurementCMM definesfive different levels of organizationalmeasurementcapability,
similar to theSoftwareCMM:

1. Initial: The organizationhasno definedmeasurementprocesses,few measuresaregathered,
measurementthattakesplaceis solelytheresultof actionsof individuals.

2. Repeatable:Basicmeasurementprocessesarein placeto establishmeasurementgoals,specify
measuresandmeasurementprotocols,collectandanalyzethemeasuresandprovide feedback
to softwareengineersandmanagement.The necessarymeasurementdisciplineis presentto
consistentlyobtainmeasures.

3. Defined: Themeasurementprocessis documented,standardized,andintegratedin thestandard
softwareprocessof the organization.All projectsusea tailoredversionof the organization’s
standardmeasurementprocess.

4. Managed: Themeasurementprocessis quantitatively understood.Thecostsin termsof effort
andmoney areknown. Measurementprocessesareefficient.

5. Optimizing: Measurementsareconstantlymonitoredwith respectto their effectivenessand
changedwherenecessary. Measurementgoalsaresetin anticipationof changesin theorgani-
zationor theenvironmentof theorganization.

2a MeasurementDesign
2b MeasureCollection
2c MeasureAnalysis
2d MeasurementFeedback
3a OrganizationMeasurementFocus
3b OrganizationMeasurementDesign
3c OrganizationMeasurementDatabase
3d TrainingProgram
4a MeasurementCostManagement
4b TechnologySelection
5a MeasurementChangeManagement

Table4: M-CMM key processareas

Eachof thematuritylevelsis definedby anumberof key processareasthatanorganizationneeds
to implement.Whenanorganizationhasimplementedall level-two key processareas,theorganization
is consideredto beat level two of theM-CMM. Whentheorganizationimplementsboththelevel two
andthreekey processareas,it is at level three,etc. Thekey processareasof theMeasurementCMM
arelistedin table4, numberedby maturitylevel.
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Figure7: TheM-CMM key processareasmappedto thegenericprocessmodel

Figure7 shows the M-CMM appliedto the genericprocessmodel. It is not surprisingthat all
of the key processareasmaponto the right half of the ‘pretzel’. After all, we madea clearchoice
in the developmentof the MeasurementCMM to focuson the measurementcapabilityof software
organizations,therebyignoring their capabilitywith respectto improvement.Our argumentin [10]
wasthat the improvementcapability is alreadycoveredby processimprovementmethods,suchas
the SoftwareCMM. We assumedthat the organizationalgoalsaredefinedoutsidethe scopeof the
M-CMM, so they areinvariablefrom a measurementpoint of view. Themeasurementprocessthen
startswith thetranslationof businessgoalsinto measurementgoals,andendswith theinterpretation
of thegathereddataandfeedbackto theownerof thebusinessgoals.

4 Differencesand Similarities

In the previous section,we have comparedfive differentmeasurementprogramframeworks, using
the genericprocessmodelfor measurement-basedimprovement. Therearea numberof issuesthat
deserve attention.

First, if we look at theintersectionof theguidelinesprovidedby thedifferentapproaches,wesee
thatthereis quitesomeconsensusonwhatactivitiesareneededto successfullydesignandimplement
measurementprograms.Thoughtheframeworksall stressdifferentaspectsof measurementprograms,
they agreeon thebasicsof measurementprograms,suchaspractitionersupport,properdataanalysis,
feedback,etc.

Second,eachof theapproachesseemsto offer guidelinesthat theotherapproachesdo not offer.
This probablyis partly dueto thedifferentstructureandnatureof theframeworks. However, it does
suggestthatbeyondthebasicrequirementsfor measurementprograms,thereareanumberof issueson
which consensushasnot beenreachedyet. For example,only Briandet al. prescribesthepackaging
of measurementexperiencesin a reusableform. Of thefive frameworks,Hall andFentonaretheonly
onesto advocatetheuseof externalmeasurementguru’s.

Third, if we look at eachof thepretzelsusedin section3 to show how theactivities of thediffer-
entapproachesmapontothemeasurement-basedimprovementprocess,we seethatnoneof thefive
frameworkscoversthecompletecycle. Eithertheframeworksonly cover measurementactivities, or
they only partlycovertheimprovementactivities. Onecouldarguethatthisis notillogical, sincethese
measurementprogramframeworks focuson the implementationof measurementprograms,andnot
on improvementactivities. However, failure factorsfor measurementprogramssuggestotherwise.
Take for examplethe failure factorsfor measurementprogramsassuggestedby Verdugo,reported
in [6, p. 511]:
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1. Managementdoesnotclearlydefinethepurposeof themeasurementprogramandlaterseesthe
programasirrelevant.

2. Systemsprofessionalsresisttheprogram,perceiving it asa negative commentaryon their per-
formance.

3. Alreadyburdenedprojectstaff aretaxedby extensivedata-collectionrequirementsandcumber-
someprocedures.

4. Programreportsfail to generatemanagementaction.

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

Fromthesefailure factorswe seethatbothsupportfrom practitionersfor themeasurementpro-
gram,aswell asmanagementsupport,is important.A measurementprogramwill fail if practitioners
donotseethevalueof it, but it will alsofail if managementfails to takeactionbasedonthegenerated
data.Thismeansthatasuccessfulmeasurementprogramneedsmorethancarefullydesignedmetrics,
accuratedataanalysis,measurementdatabases,etc. It needsto beused.Any measurementprogram
thatdoesnotgenerateany actionis to beconsidereda failedmeasurementprogram.

5 Conclusions

In this paperwe have introduceda genericprocessmodelfor measurement-basedimprovement.We
have usedthismodelasa referencemodelto assessfivedifferentmeasurementprogramframeworks.
Theseframeworkshave in commonthatthey all provideguidelinesonhow to implementandimprove
measurementprograms.Fromtheassessmentsweconcludethat:

� thereis quitesomeconsensusonthebasicactivitiesneededto successfullyimplementmeasure-
mentprograms;but,

� at the sametime, different frameworks emphasizewidely different aspectsof measurement
programimplementation.

In addition,theassessmentalsorevealsthat:
� thereis almostno consensuson, nor descriptionof, activities neededto successfullyusethe

resultsfrom measurementprograms.

In a way, this is quitesurprising.Usageof theresultsof measurementprogramsis probablythe
mostimportantindicatorof success:if theresultsarenot used,themeasurementprogramis doomed
to fail. Still, theapproachesto implementingandimproving measurementprogramsdescribedin this
paperput little emphasison theactualusageof themeasurementresults.They mostlyconcentrateon
theimplementationof themeasurementprogramsthemselves. They provide guidanceon thederiva-
tion of metricsfrom goals,suggesta stagedimplementation,prescribemeasurementprotocols,etc.
But, they donot tell ushow to ensurethatactionwill betaken,basedon themeasurementdata.

We do not claim that this is necessarilya shortcomingof the presentedframeworks. Most of
themimplicitly or explicitly focuson the activities neededto successfullyimplementmeasurement
programs.Nevertheless,organizationsimplementingmeasurementprogramsneedto be awarethat
theusageof measurementprogramoutcomesto improveprocessesor productsis at leastasimportant
asa ‘correct’ implementationof theprogram.After all, like theproofof thepudding,or pretzel,is in
theeating,theproofof softwaremeasurementis in its usagefor improvement.

11



Acknowledgments

This researchwaspartly supportedby the Dutch Ministry of EconomicAffairs, projects‘Concrete
Kit’, nr. ITU94045, and ‘KWINTES’, nr. ITU96024. Partnersin theseprojectsare Cap Gemini,
TwijnstraGudde,theTaxandCustomsComputerandSoftwareCentreof theDutchTaxandCustoms
Administration,andtheTechnicalUniversitiesof Delft andEindhoven.

References

[1] Victor Basili, Lionel Briand, Steven Condon,Yong-Mi Kim, Walcélio L. Melo, and Jon D.
Valett. UnderstandingandPredictingthe Processof SoftwareMaintenanceReleases.In Pro-
ceedingsof the18thInternationalConferenceonSoftware Engineering, pages464–474,Berlin,
Germany, May 25-29,1996.IEEEComputerSocietyPress.

[2] Victor R. Basili andH. DieterRombach.TheTAME Project:TowardsImprovement-Oriented
Software Environments. IEEE Transactionson Software Engineering, 14(6):758–773,June
1988.

[3] Lionel C. Briand, ChristianeM. Differding, and H. Dieter Rombach. PracticalGuidelines
for Measurement-BasedProcessImprovement.Software Process– ImprovementandPractice,
2(4):253–280,December1996.

[4] PeterComerandJonathanChard. A measurementmaturitymodel. Software Quality Journal,
2(4):277–289,December1993.

[5] MichaelK. Daskalantonakis,RobertH. Yacobellis,andVictorR.Basili. A Methodfor Assessing
SoftwareMeasurementTechnology. QualityEngineering, 3:27–40,1990-1991.

[6] NormanE. FentonandShariLawrencePfleeger. Software Metrics: A RigorousandPractical
Approach. Int. ThomsonComputerPress,secondedition,1997.

[7] RobertB. Grady. Practicalsoftware metricsfor projectmanagementandprocessimprovement.
Hewlett-PackardProfessionalBooks.Prentice-Hall,Inc.,1992.

[8] Tracy Hall and NormanFenton. ImplementingEffective SoftwareMetrics Programs. IEEE
Software, 14(2):55–65,March/April 1997.

[9] BarbaraKitchenham,Shari LawrencePfleeger, and NormanFenton. Towardsa Framework
for SoftwareMeasurementValidation. IEEE Transactionson Software Engineering, 21(12),
December1995.

[10] FrankNiessinkandHansvan Vliet. TowardsMatureMeasurementPrograms.In PaoloNesi
andFranzLehner, editors,Proceedingsof theSecondEuromicro ConferenceonSoftware Main-
tenanceand Reengineering, pages82–88,Florence,Italy, March8-11, 1998.IEEE Computer
Society.

[11] ShariLawrencePfleeger. LessonsLearnedin Building a CorporateMetrics Program. IEEE
Software, 10(3):67–74,May 1993.

12


