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Abstract

Marny frameworksfor implementingsoftwaremeasuremerexist, rangingfrom collectionsof success
factorsto maturitygrowth models.Onemayaskto whatextenttheseguidelinesncreasehechanceof
asuccessfuneasuremergrogram.To aidin answeringhis questionwe introducea generigprocess
modelfor measurement-bas@uprovement. We usethis modelasa referencenodelto comparea
numberof existing software measuremeritnplementatiorframevorks. Fromtheseassessmenise
concludethattheguidelineggivenby theseframevorksprovide a considerablemountof supportfor
the basicactvities neededo implementmeasurementrograms.However, we alsoobsere thatthe
guidelineshardlyprovide ary guidanceo guarantesuccessfulisage of the measuremergrogram.

1 Intr oduction

Briand, Differding,andRombacH3] statethat‘Despitesignificantprogressn thelast15 years,im-
plementinga successfumeasurememirogramfor softwaredevelopments still achallengingunder
taking’ In this paperwe take a closerlook at differentframevorksin the literaturefor implementing
measurementrograms.One may askto what extent useof theseframenorksincreaseghe chance
of asuccessfumeasuremergrogram.Althoughthis questionis difficult to answerwe try to make a
startby investigatingto whatextenttheseguidelines:(1) agreeanddisagreewith eachother and;(2)
cover differentaspect®f implementingsoftwaremeasurement.

The framevorks for implementingmeasuremerprogramswe cover in this paperare quite dif-
ferentin natureandstructure. This makesa straightcomparisorof the framavorks ratherdifficult.
Thereforewe have developedanabstractepresentationf the measuremergrocessto beusedasa
referencanodelin the comparisorof thedifferentframevorksdiscussedh this paper Thisreference
modelis basedon the assumptiorthat measuremeritself is never a goal, but is alwaysa meango
reachsomeorganizationaboal, or to help solve an organizationaproblem. Hence we alsoassume
thatmeasuremersctvities arealwaysperformedn combinatiorwith otheractvities neededo solve
theproblemor to reachthegoal;i.e.improvementactivities. Theseamprovementactvities changahe
organizationpasedntheresultsof themeasuremerdctivities. We call thiscombinatiorof measure-
mentandimprovementactiities ‘measurement-baséehprovement’. Thereferencanodelpresented
in section2 modelstheseactuities.

*SoftwareMeasurement ResearclandPracticeof SoftwareMetrics, ReinerDumke andAlain Abran(ed.),Deutscher
Universitaetserlag,WiesbadenGermary, 1998,pp. 109-126.



In section3, we shortly describefive frameavorks for implementingmeasuremergrogramsfrom
theliterature. We shav how eachof theseframeavorks mapson the referencamodel. Section4 then
discusseshe differencesand similarities betweenthe frameavorks. Finally, section5 presentour
conclusions.

2 Modeling Measurement-basedmpr ovement
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Figurel: A generigprocessnodelfor measurement-bas@dprovement

Figurel displaysa genericprocessmodelfor measurement-baséuprovement. It moreor less
resembles ‘pretzel’, aloaf of breadin theform of alooseknot'. The pretzelconsistsof two parts—
thetwo halves,threeconcepts—thélackdots,andfour steps—thdour arravs.

The cycle startswith anorganizationaproblemor goal (left black dot). We do not assumeary-
thing aboutthe'size’ of the problemor goal. A problemcouldonly affect onedeveloperor thewhole
organization,jn both caseghe samestepshave to be passedhrough. The organizationanalyseghe
problem(upperleft arraw), andarrivesat oneor morepossiblecause®f the problemand/orpossible
solutions(middledot). Theanalysiswill generallybebasednacombinatiorof knovledgeaboutthe
own organization knowvledgefrom literature(‘theory’), andcommonsense.Next, the organization
hasto decidewhetherit hassuficient knowledgeto establishthe causeof the problemand correct
it, or to reachthe statedgoal. If this is the case the organizationneednot traversethe right cycle.
In mostcaseshowever, the organizationneedsto find out which of the possiblecausess thereal
causeof the problem,or which of the possiblesolutionsis the bestsolution. Or, it may needextra
informationto implementthe solution. To gatherthis information,the organizationcandesignan ex-
perimentor setup a measuremergrogram(lower right arrav). Executingthe measuremergrogram
or experiment(right dot) resultsin thegatheringof data,whichis analyzedandrelatedto theproblem
or solutionat hand(upperright arron). Finally, the organizationsolvesthe problemor reacheshe
goalby implementinghe solutionsfound (lower left arraw).

Although both the precedingdescriptionandthe arrows in figure 1 suggest chronologicalse-
guenceof stepsthisis not necessarilgfhe case. Thearrovs merelyindicatecausalelations.Hence,

10f course from a mathematicapoint of view, the figure looks like a lemniscateof Bernoulli. Thatis, the locus of
points P, suchthatdistanceP,p1) x distanceP,p») = (distanceg:, p2)/2)%, wherep: , p» arefixed pointscalledfoci.



themodeldoesnot prescribea singleloop throughthe lemniscate lt is very well possiblefor anor-
ganizatiorto iteratetheright loop a numberof timesbeforeimplementinga solution. For example,it
maybenecessarjo firstimplementanexperimento find thecauseof aproblem,andthenimplement
anothemrexperimentto find a suitablesolution. Moreover, organizationsnightalsowantto implement
asolutionanda measuremergrogramin parallel,to monitortheimplementatiorof the solution.

Measurement

4a 2,4b

Figure2: An exampleof measurement-bas@dprovement

Letusillustratethemodelby meansf anexample seefigure2. Supposa softwaremaintenance
organizationhas problemsplanningthe implementatiorof changerequests.Often, the implemen-
tation of specificchangerequestdakes much moretime thanplanned,andthe organizationfails to
deliver the changedsoftwarein time. So,the problemthis organizationfacesis theinaccurateplan-
ning of changerequestgA). After analyzingthe problem(1), the organizationdiscorersthatit does
notknow whichfactorsinfluencethetime neededo implementchangaequest¢B). Theorganization
decidedo investigatethis, anddesigng2) a short-runningneasuremerprogram(C) to investigate
possiblefactors. After runningthis measuremengrogramfor a limited periodof time, the gathered
dataareanalyzed3). We assuméhata numberof factorsarefoundthatinfluencethe effort needed
to implementchangeaequestgD). Next, a planningproceduras developedandimplemented4a) in
which the factorsfound are usedto planthe changerequests. An accompaying measuremerro-
gram(E) is designed4b) to gatherthedataneededor thenew planningprocedurendto monitorthe
accurayg of theplanning(5).

We concludethis sectiornwith afew remarksonthenatureof the presentedenericprocessnodel
of measurement-bas@dprovement.

First, one could wonderwhetherthis modelis prescriptve or descriptve. We assumethat if
softwareorganizationsvantto improve their processesr products andusemeasuremertb support
thoseimprovementsthey will performtheactiities aswe have describedabore. Thatmeanswve use
themodelasarepresentatior thoughvery abstract of whatgoesonin reality;i.e. it is adescriptve
model. One could ague thatthe modelis also a prescriptve model; it tells us which actvities to
performwhenconductingmeasurement-baséuprovement. However, becausef the high level of
abstractionthe modelis probablyunsuitableo directly supportorganizationsn their measurement-
basedmprovementefforts.

Secondthe modelresembleshe Goal-Question-Metriparadigm[2]. Onecould be temptedto
mapthe GQM goal on the left black dot, GQM questionson the middle dot, andthe GQM metrics
ontheright dot. However, the goal of the GQM-paradigmandthe goal of the procesanodelarenot
the same:the goalin the pretzelis an organizationalgoal, whereaghe goalin the GQM-paradigm
is ameasuremergoal. Still, GQM canvery well be usedto supportthe designof the measurement
program(lower right arrav), seeparagrap!8.3.

Third, thedistinctionmadein themodelbetweerimprovementontheonehand,andmeasurement
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on the otherhand,correspondsvith the distinctionmadeby Kitchenham,Pflegger, and Fenton[9]
betweenthe empirical, real world and the formal, mathematicalvorld. Their structuralmodel of
software measurementonsistsof two parts: an empiricalworld anda formal world. The empirical
world containsentitiesthatcanhave certainpropertiescalledattributes. The formal world consists
of valuesthat measurethe attributes of entities, expressedn certainunits. Measuremenhow, is
the mappingof a particularentity and attribute from the real world to a valuein the formal world.
Thegenericprocessnodelreflectsthe differencesetweerthesetwo worlds: measuremersdctvities
(the right half) are concernedwith constructinga formal world basedon the real world, whereas
improvementactvities (theleft half) areconcernedvith changingherealworld basedn theformal
world createdby the measuremerdctiities.

3 AssessingMeasurementFrameworks and Guidelines

In this sectionwe usethe genericprocesanodeldescribedn section2 to comparedifferentframe-
worksfor measuremengrograms.In eachsubsectiorwe indicatewhich actiities andprocessethe
respeciie framewvorks prescribe and positiontheseactvities and processesn the genericprocess
model.

We discussfive different sources:the MeasuremeniechnologyMaturity Model describedby
Daskalantonakisyacobellisand Basili [5]; the MeasuremenMaturity Model presentecdy Comer
andChard[4]; the Goal-orientedMeasuremenProcessescribedby Briand, Differding and Rom-
bach[3]; thesucces$actorsfor measuremergrogramsy Hall andFenton[8]; andthe Measurement
CapabilityMaturity Model proposedy ourselesin [10].

3.1 The Software MeasurementTechnologyMaturity Framework

DaskalantonakisyacobellisandBasili [5] definea frameawvork to be usedto assesshe measurement
technologylevel of anorganization.Thearticle definedive levels of measuremertechnologymatu-
rity, dividedinto 10 themeslistedin tablel.

Formalizationof the developmentprocess
Formalizationof the measuremerprocess
Scopeof measurement
Implementatiorsupport
Measuremengvolution
Measuremergupportfor managemertontrol
Projectimprovement

Productimprovement

Processmpraovement

Predictability

O oo ~NOOOThA~WNPRE

[EnN
o

Tablel: Thethemesof the Software MeasurementechnologyMaturity Framevork

Thefive levelsof maturityaresimilarto the Software CMM; i.e. initial, repeatablegefined man-
agedandoptimizing. However, the modeldoesnot prescribeary processetik e the Software CMM
does.Insteadthe modelgivescharacterizationsf eachof thetenthemeson eachmaturitylevel. For
example thecharacterizationsf thethird theme,'scopeof measurementipok asfollows [5]:



Level 1. Doneoccasionallyon projectswith experiencedeople or notatall.

Level 2. Doneon projectswith experiencedoeople. Projectestimationmechanismsxist. Project
focus.

Level 3. Goal/Question/Metripackagedevelopmentandsomeuse. Datacollectionandrecording.
Existenceof specificautomatedools. Productfocus.

Level 4. Metric packagedeing appliedand managed.Problemcauseanalysis. Existenceof inte-
gratedautomatedools. Processocus.

Level 5. Have learnedandadaptednetricpackagesProblemprevention. Proces®ptimization.

The major differencebetweenthe approachtaken by Daskalantonakigt al. andthe otherap-
proacheglescribedn this paperis thatthe first usesa more declaratie descriptionof the different
levels of measuremertechnologymaturity Insteadof describingthe actiities organizationseedto
implementtheresultsof theseactiities arespecified Otherapproacheput muchmoreemphasion
the actiities andprocessethemselesthatorganizationseedto implement;i.e. they follow anim-
perative approachThis declaratie natureof themeasuremenechnologymaturityframevork makes
it difficult to mapit ontoour genericprocessnodel.We have to translatehedeclaratie specification
of thethemesnto correspondin@ctvities. Figure3 shavs our approximatiorof how thetenthemes
couldbeplacedin themodel.

Improvement Measurement

7,8,9 2,34

Figure3: The Software TechnologyMaturity Framevork mappedn thegenericprocessnodel

Themestwo, three,andfour are concernedvith the implementatiorof a measuremengrocess.
This measuremergrocessncludesautomatiorof datacollection,evaluation,andfeedback.Themes
ses/en, eight, and nine prescribethe usageof measuremendatato improve projects,products,and
processesiespectiely. Unfortunately the descriptionsare morein termsof the resultsof the im-
provementghanin termsof improvementactyities to perform.

The otherthemesdo not fit into the genericmodel. Themeoneis concernedvith the formaliza-
tion of the developmentprocessandessentiallycoincideswith the Software CMM, andhencedoes
not fit into the pretzel. We were not ableto translatethemesfive, six, andteninto corresponding
actwvities. Themefive, ‘measuremengvolution’, is concernedwith the typesof measureshat are
taken. Measuringdifferentkinds of measuresloesnot necessarily}changethe activities neededso
we cannotplacethis themein our processnodel. The sameholdsfor the sixth theme, measurement
supportfor managementontrol’. Thisthemeis specifiedn termsof thetypeof supportmanagement
recevesfrom measuremenDifferenttypesof supportdo not necessarilyequiredifferentactuities.
Themeten, ‘predictability’, describeshow the predictability of measuresncreasessthe maturity



level of anorganizationincreasesAgain, this themecannotdirectly be translatednto measurement
orimprovementactiities.

3.2 A MeasurementMaturity Model

ComerandChard[4] describea processnodelof software measuremerthatcanbe usedasarefer

encemodelfor theassessmerif softwaremeasuremengrocessnaturity Unlike thematuritymodels
describedn sections3.1and3.5,the measurememmaturitymodelof ComerandCharddoesnot de-
fine differentlevels of maturity The model consistsof four key processesderived from different
sources:

a. ProcessDefinition This processincludesactiities suchas: specificationof the products,pro-
cessesandresourcesn needof trackingor improvement;identifying goalsof the organization
andthe developmentenvironment;dervation of metricswhich satisfythegoals.

b. Collection Activitiesin thecollectionprocessncludedefiningthe collectionmechanismautoma-
tion of the measuremerdgatheringjmplementinga measuremertatabaseanddataverification.

c. Analysis Dataanalysis.
d. Exploitation Exploitationof analyseso improve the softwaredevelopmentprocess.

Unfortunately ComerandCharddo not elaborateon the processe&nalysis’and ‘exploitation’,
which malkesit somevhat difficult to map them onto the genericprocessmodel. We assumethe
processanalysis’consistof analyzingthegatheredlata,andrelatingthe datato measuremergoals.
The exact bordersof the ‘exploitation’ processare undefined. Especiallythe extent to which this
processoverstheactualactiities neededo improve the softwareprocessemainsunclear

b,c,d

Improvement Measurement

Figure4: The Measurementaturity Model mappecdon the genericprocessnodel

Figure4 shavs how the four processe our opinion mapontothe genericprocessnodel. The
processexploitation” hasbeenplacedon the lower left arrov with a questionmark, becausehe
paperprovides insuficient informationto decideto what extent that procesds meantto cover the
implementatiorof solutions.

3.3 Goal-oriented Measurement

Briand, DifferdingandRombacH3] presena numberof lessondearnedrom experiencesvith goal-
orientedmeasurementGoal-orientedneasuremeris describedhs ‘the definition of a measurement



Characterizéheenvironment

Identify measuremergoalsanddevelop measuremerylans
Definedatacollectionprocedures

Collect,analyze andinterpretdata
Performpost-mortenanalysisandinterpretdata
Packagesxperience

OO WDNPRF

Table2: Procesdor goal-orientedneasurement

programbasedn explicit andpreciselydefinedgoalsthatstatehow measurementill beused’.The
procesdor goal-orientedneasuremertonsistf six processtepsdisplayedn table2.

During thefirst stepthe relevant characteristicef the organizationandof its projectsareidenti-
fied. Typical questiongo be posedare: Whatkind of productis beingdevelopedAVhatarethemain
problemsencounterediuring projects? The characterizatiolis intendedto be mainly qualitative in
nature.In the secondstep,measuremergoalsaredefined basednthe characterizatiomadeduring
the first step. Measuremengoalsare definedaccordingto Goal-Question-Metricemplateq1, 2],
basedn five aspectsobjectof study purposegquality focus,viewpoint, andcontext. Having defined
the measuremergoalsby meansof the GQM templatesdatacollectionproceduresredefineddur
ing stepthree. Stepfour is concernedvith the actualcollection,analysis,andinterpretationof the
gathereddata. Stepfive putsthe datain a broademerspectie by e.g.comparinghe gatheredlataof
oneprojectwith the organizationbaseline.Thefinal stepconsistf the packaginghe dataanalysis
results,documentsandlessondearnedn areusabldorm.

1 4,5,6

Improvement Measurement

Figure5: Thegoal-orientedneasuremergrocessnappedo thegenericprocessnodel

Figure 5 shavs how the six stepsof goal-basedneasurementap onto the pretzel. Stepone
is concernedvith the analysisof the organizationandits problemsandgoals,andthuscorresponds
with the upperleft arronv. Stepstwo andthreedealwith the translationof organizationalgoalsinto
measuremergoalsandthe designof the measuremerprogram(lower right arrav). Thelastthree
stepsconsistof thecollection,analysisjnterpretationandpackagingdf themeasuremerdata,hence
they belongto theupperright arrow.

3.4 Succesgactorsfor MeasurementPrograms

FentonandHall [8] identify a numberof consensusuccesgactorsfor the implementatiorof mea-
suremenprograms.Table 3 shavs thesefactors,thatwereidentified after studyingotherliterature,
suchas|[7, 11]. A closerlook at the succesdactorsshavs thatthey aremainly targetedat reducing

7



Incrementalmplementation
Well-plannedmetricsframeavork

Useof existing metricsmaterials

Involvementof developersduringimplementation
Measuremenprocesgransparento developers
Usefulnes®f metricsdata

Feedbacko developers

Ensurethatdatais seernto have integrity
Measurementatais usedandseeno beused

10 Commitmenfrom projectmanagersecured

11 Useautomatediatacollectiontools

12 Constantlyimproving the measuremergrogram
13 Internalmetricschampionsisedio managehe program
14 Useof externalmetricsgurus

15 Provisionof trainingfor practitioners

OO ~NOOOUITDSWDNPE

Table3: Consensusuccess$actors

therisk of failure. For example the motivationgivenby Hall andFentonfor factorsix — usefulnesef

metricsdata— is not thatthe measuremermirogramshouldhave addedvaluefor the organization put

ratherthatthe usefulnesshouldbe olbviousto the practitioners.Fromthe 15 succes$actors,10 are
talgetedat gainingtheacceptancef the practitionersnvolved (4-9, 11, 13-15). Theotherfive factors
areconcerneavith reducingtherisk of failure by advocatinga gradualintroductionandimprovement
of the program. The measuremenprogramshouldbe incrementallyimplemented constantlyim-

proved, useexisting materials pe supportedoy managemengnda well-plannedmetricsframevork

shouldbeused(1-3,10,12).

6-9,11

Improvement Measurement

9? 1-5,10,12-15

Figure6: Thesuccessactorsmappedo thegenericprocessnodel

Figure6 shavs how the success$actorscanbe mappedontothe genericprocessmodel. The ma-
jority of thesuccess$actorsmentionedy Hall andFentorreferto theimplementatiorof measurement
programs.Someare concernedvith the collectionandanalysispart,andonly onesuccess$actoris
concerneavith theusageof themeasuremertdata(factornine). Thatfactoris markedwith aquestion
mark,becauséiall andFentonmotivateit in termsof acceptancef the measuremergrogramby the
practitionersratherthanin termsof addedvalueof the programto the companp.



3.5 The MeasurementCapability Maturity Model

In [10], we describeda numberof measurementrogramcasestudies. From thesecasestudieswe
concludedhatsomeorganizationsrebetterat software measuremerthanotherorganizations Part
of this differencecanbe explainedby the factthat their measuementcapability is higher;i.e. they
aremore maturewith respecto software measurementMeasurementapabilityis definedas[10]
‘the extentto which an organizationis ableto take relevant measure®f its products,processeand
resourcedn a costeffective way, resultingin informationneededo reachits businesgoals.

Our Measuremen€MM definesfive differentlevels of organizationaimeasurementapability
similarto the Software CMM:

1. Initial: The organizationhasno definedmeasurementrocessedew measuresregathered,
measuremerthattakesplaceis solelytheresultof actionsof individuals.

2. Repeatable:Basicmeasuremergrocessearein placeto establishmeasuremergoals,specify
measuresindmeasuremerprotocols,collectandanalyzethe measuresind provide feedback
to software engineersand management.The necessaryneasuremendisciplineis presento
consistentlyobtainmeasures.

3. Defined: Themeasuremermirocesss documentedstandardizedandintegratedin thestandard
software processof the organization. All projectsusea tailoredversionof the organizatiors
standardneasuremergrocess.

4. Managed: Themeasuremergrocesss quantitatvely understoodThe costsin termsof effort
andmone areknowvn. Measuremerprocesseareefficient.

5. Optimizing: Measurementare constantlymonitoredwith respectto their effectivenessand
changedvherenecessaryMeasuremengoalsaresetin anticipationof changesn the organi-
zationor the ervironmentof theorganization.

2a Measuremenbesign

2b MeasureCollection

2c MeasureAnalysis

2d Measuremenfeedback

3a OrganizationMeasuremenfocus
3b OrganizationMeasuremenbesign
3c OrganizatiorMeasuremenDatabase
3d TrainingProgram

4a MeasurementostManagement
4b  TechnologySelection

5a MeasurementhangeManagement

Table4: M-CMM key processareas

Eachof thematuritylevelsis definedby anumberof key processareaghatanorganizatiomeeds
toimplement.Whenanorganizatiorhasimplementedll level-two key processireastheorganization
is consideredo beatlevel two of theM-CMM. Whenthe organizationmplementsoththelevel two
andthreekey processareasit is atlevel three,etc. Thekey procesareaf the MeasuremenEMM
arelistedin table4, numberedy maturitylevel.
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Figure7: TheM-CMM key procesareasnappedo thegenericprocessnodel

Figure 7 shavs 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 Measuremen€CMM to focuson the measurementapability of software
organizationstherebyignoring their capabilitywith respecto improvement. Our agumentin [10]
wasthat the improvementcapabilityis alreadycoveredby procesimprovementmethods,suchas
the Software CMM. We assumedhatthe organizationalgoalsare definedoutsidethe scopeof the
M-CMM, sothey areinvariablefrom a measuremenoint of view. The measurememrocesghen
startswith the translationof businesgyoalsinto measuremergoals,andendswith the interpretation
of thegatheredlataandfeedbacko the ownerof thebusinesgoals.

4 Differencesand Similarities

In the previous section,we have comparedive differentmeasuremenprogramframeworks, using
the genericprocessnodelfor measurement-baséwprovement. Therearea numberof issuesthat
desere attention.

First,if we look attheintersectiorof theguidelinesprovided by the differentapproachesye see
thatthereis quite someconsensusnwhatactiities areneededo successfullydesignandimplement
measuremermgrograms.Thoughtheframevorksall stresglifferentaspect®f measuremergrograms,
they agreeon thebasicsof measuremenirogramssuchaspractitionersupport properdataanalysis,
feedbacketc.

Secondgeachof the approacheseemdo offer guidelinesthatthe otherapproacheso not offer.
This probablyis partly dueto the differentstructureandnatureof the frameawvorks. However, it does
suggesthatbeyondthebasicrequirementfor measuremergrogramsthereareanumberof issuen
which consensubasnot beenreachedyet. For example,only Briandetal. prescribeshe packaging
of measuremerexperiencesn areusabldorm. Of thefive framevorks, Hall andFentonarethe only
onesto adwocatethe useof externalmeasuremerguru’s.

Third, if we look ateachof the pretzelsusedin section3 to shav how the actwities of the differ-
entapproachemapontothe measurement-baséudprovementprocessye seethatnoneof the five
frameworks coversthe completecycle. Eitherthe framevorks only cover measuremerdctiities, or
they only partly covertheimprovementactivities. Onecouldarguethatthisis notillogical, sincethese
measurementrogramframewvorks focuson the implementatiorof measurememnrogramsandnot
on improvementactvities. However, failure factorsfor measuremenprogramssuggesbtherwise.
Take for examplethe failure factorsfor measuremernprogramsas suggestedy Verdugo,reported
in [6, p. 511]:
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1. Managemendloesnotclearlydefinethepurposeof themeasuremerirogramandlaterseeshe
programasirrelevant.

2. Systemgrofessionalsesistthe program perceving it asa negatve commentaryon their per
formance.

3. Alreadyburdenedorojectstaf aretaxedby extensve data-collectiomequirementandcumber
someprocedures.

4. Progranreportsfail to generatananagemerdction.

5. Managementithdravs supportfor the program,perceving it to be miredin problemsand
‘no-win’ situations.

Fromthesefailure factorswe seethat both supportfrom practitionersfor the measuremeryro-
gram,aswell asmanagemergupportjs important.A measuremergrogramwill fail if practitioners
donotseethevalueof it, butit will alsofail if managemerfailsto take actionbasecnthegenerated
data.Thismeanghata successfuineasuremergrogramneedanorethancarefullydesignednetrics,
accuratedataanalysis measuremerdatabasestc. It needgo be used.Any measuremerrogram
thatdoesnotgeneratery actionis to be considered failedmeasuremergrogram.

5 Conclusions

In this paperwe have introduceda genericprocessnodelfor measurement-basétdprovement.We
have usedthis modelasareferencenodelto asses$ive differentmeasuremergrogramframeworks.
Thesdramevorkshavein commonthatthey all provide guidelineson how to implementandimprove
measuremergrograms Fromthe assessmentse concludethat:

o thereis quitesomeconsensusnthebasicactiities neededo successfullymplementimeasure-
mentprogramsput,

e at the sametime, differentframevorks emphasizewidely different aspectsof measurement
programimplementation.

In addition,theassessmersorevealsthat:

e thereis almostno consensugn, nor descriptionof, actiities neededo successfullyusethe
resultsfrom measuremergrograms.

In away, thisis quite surprising. Usageof the resultsof measurememtrogramss probablythe
mostimportantindicatorof successif theresultsarenot used the measuremergrogramis doomed
to fail. Still, theapproacheto implementingandimproving measuremergrogramsdescribedn this
papemutlittle emphasi®ntheactualusageof the measuremenesults. They mostly concentrat®n
theimplementatiorof the measuremermrogramghemseles. They provide guidanceon the deriva-
tion of metricsfrom goals,suggesh stagedmplementationprescribemeasuremernprotocols,etc.
But, they donottell ushow to ensurehatactionwill betaken,basednthe measuremerntata.

We do not claim that this is necessarilya shortcomingof the presentedramevorks. Most of
themimplicitly or explicitly focuson the actvities neededo successfulljimplementmeasurement
programs.Neverthelessprganizationamplementingmeasuremerprogramsneedto be awarethat
theusageof measuremerrogramoutcomedo improve processesr productds atleastasimportant
asa ‘correct’ implementatiorof the program.After all, like the proof of the pudding,or pretzel,isin
theeating,the proof of softwaremeasuremens in its usagefor improvement.
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