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Software testing is still a pain-in-the-neck for many organisations. Because it is
only marginally addressed in software process improvement models like CMM,
a separate Testing Process Improvement model is needed. The current authors
have implemented a structured testing process guided by the “Testing Maturity
Model” (TMM). An outline of this model is presented, showing how with growing
maturity, testing evolves from detecting defects in software code to testing as
essential product quality control instrument. The biggest strengths of TMM are:
it reflects 40 years of industry-wide best test practices and it is designed as a
counterpart of the popular CMM model for software development improvement.
Weaknesses include the under-representation of test people and organisation
related issues, and missing maturity goals for the test infrastructure. Based on
practical implementation guided by TMM, the process of test process improve-
ment is addressed and experiences are presented.

Introduction aration of testingfrom development. It took the
software developmentcommunity several yearsto
digestMyers’ ideas,but in the secondhalf of the

Software systemsare becomingincreasinglyim- 19805 theeffectshecamevisiblein theUSA. It was

portantin modernsociety and are rapidly grov- notheforethe 19905 thatthe effectsbecamevisible
ing in size and compleity. Forced by competi- Europe.

tion andthetendeng to shortercommercialife cy-
cles(especiallyin theconsumeproductmarket) the
quality of the productsmustbe higherandhigher
Apart from modernsoftware specification,design
andimplementatiortechniquesthe introductionof
a soundsoftware testingprocesss vital to assure
properproductquality.
Thoughsoftwaretestinghasexistedaslong assoft-
waredevelopment,t hasbeena neglectedareafor
alongtime. It is widely recognisedhat 1979was
the turning point: the publicationof Glenford My-
ers’ book“The Art of Software Testing”[1] raised
the awarenesghat software testingis a discipline
in its own right. Myers describedvarioustesting
techniquesproposedisystematitestapproactand e Theconcepbf testingmaturityis notaddressed
he adwcateda then revolutionary idea: the sep- e Thereis no adequaténclusion of testingprac-

Softwaretestingis comingof age.A wide catalogue
of excellentbookson the subjectexists, specialised
journalsare available, focusedconferencessemi-

narsandworkshopsareheld,speciainterestgroups
arein place,news groupsflourish,training services
areofferedanda certificationprogramexists.

In spite of the vital role of testingin software de-
velopmentgxisting softwaredevelopmentmaturity
models Jike CMM?2, have not adequateladdressed
testingissuesnor hasthe natureof a maturetest-
ing processdbeenwell defined. For example,in the
CapabilityMaturity Model, CMM [7]:

2CMM, registeredservicemarksof Carngjie Mellon University.
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ticesasa processmprovementmechanism

e Testingissuesarenot addresseth the key pro-
cessareas

e Product-qualityrelatedissuesarenot satishcto-
rily addressed.

Marny organisationstrugglewith thefoundationof

a soundsoftwaretestingprocess.Whatis a sound
testingprocessn the first place? How shouldyou

organiseandimplementtestprocessmprovement?
How should you embedit into the organisation?
Whataretheconsequencesf it? In short,guidance
for the proces®f testprocessmprovements badly

neededaswell asa methodto measurehe matu-

rity level of testing,analogoudo, let's say SEI's

CapabilityMaturity Model (CMM) for thesoftware

developmentprocess.

Someof the bestknovn modelsfor test process
improvementare TIM (TestImprovementModel),

TOM (Test Organisation Maturity model), TPI®

(Test Procesdmprovementmodel), and the most
recentaddition, TMM# (TestingMaturity Model).

Each of thesemodels, of course,have there own

characteristicsstrengthsweaknesseandmerits.

The authorshave beeninvolved in a Test Process
Improvementprogrammein an industrial erviron-
ment,guidedby TMM. Theremaindeiof this paper
focuseson TMM andits usage.

The Testing Maturity Model (TMM)

TMM (TestingMaturity Model) wasdeveloped,in

1996, at the lllinois Institute of Technology|2,3].

It reflectsthe evolutionary patternof testing pro-
cessmaturity grovth documenteaver the last sev-

eral decades. The basisfor it was the historical
modelprovided by GelperinandHetzel[5]. Their
modeldescribephasesandtestgoalsfor the peri-
odsof the 19505 throughthelate 19805. Basically
four periodscanbedistinguishedThe“debugging-
oriented”period,wheretestingwasmerelyseenas
an activity to help remove bugs, the “destruction-
oriented” period focusedon testing as an actiity

to detectimplementationfaults, the “evaluation-
oriented” period in which testing becamean ac-

3TPI, registeredby lquip InformaticaB.V.

tivity that wasintegratedinto the software life cy-
cle with the purposeo detectrequirementsgesign
andimplementatiorfaults. Finally, the“prevention-
oriented”stagewvherethescopeof testingis broadly
definedandincludesreview actiities, with the pri-
mary goal to prevent requirementdesignandim-
plementationfaults. The basicidea behind TMM
is thatevery organisatiorgoesthroughthesehistor
ical phasesandthat by providing the characteris-
tics of thesephasedhe testmaturity canbe deter
mined. Thusin essencelMM is an assessment
model ratherthanan improvementmodel. But an
assessmemhodelcanbe usedasa basisfor anim-
provementprogrammeaswell.

TMM has two major components: the Maturity
Model, in which five maturity levels are distin-
guished(like in CMM), andan Assessmernitlodel.
Eachmaturitylevel, with theexceptionof theinitial
level 1, hasa structureconsistingof: A setof ma-
turity goals,identifying testingimprovementgoals
that mustbe addressedo achieve maturity at that
level (considetheseastheKey Procesg\reas)Sup-
porting subgoals,defining the scope, boundaries
andneededaccomplishment$or a particularlevel
necessaryo achie/e the goalsassociatedavith each
level.

The modelwith its maturity levels andgoalsis de-
pictedin Figurel.
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Figurel: Maturity levelsandgoalsof the Testing
Maturity Model TMM.

Testing as defect
detection

Note that the layout of the modelis very similar
to CMM, andindeed,it wasdeliberatelydesigned

“TMM, registeredservicemarksof lllinois Instituteof Technology

XOOTIC MAGAZINE



to be similar. The idea behindit is that growth
in testing maturity should go hand-in-handwith
growth in software capability maturity Testmatu-
rity growth alonewill becomeéhinderedby alagging
softwaredevelopmenmaturity, andshalleventually
beblocked by it.

Strengths and Weaknesses of TMM

Like arny model, TMM hasits strengthsand weak-
nessesHowever, the benefitsof the strengthanust
be valued higher than the penaltiesof the weak-
nessesAlternatively, the weaknessesf the model

The TMM level 1, theInitial level, is characterised mustberectifiedin someway or another

by a chaotictestingprocess Testsaredevelopedin
anadhocway aftercodingis done.Testingandde-
buggingareinterleared. The objectie of testingis
to shav thatthe softwareworks.

Definitely a strengthof TMM s thatit is founded
on 40 yearsof industrial experiencewith software
testing.It benefitsfrom mary paststruggleso find
asoundsoftwaretestingprocess.

TheTMM level 2, Phaséefinition,is characterised p g4 a very strongpoint of TMM is its designob-

by a separationof testing and delugging. Test-

jective: beinga counterparbf the popularsoftware

ing still follows coding but is a plannedactuity. processmprovementmodel CMM. Software pro-

The primary goal of testingat this maturity level
is to shaw thatthe softwaremeetsts specifications.
Post-codexecutionbasedestingis still considered
the primarytestingactvity.

TheTMM level 3, Integration,assumeshattesting
isnolongeraphaseaftercoding;it is integratedinto
theentiresoftwarelife cycle. Testobjectivesarees-
tablishedwith respecto the requirementbasedn
userandclient needsandare usedfor testcasede-
sighandsuccessriteria. Thereis atestorganisation
andtestingis recognisedasa professionahctity,
includinganassociatedrainingprogramme.

TMM level 4, ManagemenandMeasurementon-

siderstestingasa measure@andquantifiedprocess.
Reviews at all phasesf the developmentprocess
are now recognisedas testing and quality control

actvities. Testwareis consered for reuse defects
are adequatelylogged and deficienciesin the test
processare now often dueto the lack of a defect
preventionphilosophy

At TMM level 5, Optimization, Defect Prevention

andQuality Control,thetestingprocesss now said

to be definedand managedits costsand effective-

nesscanbe monitored. Thereare mechanismgput

in placeto fine-tuneandcontinuouslyimprove test-

ing. Defectpreventionandquality controlareprac-
tised. The testing processis driven by statistical
samplingmeasurementsf confidencdevels, trust-

worthinessandreliability.

cessimprovementprogramscanuseTMM to com-
plementCMM, as CMM doesnot adequatelyad-
dresssoftwaretestingissues.On the otherhand, it
is alsopossibleto improve thetestingprocessnde-
pendentlythoughoneshouldbeawarethatmaturity
levels for testingandsoftware developmentshould
remaincloseto eachother

TMM is a highly conceptuamodel. As suchit fits
every businesservironment. It leaves muchroom

for businesscharacteristicandits testingprocess.

Thoughthis is attractve, it hasthe downsidethat
TMM is not a cook-bookfor a testingprocess. It
needsthe handsand brainsof an experiencedest
processmprovementieaderto implementan effec-
tive, efficient and managedest process.However,
thesamecanbesaidof ary improvementmodel.

One of the biggest weaknesseof TMM s its

rather poor description. Just comparethe brief
journal-like style of the TMM descriptionwith the

extensve SEI's improvementmodel descriptions.

TMM'’ s cursorydescriptioncausesa numberof re-
latedweaknesselik e lack of detailandinsuficient
explanationof terms.

Another weakness is the relatve under
representationf goalsor actvities for peopleman-
agementandthe testorganisation. At TMM level
3 the goals“Establisha software testorganisation”
and“establisha technicaltrainingprogram”arein-
dicated but this is rathermeagre At othermaturity
levels, TMM addresseshe people and organisa-
tion issuesonly casually The developmentof a
maturingtestprocessmplies the developmentof a
maturingtestorganisation.
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At every TMM maturity level, the peo-
ple/oganisationailssuesshouldberepresentedith
goalsand associatedctvities appropriatefor that
level. This couldberectifiedin severalways. Like
TMM describesdts relationswith the CMM soft-
ware improvement model, it could also refer to
the People-CMMimprovementmodel. A better
ideamight beto blendgoalsandactuities from the
People-CMMinto the TMM modelandtailor them
towardsa testingorganisation. This is particularly

a good idea, becausemary development-oriented

organisationsare just beginning with test process
improvementand lack a historical frame of refer
enceconcerningtest peoplemanagemenand the
establishmenof atestingcompeteng

Also missingin TMM is explicit attentionfor test
infrastructure. Test infrastructurerefers to test
equipmenttestsystemstestbeds,etcetera. Tech-
nical software environmentsoften require special
testsystemsr equipmentvhichis quite oftenused
by developersaswell. A maturingtestingprocess
alsorequiresa maturingmanagemerf thetestin-
frastructure. TMM mentionstesttoolsonly in ref-
erenceto tools like test coveragetools, capture&
replay tools, test managementools and the like.
Testinfrastructureshouldbe controlled, managed,
updated allocatedand scheduled.The testsystem
is paramountn testingand mustthereforebe ad-
dressedn ary testprocessmprovementmodel.

TheProcessof Test Process| mprove-
ment

Thoughanimprovementmodellike TMM canhelp
identify a goodandadequatdestprocessijt offers
noguidanceon how to achieve thesegoals.Herewe
give afew suggestioniov onecouldapproactit.

Initiation

Thefirst stepin theprocesof testprocessmprove-
mentis the initiation of it. The resultsof this first
stepare crucial for the remainderof the improve-
mentprogramme.In essenceéhesequestionanust
beanswered:

e How shouldthe testprocesdit in the business
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goals?
e Doesrealmanagementommitmentexist?

To determinehow the testingprocessshouldfit in
the businesgyoals,addresgshe organisatiors busi-
nesgoals,quality policy, structureculture,styleof
managemengvailable expertise,currentpractices,
currentsoftware improvementprogramsand other
relatedissues.Above all, determinewhat manage-
mentexpectsfrom thetestprocesspntheshortterm
aswell asonthelongterm. Doesmanagementiew
testingand productquality control to be asimpor-
tantasdevelopmenttself, or asanunavoidablestep
in productdevelopmentthatis toleratedaslong as
it doesnot jeopardisehe schedules?s the organi-
sationquality driven or time driven? Both are per
fectly legal views, but they will resultin different
typesof testprocesses.The challengeis to detect
the real view, becausevery managewill saythat
heis drivenby quality.

The next questionto address,'Does real manage-
ment commitmentexist?”, is even harder Real
managementcommitment is important because
goodtesting:

e may announceébadnews (mary managersnly
wantto hearthegoodnews),

e hasa profoundeffect on projects(which may
leadto thebadnews),

e forcesmanagerdo take difficult decisions(to
releasenr not, basedn productrisks),

e maybeasexpensve asdevelopmenttself,

e Mmayexposeaweakorganisation

e mayexposeaweakdevelopmentprocess.

Without real managementommitment,testingis
deemedto a maginal existencewithout much ef-
fect.

Onceit is known how the testprocessshouldfit in
the businessgoals, what is expectedfrom it, and
oncebeliefin realmanagememtommitmentexists,
continuewith the performancef anull-assessment.
Usethe assessmennhodelthat comeswith the se-
lectedtestprocessmprovementmodel. Depending
on budgetand resourceghis can either be a full-
blown or a quick-scarmassessmeniThe purposeof
this is to establisha baseline. Outcomesof later
assessmentsan be comparedo thoseof the null-



assessmertb measurehe progressof the testpro-
cessimprovement. The null-assessmerdlsoiden-
tifies attentionpointsandtheir priorities,which can
be usedfor focusingthetestprocessmprovement.

Roadmap

Now the fun stuf follows: therealtestprocessm-
provement.Figure2 belav shavs the processlow.

Initation

——

Roadmap

i_i

Action Plan

u
Yes|
Roadmap
Done?
Yes|

Assessment

Goals
Achieved?

Figure2: Procesd-low of TestProcessmprovement.

Onthe basisof theinformationgatheredn theini-
tiation phase compilea roadmap.The roadmapis
anoverview of long termimprovementactions. It
identifies which goals/actiities from the testim-
provementmodelaredonein whatorderandwhen.
It can be amgued that the improvement activities
mustbe addressedh the ordergiven by the matu-
rity levels of the modelbut, in practice,this may
not bethebestapproachDependingon the organi-
sation existing teststructure needsetceterait may

bebetterto attachhigherprioritiesto actionswhere
the organisatiorsuffersthe mostintensepain.

Theperiodthattheroadmapcoversis typically one
to two years. A longertermis not really practical
becausédeasor prioritiesusuallychangeovertime.
Soit is betterto revisetheroadmapperiodically

Action Plans

The roadmapleadsto action plansthat cover the
actionsof a shortterm, say a couple of months.
Such an action plan is the “Project Management
Plan”for specificimprovementtasks.Corventional
projecttrackingmethodscanbeusedfor measuring
progress. The actionplan is consideredo be fin-
ishedwhenall actvities describedn it have been
completedandthe deliverablesare available. This
is a good momentto checkwhetherthe improve-
ment path stipulatedin the roadmapis still valid.
Anotheractionplanis thencompiled,covering the
next short-termperiod. And soon.

Assessment

Periodicassessmerghouldbe conductedto mea-
surewhereyou are with the testprocessto seeif

you have achievedthegoalssetforth in theroadmap
and to identify priorities and improvementfocus
pointsfor the periodto come. Assessmentesults
should shav which improvementshave beenac-
complishedandwhethertheroadmaygshouldbeup-

dated.

Practical Experiences with TMM
based Test Process | mprovement

Using TMM asa guide and following the process
asdescribedabove, the authorshave implemented
from 19980n a TestProcessmprovementin anin-
dustrialervironment. The productsconcernedarge
and comple television, audio and databroadcast
systemdor satellite,cableandterrestrialoperators.
Beforeimprovementtheorganisatiordid devoteat-
tentionto testingbut themanagemerjudgedit to be
unsatishctory An external assessmertf the test
processvasheld which confirmedthat testingwas
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an unstructuredactiity that was neither effective
nor efficient. It wasdecidedto setup a TestPro-
cesslmprovementprogramme. At the sametime
a CMM assessmenwas held to investigateif the
software developmentcapability CMM level 2 was
achiered. Thiswasnotthecase.

Theimprovementprogrammaevasinitiatedin 1998,
accordingto the processoutlined in the previous
chapter As animprovementmodel TMM wasse-
lecte@. A null-assessmenivas held as a base-
line for later TMM assessmentsThis TMM null-

assessmerindeedindicatedthat the test maturity
wasattheinitial level 1.

A roadmapspanningthe period 1999-2000was
preparedjndicating TMM level 3 asa goal by the
end of 2000. Basedon the roadmapaction plans
were developed, typically spanning3-6 months.
Action plans were periodically presentedand re-
viewedwith management.

An intermediate(self-)assessmentt the end of

yearl999indicatedthatTMM level 2 wasachiered.
A formal assessmeris scheduledfor the end of

2000.It isexpectedhatall level 2 andlevel 3KPA's
will besatisfiedexceptone(Control& Monitoring).

The major reasonfor this is that the development
capability still hasnot reachedCMM level 2. In

practicewe experiencethatlaggingCMM maturity
becomedlocking for furthertestprocessmprove-

ment.

TMM hasproven to be a valuablemodelfor Test
Procesdmprovement. The testprocesss consid-
eredto be adequatéan termsof effectivity and ef-
ficiengy, both by managemenand by developers.
Test activities are performedin an orderly struc-

dggree)”’to atruerisk-basedequirementwyerifica-
tion. As anticipationto higherTMM levelstestef-
fort is alsodirectedtowardsearly defectdetection
e.g. reviews to preventthatdefectsin requirements
documentgpropagatdo laterdevelopmentstages.

Conclusions and Future Outlook

While mary articleson TestProcesdmprovement
dig immediatelyinto technicalitiesof the testing
processwe have tried to focus on the processof
TestProcesdmprovementitself. This paperis an
accountof our experiencewith an improvement
programmehatwasguidedby the TestingMaturity
Model (TMM) developedat the Illinois Instituteof
Technology The sheerfactthatwe adoptedTMM
asanimprovementmodeldoesnotimply thatthisis
thebestmodel.it simplyturnedoutto bethebestfit
for ourinitial situation.On the otherhand,our use
of TMM hasexposedsomeweaknesses houghwe
emphasis¢heseweaknessesye donnotimply that
TMM is aninadequatenodel. By andlarge, under
guidanceof TMM we have establishe soundtest
process.

Altogetherwewereratherhappy with TMM andthe
processwe usedto implementthe improvements.
Othershave recognisecthe potentialof TMM as
well, alsorealisingthatit needsfurther extension.
In the Netherlandsa consortiumhasbeenformed,
consistingof industrial, service& consultang and
academigartnerso enhancd MM, to improve the
accompayping assessmennodel,provide it with a
metricsbasisandto give it wider support. The au-

turedandrepeatablavay, by anumberof dedicated thorsarecurrentlyparticipatingin this consortium.

testersthat considertestingto be a professionand
an engineeringlisciplinein its own rights. To ob-
tain objectvity, thetestingis organisedseparatand
independentrom software developmentitself. Ini-

tially, developersresistedhe barrierof anindepen-
denttestgroup. Graduallyhowever, the developers

attitude changedrom hostility to tolerationto re-
spect.

Testinghasevolvedin two yearstime from “trying
softwareto seeif it works(atfirst sightandto some

Thework of theconsortiumgcarriedoutin a project
subsidisedby the Dutch government, eventually
shouldleadto MB-TMM (Metrics-BasedTesting
Maturity Model).

References

[1] Myers, GlenfordJ., 1979, The Art of Software
Testing, JohnWiley & Sonsinc.

5As far aswe are aware, this was the first time in the Netherlandgthat TMM was usedfor a TestProcessmprovement
ProgrammeQutsideThe Netherlands(favourable)experiencesvith the applicationof TMM werereportedat thattime [6].

XOOTIC MAGAZINE



[2]

[3]

[4]

Burnstein I., SuwanassartT., and Carlson
C., 1996. Developing a Testing Maturity
Model. Part 1. Crosstalk, Journal of De-
fense Software Engineering, 9, no. 8, 21-24,
also available on http://wwwstsc.hill.af.mil/-
crosstalk/1996/audevelopi.asp

Burnstein I., SuwanassartT., and Carlson
C., 1996. Developing a Testing Maturity
Model. Part 2. Crosstalk, Journal of De-
fense Software Engineering, 9, no. 9, 19-26,
also available on http://www.stsc.hill.af.mil/-
crosstalk/1996/ségevelopi.asp

KoomenT., Pol M., 1999, Test Process Im-
provement: A Practical Step-by-Sep Guide to
Structured Testing, Addison-Wesle/ Pub Co.

[5]

[6]

[7]

GelperinD. andHetzelB., 1988, The Growth
of Software Testing, Communicationsof the
ACM, 31,n0.6,687-695

Olsen K. andVinje, P.S., 1998,Using the Test-
ting Maturity Model in Practical Test-planning
and Post-evaluation, ConferencePapers Eu-
roStar’'98, 6th EuropearinternationalConfer
enceon Software TestingAnalysis& Review,
Munich, 345-359

Paulk, M, CurtisB., ChrissisM.B. andWeber
C., 1993, Capability Maturity Model for Soft-
ware, Software Engineeringnstitute, Carngjie
Mellon University

November 2000




