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Abstract

The aim of this dissertation is to develop a newspective framework which is
standardized and offers best practices for veryllsorasmall and medium enterprises
(VSEs/SMESs), and to gain very challenge admittaiocthe software market by companies
who represent their accepted software capabiliturityg quality standard. In the first part,
we present an introduction, some definitions arertiotivation for this work. It shows that
there is a growing demand for software process ovgment in VSES/SMEs software
development companies, but at present there isra litde guidance in this matter. The
dissertation then identifies a combination of thap&bility Maturity Model Integration
(CMMI) and Agile Software Development Approachdsorovides a new approach to blend
CMMI and Agile Approaches for VSES/SMEs, focusing @roject management in CMMI
and Scrum. To this end, the dissertation introducesimber of practices/artifacts rating as
well as conformance rating. Furthermore it presens®lution aiming to overcome the gap
between CMMI and Scum by proposing CMMISF whichaislevelopment framework for
VSEs/SMEs using a Light-Weight Project Manageme@ABPI Assessment Model
(LWPM-SAM) that is implemented by means of the @®aite Process Improvement
Adaptive Learning System (SPIALS).

Finally we present an evaluation of the proposetitem. It shows that the
performance of agile-Driven (CMMIbyScrum) approaches better than plan-driven
approaches regarding the aspects: controlling tiogegt effort, software budgeting, and
project duration. However, the project manager refemd software process improvement
budgeting are better controlled by plan-driven apphes. This dissertation offers a
framework and a self-assessment web-based tool SBS\6MEs software development
companies, and thus makes a small contributionntpraving the general standard of

software process improvement in VSEsS/SMEs enviraiime



Table of Content

11 Lo PRSPPI il
ACKNOWIBAGEIMENT ...t e e e e et e e e e et et et bbbt e e e e e e e e e eaaaas ii
Y 0111 = Tod PSR UUURPPPPPRRPRPPPIN \Y
Table Of CONENT ...ttt e e e e e e e e e e eees %
IS Ao ) {0 U] =P Vil
(IS Ao ] =1 o = PRSPPI Xii
(@ gF=T o] (= g A [ o1 (o o [1Tox i [ o ISP 1
1.1. Software Development Life Cycle (SDLC) ......ueeeieeiiiiiiiiiiiiiiianneeenns 2

1.1.1 Waterfall Model ... e 3

1.1.2 SCrum MOEI.....ouiiiiiiiiiiiee et ettt 3

1.2. Software Process Improvement (SPI) ... 4

1.3. Project Management in Capability Maturity Modeldgtation

(PM N CMMI) ...t en s 4

1.3.1 Project Planning (PP) ......cooiiiiiiiiiiieeeeee e 4
1.3.2 Project Monitoring and Control (PMC) ........uiiiiiiiiiiiiieeeeeeee. 5
1.3.3 Integrated Project Management (IPM) ........cccceamiiiiiiiiininnnieeennn, 5

1.4. Standard CMMI Appraisal Method for Process Improeam

(SCAMPI) < s 5

(@ gF=T o] (=] gbZal 1V, [o] 1)Y= 1o o I PP 6
2.1, CUIMENT STALUS ...oeveie et e et e e e e e e a e seea e e 7

2.2. Challenges, QUEeSLIONS & GOAIS.........coiiiiiiiiiiiiiiiiiee e 7
2.3, Related WOrIK .......coeeiiiiiiiiiiiee e e e e e eeeee b ennnnees 9

2.4. Structure of the DiSSEITatiON ... .. eninie e eaaas 10.



Vi

Chapter 3 Combining CMMI and Agile Software Devetemt Approaches..............ecee... 12
3.1. CMMI — What to do for small setting environment (#8SMES) ............ 15
3.2. Agile — How to do for small setting environment ®#&SMES) ............... 17
3.3. The synergize of CMMI and Agile in VSES/SMES uee.cvvviiiiiiiiiiinnne, 20

3.3.1 The relationship between CMMI and Scrum in

Project Management Category...........uuvumccceeeeeeeeeeiinniinnneeenns 21
3.3.2 The relationship between CMMI and Scrum in

Process Management Category ...........ovicceeeemmeeeeeriineeeeeeeiienn 32
3.3.3 The relationship between CMMI and Scrum in

ENgineering Cat@gory ......cooooeeieieeiiiiieeeeeeiea e e eeeeeeeeeenaanes 36
3.3.4 The relationship between CMMI and Scrum in

SUPPOIT CALEGONY ..eeveiieeiieeiiee et eieemmme et e e e et e e e e eeaa e e aeeees 41

3.4.

3.5.

3.3.5 The relationship between CMMI and Scrum in Gené&oal ........ 46
3.3.6 The summary of relationship between CMMI and Scrum........ 47
How to overcome the Gap for the Synergize of Ptdyganagement

in CMMI and Agile DY SCrum ... 54
CMMISF — The development framework for small setteamvironment

(VSES/ISMES) ..ottt e e e e e e e e e e aenbnn e 59

Chapter 4 Light-Weight Project Management SCAMPséssment Model

(LWPM-SAM) ...ttt rsee e ee e enen s, 64
4.1. LWPM-SAM: The light-weight assessment for VSES/SMEs............... 65
4.1.1 The conceptual design for LWPM-SAM .......cooccomiiiiiiiiiiinineenn. 71
4.2. SPIALS: The tool to support LWPM-SAM ........comiiiiiiiiiiiiinieeeeee e 72
4.2.1 The conceptual design for SPIALS............corciiiiiieeeeeeeenne 13
4.2.2 The user interface for SPIALS............oo i 74

4.2.3 The assessment report for SPIALS ..o eeeeeeeeeeeeiiiniennnn. 18



Vii

Chapter 5 EVAIUALION. ......cooo ittt e et e e e e e e e e e e e b as 80
5.1. Design and Set Up of the Evaluation.........ccccceuviiiiiieeiiis 80
5.1.1 Methodology FrameworkK............cooiiiiiiiiicceeceiiiiiiie e 80
5.1.2 LItErature rEVIEW ......cceiiiiiieieiieiiie ittt 80
5.2. Defined QUESHIONNAIIE ........coeeiiiiiii i ceeeeeee e e e 80
5.3. Data COlECHON .....ceviiiiiiiieiee i immmmm e 91
5.4, Data ANAIYSIS.....ccoeeiiiiiiiiiiiiiee e e e e e e e e e e e ee e e ——— 94
Chapter 6 Conclusion and Future ReSEarCh . o ewvveiiiiiiiiee e 115
6.1. Answers to Research QUESLIONS ...........ueiiieiiiiiiieeeiieee e 116

6.1.1 The Summary of the Results Questions (RQ1/RQ2/RQ3)R..116
6.1.2 The summary of the Evaluation..............cemeeeeveerriiinninnnn.... 118
6.2. IMPHCALIONS ... e 118
6.2.1 Implication for the Practice of CMMI and Scrum Adom ......... 118
6.2.2 Implication for Continuous SPI for VSEs/SMEs.....................118

6.3. Limitation of the StUAY .........uiiiiii e 119

6.4. Open Questions and Future Research........cccccceeeiviiiiiiiiiiiiiiiiic e, 119
1] o][ToTe ] =1 o] o 2SRRI 121
=1 oTe ] =1 o] o )20 PO 125
Y o] o 1= o T [ PSS PPPPPPTPPPPURRRRR 127
Appendix A: QUESTIONNAIIE ........coeiiieie ittt e e e e et e bbb s as 127
Appendix B: The result of the qUESTIONNAIIE . evvvvrreiiiiaieee e 136

Appendix C: The summary of the majority group frim questionnaire.............ccccc..uuueees 170



viii

List of figure

Figure 3.1 The core relationship in AgIle ... 18
Figure 3.2 The distinct Agility Scale between Siemphd CompleX...........ccoooviiiviiiiininns 18.
Figure 3.3 The core relationship iN CMMI ... eeeeeiiee e 20

Figure 3.4 The conformity satisfied percentage BIMI process area with

SCIUM FTAMEWOTK. ... ceeeee et e e e e e 49
Figure 3.5 The conformity percentage of CMMI pracasea with Scrum framework.......... 50
Figure 3.6 The idea of CMMIbyScrum FrameWork....cc...cooooveieioiiiiiiiiiiiiiiiiiiie s 60
Figure 3.7 The component of CMMISFE ... e 61
Figure 3.8 The conformance value Of CMMISF . .eeeeniiiiieeeeee e 62
Figure 3.9 The comparison of Abstract model and AMIMIMISF...........ccccooiiiiiiiiiiinnnnnne. 62

Figure 4.1 Light-Weight Project Management SCAMRBEAssment Model

(LWPM-SAM) WOTKFIOW ...t ieeeeeee s seee s 71
Figure 4.2 LWPM-SAM procedure of evidence selectmmdicate project result............... 72
FIQUIE 4.3 SPIALS USE CASES ....uuuuuuiiiii ettt e e e e e e e e e e eeeeeeseeeaeeeeesnnsnnnnnns 73
Figure 4.4 Questionnaire MOl ..........ooo i 74
Figure 4.5 The QF-SPISAT Structure DeSIgN .....cceeeeiiiiiruiiiiiieeeee e eeeeeeeeeevieeeeneeeeeens 75
Figure 4.6 Organization General INformation ... 76
Figure 4.7 AsSSesSsSmMent DefiNitiON.........cooooiiieiieeeei e e e 77
Figure 4.8 Match Participants With roles .........c...oueiiiiiiiiiiii e 77
Figure 4.9 Participants DashbOard .........cccccoiiiiiiiiiiiii e 77
Figure 4.10 Questionnaire for ArtifaCt USage e .cceeeviiiiiiiiiiiieeee e eeeeeeeeeeeeeeeee e 77
Figure 4.11 GUI of SPIALS for Gap Analysis and $dposal Report.............cccoevvvvveeininns 78

Figure 4.12 Gap report an evidence selection ticate project result...............eveeiiiiiaeee. 79



Figure 4.13 Software Process Improvement (SP1)qBalreport ...........eeeeiiiiiiieeeiiiiieean. 79

Figure 5.1 The level of defined value from QUeSBBITO 36...............cceeiiiinirrnnnens s 93

Figure 5.2 The comparison value between Plan anié Agven related to

QUESTION NO.26 0 36 ....eeeeeeeeiiiiiiieiiiiiiiiee et ee e e e e e s 113
Figure B.1 The percentage of organizational Geducap..............ccoovvvvveeiiviiiiinninnnnnn. 136
Figure B.2 The percentage of Full time SW developneenployees .............oouvvvveeiiinnennnn. 137
Figure B.3 The percentage of Active SW developnpeojects.............ccoovvvevevevvnnnnnnnnnn. 138
Figure B.4 The percentage of CMMI SW developmenfamts ...........coovvvveeiiiiiiinneenennnn. 381
Figure B.5 The percentage of SW development expeg®in Project Manager ................ 139

Figure B.6 The percentage of SW development expesgin

Software Process IMproVemMEeNL .co.......oooiiiiiiiiiiiiiee e 140
Figure B.7 The percentage of SW development expesgin

Application DOMaAIN EXPeITIS.a. . ciiiiiiie et 140

Figure B.8 The percentage of SW development expesgin

Application Language EXPertiSE.......uuu it 141
Figure B.9 The percentage of Major role in SW depeient team..............ccooevvvvviininnes 411
Figure B.10 The percentage of Software Processdw@onent program.............cccceeevvvnnnne 142

Figure B.11 The percentage of Capability Maturitgdél Integration (CMMI) program...142
Figure B.12 The percentage of ML/CL in Capabilitafdrity Model Integration (CMMI) 143

Figure B.13 The percentage of Maturity Level (2/3)4n

Capability Maturity Model Integion (CMMI) ........cooviiiiiiiiiiiiieeeeeeeeeeeeeen 143
Figure B.14 The percentage of SW development proyee ...........oevveeiiiiiniieeieeeeeeeeen. 144
Figure B.15 The percentage of CUSIOMEr tYPe.....uuuiiiiii i 144
Figure B.16 The percentage of Customer’'s domaitwsoé application.............ccceeeeeeeeeeee. 145
Figure B.17 The percentage of Detailed in Custosn@omain software application.......... 145

Figure B.18 The percentage of Full time SW develephteam............cccccceeeiiiiinnnnnn. 146



Figure B.19 The percentage of SW development prejgort (actual).........ccccceeeeeeeee. 470
Figure B.20 The percentage of SW development pro@@tion (actual) ...............eeeeee. 147
Figure B.21 The percentage of Past experience @shins ..................ouuuveenniinneeeeees s 148
Figure B.22 The percentage of Source Lines of CAIEOCS) ........oevvviiiiiiiiiiiieininnnnne. 148
Figure B.23 The percentage of Software DeveloprRentess (SDP) ..........ccovvvvvvveiiiinennn. 149
Figure B.24 The percentage of Plan-driven/Agilesgini method ............ccccoeeeiiiinnnnnn. 150
Figure B.25 The percentage of Project effort (pensmnth) as Planned ......................... 115
Figure B.26 The percentage of Project effort (pensmnth) as Actual at the end.............. 151

Figure B.27 The variation of Plan and Agile drivarProject effort (person-month)

between Planned and Actuah@teind ...........cccooeeeeiiiiiiiiiiiiiiiiii e 152
Figure B.28 The percentage of Project Manager eff@rson-month) as Planned.............. 153
Figure B.29 The percentage of Project Manager eff@rson-month)

aS Actual at the ENG ... 153

Figure B.30 The variation of Plan and Agile drivarProject Manager effort

(person-month) between Plararedi Actual at the end ............................. 154
Figure B.31 The percentage of Software Budget (P)ES Planned....................cooenne 515
Figure B.32 The percentage of Software Budget ()3 Actual attheend ................... 155

Figure B.33 The variation of Plan and Agile drivarSoftware Budget ($ USD)

between Planned and Actuah@tand ... 156
Figure B.34 The percentage of Software Processdwgmnent Budget ($ USD)

AS Planned ... ceemeee e 157
Figure B.35 The percentage of Software Processdwepnent Budget ($ USD)

as Actual at the N ... eeeeiiiee e 157

Figure B.36 The variation of Plan and Agile drivarSoftware Process Improvement

Budget ($ USD) between Planaed Actual atthe end.............................158
Figure B.37 The percentage of Project duration @m@)) as Planned.......................... 159
Figure B.38 The percentage of Project duration @m@)) as Actual atthe end ................. 159

Figure B.39 The variation of Plan and Agile drivarProject duration (month(s))

between Planned and Actuah@tend  .........ooooneiniiniiiii e 160



Xi

Figure B.40 The variation of Plan and Agile drivarSW development
defects/reworks between PlararatiActual at the end .................ccc e 161
Figure B.41 The variation of Plan and Agile driverSW development

defects/reworks removal betwB&mned and Actual at the end.............. 162

Figure B.42 The level of defined value in applythg SDP in plan-driven
(oL = To 11 ST o | Y= o 163

Figure B.43 The level of defined value in receivadgquate resources

both quality & QUANTILY .. e 163
Figure B.44 The level of defined value in deliverthe product on-time....................... 641
Figure B.45 The level of defined value in delivgrthe product in budget..................... 651

Figure B.46 The level of defined value in delivegrthe product in establishing

and maintaining plans that dedi the project activities...............cevueeeenen.. 165
Figure B.47 The level of defined value in periodlizenitoring to follow

the SDP and Plans ......ccooiieiiiii e 166
Figure B.48 The level of defined value in achievihg corrective actions

after MONITOTEA ...t 167
Figure B.49 The level of defined value in selectsoftware process development (SDP)

{01701 | o] (0] [ 1 PP 167
Figure B.50 The level of defined value in establighrand managing the involvement of

the relevant Stakeholders............c.ooevviiiiiiii e 168
Figure B.51 The level of defined value in meetingtomer expectation .......................... 916

Figure B.52 The level of defined value in havingeed employee satisfaction rating........ 169



Xii

List of table

Table 3.1 Similarities and dissimilarities of CMIslihd Agile Practices ...........cccccccuuueeee. 13.
Table 3.2 The conformation between Specific Go&S)(in Project Planning (PP) area
WIth SCrum frameWOrK ... 21
Table 3.3 Conformity percentage of Project Planifig) with Scrum framework .............. 24
Table 3.4 Conformity percentage of Project Moniigrand Control (PMC)
WIth SCrum frameWOrK ... 26
Table 3.5 Conformity percentage of Integrated Ritdiganagement (IPM)
WIth SCrum frameWOrK ... 27
Table 3.6 Conformity percentage of Requirement Manzent (REQM)
WIth SCrum frameWOrK ... 28
Table 3.7 Conformity percentage of Supplier AgreeinMdanagement (SAM)
WIth SCrum frameWOrK ... 29
Table 3.8 Conformity percentage of Risk Manageni@&KM) with Scrum framework.....30
Table 3.9 Conformity percentage of Quantitativej@oManagement (QPM)
WIth SCrum frameWOrK ... 31
Table 3.10 Conformity percentage of Organizatidtralcess Focus (OPF)
WIth SCrum frameWorK ... 32
Table 3.11 Conformity percentage of Organizatidiaining (OT)
With SCrum frameWorK ... 33
Table 3.12 Conformity percentage of Organizatidtraicess Performance (OPP)
With SCrum frameWorK ... 34
Table 3.13 Conformity percentage of Organizatidtaiformance Management (OPM)

WIth SCIUM frTAMEBWOIK ... aans 35



Xiii

Table 3.14 Conformity percentage of Organizatidtraicess Definition (OPD)

WIth SCrum frameWorK ... 36
Table 3.15 Conformity percentage of Requirementdlmment (RD)

With SCrum frameWorK ... 37

Table 3.16 Conformity percentage of Technical Sofu{TS) with Scrum framework ........ 38

Table 3.17 Conformity percentage of Product Integna(Pl) with Scrum framework......... 39
Table 3.18 Conformity percentage of VerificatiorH¥) with Scrum framework ................ 40
Table 3.19 Conformity percentage of Validation (MALith Scrum framework .................. 41

Table 3.20 Conformity percentage of Configuratioandgement (CM)

With SCrum frameWOrK ... 42
Table 3.21 Conformity percentage of Process anduetdQuality Assurance (PPQA)

With SCrum frameWOrK ... 43
Table 3.22 Conformity percentage of Measurementfaralysis (MA)

WIth SCrum frameWOrK ... 44
Table 3.23 Conformity percentage of Decision Aniglgsid Resolution (DAR)

With SCrum frameWOrK ... 45
Table 3.24 Conformity percentage of Causal Analgsd Resolution (CAR)

With SCrum frameWOorK ... 46
Table 3.25 Conformity percentage of Generic Go&)@ith Scrum framework ................ 47
Table 3.26 Conformity percentage of Process Ardg @@ategory with Scrum framework ..48

Table 3.27 Conformity percentage in maturity leslaksification with Scrum framework...51

Table 3.28 Conformity percentage in process artsgoay to Scrum practices.................... 52
Table 3.29 Conformity percentage of process aré&xctam artifacts..............cccceeeeieeineees 53
Table 3.30 How to fulfilling the gap of Project Rlang (PP) in Scrum Framework............. 55

Table 3.31 How to fulfilling the gap of Project Mitaring and Control (PMC)

IN SCIUM FrAMEWOIK. .....eeieeeeeeiiiiiiiieieee et mmn e e e e e e e e e 56
Table 3.32 How to fulfilling the gap of IntegratBdoject Management (IPM)

IN SCIUM FrAMEWOIK.......eieeeeeeiiiiiiiieiiie ettt e e e ee e e e e e e e e e 56

Table 3.33 How to fulfilling the gap of Generic G¢a@G) in Scrum Framework ................ 57



Xiv

Table 4.1 Characteristics of Appraisal Classes f8ofiware Engineering Institute (SEI) ...64
Table 4.2 Process activities between SCAMPI A aWtPIM-SAM processes...........ceeeeeeee.. 65
Table 4.3 Process activities between SCAMPI A antPM-SAM and its outputs.............. 66
Table 4.4 The Relation of Evidence Selection tceDuatne

Practice Implementation INAICALOr.............cooiiiiiiiiiiiii e 69

Table 4.5 The Relation of Practice Implementatimtidator to Determine

PractiCe CNaAlraCtEIISTICS ... ettt e e e aaeaaas 70
Table 4.6 The Relation of Practice Characterigdddetermine Goal Satisfaction............... 70
Table 4.7 The Relation of Goal Satisfaction to D®iae Process Area Satisfaction............ 71
Table 5.1 The detail of questionnaire and QUESHPA ..........ccooriiiiiiiiiiiiiiiii e 82

Table 5.2 The hypothesis 1: People size is deperdtegrated Project Planning and
MONITONNG CONEIOL ... e e e e e e e e e e e eeeeeeees 99
Table 5.3 The hypothesis 2: Software size is dependtegrated Project Planning and
MONITONNG CONEIOL ... e e e e e e e e e e e e eeeeeeeees 101
Table 5.4 The hypothesis 3: Year of Experienceefgedd on Integrated Project Planning and
MONITONNG CONEIOL ... s ee e e e e e e e e e e e e eeeeeeeeees 104
Table 5.5 The hypothesis 4: CMMI Project is dependntegrated Project Planning and
MONITONNG CONEIOL ... e e e e e e e e e e e e eeeeeenees 105
Table 5.6 The hypothesis 5: Domain of the custosnssftware application is depend on
Integrated Project Planning and RMoimg Control...............ouvveiiiiniis e 106
Table 5.7 The hypothesis 6: Number of Project Tesadepend on Integrated Project
Planning and Monitoring CoNtral.ce..... ..o 109

Table 5.8 The hypothesis 7: Software Developmentéds (SDP) is depend on

Integrated Project Planning and Moimg Control...............oovveiiiiiniss s 111
Table 5.9 The hypothesisl, 2, 3 and 6 based orefation Analysis method..................... 112
Table 5.10 The hypothesis 4, 5 and 7 based on AN@¥&od..............ccoovviiiiiiiiinnnnnn. 121

Table C.1 The summary of the majority group from gfuestionnaire ............ccccceeeeeeeennn. Q17



Chapter 1 Introduction

In this dissertation, we present a step by stegetign and evaluate Capability
Mutuality Model Integration (CMMI) with light-weighsoftware development life cycle
(SDLC) focusing on project management perspective.

Firstly, we start with a question of “How can wecelerate adoption CMMI by

Agile methodologies?” which we assume that Agileoree of the representatives for
light-weight SDLC. Based on our first question,rthare many software organizations
invested a lot of resources and budget to reaclatiget of high-quality by implementing
high-weight organization plans and processes I&dMI, however, Agile practices are
one of the potential alternatives for acceleratirgyiccessful of developed organization to
overcome the better result with more light-weigtaqgtices. The balance between CMMI
and Agile practices is expected to increase tharorgtion productivity. This is useful
for plan-driven organizations that based on CMMIdeloto improve their processes
concurrently with Agile practices by defining preseframework based on rapid
practices.

High-performance organization is the purpose oftveafe development
companies. CMMI is a plan-driven model that focuseorganization level for knowing
"What to do?” On the other hand, Agile is an adagptnethodology that focuses on
project or team level for learning "How to do?" Téynergy from both approaches, aim
to improve organizations that have been deployiMMT, and plan to optimize their
software development processes towards agility.

Secondly, after we realize that Scrum is betterr@gmpate for adopting with
project management practices then we step furtheext question as “How can we step
forward CMMI-Project Management by optimized ScriinRegarding to second
question, there is a lot of success software dewedmt project based on CMMI have
been broadly accepted throughout the world. Onéhefsparking points is deploying
CMMI focused on project management category combinigile method as Scrum
practice which is expected to bring balance of hggrality and optimal cost for
VSEs/SMEs (Very Small Enterprises/Small Medium Emiges) in software industry.
Previous research question has shown an adoptithredfynergy between CMMI model
and Agile practices leading to satisfy for lightglei Software Process Improvement
(SP1) procedure. However, this research is to $ipeébcus on the gaps and the
strengths/weakness between an iterative-drivenléAggrum) and a plan-driven (Project
management category in CMMI).

Finally, as we known that there are some procesasain project management
which are appropriate for deploying Scrum practite=sn we would like to understand
the comparison between Waterfall model and our CMMcrum Framework
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(CMMISF) based on topic namely, “Design and Evabratof a CMMI Conformant
Light-Weight Project Management Approach” to ilkege the difference of our
investigation to propose our CMMISF for deployinghwVSEs/SMEs from presented
experiment. As we know, CMMI is one of the well-kmoand accepted maturity models
that many software organizations have implementedt$ quality processes which are
expected to bring a good quality for their softwgmeducts. However, traditional
software process models become too heavy-weighietaleployed. The aim of this
dissertation is to design the Light-Weight Projetanagement (LWPM) approach to
implement CMMI by mapping between CMMI goals andlé&gcrum based on defined
artifacts and to indicate the differences in apglyLWPM and the traditional Waterfall
model. Our approach focuses on the Project Managewwetegory which composes
Project Planning (PP), Project Monitoring and Con{iPMC) and Integrated Project
Management (IPM).

In order to compare both models we collected reievdata by using
questionnaire and also the dedicated tool as nam@&bftware Process Improvement
Adaptive Learning System or SPIALS” for VSEs/SMIBgecause these resources are
limited to these organizations for preparing theé &#-assessment to start a continuous
SPI initiative, in this case, we hope that our SEBAcan learn variety of qualitative and
quantitative critical success factors and extragpiecal data from experiences database.
The following details are present our vocabularfyrikon of our research work.

1.1 Software Development Life Cycle (SDLC)

The Systems Development Life Cycle (SDLC) is a psscdefinition which can
be models serve as a high-level definition of thghlight key activities and their
interdependencies as phases that occur during aeweht. Examples of software life
cycle models are the waterfall model, the throwaweagtotyping model, evolutionary
development, incremental/iterative delivery, thdradpmodel, the reusable software
model, and automated software synthesis [1.1]. §taadard on developing life cycle
processes also provides a list of processes amdtiast for software development and
maintenance [1.2].

SDLC typically consists of seven phases which aigation of the project,
definition requirements, functional design, bulietsystem, verification, operation all
establishments, and finalize with maintenance adew activities [1.3]. In general,
SDLC is methodologies or process frameworks to lkdgvan information system, and
training usage for stakeholder. The SDLC aims tmdpce a high quality system that
works effectively and efficiently as planned witluost-effective to enhancement.

The most important of SDLC model is waterfall fmptdown implemented
strategy which is the classic waterfall model wafiretd in early 1970 by Royce [1.4]
and later refined by Boehm [1.5] in 1976 to helpewvith the growing complexity of the
software projects being tackled. On the other hawile is the new continues SDLC
which rises to change a dramatically increasingepafctoday’s turbulent business and
technology environment [1.6].



1.1.1 Waterfall model

The Waterfall process model is viewed as progregskirearly from conception,
through requirements, design, code, and test. Tla¢eifdll model shows a process,
where developers can follow in each phase as ierpréquirements specification and
requirements analysis, software design, implemiemand integration, validate test, and
finally, deployment maintenance [1.4]. In a stiWaterfall model, after each phase is
finished, it proceeds to the next one. Reviews owur before moving to the next phase
which allows for the possibility of changes as arfal change control process. Waterfall
discourages revisiting and revising any prior phaisee it's complete so that this brings
inflexibility for purring Waterfall model [1.7].

1.1.2 Scrum model

In recognition of these ideas, in February 200&, dhginal of Agile community
is "The Agile Alliance", this group of independéehinkers about software development,
and sometimes competitors to each other, agreettheomanifesto for Agile software
development as “Individuals and interactions owexcpsses and tools, working software
over comprehensive documentation, customer colédioor over contract negotiation,
and responding to change over following plan” [1.6]

Agile methods stress two concepts which are thergiving honesty of working
code and the effectiveness of people working tagethith goodwill. Using Agile
development methods requires close customer pahipst [1.8] Agility is dynamic,
context-specific, aggressively change embracing, growth-oriented. It is not about
improving efficiency, cutting costs, or batteningwh the business hatches to ride out
fearsome competitive “storms” [1.9]. Agile softwatevelopment is a group of software
development methods based on iterative and incr&nedevelopment, where
requirements and solutions evolve through collaitmmabetween self-organizing and
cross-functional teams. It promotes adaptive plagnevolutionary development and
delivery, a time-boxed iterative approach, and erages rapid and flexible response to
change [1.10]. Agile has variety methodology. Tit@search focuses on “Scrum” which
is a simple process for managing complex projektkl].

Scrum is an Agile framework for completing compfaojects. Scrum originally
was formalized for software development projectst Wworks well for any complex,
innovative scope of work [1.12]. Scrum is an itematand incremental Agile software
development framework. Its focus is on "a flexilblelistic product development strategy
where a development team works as a unit to reachmanon goal” as opposed to a
“traditional, sequential approach”. Scrum is fohiaeing results in complex situations.
Using practices such as the Product Backlog, thaltsecan be optimized to the situation.
But Scrum is also very much about people. Scrumtdasecome dedicated to their
teams because teams are neighborhoods that peogleling the Scrum Master, live
within [1.11].



1.2 Software Process Improvement (SPI)

Software process improvement is an action whichtalkken to change an
organization’s software processes. They have ta theeorganization’s business needs
and help it to achieve its business goals morecifidy [1.14]. SPI requires
management to take an action in active role amalthls participated workers in defining
and implementing usable and effective processes$.h&® been practiced when the
Software Engineering Institute (SEI) in Pittsburfgist lunched its Capability Maturity
Model for Software or the SW-CMM. Software Procdsgprovement is based on
software process assessment (SPA) which is cortevitle assessing a software process
against a process standard or framework such asva@ef Process Improvement and
Capability determination (SPICE) to support the elegment of an International
Standard for Software Process Assessment [ISO/IEC1S504] [1.13] or Standard
CMMI Appraisal Method for Process Improvement (SCRIMto provide benchmark-
quality ratings relative to Capability Maturity Meldintegration (CMMI) models [1.15].

1.3 Project Management in Capability Maturity Model
Integration (CMMI)

The original version of CMMI is the Capability Maity Model for Software
(SW-CMM) is a framework that demonstrates the keynents of an effective software
process. The CMM describes an evolutionary imprer@mpath for software
development from an ad hoc, immature process tatane, disciplined process, in a path
laid out in five levels. [1.16] Then the CMMI enltament describes the stages through
which software organizations evolve as they defimglement, measure, control, and
improve their software processes. These modelslajex@ by the Software Engineering
Institute (SEI). It provides a guide for selectipgocess improvement strategies by
facilitating the determination of current procesgabilities and the identification of the
issues most critical to software quality and predegprovement. [1.17]

The CMMI has category in four groups and twenty-fwvocess areas, in project
management category, there activities relateddorphg, monitoring, and controlling, In
CMMI-DEV version 1.3, the PM category compose ofesePM process areas which are
Integrated Project Management (IPM), Project Mamitp and Control (PMC), Project
Planning (PP), Quantitative Project Management (QPREquirements Management
(REQM), Risk Management (RSKM), and Supplier AgreatnrManagement (SAM). In
this dissertation we focus only “IPM, PMC and PR1[7].

1.3.1 Project Planning (PP)

The project plan covers the various project managenand development
activities performed by the project. The purpos@Bfis to establish and maintain plans
that define project activities which are based wirtspecific goal for instance establish
estimates of the project scope, effort, cost, wardduct and task attributes, to develop a
project data management, and stakeholder plan lmeseldtain commitments.



1.3.2 Project Monitoring and Control (PMC)

The project monitoring and control process aredains practices for monitoring
and controlling activities and taking correctivaiac which is specifies the frequency of
progress reviews and the measures used to momdgrgss. The purpose of PMC is to
provide an understanding of the project’s progsesshat appropriate corrective actions
can be taken when the project’'s performance devisignificantly from the plan by
monitoring the project against the plan, and mamagorrective action to closure the
project.

1.3.3 Integrated Project Management (IPM)

The integrated project management process arehliskes and maintains the
project’s defined process that is tailored from dhganization’s set of standard processes
or organizational process definition. The purpos& is to establish and manage the
project and the involvement of relevant stakehadaccording to an integrated and
defined process that is tailored from the orgarnt set of standard processes by using
the project’s defined process, coordinating anthbokating with relevant stakeholders.

1.4 Standard CMMI Appraisal Method for Process
Improvement (SCAMPI)

The standard CMMI appraisal method for process awgment (SCAMPI) is
designed to provide benchmark-quality ratings netato CMMI models. SCAMPI A
satisfies all of the appraisal requirements for CMMRC) requirements for a Class A
appraisal method. Although designed for conductipgraisals against CMMI-based
reference models, the SCAMPI A method can alsogpdied for conducting appraisals
against the People CMM and other reference models.

The SCAMPI A appraisal method is data-oriented Wwhis used to identify
strengths, weaknesses, and ratings relative tcamapreference models. It is decisions
on practice implementation and goal rating are nisteed on the aggregate of objective
evidence available to the appraisal team. The SCIAMPPhase for Conducting
Appraisal is composed of plan and prepared forapal, conduct appraisal, and report
results.



Chapter 2 Motivation

Nowadays, there are numerous competitions in soétwdgvelopment industry
which means the software development companiessathe world have recognized the
need to focus on their core business competengiexfizient working to develop and
upgrade their products and services. Consequetiiigse organizations need to
outstanding from other competitors in the markieis important for them to concentrate
on their core business with high performance.

The concept of software development outsourcinggnswing dramatically,
particularly in the Asia. Once in the past, Thaias the fourth ranking among the top
outsourcing destinations of the world next to Indiadina, and Malaysia. [BusinessWeek:
July 2009] This trend not only raises new servioat@act in the software industry but
also brings new opportunities. Therefore, many \amnall enterprises or small medium
enterprises (VSES/SMES) software development corapane unaware of this, or do not
even know that how to keep their abilities to cotepi®r surviving in this business.
However, some of VSES/SMEs firms are concern apauicularly vulnerable to their
developments on what can they do to avoid the tsiPeAnd how can they exploit the
new opportunities?

Nevertheless, this is challenge to the softwarepaomes to gain admittance to the
market; however, there are some requirements fridernational buyers/employers who
do not much know about Thai software developmentgamnies. In this case, they prefer
these companies to represent their capability dunty likes standard to be accepted.
Many of the Thai firms possess quality accreditatiy reaching international standard
for instance International Organization for Stawldeation (ISO) or Capability Maturity
Model Integration (CMMI). Furthermore, in order maaintain their competitiveness in
this battle, they not only have to retain the nsagsskill set based on their limitation of
resources, but also they have to concern in vatiguiss; e.g. prepare a good request for
proposal, set a guaranteed delivery date, consarand value and get stakeholder buy-
in. Presently, requirements of software developmeerironment often change during the
product development life cycle to meet shiftingihaess demands.

In order that, Agile development is propose to sothis issue. This Agile
approach based on iterative development, frequesperction and adaptation, and
incremental delivery, in which requirements andusohs evolve through collaboration
in cross-functional teams and through continuoakedtolder feedback. Scrum is one of
the Agile popular methods that use to address theseerns. Scrum is basically an
iterative project management framework used in égievelopment, in which a team
agrees on development items from these requirekldggcand produces them within a
short duration in a month. Thus, Scrum is appro@ri@ar projects where requirements up
front cannot be defined and chaotic conditions argcipated throughout the product
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development life cycle model. All in all, this isotivating reasons to find a new solution
for designing the light-weight framework based ogil& approach and CMMI model.
And also present the evidence of an empirical tmshow its efficiency.

Therefore, VSES/SMEs have a very challenge goabtapliance and synergize
to use different combination of both approachesaliishing an organization process is
accepted by the world standard for instance CMMi pvocess control, quality
improvement, and capability/maturity evaluation. e other hand, the process has to
compete in price and performance competition by lwomg Agile development likes
Scrum in their software project environment. Howevkere are some reasons that may
be obstacles to VSEs/SMEs development teams; 8y11Gs too expensive to use and a
lot of overhead and documents. Hence, it is intergdor VSES/SMEs to have a new
perspective framework which is standardize andnupg the best practices of their
organization. There by, VSEsS/SMEs need to modify &iloring their own frameworks
to get additional values or benefit to its pracicérom this notice, VSEs/SMEs should
define the combination of CMMI and Agile to com@etach other which evoke to
enhance visible performance, long-term benefitsatfatdable cost. Thus, the concept of
“CMMI-by-Agile” in light-weight approach instead ofelection between CMMI and
Agile are occurrence.

2.1 Current Status

In the world of software competition, a large s@ter development company has
provides access to their huge available resoukdegiever, a requirement change in a
large company is often making slow, cumbersomeiacieédible frustrating times. Next,
the communication and coordination overhead rigamdtically with large size team.
This seems to always be systematic inefficienciesraadblocks that prevent the
necessary amount of resource allocation.

A small software development company is faced mbt with a lack of resources
and funds which are required to implement in thmiactices, but also with process
improvement programs based on the assessment iil@aeCMMI which is not fit with
small organization. Nevertheless, a small compailiyhawve more responsibility, respect,
familiarity and trust. Employee in small firms pedly wears multiple hats and it goes
beyond the shared focus on a single goal, or thigyato influence overall direction.
Once process improvement is accepted as a coursetioh by the management, it
should much easier to change the corporate culincesteer the organization toward
improvement goals in a small company than in adlamgmpany because of less inertia
and less bureaucracy.

2.2 Challenges Questions & Goals

Regarding to these current situations of blendiMMT and Agile approach, it is
significant initialization to start with harmonyeshents from both sides. Based on
previous works, the definition of an Agile approachScrum and CMMI is significantly
usefulness for organizations that have been tryangnprove their processes between



8

agility and maturity models [2.5]. Scrum is shovatisfactory percentage of conformity
with CMMI in project management category [2.19].rn8u practice is very close to
Project Planning (PP), Integrated Project ManagéerfieiM) and Project Monitoring and
Control (PMC) and the success of perfect conformityh CMMI can be fulfilling your
implemented with other Scrum practices [2.20]. ‘Eeth, next step is to set the context
and objectives related to the dissertation apprdacfocuses on Scrum and project
management as ordered for Agile approach and CMbtehwhich the main objectives
of the challenge questions are as follow;

* To identify the questions related to the Agileproach and Scrum based on
project management category in CMMI assessment imode

* To develop a summary result of the related ipressworks with identified their
studies based on the research questions.

« To define the scope to verify the concerresgbarch questions.
As the strategy, the research questions are prdpumsew;

RQ1. Are Agile and CMMI mutually exclusives apprbas for process
improvement program?

This question tried to figure out whether Agile eggch & Scrum and Project
Management in CMMI model are synergized. This dqaastssesses compatibility
dimension.

RQ2. What is a gap between Scrum and the projenagament requirements of
CMMI?

This question is based on how much compatible apditgms of Agile approach
& Scrum and Project Management in CMMI model ardiisTquestion assesses
compliance dimension.

RQ3. How to combine Scrum and the project managen@viMI to close the
gap?

This question tried to find out to identify on haan we fulfill the CMMI goals
via Agile approach & Scrum the different or lacks fimplementing CMMI when
develop by using Agile approach & Scrum. This questssesses capability/maturity
dimension.

RQ4. What is the benefit to synergize Scrum and phgect management
requirements of CMMI?

This question tried to identify empirical experiesdo prove that a development
by Agile approach & Scrum can be useful to gainremching the CMMI goal. This
guestion assesses profitability dimension.

The dissertation proposes a summary of related svbdsed on the research
questions which are explained in literature revsassion.
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The goals of this work are to analyze the feasyilio design the combining
framework of the CMMI model and Agile approach witrum, and to evaluate the
profitability of this synergize works. The CMMI-SGAPI scope is the Project
Management category which contains PP, PMC and [H#M.main reason for selecting
the project management category, because it is ingpprtant to the successful of the
project in overall perspective based on its acésit

2.3 Related work

Currently, there are many works related to the watiobn of this propose
framework. Regarding to the mutually exclusivesrapphes between Agile and Scrum
(see RQ1), Jeff Sutherland and et al. [2.12] arghatl as Scrum and CMMI together
bring a more powerful combination of adaptabilitydapredictability than either one
alone like propose by Carsten Ruseng Jakobsen, AKamain Johnson [2.15] and Hillel
Glazer [2.18]. Moreover, Armin Preis [2.2] commahthis opinion; Scrum and CMMI
match in large parts and the integration of bothcepts can involve strong synergetic
effects; e.g. reducing complexity in CMMI and exgeng Scrum's processes towards
higher process quality. Nevertheless, organizationst be aware that it usually takes
long, to combine both concepts and to improve tloser the lifecycle of the maturity
process. And there is a need to extend Agile meathod covering all the mandatory
goals and expected practices for CMMI level 2 and 3

Related to RQ2, Ana Sofia C. Marcal, Bruno Cels@@ et al. [2.4] stated that
Scrum does not cover all the specific practiceghefproject management process area,
but it could be tailored to be more compliant wdMMI. On the other hand, we can
conclude that a plan-driven process based on CMbtdehcan be improved by adding
some Scrum Agile practices to their activities.wall as the Scrum project management
processes and practices satisfy the CMMI projectagament requirements only fully at
Maturity Level 2 and at least partially Level 33R.

To overcome these problems (see RQ3), some authord that it is possible for
small software development organizations or snm@llocated projects [2.6] to achieve a
CMMI certification implementing Agile methods [2]16[2.13]. Likewise, Martin
Fritzsche, Patrick Keil [2.11] and Neil Potter akthry Sakry [2.9] stated that Agile
methods can be applied without any major adaptsitignto level 2 and up to 3 with
some minor changes, however, some process aready th@se of the maturity levels 4
and 5, are in conflict with Agile principles. Thamgcan close by adding an effort for the
success of CMMI's perfect conformant. It can besebb by implementing with other
Agile practices [2.20] However, Armin Preis [2.2haes that CMMI maturity level 4 is
reachable by the introduction of Agile metrics. ABMMI Maturity Level 5 and Scrum
seem to be ultimate partners, as the goal of Mgtugvel 5 is to reduce complexity and
increase organizational and process efficiency.

Therefore (see RQ4), the benefits of synergizinth f®crum and the project
management requirements of CMMI, are presented agynother works. Scrum and
CMMI are significantly useful for organizations $2. [2.1], [2.14]. Software
development project can benefit from them [2.3] &mel return on investment (ROI) is



10

high for deploying the Agile methods [2.8], [2.1ihwever, there is a conflict result in
P.J. Rundle, R.G. Dewar [2.7] group experiment. &dwer, M. A. Awad said that in
general, there are some aspects of software dewelupproject that can benefit from an
Agile approach and others can benefit from a moeéiptive traditional approach. When
it comes to methods, each project is different. sy, one thing is clear: that there is no
“one-size-fits all” solution [2.3]. Hillel Glazer2[18] also argued that Agile helps to
improve many operational and transactional acésitbut was not intended to provide
higher levels of organizational constructs to fatié long-term process evolution.

Furthermore, Minna Pikkarainen and Annukka Mantymif2.10] concluded that
Agile software development using CMMI produces uksdsults for starting Agile based
improvement efforts as same as comments from Jdaffedand and et al. [2.12] stated
that Scrum shows many optimistic deploy practiagsléss high-weight SPI procedure,
both are strength in Engineering and Project Mamege categories, however, they still
have some weaknesses in term of Process ManaganwSupport categories [2.19].

And it is focuses on how to implement a CMMI mott&l process improvement
program based on Agile development. This framewanks to close the gap and some
conflicts between Scrum approach and CMMI modeld Atso to propose efficient
framework to produce better performance and Idsstefs CMMI Appraisal Method for
Process Improvement (SCAMPI)’'s needed. Moreoveranayzed and proved propose
framework by requesting questionnaires to softwreelopment industry regarding to
the related practice information between Agile apph & Scrum and Project
Management in CMMI model.

2.4 Structure of the dissertation

In Chapter 1 is an introduction, the first chaptiescribes basic theories for
Software Development Life Cycle (SDLC), Softwareéass Improvement (SPI), Project
Management in Capability Maturity Model Integrati¢fM in CMMI) and Standard
CMMI Appraisal Method for Process Improvement (SCRI)

Chapter 2 is about motivation, this chapter inteubackground, motivation and
challenges for this dissertation.

Chapter 3 is related to combine CMMI and Agile %@ite Development
Approaches, this chapter describes the synergyMM{Cand Agile in small setting
environment likes Very Small/Small Medium Enterpri§SES/SMEs) and how to
overcome the Gap in CMMI and Agile by Scrum. Fipalve propose the proposal of
CMMISF; the development framework for small settemyironment (VSES/SMES).

Chapter 4 is explain Light-Weight SCAMPI Assessmidodel (LW-SAM), this
chapter describes Light-Weight SCAMPI Assessmentd&ldLW-SAM) and SPIALS,;
the tool to support LW-SAM.

Chapter 5 is about an evaluation, this chapterrdesscdesign and set up of the
evaluation, defined questionnaire, data collecéind data analysis.
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Finally, Chapter 6 is a conclusion and future regeavork, in the last chapter
describes answers to research questions, implisationitation of the study and open
guestions and future research, the overall proesdarthis dissertation are concluded.
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Chapter 3 Combining CMMI and Agile Software
Development Approaches

Many software organizations are invest a lot obueses and budgets to reach the
target of high-quality by implementing high-weigbtganization plans and processes
likes CMMI (Capability Mutuality Model Integration) However, small software
development companies like VSES/SMEs, Agile prastiare one of the potential
alternatives for responding a successful of deezlagrganization to overcome the better
result with more light-weight practices. The bakmetween CMMI and Agile practices
is expected to increase the organization produgtivi

Ita Richardson reported about small software dgreknt companies in Software
Journal that “Developers around the world are waglon adapting software engineering
solutions for small organizations, and the numbéregrperience reports on such
applications is increasing. Customized approachiislikely become more available.
Furthermore, interest in research in small softwamapanies seems to be increasing, so
researchers' skills and experience are becoming enailable in those settings. These
factors will contribute to supporting small orgaatibns as they apply software
engineering solutions and help them operate moiectefely and efficiently. Small
software companies need efficient, effective sofenengineering solutions.”

Moreover, she said about the team and organizahian“People often believe
that good practices and solutions are expensiw@g ttonsuming, and targeted more
toward large organizations, and therefore diffitcalapply in small companies. Large and
small software development companies face simidtwsire engineering challenges.
They need to manage and improve their softwareegssss, deal with rapid technology
advances, maintain their products, operate in bajlsoftware environment, and sustain
their organizations through growth. However, thdtem require different approaches
because of specific business models and goals, emnankhe, size, availability of
(financial and human) resources, process and maragecapability, and organizational
differences, among other things. Small companiesnat just scaled-down versions of
large firms. Generally, they are extremely respamsind flexible, because that is their
advertised competitive advantage”.

In general, high-performance organization is thgatof VSES/SMES software
development companies. On one hand, CMMI is anrnat®nal quality standard
assessment model that focuses on organization itigpab maturity level for knowing
"What to do for keeping software development quaditandard?” On the other hand,
Agile is an adaptive method that focuses on praettam level for learning "How to do
the best practice for their organization?” The sgpefrom both approaches, aim to
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improve organizations that have been deploying CMEHd plan to optimize their
software development processes towards agility.

The purposes of this chapter is to explore theipiigg for these VSES/SMEs
CMMiler organizations, firstly, to apply the begtAigile practices by emphasize on small
or medium size organization. Secondly, it is atsdind the best category in CMMI that
fit for Agile practices. Consequently, Agile praes have a promising capability to
fulfill the optimized resources for accomplishinigtiee SPI organizations.

The combining of CMMI and Agile in Table 3.1 showse similarities and
dissimilarities of both two approaches as showJable 1. CMMI is an organizational
process with plan-driven approach for determiningaaizational maturity and process
capability. It provides high-weight documentatioptocedural, extensive planning,
predictability, and stability through discipline wh make all functions and capabilities
contributing to the development of products andcess as the process improvement
effort. Many organizations are adopted CMMI to Husloftware process improvement
(SPI1) framework for high level of maturity standandsoftware industry. On the other
side, Agile practices are iterative approach fonimize time and process, creativity,
responsiveness to change and continuous releasedglth customer respond and
customer change requirement. It provides light-Weidocumentation, and incremental

life-cycle through customer respond [3.1] [3.2].

Table 3.1 Similarities and dissimilarities of CMIslihd Agile Practices

No. Properties CMMI Agile
Similarities
High Performance High Performance
1. Goal L o
Organization Organization
2. Process Reference Based on Best Practices  Badexpernience

Dissimilarities

1. Approach Process Customer Responses
Improve and measure| Minimize process and
2. Purpose .
process short time
L . L Micro for Person to
3. Communication Macro in Organizational

Person
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No. Properties CMMI Agile
4. Knowledge Managemerit Process assets People assets
Disciplined, Follow Comfortable,
5. Type of People Rules, Creative.
Risk Averse Risk Takers
Carefully Changes, Rapid Changes,
6. Characteristics High-weight Light-Weight
documentation documentation
. Procedural, Extensive .
7. Life-cycle . Iterative, Incremental
Planning
8. Improvement Level Organizational Level Project Lleve
. . . ... Success by Realizing
Capability/ Maturit Success by Predictabilit . N
9 P Y y y y Opportunities
10. Working group Committees Individuals
Working SW
11. Customer Trust In Process Infrastructure ° .I .g SW,
Participants
12. Team Trust Low-Trust Environment ngh-Trust
Environment
13. Risk Management Proactive Reactive
. ..l External Innovation,
14. Business Focus Internal Rules, Stability
Speed
15. Management Style Ordering Coaching
16. Planning Style Project-level Product-level
Emergent and not
17. Marketed Customer Mature and process user 9
well-understood
18. Learning Multi-level Macro-level

Processes against thel Results against the

Appraisal ) . )
19 PP practices customer satisfactiory

20. Cost of Failure High cost Low cost

Moreover, CMMI management style plays very impartaes for the success of
the project by ensuring the plan, managing depeandgnand performing risk
management. The CMMI team is disciplined and foddwules based on risk adverse via
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processes against the practices as SCAMPI. CMMIrhaki-level of team learning;
training class is establishes as an organizatieel.lén additional, technical training and
self-learning are issues from the development @ietsy as a project level. While, Agile
management style is focus on coaching functiompgeized the team work with high-
trust on individual operating based on comfortaduhel creative via results against the
customer satisfaction. Learning in Agile is mostigppens at project levels. Finally,
CMMI is extremely high cost of failure when a plencrashed; Agile is in a domain of
low cost of failure or linear incremental cost afidire.

Although, there are many of dissimilarities, CMMidaAgile practices have the
same main goal; its aim to be high performancerorgdéion based on practices and the
best experiences. The balances of both approachehallenge. And also the synergy of
CMMI and Agile are purposely identified in this easch.

3.1 CMMI — What to do for small setting environment
(VSES/SMES)

On October 19 and 20, 2005, the first Internatidtedearch Workshop (IRW) for
Process Improvement in Small Settings was heldtistfirgh, Pennsylvania, USA. The
goal of the workshop focused on research from tbddawide community addressing
the unique issues of process improvement in srettihgs, including small teams, small
projects, small organizations, and small businesBes workshop was the result of two
synergistic forces; firstly, the SEI'S Applying QW in Small Settings (ACSS) project
was to foster communication and collaboration ame@ngdwide researchers to leverage
learning related to applying CMMI and other procesprovement techniques in small
settings (projects, organizations, and companied)secondly, the International Process
Research Consortium (IPRC) identified implementprgcess improvement in small
settings as one of the early high-priority topiegding primary transition research rather
than technology research.

The term small setting has been defined as an iagéon or company of fewer
than approximately 100 people, and a project okfetivan approximately 20 people [SEI
04], with less than 25 people and a project of fethan approximately 6 people as a
very small setting. The small are include both $mpabjects in large companies, and
small projects in small organizations. A major as$p& be considered in these
environments is that the amount of resources usesupport a process improvement
effort would be a large percentage of an orgaromatioperating budget, [SEI 04]. In
addition, there are three more aspects about thieoement that | consider relevant in
very small settings; the cash flow of the compahg,people skills, and the project size.

Moreover, the definition of small and very smalkteaprises is challenging. To
take a legalistic perspective the European Comonsdefines three levels of small to
medium-sized enterprise (SME) as being: Small tdiome — “employ fewer than 250
persons and which have an annual turnover not dxugé0 million Euro, and/or an
annual balance sheet total not exceeding 43 mitioro. The term “Very Small Entity”
(VSE) had been defined by ISO/IEC 29110 as being éAtity (enterprise, organization,
department or project) is having up to 25 peopledporte, C.Y. et.al.)
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The result performed that a process improvemenj (Pbject based on a
comprehensive reference model such as the Capablgturity Model Integration
(CMMI) requires additional effort and time to inpeet the model. It is common for small
companies to have budget, schedule, and orgamzhtiesources constraints. Activities
such as planning, task assignment, training, ameldping schedules are also needed
with further requires sponsorship from top exeagiand a good communication scheme
to motivate the individuals involved in this contous endeavor, the CMMI in its current
format and packaging is not feasible for SMEs topadnd implement. The challenges to
successfully carry out a Pl project based on CMMI@nsiderable. In some cases from
small and medium Brazilian companies, the implesuwgont of SW-CMM level 2 into the
company was not an easy task. Many obstacles hde tovercome, not only on the
technical and relationship sides, but also in tingps/ of financial resources and staff.
The success of the project improvement dependetieonbility and the involvement of
its professionals, the relation of co-responsipitietween the staff and the company then
if a team is well prepared, motivated, well-cooedéd and uses a tool that supports the
implementation of the model, implementing procesgrovement, and achieving the
desired maturity level which can be quick and sssfté.

In CMMI based on Agile practice, the results of thgplication for project
management in improvement projects for small sgitihave lead us to think that is
feasible to use the CMMI model to strengthen defiAgile practices. These practices
allow an organization to improve its project mamagat activities significantly and at
the same time, to be compliant with the requiremeita high capability level (using the
continuous representation) for project managemetntites.

Some recognized authors have declared that a lealaeteveen Agile methods
and the CMMI are feasible [Paulk 2002, Boehm 2008y believe that declaration is
the basis for this work. They find the current tesspromising. The work performed so
far with the Project Planning (PP) and Project Manmg and Control (PMC) process
areas lets them state that these organizatiorsbéeeo achieve CMMI capability level 2
for these process areas and keep the process @wgileadequate for the organizations.
The next step is to try to articulate Risk Managem@®SKM) and Integrated Project
Management (IPM) development to support capaliiel 3 for PP, PMC, and RSKM.
In China and Hong Kong SME Software Companies, mbshe SMEs also have staff
that evolves to the project management/sales sffiagher than software development
[3.3].

SEI revealed that, there are challenges to suadessCMMI best practices as
well. No development approach or methodology caeffectively addressed all difficult
challenges or situations [EIm 2007]. An organizatias been appraised at a particular
CMMI maturity level. There is no guarantee thataatigular project in the organization
will succeed. However, organizations using CMMI dail because they misuse the
model or pursue process improvement and subseqagptaisal with misguided
motivation or with imprudent leadership. CMMI angjife each brings something to the
table on how to run the business that the other siduld listen to and learn from healthy
and beneficial dialogue based on users, the parelignd the broader community.
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Finally, the relative importance of these criticlccess factors varies across
different types of projects. Therefore, almostha# primary sources of the generic CSFs
is related to "project management". So that, in study, we focus on the first most
influence in the VSEs/SMEs successful CSFs witlojd2t Management in CMMI" and
Scrum which is also starting to focus on projectnagement approach based on 3
process areas which are Project Planning (PP)e&r&onitoring and Control (PMC)
and Integrated Project Management (IPM). The chgls when using CMMI today
shows CMMI based organizational process improvemanproaches cannot rely
executively on the traditional project managemepyraaches likes Waterfall software
development life cycle project and also other hasrght methods.

3.2 Agile — How to do for small setting environment
(VSEs/SMES)

There are many researches show a successful of Agithods by implementing
in small setting environment. Agile development Imoels are gaining popularity for
small programming projects with tight deadlineswkuer, they are some points that
Agile has to fulfill some weaknesses. B.Fitzgeratdal. reported that, Agile methods
were seen initially as the best suited to smalljocated teams and developing non-
critical systems. This is an important issue agaesh suggests that Agile methods are
developer-centric and are typically enthusiastic beroed by developers, but
management require the actual business benefitd\gle methods. Moreover, T.
Dingsoyr et.al. revealed that, the benefit of theus software development process in
small cross-organizational development projectesilbility and motivation. In addition,
the estimation can be challenging due to the custgovider relationship between the
participating organizations.

Scott W Ambler said in the Agile Scaling Model (A$khat, Agile is not only
suitable for small setting environment but alsoatd@ for Scaling Agile strategies at the
project level. It is a contextual framework forexfive adoption and tailoring of Agile
practices to meet the unique challenges facedsygi@m delivery team of any size. The
ASM is depicting to distinguish between three swpbategories:

1. The core Agile development composes of valueedrilife cycle, self-
organizing teams and focus on construction.

2. The disciplined Agile delivery related to risk \&alue driven life cycle, self-
organizing teams and full delivery life cycle.

3. The Agility at scale which is composes of difogd Agile delivery when one
or more scaling factors apply: large team size,gggahic distribution, regulatory
compliance, domain complexity, organization digitibn, technical complexity,
organizational complexity and enterprise discipliag presented in Figure 3.1. The
distinct definition between simple and complex @mm of agility scale are shown in
Figure 3.2.
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Core Agile Development
*Value driven life cycle
* Self organizing teams
* Focus on construction

Agility at Scale

Disciplined Agile Delivery
* Risk+value driven life cycle
* Self organizing within appropriate governance framework
* Full delivery life cycle

Disciplined
Agile Delivery

Agility at Scale
* Disciplined agile delivery when one or

more scaling factors apply:
- Large team size
- Geographic distribution
- Regulatory compliance
- Domain complexity
- Organization distribution
- Technical complexity
- Organizational complexity
- Enterprise discipline

Core
Agile
Development

Figure 3.1 The core relationship in Agile

VSES/SMEs Large Enterprise)
Simple Complex
Under 10 - Thousands of
Team Size
Developers | Developers
- — Globally
Co-located < Geographical Distribution [> Distributed
Low Risk < Regulatory Compliance |> Critical/Audited
Straightforward < Domain Complexity [> Eh tric:atg ]
merging
Collaborative < Organizational Distribution > Contractual
Homogenous Technical Complexity Eetemgenews!
I egacy
A
Flexible & Organizational Complexity Rigid
Project ; i Enterprise
Fatus Enterprise Discipline Fotus

Figure 3.2 The distinct Agility Scale between Simipy and Complexity
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The ability of Agile practices to scale to “largedftware development efforts has
been widely debated in recent years. When consiglerilarge-scale development effort,
ensuring that there is a sufficient number of peapith the desired behaviors and the
appropriate infrastructure and processes. (E.Mod®pens) Using Agile methods to
develop large systems presents a thorny set aéssdtularge teams are quickly produce
lots of software functionality, the Agile methods/olved must scale to meet the task.
After that, a small team could create the softwhtiee functionality to be delivered was
small and, conversely, could be delivered givenhad the time. Scaling Agile teams
thus becomes an issue if the only option for megedisystem delivery deadline is to have
many developers working concurrently (Donald Jfé&test.al.).

Lastly, the major challenge when using an Agilerapph in a large project is
keeping the small teams aligned and coordinatethfoduration of the project to ensure
its success while adhering to Agile team-focusedciples and values. Maintaining
alignment and coordination across a distributegeptahat require someone (possibly a
team) or a mechanism maintain coherence (i.e.y,ulagic, and consistency) of the
following: overall system capabilities to be deyed, including non-technical
requirements scope, quality, schedule, cost, akdnmadeoffs product (or service).

The challenges when using Agile approach is keefhiegsmall team to ensure
the success of the project based on Agile princgnid values. Agile methods are
generally lack of practices for implementing angmarting an Agile approach across the
organization. Blending a top-down approach likesMIMnd a bottom-up approach likes
Agile are concerned to improve the managementtedfudt performance.
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3.3 The synergize of CMMI and Agile in VSES/SMEs

CMMI and Agile can complement and synergies eatierotCMMI provide the
best practices of engineering and the organizdtjomaeess management. Agile methods
provide on how to manage software development wisichissing from CMMI.

From Figure 3.3, CMMI model describes the thre&oai dimensions which are
identified by the Software Engineering Institutd=(5 The three aspects of development
projects are compose of 1) Processes-Proceduresethdds defining the relationship of
tasks 2) Technology-Tools and equipment and finady People-People with skills,
training, and motivation.

Procedures and methods
defining the relationship of
tasks

B
— e
A ¥ D3
T""ﬂ..c...-—-”w
e ]

People e o o

with skills,

training, and Tool_s and
_ Il equipment

motivation

Figure 3.3 The core relationship in CMMI

The established project which is designed CMMI ficas by implementing

Agile principles can create more acceptable in @gedefinition activities. Moreover, in
case of implementing CMMI practices in an Agile amgation, the combination of
CMMI goals into the Agile project activities can keathese teams more mature and/or
capable at managing the continuity of projects. Wag, CMMI organization who is
adding a faithful to Agile principles. It maintagontinually a lean, interactive activities,
customer collaboration and responding to change fmredeveloping the product. This
synergy is clearly to bring more efficiency softeatevelopment team. Thus, CMMI
focuses on processes. Meanwhile, Agile methods sfoou people who determine
technology and its procedures.
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3.3.1 The relationship between Project Managemeim CMMI and Scrum

In order to select an appropriate priority of CMEBHtegory to implement with
suitable Agile methods, this research reviews fitbin Critical Success Factors (CSFs)
from Managing Offshore Software Development (OSEjétts [3.4] which is presented
identification and structure of the critical sucefactors (CSFs) for software
development project based on implementing practiEes instance, the "definition of
clear project goals" represents the most relev&@ffor VSES/SMEs. The other CSFs
rated as significantly relevant for the successaof OSD project is "continuous

controlling of project results”, "ensuring of a tiamous communication flow", "high
quality of offshore employees”, "good language iaed of the offshore employees”,
"composition of an appropriate project team”, apdeparation of a detailed project

specification”.

Moreover, there are supported evidences which pedject managers focus on
areas that can make difference between succesdadunck in software development
projects such as the "clear defines objectivesip 'thanagement support”, "adequate
budget”, "realistic schedule", "client/user pagation”, "project leadership”, "project
reviews", "change control/management"”, "communacetiand "problem solving” [3.5].

The relative importance of these critical succesgoks varies across different
types of projects. Therefore, almost of the primssyrces of the generic CSFs is related
to "project management”. In this study, we focusthe first most influence in the
VSEs/SMEs successful CSFs with Project Manageme@MMI and Scrum which is
also focused on project management approach.

The core relationship between CMMI and Agile byuerare shown an example
of Scrum framework that conforms to Specific Go@$s) in Project Planning area in
Table 3.2.

Table 3.2 The conformation between Specific GOa(S)(
in Project Planning (PP) area with Scrum framework

CMMI Agile method
PP: Project Planning Scrum framework
SG 1 Establish Estimates e sprint planning

e tasks and iterative effort estimations (4 weeks)
¢ self-organizing teams

SG 2 Develop a Project Plan e sprint planning
e sprints, product backlog
e sprint backlog
¢ daily meetings
e tasks and iterative effort estimations (4 weeks)
e self-organizing teams estimations

SG 3 Obtain Commitment to the e sprint planning, sprint review
Plan ¢ self-organizing teams
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The mapping analysis for all process areas are shiowable 3.3 to Table 3.25.
The relationship of Project Planning (PP) area &edum practices and artifacts to
determine the Specific Goal (SG), Specific Prasti¢®P) which can benefit from Scrum
framework are shown in Table 3.3. In other wordds ipresent how much Agile can
complete the implementation of define process aré@MMI. The criteria meaning for
all mapping analysis tables below are referenaa;fro

1. Criteria for Practices and Artifacts rating;

Conformance of Scrum regarding to process areateteto project

management

1.1 Scrum Conformance
Let PMCMMI be the set of all CMMI process areastetl to project management.
For all pac PMCMMI let SPpa be the set of all specific praesiof process area pa.
Let SP be the union of all SPpa, & MCMMI
Let SC = {U, PS, S} be the set of conformance cagervalues where

U: The practice is not addressed by Scrum.

PS: There is some evidence of the practice beidgeaded by Scrum,;

however, the practice is not fully addressed.

S: The practice is fully addressed by Scrum.

For all sp= SP the metric Conf (sp) SC determines the Scrum coverage of sp.

* Source of defined Criteria: Based on several pagl.[2.4], 22.[2.5] which
are related to CMMI and Scrum conformance.

1.2 Conformance Value
For all pac PMCMMI let ConfSpa = {sp= SPpa | Conf (sp) = S} the set of all sp that
are fully addressed by Scrum.
For all pac PMCMMI let ConfPSpa = {sg SPpa | Conf (sp) = PS} the set of all sp that
are not fully addressed by Scrum.
For all pac PMCMMI the metric ConfValue (pa)> [0,100] determines the
conformance value of the process area pa to Srcum.
It is defined as follows:
ConfValue (pa) = ((| ConfSpa | + (| ConfPSpa ). | SPpa [|) * 100

2. Criteria for Conformance rating
For all pac PMCMMI the metric ConfRating (pap [+++,++,+,-] determines the
conformance rating of the process area pa to Swhene
+++Fully addressed in Scrum
++ Largely addressed in Scrum
+ Partially addressed in Scrum
- Not addressed in Scrum
It is defined as follows:
ConfRating (pa) = { +++ : if ConfValue (pa) >= 80
++ : if 80 > CordMe (pa) >= 60
+ :if 60 > ConfMa (pa) >= 40
- . if ConfValupd) < 40}

** The format that presents in table 3.3 to tabl23of “criteria for conformance
rating is ConfRating (ConfValue)”.

*** The “U” is identified that Specific Practices3P) in CMMI are not addressed
by Scrum practices (DSM/SPM/SRM/SR) and Scrunaeisi{PB/SB/BDC).
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3. The criteria for conformance rating are come frodd% Satisfied, 50%
Partially Satisfied and 0% Unsatisfied.

4. The Scrum framework has 4 practices; DSM (Dailyu§cMeeting), SPM
(Sprint Planning Meeting), SRM (Sprint Review Meegl, SR (Sprint
Retrospective) and Scrum Artifact has 3 artifaétB; (Product backlog),
SB (Sprint Backlog), BDC (Burndown Chart).

***+% Source of conformity percentage of process &ia table 3.3 to table 3.25:
Supported by EPG and CMMI Lead Appraisal from 3 ganes with 10

participants (&' step is operated by Delphi method théfl @ep by statistical
process)
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Table 3.3 Conformity percentage of Project Planiiiig)
with Scrum framework

Scrum Scrum
PP: Project Planning Practice Artifact
(S/PS/U) (S/PS/U)
SGISP | Description (WP) DsM sPN SR Sk U P sB BDE
PP.SG1 Establish Estimates
PP.SP 1.1 Estimate the Scope of the Project S
Task descriptions S
Work package descriptions
WBS
PP.SP 1.2 Establish Estimates of Work Product arst Aatributes S
Size and complexity of tasks and work products S
Estimating models
Attribute estimates
Technical approach
PP.SP 1.3 Define Project Lifecycle Phases S
Project lifecycle phases S
PP.SP 1.4 Estimate Effort and Cost PS
Estimation rationale PS
Project effort estimates
Project cost estimates
PP.SG2 Dewlopa Project Plan
PP.SP 2.1 Establish the Budget and Schedule S
Project schedules S
Schedule dependencies
Project budget
PP.SP 2.2 Identify Project Risks PS
Identified risks PS
Risk impacts and probability of occurrence
Risk priorities
PP.SP 2.3 Plan Data Management PS PS
Data management plan
Master list of managed data
Data content and format description
Lists of data requirements for acquirers and seppli
Privacy requirements
Security requirements
Security procedures
Mechanisms for data retrieval, reproduction, arsdritiution
Schedule for the collection of project data
Listing of project data to be collected
PP.SP 2.4 Plan the Project’s Resources S
Work packages S
WBS task dictionary
Staffing requirements based on project size angesco
Critical facilities and equipment list
Process and workflow definitions and diagrams
Project administration requirements list
Status reports
PP.SP 2.5 Plan Needed Knowledge and Skills u
Inventory of skill needs U
Staffing and new hire plans
Databases (e.g., skills and training)
Training plans
PP.SP 2.6 Plan Stakeholder Involvement S
Stakeholder involvement plan S
PP.SP 2.7 Establish the Project Plan S
Overall project plan S
PP.SG3 Obtain Commitment to the Plan
PP.SP 3.1 Review Plans That Affect the Project S
Record of the reviews of plans that affect the gubj S
PP.SP 3.2 Reconcile Work and Resource Levels S
Revised methods and corresponding estimating paessng.g., better S
tools, the use of off-the-shelf components)
Renegotiated budgets
Revised schedules
Revised requirements list
Renegotiated stakeholder agreements
PP.SP 3.3 Obtain Plan Commitment S
Documented requests for commitments S
Documented commitments

[t

Criteria for Conformance rating is 82 (+++) 7 8| 0 07| 7|71 14 |7

In Project Planning (PP) Area, PP SG1 Establisimas¢s; Scrum methods as
Sprint Planning Meeting (SPM) addresses the simpilactices to all specific practices in
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SG1 as estimate the scope of the project (PP.SPektablish estimates of work product
and task attributes (PP.SP 1.2), define projeecyéle phases (PP.SP 1.3), and it is
partially similarity to estimate effort and costRIBP 1.4) because it is not follow a
formal method or they are not derived from absokire or complexity as required by
CMMI model. On the other hand, the Sprint Backl&@B) shows the well-matched
artifacts to PP.SP 1.2, 1.3, 1.4 (partially) arelPnoduct Backlog (PB) to PP.SP 1.1.

However, it is impossible to know realistic estiggbf all effort and cost from
the beginning of defining project lifecycle in SoruTherefore, we can have relative
estimation effort and cost from Planning Poker sanchich are a good way to force
people to share and voice their opinions as a tamensus without spending too much
time on any one topic, each estimator is givenck @ Planning Poker cards. Each card
has one of the valid estimates on it, for exampld;, 2, 3, 5, 8, 13, 20, 40 and 100. Team
estimates the project effort and cost through Reb@&acklog (PB) and Sprint Backlog
(SB). The more iterative time-boxes increase tleeipe estimation due to next iterations
scope. This would improve accuracy over the puesguScrum's estimation is indicated
on 2 levels (Product backlog and Sprint Backlod)e Estimation of Product Backlog
(PB) is high level estimation which shows less aatiand often ordered by value, risk,
priority, and necessity. Then, Sprint Backlog ($B)stimation is more accurate by Team
based on sprints, and the relative complexity ef ibquired tasks to deliver the Sprint
Goal.

PP SG2 Develop a project plan; Establish the budgdtschedule (PP.SP 2.1),
Plan the project’'s resources (PP.SP2.4), Plan tstédker involvement (PP.SP 2.6),
Establish the project plan (PP.SP 2.7) and Plaa mi@nagement (PP.SP 2.3) are related
to Sprint Planning Meeting (SPM) in Scrum practie¢h small iteration plans evolve
throughout the project. Identify project risks (BP.2.2) is partially satisfied via Daily
Scrum Meeting (DSM) by monitoring through Burndo@hart (BDC).

In term of develop a project plan, the Sprint Bagk{SB) has a short-iterative
plan for delivering the product increment and m&all the sprint goal to fulfill required
CMMI's artifacts for instance; project schedulesjgct budget and project resources
(with velocity information from BDC), stakeholdemviolvement plan. However, the data
management plan is also partially satisfied. Néwedess, the plan needed knowledge and
skills (PP.SP 2.5) are unsatisfied by implemenS8ogum framework.

PP SG3 Obtain commits to the plan; is satisfiedSbyum via Sprint Planning
Meeting (SPM), and then team reconciles work, resolevels and review the iterative
plan through Sprint Backlog (SB). Scrum, plan combusly revised at the beginning of
each sprint and change accordance to requiremedtseahnologies. Product owner and
the team define the revised priorities of the tas®B. The Product Owner can decide to
remove some items which are too much loaded wodkess priority from the tasks.
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Table 3.4 Conformity percentage of Project Moniigrand Control (PMC)
with Scrum framework

Scrum Scrum
PMC: Project Monitoring and Control Practice Artifact
(S/PS/U) (S/PS/U)
SG/SP | Description (WP) DSM SPNI SRNI SR § P SB BDE U

PMC.SG1 Monitor the Project Against the Plan
PMC.SP 1.1. Monitor Project Planning Parameters S

Records of project performance

Records of significant deviations S

Cost performance reports
PMC.SP 1.2 Monitor Commitments S

Records of commitment reviews S
PMC.SP 1.3 Monitor Project Risks S

Records of project risk monitoring S
PMC.SP 1.4 Monitor Data Management PS

Records of data management PS
PMC.SP 1.5 Monitor Stakeholder Involvement S

Records of stakeholder involvement S
PMC.SP 1.6 Conduct Progress Reviews S

Documented project review results S
PMC.SP 1.7 Conduct Milestone Reviews S

Documented milestone review results S
PMC.SG2 Manage Corrective Action to Closure
PMC.SP 2.1. Analyze Issues S

List of issues requiring corrective actions S
PMC.SP 2.2 Take Corrective Action S

Corrective action plans S
PMC.SP 2.3 Manage Corrective Actions S

Corrective action results S

6 1 3 [(0j0oj0]2f 8 |0
Criteria for Conformance rating is 95 (+++) 60 | 10| 30|/ 0|0/ 0|20 80 |0

From Table 3.4, Project Monitoring and Control (PM@&rea, PMC SG1,;
Monitor the project against the plan; Daily Scruneeding (DSM) is supported to
monitor project parameters (PMC.SP 1.1), projesksri(PMC.SP 1.3) and progress
review (PMC.SP 1.6) against the plan including P$1G2 also has an iteration of
smaller and more frequent releases to analyze, #akk manage corrective action
(PMC.SP 2.1,2.2,2.3) when team reports all drivemirest expected quality or
performance levels via Burndown chart (BDC) andir@pBacklog (SB). The Monitor
commitment (PMC.SP 1.2) is conduct by Sprint Plagrivieeting (SPM). Besides that,
Sprint Review Meeting (SRM) is fulfillment to stakader involvement (PMC.SP 1.5) to
assure that all stakeholders understand the ruldspeactices defined in SCRUM by
Scrum master, and Milestone review (PMC.SP 1.7wéi@r, monitor data management
(PMC.SP 1.4) is only partially support through &ppanning meeting (SPM).
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Table 3.5 Conformity percentage of Integrated Rtdianagement (IPM)
with Scrum framework

Scrum Scrum
IPM: Integrated Project Management Practice Artifact
(S/PS/U) (S/PS/U)
sGisP | Description (WP) DsM SPNl SRM SR | P SB BDE
IPM.SG1 Use the Project’'s Defined Process
IPM.SP 1.1 Establish the Project’s Defined Process S
The project’s defined process S
IPM.SP 1.2 Use Organizational Process Assets fomitig Project Activities PS
Project estimates
Project plans
IPM.SP 1.3 Establish the Projects Work Environment PS
Equipment and tools for the project
Installation, operation, and maintenance manualghfe project work
environment
User surveys and results
Usage, performance, and maintenance records
Support services for the project’s work environment
IPM.SP 1.4 Integrate Plans S
Integrated plans S
IPM.SP 1.5 Manage the Project Using Integrated Plans S
Work products created by performing the projecgfirted process
Collected measures (i.e., actuals) and statusdsamrreports
Revised requirements, plans, and commitments
Integrated plans
IPM.SP 1.6 Establish Teams S
Documented shared vision
List of members assigned to each team
Team charters
Periodic team status reports
IPM.SP 1.7 Contribute to Organizational Process Asse PS
Proposed improvements
Actual process and product measures collectedtherproject
Documentation (e.g., checklists, lessons learned)
Process artifacts associated with tailoring andempnting the OSSP
IPM.SG2 Coordinate and Collaborate with Relevant Sakeholders
IPM.SP 2.1 Manage Stakeholder Involvement S
Agendas and schedules for collaborative activities
Recommendations for resolving relevant stakehasdares S
Documented issues
IPM.SP 2.2 Manage Dependencies S
Defects, issues, and action items from reviews witévant stakeholderp
Critical dependencies
Commitments to address critical dependencies
Status of critical dependencies
IPM.SP 2.5 Resolve Coordination Issues S
Relevant stakeholder coordination issues
Status of relevant stakeholder coordination issues

C

PS

PS

PS

Criteria for Conformance rating is 85 (+++) 0 |9 0 [10/0{ 0|90f 10 /O

From Table 3.5, Integrated Project Management (IRka, Scrum has Sprint
Planning Meeting (SPM) to fulfill IPM SG1; Use tReoject’s Defined Process; establish
the Project’'s Defined Process (IPM.SP 1.1), integRlans (IPM.SP 1.4), manage the
project using integrated plans (IPM.SP 1.5), eshlibam (IPM.SP 1.6), and IPM SG2;
Coordinate and Collaborate with Relevant Stakeheldemanage stakeholder
involvement (IPM.SP 2.1), manage dependencies @™\V2.2), resolve coordination
issues (IPM.SP 2.3) through Sprint Backlog (SB)egtaising Burndown chart (BDC)
for IPM.SP 1.5. In addition, IPM.SP 1.2 (Use Orgational Process Assets for Planning
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Project Activities) and IPM.SP 1.3 (Establish thejécts Work Environment) are only
partially support by Scrum because the usage amdrilcotion to the organizational
process assets (OPA) is not fully implemented iu®c

Table 3.6 Conformity percentage of Requirement Manzent (REQM)

with Scrum framework

Scrum Scrum
REQM: Requirements Management Practice Artifact
(S/PS/V) (S/PS/V)
sGisp | Description (WP) psM sPN sSRM s U P S BDE
REQM.SG1 Manage Requirements
REQM.SP 1.1 Understand Requirements S
Lists of criteria for distinguishing appropriatejterements
Criteria for evaluation and acceptance of requirele s

Results of analyses against criteria
A set of approved requirements
REQM.SP 1.2 Obtain Commitment to Requirements S
Requirements impact assessments
Documented commitments to requirements and reqgés
REQM.SP 1.3 Manage Requirements Changes S
Requirements change requests
Requirements change impact reports
Requirements status
Requirements database
REQM.SP 1.4 Maintain Bidirectional Traceability oéduirements u V)
Requirements traceability matrix
Requirements tracking system
REQM.SP 1.5 Ensure Alignment Between Project Work Baquirements PS
Review project plans, activities, and work produfots
consistency with requirements and changes madeetio.t
Identify the source of the inconsistency (if any). PS
Identify any changes to the requirements baseline.
Initiate any necessary corrective actions.

Criteria for Conformance rating is 70 (++) 20| 40| 20 | 0 |20{40]| 20| 20 |20

From Table 3.6, Requirement Management (REQM),etheronly one specific
goal which is REQM SG1 (manage requirements); D8tyum Meeting (DSM) and
Sprint Planning Meeting (SPM) are support REQM.SP (Linderstand requirements),
REQM.SP 1.2 (obtain commitment to requirements) &HEQM.SP 1.3 (Manage
Requirements Changes) is fully welcomed as "Welcahanging requirements” as
mentioned in the Agile principles via Product Baxkl(PB) and Sprint Backlog (SB).
Sprint Review Meeting (SRM) is partially supportraview project plans, activities and
work products for consistency with requirementsdafined in REQM.SP 1.5 (ensure
alignment between project work and requirementsyudih Burndown Chart (BDC).
Furthermore, REQM.SP1.4 (maintain bidirectionatéability of requirements) is not
compliance to Scrum framework because Scrum fodiasgst requirements just enough
to deliver quality working software to customers.
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Table 3.7 Conformity percentage of Supplier Agreeindanagement (SAM)

with Scrum framework

SAM: Supplier Agreement Management

Scrum
Practice
(S/PS/U)

Scrum
Artifact
(S/PS/U)

sGisp | Description (WP)

DsM sPNl SRN SR U

PR SB BDE U

SAM.SG1 Establish Supplier Agreements
SAM.SP 1.1 Determine Acquisition Type
List of the acquisition types
SAM.SP 1.z Select Suppliers
Market studies
List of candidate suppliers
Preferred supplier list
Trade study or other record of evaluation critéaieselection of suppliers
Solicitation materials and requirements
SAM.SP 1.5 Establish Supplier Agreements
Statements of work
Contracts
Memoranda of agreement
Licensing agreement
SAMSG2 Satisfy Supplier Agreements
SAM.SP 2.1 Execute the Supplier Agreement
Supplier progress reports and performance measures
Supplier review materials and reports
Action items tracked to closure
Product and documentation deliveries
SAM.SP 2.Z Accept the Acquired Product
Acceptance procedures
Acceptance reviews or test results
Discrepancy reports or corrective action plans
SAM.SP 2.2 Ensure Transition of Products
Transition plans
Training reports
Support and maintenance reports

u

U

Criteria for Conformance rating is 0 (-)

100

0(0]| 0 |100

From Table 3.7, Supplier Agreement Management (SAthBre are 2 specific

goals which are establish supplier agreements (§&ML1); determine acquisition type
(SAM.SP 1.1), select suppliers (SAM.SP 1.2), egghbdupplier agreements (SAM.SP
1.3) and satisfy supplier agreements (SAM.SG 2gcete the supplier agreement
(SAM.SP 2.1), accept the acquired product (SAM.SH, Znsure transition of products

(SAM.SP 2.3).

Scrum framework is not addressed by Scrum framewattkin these two specific
goals. Scrum only mention about development preseddowever, to complete “CMMI-

by-Agile”, it is necessary to establish additiosapplier agreement management (SAM)

processes and artifacts for implementing withingxts in large organizations.
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Table 3.8 Conformity percentage of Risk Manageni&tKM)
with Scrum framework

Scrum Scrum
RSKM: Risk Management Practice Artifact
(S/PS/V) (S/PS/U)
sGisP | Description (WP) DsM sPNi SRN s U P SB BDE
RSKM.SG1 Prepare for Risk Management
RSKM.SP 1.1 Determine Risk Sources and Categories PS
Risk source lists (external and internal)
Risk categories list
RSKM.SP 1.2 Define Risk Parameters S
Risk evaluation, categorization, and prioritizatiriteria
Risk management requirements (e.g., control andoa@plevels)
RSKM.SP 1.3 Establish a Risk Management Strategy PS
Project risk management strategy PS
RSKM.SG 2 Identify and Analyze Risks
RSKM.SP 2.1 Identify Risks PS
List of identified risks, including the context, mditions, and
consequences of risk occurrence
RSKM.SP 2.2 Evaluate, Categorize, and PrioritizésRis PS
List of risks and their assigned priority PS
RSKM.SG 3 Mitigate Risks
RSKM.SP 3.1. Develop Risk Mitigation Plans u
Documented handling options for each identified ris
Risk mitigation plans
Contingency plans
List of those who are responsible for tracking addressing
RSKM.SP 3.2 Implement Risk Mitigation Plans u
Updated lists of risk status
Updated assessments of risk likelihood, consequehmsholds
Updated list of risk handling options u
Updated list of actions taken to handle risks
Risk mitigation plans of risk handling options

PS

PS

Criteria for Conformance rating is 43 (+) 57| 14| 0 |0(29] 0|71 O |29

From Table 3.8, Risk Management (RSKM), most of pp&@crum Meeting
(DSM) is partially support RSKM.SG 1 and RSKM.SGg&cific goals (Prepare for Risk
Management-RSKM.SG 1; identify determine risk searand categories (RSKM.SP
1.1), Analyze Risks-RSKM.SG 2; identify risks (RSK3FP 2.1) and Evaluate,
Categorize, and Prioritize Risks (RSKM.SP 2.2) excen define risk parameters
(RSKM.SP 1.2), it is fully support by implementiSgrint Backlog (SB).

Another Sprint Planning Meeting (SPM) is establésh® respond a risk
management strategy (RSKM.SP 1.3). However, devaigg mitigation plans
(RSKM.SP 3.1) and implement risk mitigation plaf®SKM.SP 3.2) are unsatisfied
Scrum based on RSKM.SG 3 (ldentify and Analyze Biséue to Scrum has no
strategies to establish and deployment risk mibgatplan based on historical
information.
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Table 3.9 Conformity percentage of Quantitativej@oManagement (QPM)
with Scrum framework

Scrum Scrum
QPM: Quantitative Project Management Practice Artifact
(S/PS/U) (S/PS/U)
sG/sP | Description (WP) psM sPM sSrRM s U Pg s BDE U
QPM.SG1 Prepare for Quantitative Management
QPM.SP 1.1 Establish the Project’s Objectives S
The project’s quality and process performance divjes S

Assessment of the risk of not achieving the prégeabjectives
QPM.SP 1.2 Compose the Defined Process U
Criteria used to evaluate alternatives for thegubj
Alternative subprocesses
Subprocesses to be included in the project’s défgrecess
Assessment of risk of not achieving the projectgotives
QPM.SP 1.3 Select Subprocesses and Attributes U U
Criteria used to select subprocesses to achiehiegioject’'s objectives
Selected subprocesses
Attributes that help in predicting future projecrformance
QPM.SP 1.4 Select Measures and Analytic Techniques u
Definitions of measures and analytic techniquesiargitative management
Traceability of measures to the project’s qualityl performance objectives
Quality and process performance objectives
Process performance baselines and models for usfeetproject
QPM.SG2 Quantitatively Manage the Project
QPM.SP 2.1 Monitor the Performance of Selected Sadgmses PS

Natural bounds of process performance for eacltsglesubprocess attribte

The actions needed to address deficiencies inrieeps stability PS

QPM.SP 2.2 Manage Project Performance S

Predictions to the project’s quality and procesggrmance objectives
Graphical displays and data tabulations for supgoantitative managemerijt
Assessment of risks of not achieving the projegtislity

Actions needed to address deficiencies in achiepiogect objectives

QPM.SP 2.3 Perform Root Cause Analysis u

Subprocess and project performance measurementareaiyses recorded
Graphical displays of data used to understandeptgerformance and trends U
Identified root causes and potential actions te tak

Criteria for Conformance rating is 36 (-) 0 43 0 0 (57| 0 [14| 29 |57

From Table 3.9, Quantitative Project ManagementM§PScrum framework
have statistical focus in process performance tikgsassessment of the risk (QPM.SP
1.1- establish the project's objective) via sprbdcklog (SB) and partially support
monitor the performance (QPM.SP 2.1) to monitorcpss performance and process
stability via Burndown chart (BDC). Moreover, mapagproject performance
(QPM.SP2.2) to address deficiencies in achievingjept objectives is fully support.
However, Scrum is not provide method to composedgfae process (QPM.SP 1.2),
select sub-process and attributes (QPM.SP 1.3¢tsslib and attributes (QPM.SP 1.4),
and it is also not perform root cause analysis ((GHR.3).
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3.3.2 The relationship between CMMI and Scrum irProcess Management
Category

From Table 3.10, Organizational Process Focus JO&Mpose three specific
goals; Determine process improvement opportun@=.SG 1), Plan and implement
process actions (OPF.SG 2), Deploy organizatioraigss assets and incorporate
experiences (OPF.SG 3).

Table 3.10 Conformity percentage of Organizatidtraicess Focus (OPF)
with Scrum framework

Scrum Scrum

OPF: Organizational Process Focus Practice Artifact

(S/PS/V) (S/PS/U)

sG/sP | Description (WP) psM sPM sRM SR U] P4 sH Bbd U

OPF.SG1 Determine Process Improvement Opportunities

OPF.SP 1.1 Establish Organizational Process Needs U
The organization’s process needs and objectives u

OPF.SP 1.2 Appraise the Organization’s Processes U
Plans for the organization’s process appraisals
Appraisal findings strengths and weaknesses obthanization U
Improvement recommendations for the organizatipmsesses

OPF.SP 1.3 Identify the Organization’s Process Impnaents PS
Analysis of candidate process improvements
Identification of improvements for the organizat®processes

OPF.SG2 Plan and Implement Process Actions

OPF.SP 2.1 Establish Process Action Plans U
Organization's approved process action plans U

OPF.SP 2.2 Implement Process Action Plans U
Commitments among process action teams
Status and results of implementing process actiamsp u
Plans for pilots

OPF.SG3 Deploy Organizational Process Assets andrporate Experiences

OPF.SP 3.1 Deploy Organizational Process Assets u

PS

Plans for deploying organizational process as<@®A§) and changed
Training materials for deploying OPAs and changethem
Documentation of changes to organizational proessets
Support materials for deploying OPAs and changabém

OPF.SP 3.2 Deploy Standard Processes U

—

The organization’s list of projects and the stadfiprocess deploymer]
Guidelines for deploying the organization’s sest#ndard processes U
Records of tailoring and implementing the OSSP

OPF.SP 3.3  Monitor the Implementation U
Results of monitoring process implementation orjquis
Status and results of process compliance audits u
Results of reviewing selected process artifactater
OPF.SP 3.4 Incorporate Experiences into OrganizatiBrocess Assets U

Process improvement proposals

Process lessons learned

Measurements of organizational process assets
Improvement recommendations for organizational psscassets
Records of the organization’s process improvemetiities
Information on organizational process assets apthwements to ther

Criteria for Conformance rating is 6 (-) 0 0 0 [11(89]| 0|11 0 |89

Scrum method is not addressed this process areaideed supports to implement
for the organizational level. However, OPF.SP 1t8cWv is identify the organization’s
Process Improvements by analysis of candidate psoocgprovements and identification



33

of improvements is partially support because there review process in Sprint Review
(SR) practice.

Table 3.11 Conformity percentage of Organizatidiaining (OT)
with Scrum framework

Scrum Scrum
OT: Organizational Training Practice Artifact
(S/PS/V) (S/PS/V)
sG/sP | Description (WP) psM sPM SRM S U P# Sk BDE |
OT.SG1 Establish an Organizational Training Capabilty
OT.SP 1.1 Establish Strategic Training Needs u
Training needs
Assessment analysis
OT.SP 1.2 Determine Which Training Needs Are thepRes ibility of the Organization §)
Common project and support group training needs
Training commitments
OT.SP 1.3 Establish an Organizational Training Tattlan u
Organizational training tactical plan U
OT.SP 1.4 Establish a Training Capability PS
Training materials and supporting artifacts PS
OT.SG2 Provide Training
OT.SP 2.1 Deliver Training u
Delivered training course U
OT.SP 2.2 Establish Training Records U
Training records
Training updates to the organizational repository
OT.SP 2.3 Assess Training Effectiveness u
Testing in the training context
Post-training surveys of training participants
Surveys of manager satisfaction with post-traireffgcts
Assessment mechanisms embedded in courseware

Criteria for Conformance rating is 7 (-) 0 14| O |0(86]0(14| O (86

From Table 3.11, Organizational Training (OT), theare two specific goals
which are establishing an organizational trainirpability (OT.SG 1), and provide
training (OT.SG 2). Scrum is not support the puepds develop the skills and
knowledge. Nevertheless, establish a training dédpaOT.SP 1.4) is partially support
via team work and working software in Sprint PlargnMeeting (SPM).
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Table 3.12 Conformity percentage of Organizatidtralcess Performance (OPP)
with Scrum framework

Scrum Scrum
OPP: Organizational Process Performance Practice Artifact
(S/PS/V) (S/PS/VU)
sGisP | Description (WP) psM sPM sRM sH U Pd s BDG U
OPP.SG1 Establish Performance Baselines and Models
OPP.SP 1.1 Establish Quality and Process Perform@hjpetives PS
Organization’s quality and process performanceciljes PS
OPP.SP 1.2  Select Processes u
List of processes identified for process perforneaacalyses U
OPP.SP 1.3  Establish Process Performance Measures u
Definitions of selected measures of process pe#noa with rationale U
OPP.SP 1.4 Analyze Process Performance and Est&bisless Performance Baselinep U
Analysis of process performance data U
Baseline data on the organization’s process pedoc®
OPP.SP 15 Establish Process Performance Models U
Process performance models U
0 0 0 11410(0 1 4
Criteria for Conformance rating is 10 (-) 0 0 0 |20{80] 0| 0| 20 {80

From Table 3.12, Organizational Process Performa(©&®P), establish
performance baselines and models (OPP.SG 1); Stamework is not compliance to
select processes (OPP.SP 1.2), establish processnpgnce measures (OPP.SP 1.3),
analyze Process performance and establish proeegsrpance baselines (OPP.SP 1.4),
establish process performance models (OPP.SP dcaube OPP is process oriented and
it applies to the organizational level while Scrdotuses on the Agile Manifesto as
“Individuals and interactions over processes antstat project level.

However, OPP.SP 1.1 is partially support to Scruhiciv has measures for
instance; time, resource and progress to estalgjistlity and process performance
objectives (OPP.SP 1.1) in Sprint Review (SR) pecactia Burndown Chart (BDC).
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Table 3.13 Conformity percentage of Organizatidtaiformance Management
(OPM) with Scrum framework

Scrum Scrum
OPM: Organizational Performance Management Practice Artifact
(S/PS/V) (S/PS/V)
sG/IsP | Description (WP) psM sPM sRM SR U P# Sp BDE U
OPM.SG1 Manage Business Performance
OPM.SP 1.1. Maintain Business Objectives PS

Revised business objectives
Revised quality and process performance objectives
Senior management approval of revised businessjaality objectives PS
Communication of all revised objectives
Updated process performance measures
OPM.SP 1.2 Analyze Process Performance Data PS
Analysis of current capability vs. business objezsi
Process performance shortfalls PS
Risks associated with meeting business objectives
OPM.SP 1.3 Identify Potential Areas for Improvement PS
Potential areas for improvement PS
OPM.SG2 SelectImprovements
OPM.SP 2.1. Elicit Suggested Improvements S
Suggested incremental improvements
Suggested innovative improvements
OPM.SP 2.2 Analyze Suggested Improvements S
Suggested improvement proposals
Selected improvements to be validated
OPM.SP 2.3 Validate Improvements PS
Validation plans
Validation evaluation reports PS
Documented lessons learned from validation
OPM.SP 2.4 Select and Implement Improvements foldyepent PS
Improvements selected for deployment
Updated process documentation and training
OPM.SG 3 Deploy Improvements
OPM.SP 3.1. Plan the Deployment PS
Deployment plans for selected improvements PS
OPM.SP 3.2 Manage the Deployment U
Updated training materials (to reflect deployedroyements)
Documented results of improvement deployment a@#i U
Revised improvement measures, objectives, prisriag@d deployment plans
OPM.SP 3.3 Evaluate Improvement Effects u
Documented measures of the effects resulting freplayed improvements U

PS

o
o
o
[e)
N
o
—
~N
N

Criteria for Conformance rating is 50 (+) 0 0 0 | 80)/20] 0|10| 70 |20

From Table 3.13, Organizational Performance Mamegg (OPM), Scrum
framework is mostly partially compliances OPM.SGnianage business performance),
OPM.SG 2 (select improvements) and OPM.SG 3 (depigyrovements) except in
OPM.SP 3.2 (manage the deployment) and OPM.SPe8&uate Improvement effects)
is not compliance in Scrum implementation.

However, OPM.SP 2.1 (elicit suggested improvemeans) OPM.SP 2.2 (analyze
suggested improvements) perform fully support tdaciteland analyze suggested
improvements. The OPM supports another Agile nesitdaf which is “The organization’s
performance to meet its business objectives” ininfBdRetrospective (SR) based on
Burndown Chart (BDC) information. SR is continuallmproving processes in sprint
which is provides an opportunity for team memberseflect, tune and identify practices
that possible to improve in the next sprint.
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Table 3.14 Conformity percentage of Organizatidtralcess Definition (OPD)
with Scrum framework

Scrum Scrum
OPD: Organizational Process Definition Practice Artifact
(S/PS/U) (S/PS/U)
SG/SP | Description (WP) DsSM sPNl SRN sk U Pg SB BDE
OPD.SG1 Establish Organizational Process Assets
OPD.SP 1.1 Establish Standard Processes U
Organization’s set of standard processes U
OPD.SP 1.2 Establish Lifecycle Model Descriptions PS
Descriptions of lifecycle models PS
OPD.SP 1.3 Establish Tailoring Criteria and Guidzdin U
Tailoring guidelines for the organization’s setstdndard processes U
OPD.SP 1.4 Establish the Organization’s MeasureiRepbsitory PS
Definition of the common set of product and procegssures for the OSSP
Design of the organization’s measurement repository PS

Organization’s measurement repository (i.e., tip@sdtory structure)
Organization’s measurement data

OPD.SP 1.5 Establish the Organization’s Process tAsis@ry U
Design of the organization’s process asset library
The organization’s process asset library

Selected items to be included in the organizatipméxess asset library v
The catalog of items in the organization’s procasset library
OPD.SP 1.6 Establish Work Environment Standards U
Work environment standards U
OPD.SP 1.7 Establish Rules and Guidelines for Teams U
Rules and guidelines for structuring and forminante U
Operating rules for teams
0 2 0 Jo|5]of1] 1]5
Criteria for Conformance rating is 14 (-) 0 | 29| 0 |0/71] 0]14] 14 (71

From Table 3.14, Organizational Process Defini{fORD), there is only one goal
which is established organizational process ag€#®.SG 1). Scrum framework is not
support the goal of OPD, in term of establish stadgrocesses (OPD.SP 1.1), establish
tailoring criteria and guidelines (OPD.SP 1.3)ab#sh the organization’s process asset
library (OPD.SP 1.5), establish work environmeansdirds (OPD.SP 1.6) and establish
rules and guidelines for teams (OPD.SP 1.7).

Nevertheless, establish lifecycle model descrigi@@PD.SP 1.2) and establish
the organization’s measurement repository (OPD.8pdte partially satisfied via Sprint
Plan Meeting (SPM).

3.3.3 The relationship between CMMI and Scrum irEngineering Category

From Table 3.15, Requirement Development (RD), lbgvecustomer
requirements (RD.SG 1) is compose of two specificfices which are elicit needs
(RD.SP 1.1) and transform stakeholder needs instomer requirements (RD.SP 1.2).
Scrum is satisfied by Sprint Planning Meeting (SRPough Product Backlog (PB).
RD.SG 2 (develop product requirements) and RD.SGaBalyze and validate
requirements) are mostly partially support by SPh\ ®aily Scrum Meeting (DSM)
which are use Sprint Backlog (SB).
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Table 3.15 Conformity percentage of Requirementdlmment (RD)
with Scrum framework

RD: Requirements Development

Scrum
Practice
(S/PS/U)

Scrum
Artifact
(S/PS/U)

SG/SP

Description (WP)

psM sPM SRM s/ U

PH S BDE U

RD.SG1
RD.SP 1.1

RD.SP 1.2

RD.SG 2

RD.SP 2.1

RD.SP 2.2

RD.SP 2.3

RD.SG3
RD.SP 3.1

RD.SP 3.2

RD.SP 3.3

RD.SP 3.4

RD.SP 3.5

Dewelop Customer Requirements
Elicit Needs
Results of requirements elicitation activities
Transform Stakeholder Needs into Cust&egquirements
Prioritized customer requirements
Customer constraints on the conduct of verification
Customer constraints on the conduct of validation
Dewelop Product Requirements
Establish Product and Product ComponemquiRements
Derived requirements
Product requirements
Product component requirements
Architectural requirements
Allocate Product Component Requirements
Requirement allocation sheets
Provisional requirement allocations
Design constraints
Derived requirements
Relationships among derived requirements
Identify Interface Requirements
Interface requirements
Analyze and Validate Requirements
Establish Operational Concepts and Saenari
Operational concept
Product or product component
Disposal concepts
Use cases
Timeline scenarios
New requirements
Establish a Definition of Required Funmaility and Quality Attributes
Definition of required functionality and qualitytebutes
Functional architecture
Activity diagrams and use cases
Object oriented analysis with services or metha@sfified
Architecturally significant quality attribute reqaments
Analyze Requirements
Requirements defects reports
Proposed requirements changes to resolve defects
Key requirements
Technical performance measures
Analyze Requirements to Achieve Balance
Assessment of risks related to requirements
Validate Requirements
Record of analysis methods and results

PS

PS

S

S

PS

PS

PS

PS

PS

PS

PS

PS

PS

PS

o

o

Criteria for Conformance rating is 60 (++)

20

70

10

20

700 O

10

However, establish a definition of required funofbty and quality attributes is

not support by Scrum because Agile principles ersigkabuilding working software that

people can get hands on quickly, instead of spgndilot of time writing specifications

up front but unit test or test driven developmeantsmall iterative can help to clearly

understand the customer requirements and alscatalidem.
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Table 3.16 Conformity percentage of Technical Sofu{TS)
with Scrum framework

Scrum Scrum
TS: Technical Solution Practice Artifact
(S/PS/U) (S/PS/V)
SGISP | Description (WP) psM sPM SrRM sg U] PH s BDG U
TS.SG1 Select Product Component Solutions
TS.SP 1.1  Develop Alternative Solutions and SelecBateria S

Alternative solution screening criteria
Evaluation reports of new technologies
Alternative solutions S
Selection criteria for final selection
Evaluation reports of COTS product
TS.SP 1.2  Select Product Component Solutions PS
Product component selection decisions and rationale
Documented relationships between requirements esdlpt components PS
Documented solutions, evaluations, and rationale
TS.SG2 Develop the Design
TS.SP 2.1  Design the Product or Product Component S
Product architecture
Product component designs
TS.SP 2.2  Establish a Technical Data Package PS
Technical data package PS
TS.SP 2.3  Design Interfaces Using Criteria PS
Interface design specifications
Interface control documents
Interface specification criteria
Rationale for selected interface design
TS.SP 2.4  Perform Make, Buy, or Reuse Analyses PS
Criteria for design and product component reuse
Make-or-buy analyses PS
Guidelines for choosing COTS product components
TS.SG3 Implement the Product Design
TS.SP 3.1 Implement the Design S
Implemented design S
TS.SP 3.2  Develop Product Support Documentation U
End-user training materials
User's manual
Operator's manual U
Maintenance manual
Online help

PS

o
~N
o
o
—
o
~N
o
—_

Criteria for Conformance rating is 63 (++) 0 88 0 0]/13] 0 |88( 0 |13

From Table 3.16, Technical Solution (TS), Scrum thyosupports this process
area. Develop alternative solutions and selectrger@a (TS.SP 1.1), design the product
or product component (TS.SP 2.1) and implementdégsign (TS.SP 3.1) are fully
support via Sprint Planning Meeting (SPM) and SpBiacklog (SB).

Additionally, to select product component solutioi6S.SP1.2), establish a
technical data package (TS.SP2.2), design intesfaseng criteria (TS.SP2.3), perform
make, buy, or reuse analyses (TS.SP2.4) are partatisfied. And, lastly, develop
product support documentation (TS.SP3.2) is urfsadisby implementing Scrum
framework because Scrum has small iterative dewedop to respond customer feedback
with more flexible and accept changes based oneAgihctices for instance code re-
factoring, pair programming, coding standard, st thiven development. However, the
documentations for product development or prodesigh are not including in Scrum's
continuous improvements by working software concept
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Table 3.17 Conformity percentage of Product Integna(P1)
with Scrum framework

Scrum Scrum
PI: Product Integration Practice Artifact
(S/PS/V) (S/PS/U)
sG/isp | Description (WP) psM sPM SrRM sH U PH s BDG
PL.SG1 Prepare for Product Integration
PLSP 1.1 Establish an Integration Strategy S
Product integration strategy S
Rationale for selecting or rejecting alternativedguct integration strategies
PLSP 1.2 Establish the Product Integration Enviremm PS
Verified environment for product integration
Support documentation for the product integratiomi®nment
PIL.SP 1.3 Establish Product Integration ProceduneksGriteria PS
Product integration procedures
Product integration criteria
PLSG2 Ensure Interface Compatibility
PSP 2.1 Review Interface Descriptions for Compiets S
Categories of interfaces
List of interfaces per category S
Mapping of the interfaces to the product componeamis the Pl environment
PIL.SP 2.2 Manage Interfaces PS

(=

PS

PS

Table of relationships among the product componantsthe environment
Table of relationships among the different prodeminponents

List of agreed-to interfaces defined for each paproduct components
Reports fromthe interface control working groupetiegs PS
Action items for updating interfaces
Application program interface (API)
Updated interface description or agreement

PLSG3 Assemble Product Components and Deliver tHeroduct

PIL.SP 3.1 Confirm Readiness of Product Componentifegration S
Acceptance documents for the received product coepts
Delivery receipts
Checked packing lists S
Exception reports
Waivers

PI.SP 3.2 Assemble Product Components S
Assembled product or product components S

PLSP 3.3 Evaluate Assembled Product Components PS
Exception reports
Interface evaluation reports PS
Product integration summary reports

PILSP 3.4 Package and Deliver the Product or Prodostponent PS
Packaged product or product components

Delivery documentation PS

o
u
()]
R
o
o

Criteria for Conformance rating is 72 (++) 0 100 0 0

From Table 3.17, Product Integration (PI), in gaheéBcrum framework supports
Pl process area for example; establish an integratrategy (P1.SP 1.1), review interface
descriptions for completeness (PL.SP 2.1), confeadiness of product components for
integration (P1.SP 3.1) and assemble product coemqsn(PIL.SP 3.2). Some specific
practices are partially support which are establish product integration environment
(PI.SP 1.2), establish product integration procedwand criteria (P1.SP 1.3), manage
interfaces (P1.SP 2.2), evaluate assembled prazhroponents (P1.SP 3.3) and package
and deliver the product or product component (PBSH. There is no unsatisfied gap
between Scrum practice and Pl process area betauséegrated product is a main
objective of working software over comprehensiveuwtnentation.
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Table 3.18 Conformity percentage of VerificatiorER) with Scrum framework

Scrum Scrum
VER: Verification Practice Avrtifact
(S/PS/U) (S/PS/V)
sGisP | Description (WP) DsM sPN SRV sk U P SH BDE
VER.SG1 Prepare for Verification
VER.SP 1.1 Establish Standard Processes PS
Lists of work products selected for verification
Verification methods for each selected work product
VER.SP 1.2 Establish the Verification Environment S
Identify verification environment requirements.
Identify verification resources for reuse or maddifion.
Identify verification equipment and tools.
Acquire verification support equipment and an emvinent
VER.SP 1.3 Establish Verification Procedures ante@ai PS
Verification procedures
Verification criteria
VER.SG2 Perform Peer Reviews
VER.SP 2.1 Prepare for Peer Reviews S
Peer review schedule
Peer review checKlist
Entry and ext criteria for work products
Criteria for requiring another peer review
Peer review training material
Selected work products to be reviewed
VER.SP 2.2 Conduct Peer Reviews S
Peer review results
Peer review issues S
Peer review data
VER.SP 2.3 Analyze Peer Review Data PS
Peer review data
Peer review action items
VER.SG3 Verify Selected Work Products
VER.SP 3.1 Perform Verification PS
Verification results
Verification reports
Demonstrations
As-run procedures log
VER.SP 3.2 Analyze Verification Results PS
Analysis report
Trouble reports PS
Change requests for verification methods, critenied the environment

C

PS

PS

PS

PS

Criteria for Conformance rating is 69 (++) 0 | 8] 13| 0]0j 0|{100f O |O

From Table 3.18, Verification (VER), Scrum framewdased on Agile practice
likes unit testing or test driven development bgmteare compliance with Establish the
Verification Environment (VER.SP 1.2), and parffabupport to establish standard
processes (VER.SP 1.1), establish verification guaces and criteria (VER.SP 1.3).
Perform peer reviews (VER.SG2) and verify selectetk products (VER.SG3) are
supported via Sprint Review Meeting (SRM) througini® Backlog (SB).
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Table 3.19 Conformity percentage of Validation (MALith Scrum framework

Scrum Scrum
VAL: Validation Practice Artifact
(S/PS/U) (S/PS/V)
sG/sP | Description (WP) DSM SPNl SRNI sk U P SH BDE U
VAL.SG1 Prepare for Validation
VAL.SP 1.1 Select Products for Validation S
Lists of products and product components seledeudlidation
Validation methods for each product or product congnt S
Requirements for performing validation for eachdarot
Validation constraints for each product or prodeminponent
VAL.SP 1.2 Establish the Validation Environment PS
Validation environment PS
VAL.SP 1.3 Establish Validation Procedures and @Gate PS
Validation procedures
Validation criteria PS

Test and evaluation procedures for maintenanadairtca

VAL.SG2 Validate Product or Product Components

VAL.SP 2.1 Perform Validation S
Validation reports
Validation results
Validation cross-reference matrix S
As-run procedures log
Operational demonstrations

VAL.SP 2.2 Analyze Validation Results PS
Validation deficiency reports
Validation issues PS
Procedure change request

Criteria for Conformance rating is 70 (++) 0 [ 60| 40 | 0|0|60/40| O (O

From Table 3.19, Validation (VAL), Scrum framewoskipports the spirit of
customer collaboration so that in Sprint Planningeliihg (SPM) is compliance VAL.SG
1 (prepare for validation) through Product BackiB@) and VAL.SG 2 (validate product
or product components) is compliance Sprint Rewdeting (SRM) via Sprint Backlog
(SB) by demonstrating of the product to product enar the stakeholders to approve the
right product.

3.3.4 The relationship between CMMI and Scrum irSupport Category

From Table 3.20, Configuration Management (CM),u8trhas Dairy Scrum
Meeting (DSM) to support track change requests @M2.1) and a part of control
configuration items (CM.SP 2.2). In additional, @prPlanning Meeting (SPM) is
partially support identify configuration items (C&P 1.1), establish configuration
management records (CM.SP 3.1), and perform cordigun audits (CM.SP 3.2) by
deploying Sprint Backlog (SB) and Burndown ChaD®.
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Table 3.20 Conformity percentage of Configuratioadgement (CM) with
Scrum framework

Scrum Scrum
CM: Configuration Management Practice Artifact
(S/PS/V) (S/PS/V)
SG/SP | Description (WP) psM sPN SrRN s U P sB BDE
CM.SG1 Establish Baselines
CM.SP 1.1 Identify Configuration Items PS
Identified configuration items PS
CM.SP 1.2 Establish a Configuration Management Syste u
Configuration management system with controlledikwmoducts
Configuration management system access controeglores U
Change request database
CM.SP 1.2 Create or Release Baselines u
Baselines
Description of baselines
CM.SG 2 Track and Control Changes
CM.SP 2.1 Track Change Requests S
Change requests S
CM.SP 2.2 Control Configuration Items PS
Revision history of configuration items
Archives of baselines
CM.SG3 Establish Integrity
CM.SP 3.1 Establish Configuration Management Records PS
Revision history of configuration items
Change log
Copy of the change requests PS
Status of configuration items
Differences between baselines
CM.SP 3.2 Perform Configuration Audits PS
Configuration audit results
Action items

PS

PS

Criteria for Conformance rating is 43 (++) 29 | 43 0 (0]29] 0)43| 29 |29

However, while implementing Scrum, it is automateshfiguration these items;
code, design, tests due to the frequently changmvgonment.
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Table 3.21 Conformity percentage of Process anduetdQuality Assurance
(PPQA) with Scrum framework

PPQA: Process and Product Quality Assurance

Scrum
Practice
(S/PS/U)

Scrum
Artifact
(S/PS/U)

sG/sP | Description (WP)

DSN SPNl SR S U

P} sB BDE U

PPQA.SG1 Objectively Evaluate Processes and Work Bducts
PPQA.SP 1.1 Obijectively Evaluate Processes
Evaluation reports
Noncompliance reports
Corrective actions
PPQA.SP 1.2 Objectively Evaluate Work Products
Evaluation reports
Noncompliance reports
Corrective actions
PPQA.SG 2 Provide Objective Insight
PPQA.SP 2.1 Communicate and Resolve Noncompliarseeels
Corrective action reports
Evaluation reports
Quality trends
PPQA.SP 2.2 Establish Records
Evaluation logs
Quality assurance reports
Status reports of corrective actions
Reports of quality trends

PS

PS

PS

PS

PS

PS

Criteria for Conformance rating is 38 (-)

50

25

0|75 0 |25

From Table 3.21, Process and Product Quality AsserdPPQA), This process
area objectively evaluate processes and work pted(RPQA.SG 1) and provide
objective insight (PPQA.SG 1) against the standprdsess descriptions and procedures
instead of the end product so that, this PPQA m®caea is not completely and
automatically applicable to Scrum framework.

Therefore, some Scrum's activities likes refinermentSprint Planning Meeting

(SPM) or Sprint Retrospective (SR) are partiallynptiance with objectively evaluate
processes (PPQA.SP 1.1), Objectively evaluate wadducts (PPQA.SP 1.2) and

communicate and resolve noncompliance issues (PPRA.L).
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Table 3.22 Conformity percentage of Measurementfaralysis (MA)
with Scrum framework

Scrum Scrum
MA: Measurement and Analysis Practice Artifact
(S/PS/U) (S/PS/U)
SGIsP | Description (WP) DSM sPNI SRN s U Ph SB BDE
MA.SG1 Align Measurement and Analysis Activities
MA.SP 1.1 Establish Measurement Objectives PS
Measurement objectives PS
MA.SP 1.2 Specify Measures PS
Specifications of base and derived measures PS
MA.SP 1.3 Specify Data Collection and Storage Procesl u
Data collection and storage procedures U

Data collection tools
MA.SP 1.4 Specify Analysis Procedures PS
Analysis specifications and procedures

Data analysis tools PS
MA.SG2 Provide Measurement Results
MA.SP 2.1 Obtain Measurement Data S
Base and derived measurement data sets s
Results of data integrity tests
MA.SP 2.2 Analyze Measurement Data PS
Analysis results and draft reports PS
MA.SP 2.3 Store Data and Results U
Stored data inventory u
MA.SP 2.4 Communicate Results S
Delivered reports and related analysis results s
Contextual information to help interpret analyss ults
3 3 0|]0]2]0J0] 6 |2
Criteria for Conformance rating is 50 (+) 38| 38| 0 /10|25 0| 0] 75 |25

From Table 3.22, Measurement and Analysis (MA)u8cframework is perform
Dairy Scrum Meeting (DSM) and Sprint Planning Megt(SPM) via Burndown Chart
(BDC) which is align "Frequent intensive communicatbetween team members" to
support align measurement and analysis activits.§G 1) and provide measurement
results (MA.SG 2) for developing and sustainingeasurement capability.

However, specify data collection and storage procesi (MA.SP 1.3) and store
data and results (MA.SP 2.3) are unsatisfied baseMlA specific practices’ objectives
to collect and store data inventory.
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Table 3.23 Conformity percentage of Decision Aniglgsid Resolution (DAR)

with Scrum framework

Scrum Scrum
DAR: Decision Analysis and Resolution Practice Artifact
(S/PS/VU) (S/PS/V)
SG/SP | Description (WP) psM sPN SRN s U P SB BDE
DAR.SG1 Bwaluate Alternatives
DAR.SP 1.1 Establish Guidelines for Decision Anadysi U
Guidelines for when to apply a formal evaluationgess U
DAR.SP 1.2 Establish Evaluation Criteria PS
Documented evaluation criteria
. L PS
Rankings of criteria importance
DAR.SP 1.2 Identify Alternative Solutions PS
Identified alternatives PS
DAR.SP 1.4 Select Evaluation Methods U
Selected evaluation methods u
DAR.SP 1.5 Evaluate Alternatives Solutions U
Evaluation results u
DAR.SP 1.6 Select Solutions PS
Recommended solutions to address significant issues| PS
3 0 0 J]O|3]0(3] 03
Criteria for Conformance rating is 25 (-) 50| 0 0 | 0[50] 0|50/ O |50

From Table 3.23, Decision Analysis and Resolu(iDAR), there is only one
specific goal which is evaluate alternatives (DAR.Q), it is purposely to analyze
possible decisions using a formal evaluation predéat against established criteria.
Scrum framework is not support establish guideliioeslecision analysis (DAR.SP 1.1),
Select Evaluation Methods (DAR.SP 1.4) and Evalddternatives Solutions (DAR.SP
1.5). It is also has conflict the spirit of “Indduals and interactions over processes and
tools”.

However, Dairy Scrum Meeting (DSM) is partially gapt to establish evaluation
criteria (DAR.SP 1.2), identify alternative solut® (DAR.SP 1.3), and select solutions
(DAR.SP 1.6) through Sprint Backlog (SB) becauss gupport another spirit of Agile
likes "collaborative process".
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Table 3.24 Conformity percentage of Causal Analgsd Resolution (CAR) with
Scrum framework

Scrum Scrum
CAR: Causal Analysis and Resolution Practice Artifact
(S/PS/U) (S/PS/V)
SGISP | Description (WP) DSM sPN SRNI SR U P Sg BDE U
CAR.SG1 Determine Causes of Defects
CAR.SP 1.1 Select Outcomes for Analysis PS
Data to be used in the initial analysis
Initial analysis results data PS
Outcomes selected for further analysis
CAR.SP 1.2 Analyze Causes PS
Root cause analysis results
Action proposal
CAR.SG2 Address Causes of Selected Outcomes
CAR.SP 2.1 Implement Action Proposals PS
Action proposals selected for implementation
Action plans
CAR.SP 2.2, Evaluate the Effect of Implemented Acdion U
Analysis of process performance and change in p®performance U
CAR.SP 2.3 Record Causal Analysis Data u
Causal analysis and resolution records
Organizational improvement proposals

PS

PS

Criteria for Conformance rating is 30 (+) 0 | 20| O |40/40] 0 | 20| 40 |40

From Table 3.24, Causal Analysis and Resolution RE;Adetermine causes of
defects (CAR.SG 1) by select outcomes for anal{Si8R.SP 1.1), analyze causes
(CAR.SP 1.2) and implement action proposals (CAR3P are perform partially though
Sprint Retrospective (SR) practice which team membeflect on the questions of what
we did well in the last sprint based on Burndowra€H{BDC) information and what
could be improved in the next sprint via SprintriPlimg Meeting (SPM) by using Sprint
Backlog (SB) to implement action to resolve thesegau

Therefore, there are no causal analysis and résolwecords, there is only
informally identify and evaluate alternatives demis in Scrum framework.

3.3.5 The relationship between CMMI and Scrum irGeneric Goal

From Table 3.25, Generic Goal (GG), Sprint Planrifhgeting (SPM) supports
various generic goals likes; plan the process (FG22), provide resources (GG.GP
2.3), assign responsibility (GG.GP 2.4), identifgdainvolve relevant stakeholders
(GG.GP 2.7), and establish a defined process (GG.GPthrough Sprint Backlog (SB).
Sprint Review Meting (SRM) is also support contmbrk products (GG.GP 2.6),
objectively evaluate adherence (GG.GP 2.9) via ®tb@acklog (PB) and Burndown
Chart (BDC).



47

Table 3.25 Conformity percentage of Generic Go&)@ith Scrum framework

Scrum Scrum

GG: Generic Goal Practice Artifact

(S/PS/U) (S/PS/U)

GG/GP | Description (WP) psM sPM srRM sH U] PH s BDC U

GG1 Achieve Specific Goals

GG.GP 1.1  Perform Specific Practices
The work products and deliver the services based on each PA

GG 2 Institutionalize a Managed Process

GG.GP 2.1  Establish an Organizational Policy U
Policy based on each PA u

GG.GP 2.2 Plan the Process PS
Process based on each PA PS

GG.GP 2.3 Provide Resources S
DBMS, Tools, Statistical packages S

GG.GP 2.4 Assign Responsibility PS
List of assigned responsibility and authority for performing the process PS

GG.GP 2.5 Train People U
Method of providing training U

GG.GP 2.6 Control Work Products S
work products placed under control ex. Action proposals, Action S
plans, List of products

GG.GP 2.7 Identify and Involve Relevant Stakeholders PS
Activities for stakeholder involvement ex. Defining the team structure
for the project

GG.GP 2.8 Monitor and Control the Process S
Measures and work products used in monitoring and controlling ex.
Schedule with status, Number of open and closed corrective actions

GG.GP 2.9 Objectively Evaluate Adherence PS
Work products and activities reviewed ex. Process improvement
plans, Monitoring project progress and performance against the PS
project plan

GG.GP 2.10 Review Status with Higher Level Management PS
Presentation topics ex. Status of improvements being developed by
process action teams, Results from validation activities

GG3 Institutionalize a Defined Process

GG.GP 3.1 Establish a Defined Process PS
The organization’s set of standard processes, Tailoring process PS

GG.GP 3.2 Collect Process Related Experiences PS
Process related experiences ex. Action proposals, Data analysis
reports, Number of product defects

PS

PS

PS

Criteria for Conformance rating is 54 (+) 0 | 42| 17 [25(17]| 8 | 50{ 25 (17

Finally, Sprint Retrospective (SR) is compliance nwnitor and control the
process (GG.GP 2.8), review status with higherllenanagement (GG.GP 2.10) and
collect process related experiences (GG.GP 3.2)veder, establish an organizational
policy (GG.GP 2.1) and train people (GG.GP 2.5)raesupport Scrum framework.

3.3.6 The summary of relationship between CMMI ad Scrum

The following Table 3.26 shows CMMI 22 process ar@2A) in capability level
to four process categories; Project Managemented3sManagement, Engineering and
Support. The number shows conformity percentagechvidcrum framework support
SG/SP in each process area. Regarding to thiswiatown, the most top-three conformity
are Project Monitoring and Control (PMC), Integchféroject Management (IPM) and
Project Planning (PP) which shows 95%, 85% and 82%pectively.
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Project Planning (PP), Project Monitoring and Coh{iPMC) and Integrated
Project Management (IPM) are shown significantiynfoomance value to Scrum
practices and artifacts along with Requirement Manzent (REQM) and Engineering
category. However, Process Management category; liReganizational Training (OT),
Organizational process Focus (OPF) show the lowesformance value especially,
Supplier Agreement Management (SAM) is not addeksseall by Scrum.

Table 3.26 Conformity percentage of Process Arég (RAtegory
with Scrum framework

Process Area | ML| Process Area Category | Conformance (%) | Conformance rating

PP: Project Planning 2 Project Management 82 +++
PMC: Project Monitoring and Control 2 Project Management 95 +++
IPM: Integrated Project Management 3 Project Management 85 +++
REQM: Requirements Management 2 Project Management 70 ++
SAM: Supplier Agreement Management 2 Project Management 0 o
RSKM: Risk Management 3 Project Management 43 +
QPM: Quantitative Project Management 4 Project Management 36 -
OPF: Organizational Process Focus 3 Process Management 6 -
OT: Organizational Training 3 Process Management 7 -
OPP: Organizational Process Performance 4 Process Management 10 -
OPM: Organizational Performance Management 5 Process Management 50 +
OPD: Organizational Process Definition 3 Process Management 14 -
RD: Requirements Development 3 Engineering 60 ++
TS: Technical Solution 3 Engineering 63 ++
PI: Product Integration 3 Engineering 72 ++
VER: Verification 3 Engineering 69 ++
VAL: Validation 3 Engineering 70 ++
CM: Configuration Management 2 Support 43 +
PPQA: Process and Product Quality Assurance 2 Support 38 -
MA: Measurement and Analysis 2 Support 50 +
DAR: Decision Analysis and Resolution 3 Support 25 -
CAR: Causal Analysis and Resolution 5 Support 30

In term of average value from each category, Scparforms to compliance

process area in average consecutively; Project anant category 68%, Engineering
category 67%, Support category 37% and Process dé¢ament category 17%. In overall
perspective number of all categories shows 48%tai.t
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120

I Unsatisfied (%)
M Patially Satisfied (%)
M Satisfied (%)

Figure 3.4 The conformity satisfied percentage BN process area
with Scrum framework

Figure 3.4 shows the proportion of conformity da percentage from each
process area with Scrum framework. The blue colesgnts satisfied percentage, brown
color presents partially satisfied percentage arekrg presents unsatisfied percentage.
Project Planning (PP), Project Monitoring and Coh(PMC) and Integrated Project
Management (IPM) are the most process areas wieidbrm significantly conformance
value to Scrum practices and artifacts. The Proessgement category shows majority
in unsatisfied values, Scrum is not address Suppligeement Management (SAM) in
every aspect.
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Figure 3.5 The conformity percentage of CMMI pracasea
with Scrum framework

In order to show the represented value of the comfy, we propose the
formulation as follow; % Conformance of Process &Are (% Satisfied) + (Y2 *(%
Partially Satisfied)). Finally, the final value &6 conformity of CMMI and Scrum are
presented in Figure 3.5.
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Table 3.27 Conformity percentage in maturity leslaksification
with Scrum framework

Process Area ML | Process Area Category | Conformance (%) | Conformance rating
PP: Project Planning 2 Project Management 82 +++
PMC: Project Monitoring and Control 2 Project Management 95 +++
REQM: Requirements Management 2 Project Management 70 ++
SAM: Supplier Agreement Management 2 Project Management 0 =
CM: Configuration Management 2 Support 43 +
PPQA: Process and Product Quality Assurance 2 Support 38 -
MA: Measurement and Analysis 2 Support 50 +
IPM: Integrated Project Management 3 Project Management 85 +++
RSKM: Risk Management 3 Project Management 43 +
OPF: Organizational Process Focus 3 Process Management 6 -
OT: Organizational Training 3 Process Management 7 -
OPD: Organizational Process Definition 3 Process Management 14 -
RD: Requirements Development 3 Engineering 60 ++
TS: Technical Solution 3 Engineering 63 ++
PI: Product Integration 3 Engineering 72 ++
VER: Verification 3 Engineering 69 ++
VAL: Validation 3 Engineering 70 ++
DAR: Decision Analysis and Resolution 3 Support 25 -
QPM: Quantitative Project Management 4 Project Management 36 -
OPP: Organizational Process Performance 4 Process Management 10 -
OPM: Organizational Performance Management 5 Process Management 50 +
CAR: Causal Analysis and Resolution 5 Support 30 -

From Table 3.27 shows CMMI in 22 process areas @a)classified into four
maturity level; Managed (ML2), Defined (ML3), Qudaatively Managed (ML4),
Optimizing (ML5). This is not including Initial wbh is meaning to maturity level 1
(ML1). The number shows % of conformity which Scrénamework supports SG/SP in
each level.

Regarding to Scrum, its practices and artifactcaver 63%, 47%, 23% and 40%
of conformance value respectively from ML2, ML3, Mland ML5 to SG/SP in CMMI.
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Table 3.28 Conformity percentage in process argayoay to Scrum practices

From Table 3.28 shows conformity percentage in ggecarea category with

Process Area ML | Process Area Category |DSM|(SPM |SRM|SR| U

PP: Project Planning 2 Project Management 7 86 0 0|7
PMC: Project Monitoring and Control 2 Project Management 60 10 {30 (0] O
IPM: Integrated Project Management 3 Project Management 0 90 0 |10f{ 0
REQM: Requirements Management 2 Project Management 20 [ 40 | 20 [ 0|20
SAM: Supplier Agreement Management 2 Project Management 0 0 0 0 [100
RSKM: Risk Management 3 Project Management 57 14 0 0129
QPM: Quantitative Project Management 4 Project Management 0 43 0 0 |57
OPF: Organizational Process Focus 3 Process Management 0 0 0 [11[89
OT: Organizational Training 3 Process Management 0 14 0 0|86
OPP: Organizational Process Performance 4 Process Management 0 0 0 [20(80
OPM: Organizational Performance Management | 5 Process Management 0 0 0 |80[20
OPD: Organizational Process Definition 3 Process Management 0 29 0 01|71
RD: Requirements Development 3 Engineering 20 | 70 0 0110
TS: Technical Solution 3 Engineering 0 88 0 013
PI: Product Integration 3 Engineering 0 100 O 0|0
VER: Verffication 3 Engineering 0 88 13 [0(0
VAL: Validation 3 Engineering 0 60 [ 40 [0 | O
CM: Configuration Management 2 Support 29 | 43 0 0|29
PPQA: Process and Product Quality Assurance 2 Support 0 25 0 [50]25
MA: Measurement and Analysis 2 Support 38 | 38 0 0|25
DAR: Decision Analysis and Resolution 3 Support 50 0 0 0|50
CAR: Causal Analysis and Resolution 5 Support 0 20 0 [40]40
13 139 | 5 [10(34

Scrum practices; DSM (Daily Scrum Meeting), SPMr{8pPlanning Meeting), SRM
(Sprint Review Meeting) and SR (Sprint Retrospe)tilDSM (Daily Scrum Meeting) is
mainly support PMC and RSKM. SPM (Sprint Planningdiing) is mainly support to
PP, IPM, REQM, RD, TS, PI, VER, VAL, CM and SR (BprRetrospective) is mainly

support to OPM and PPQA. Therefore, SAM, QPM, GPF, OPP, OPD are majority to

unsatisfied by implementing Scrum practices.

Totally, these Scrum practices are conforming toM@Ndy SPM, DSM, SR and
SRM as 39%, 13%, 10% and 5%, respectively.
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Table 3.29 Conformity percentage of process aré&xtam artifacts

Process Area ML | Process Area Category [PB| SB ([BDC| U

PP: Project Planning 2 Project Management 717111417
PMC: Project Monitoring and Control 2 Project Management 020 80 [ O
IPM: Integrated Project Management 3 Project Management 0f[90f10] O
REQM: Requirements Management 2 Project Management 40120] 20 | 20
SAM: Supplier Agreement Management 2 Project Management 0[O0 0 |100
RSKM: Risk Management 3 Project Management Of71 0 |29
QPM: Quantitative Project Management 4 Project Management 0 [14( 29 |57
OPF: Organizational Process Focus 3 Process Management 0Oj11| 0 |89
OT: Organizational Training 3 Process Management 0[14] 0 [86
OPP: Organizational Process Performance 4 Process Management O[O0 20|80
OPM: Organizational Performance Management | 5 Process Management 0[10f 70 | 20
OPD: Organizational Process Definition 3 Process Management 014 14 |71
RD: Requirements Development 3 Engineering 20070 0 |10
TS: Technical Solution 3 Engineering 0|88 0 [13
PI: Product Integration 3 Engineering 56(44 0 | O
VER: Verification 3 Engineering 01000 0 [ O
VAL: Validation 3 Engineering 60[40]| O 0
CM: Configuration Management 2 Support 0143| 29 | 29
PPQA: Process and Product Quality Assurance 2 Support 0|75] 0 [25
MA: Measurement and Analysis 2 Support 0l 0] 75 (25
DAR: Decision Analysis and Resolution 3 Support 0|50 0 [50
CAR: Causal Analysis and Resolution 5 Support 0 20| 40 [ 40
8 39| 18 |34

From Table 3.29, shows conformity percentage otgse area to Scrum artifacts
likes PB (Product backlog), SB (Sprint Backlog),daBDC (Burndown Chart). PB
(Product backlog) is mainly support REQM, Pl andl\VA&B (Sprint Backlog) is mainly
support to PP, IPM, RSKM, RD, TS, VER, CM and PPQAstly, BDC (Burndown
Chart) is mainly support to PMC, OPM, and MA. HoweVSAM, QPM, OPF, OT, OPP
and OPD are majority to unsatisfy by implementimgué artifacts.

Totally, these Scrum artifacts are conforming to @Mby SB, BDC, and PB as
39%, 18% and 8%, respectively.

The next part presents on how to overcome the gaphé Synergize in CMMI
and Agile by Scrum which describe the fulfilmemt tover all requirements from
specific goals (SG) and specific practices (SPLCMMI (Capability Maturity Model
Integration) when applying CMMI by Scrum. (From Tal25-26, and Figure 3.4, the
conformity of CMMI process area with Scrum frameljoHowever, this research
focuses on PMC, IPM and PP from Project Manageroatggories to explore the best
process category that is the best fit with AgileSmyum framework.
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3.4 How to overcome the Gap for the Synergize of
Project Management in CMMI and Agile by Scum

Scrum framework has 4 practices; DSM (Daily Scruraelihg), SPM (Sprint
Planning Meeting), SRM (Sprint Review Meeting), §print Retrospective) which is
include Scrum Artifact has 3 artifacts; PB (Prodbatklog), SB (Sprint Backlog), BDC
(Burndown Chart). However, to cover 100% satisfyfulhill Scrum based on Standard
CMMI Appraisal Method for Process Improvement (SCRIMassessment model. There
are needed more practices and artifacts to cl@sgap to overcome these synergize.

Regarding to this research which focuses on Prdy&stagement category, the
information on Table 30 to Table 33 below show iimprovement recommendations
which are needed to improve on how to fulfillingetigap for Project Planning (PP),
Project Monitoring and Control (PMC), Integratedoject Management (IPM) and
Generic Goal (GG) in Scrum Framework.
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Table 3.30 How to fulfilling the gap of Project Riang (PP)
in Scrum Framework

PP: Project Management

CMMI
Practice

SG/SP

Description (WP)

Scrum Mapping Result
(Only PS and U)

Improvement Recommedation

Conformance: Practice Artifac

PP.SG1

Establish Estimates

PP SP 1.4

Estimate Effort and Co

Scrum has estimate effort and cost based on te
judgement by using relatively estimate approact
with tool likes; Poker card in Sprint Planning
Meeting (SPM) through Sprint Backlog (SB).
However, to satisfy the purpose of SG/SP of CM
practice, then the following tasks could be
Bndertaken;

1. Establish estimation effort and cost models arj
its rationale

2. Establish procedure and condition to select
suitable estimation models

3. Establish organizational standard values to
support effort and cost models

am

MI

PP.SG2

Dewelop a Project Plan

PP SP 2.2

Identify Project Risks

PS DSM BD

Scrum identifies risks in Daily Scrum Meeting
(DSM) through Burndown Chart (BDC) and also
Sprint Backlog (SB). However, to satisfy the
purpose of SG/SP of CMMI practice, then the
following tasks could be undertaken;

. Monitor and document risks

. Estimate risk impacts and probability/likelihood
of occurrence

(For instance calculating by an operation d{ ris
level-A=high, B=medium, C=low)
3. Priorities risk and establish risk plan or/and
mitigation plan

PP SP 2.3

Plan Data Manageme

ht PS SRM 9

Scrum has small part of plan for data manageme
Sprint Planning Meeting (SPM) through Sprint
Backlog (SB).

However, to satisfy the purpose of SG/SP of CM
practice, then the following tasks could be
undertaken;

1. Establish specific Data management plan with
biBaster list of managed data, data content and
format description

2. Establish security/Privacy requirement and its
procedure

3. Establish mechanisms for data retrieval,
reproduction, and distribution

4. Listing and Schedule for the collection of patje
data

ntin

MI

PP.SP 2.5

Plan Needed Knowledg
and Skills

D

Scrum does not address any plan for knowledgg
and skills which are needed from the project. So
that, to satisfy the purpose of SG/SP of CMMI
practice, then the following tasks could be
undertaken;

1. Establish an inventory of skill needs

2. Establish databases to support needed skill g
training schedule

3. Establish a procedure of managing staffing an

nd

new hire plans
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Table 3.31 How to fulfilling the gap of Project Mitaring and Control (PMC)
in Scrum Framework

PMC: Project Monitoring and Control

CMMI Scrum Mapping Result
Practice Description (WP) (Only PS and U) Improvement Recommedation
SGISP Conformance: Practice Artifac

PMC.SG 1 Monitor the Project

Against the Plan

Regarding to PP.SP 2.3 (Plan data management
Scruminvoles its purpose in Sprint Planning

Meeting (SPM) through Sprint Backlog (SB).

Monitor Data However, in PMC.SP 1.4 to satisfy the purpose of
PMC.SP 1.4 PS SRM BDC |SG/SP of CMMI practice, team should be establish
Management . . .

records of data management in Sprint Review

Meeting (SRM) through Burndown Chart (BDC)
and use an authorization and permission systen
with periodically backup all project data

=}

Table 3.32 How to fulfilling the gap of IntegratBdoject Management (IPM)
in Scrum Framework

IPM: Integrated Project Management

CMmI Scrum Mapping Result
Practice Description (WP) (Only PS and U) Improvement Recommedation
SGISP Conformance Practice Artifac

PMSG1 Use the Project’s

Defined Process

Scrum addresses use organizational process agsets
for planning project activities, therefore, it inlp

Use Organizational Scrum parctices which is Sprint Planning Meeting

Process Assets for (SPM) through Sprint Backlog (SB) based on Agjle
IPM.SP 1.2 Planning Project PS SPM SB methods. However, to satisfy the purpose of SGSP

Activities of CMMI practice, then the organization could be

provide more organizational process assets like
project plans policy and project estimates mode

Scrum has establish the projects work environment,
therefore, it is miss some support services for the
project’s work environment. Sprint Planning
Meeting (SPM) through Sprint Backlog (SB) basé¢d
on Agile methods is also applicable, however, to
satisfy the purpose of SG/SP of CMMI practice,
PS SPM SB |then the following tasks could be undertaken;
1. Identify and provide equipment and tools for the
project
2. Establish an operation manuals for installation,
operation, and maintenance

3. Create a records of usage, performance, and
maintenance

Establish the Projects

IPM.SP 1.3
Work Environment

Scrum contributes some proposed improvements by
Sprint Retrospective (SR) through Sprint Backlog
(SB) However, to satisfy the purpose of SG/SP gf
CMMI practice, then the following tasks could be

. undertaken;
Contribute to 1. Establish actual process and product measurgs
IPM.SP 1.7 [Organizational Process PS SR SB | P P il
Assets collected

2. Produce some essential documentation for
instance checklists and lessons learned

3. Establish a process guidelines associated with
tailoring and implementing the OSSP (Organisatipns
Standard Software Process).
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Table 3.33 How to fulfilling the gap of Generic G¢@G) in Scrum Framework

GG: Generic Goal

CMMI
Practice

SG/SP

Description (WP)

Scrum Mapping Result
(Only PS and U)

Conformance: Practice Artifac

Improvement Recommedation

GG2

Institutionalize a Managed Process

GG.GP 2.1

Establish an Organizatio

Scrumnot addresses practice to establish an
organizational policy at all. However, to satisliet
purpose of GG/GP of CMMI practice, then he
following steps could be undertaken in order to
satisfy GG.GP2.1:

1. Define organizational policies, tools and
guidelines which can be use in Scrum framework
2. Produce needed documents of all processes
based on Scrum practices

GG.GP 2.2

Plan the Process

PS

SPM

SB

Scrum has define its own processes in Scrum
practices. However, To standardize the project
procedure and also to define and document the
Scrum process and minimum requirements in a
Scrum project are needed to fulfill and satisfy
GG.GP2.1

GG.GP 2.4

Assign Responsibility

PS

SPM

SB

In Scrum framework, there ia only three roles are
defined; Scrum Master, Product Owner and tean
To satisfy GG.GP 2.4 then it necessary to establ
and define the list of assigned responsibility and
authority for performing the process

GG.GP 2.5

Train People

Scrumdoes not show any practices that provid
training to the project. In order to satisfy GGZP,

so that, the training plan should be setting up fg
closing the gap of needed knowledge which neg
use in project including Scrum knowledge.

dto

GG.GP 2.7

Identify and Involve Relg

PS

SPM

SB

There are some activities in Sprint Planning
Meeting (SPM) which identify involev relavant
stakeholders. However, to fulffil GG.GP 2.7 it st
be clearly define the team structure for the pioje

GG.GP 2.9

Objectively Evaluate AdH

PS

SRM

BDC

Scrumdefines activities to review work products
Sprint Review Meeting (SRM) through Burndowr
Chart (BDC). However, to compleate GG.GP 2.9,
project should has more concreate doucument |
process improvement plans, monitoring project
progress and performance against the project p

in

kes;

GG.GP 2.10

Review Status with High

PS

SR

SB

Scrum has Sprint Retrospective (SR) to review
project status to higher level management. How:
to satisfy GG.GP2.10, it should be establish more
needed report likes; results from validation
activities report or status of product/process
improvements

gver

GG3

Institutionalize a Defined Process

GG.GP 3.1

Establish a Defined Proc

PS

SPM

SB

Scrum has its own defined process. Therefore, t
satisfy GG.GP 3.1, it is need to establish the
organization’s set of standard processes (OSSH
and process tailoring guideline

GG.GP 3.2

Collect Process Related

PS

SR

BDC

Scrum has collect process related experiences i
Sprint Retrospective (SR), however, to fuffill the
requirement from GP.GP 3.2, action proposals, d
analysis reports and number of product defects
needed.

N

ata
are
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The following part present the proposed frameworkynergize CMMI and Agile
by Scrum for small setting environment likes VSHB$ES (Very Small Enterprises/Small
and Medium Enterprise namely “CMMISF — CMMI by Seruramework which is
propose to be the development framework for snedtirgy environment (VSEsS/SMES).
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3.5 CMMISF — The development framework for small sting
environment (VSEs/SMES)

Software Engineering Institute (SEI) had researdated CMMI and Agile in
“CMMI or Agile: Why Not Embrace Both!” which prestma value in both paradigms as
CMMI and Agile are compatible. At the project lev€IMMI focuses at a high level of
abstraction on what projects do, not on what dgraknt methodology is used, while
Agile methods focus on how projects develop praslu¢herefore, CMMI and Agile
methods can co-exist. There can be much value @&iom Agile and CMMI synergies.

Today, many CMMI-adopting organizations have Agidevelopment teams.
Conversely, CMMI can be effectively introduced m Agile setting where an iterative,
time-boxed approach is used, which is perfectly gatible with CMMI. CMMI and
Agile can complement each other by creating syesrgnat benefit the organization
using them. Agile methods provide software develepimon how to that are missing
from CMMI best practices that work well—especiaillyth small, co-located project
teams. CMMI provides the systems engineering prestithat help enable an Agile
approach on large projects. CMMI also provides ghacess management and support
practices that help deploy, sustain, and continyaogrove the deployment of an Agile
approach in any organization.

CMMI and Agile are focus in difference perspectiiwever, they are
compatible. In general, CMMI focuses at a high lefeabstraction on what projects do,
while Agile methods focus on how projects developdpcts. Therefore, the CMMI and
Agile methods can be synergizing. There can be nuatbe gained from Agile and
CMMI synergies in bi-direction. In adopted CMMI @mgzations can have Agile
practices for development teams. On the other h@hiyil can do more effective for
introducing to an Agile environment where iteratia@d incremental, time-boxed
approach are implemented, which is compatible fdoyed CMMI.

The main propose of this research is to combineweldpment process model
(Agile) and an improvement model (CMMI) to becomefamework namely CMMISF
or CMMIbyScrum Framework as shows in Figure 6.
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A development process model (Agile)
as software development

4

CMMISF-CMMIbyScrum Framework

An efficiency development process based on improvement model

1. Individuals and interactions over processes and tools
Agi Ie 2. Working software over comprehensive documentation
3. Customer collaboration over contract negotiation

4. Responding to change over following a plan

Achieve 13 Generic Goals and their Generic Practices
Achieve Specific Goals of 22 process areas in CMMI-DEV v1.3 C M M I
The process is institutionalized as a managed process.
The process is institutionalized as a defined process.

*

An improvement model (CMMI)
as the systems engineering practices

PwnNPR

Figure 3.6 The idea of CMMIbyScrum Framework

CMMI and Agile can supplement each other by crgasipnergies that benefit to
the deployed organization. Agile methods providelewelopment process model as
software development on "how to" which are missnogh CMMI. The best practices are
work well especially with small project teams lIkeSEs/SMEs. Agile manifesto for
Agile Software Development value is indicated adividuals and interactions over
processes and tools, working software over commshe documentation, customer
collaboration over contract negotiation, and resjgnto change over following a plan.

On the other hand, CMMI provides an improvement ehad term of the systems
engineering practices that help enable an Agileaagh on large projects. CMMI also
provides the process management, project manageneagineering and support
practices that help continuously improve the deplegt of an Agile approach in any
organization. The principle of CMMI is defined thmto do as achieve 13 generic goals
and their generic practices, achieve specific go&l&2 process areas in CMMI-DEV
v1.3. The process is institutionalized as a manggecess and a defined process.

The CMMIbyScrum Framework (CMMISF) is intently apdrposely to design
the Light-Weight Project Management (LWPM) approaohimplement CMMI by
mapping between CMMI-Project Management goals amgileAScrum based on
enhanced artifacts and practices to be satisfied.iglgt-Weight Project Management
SCAMPI Assessment Model (LWPM-SAM) which is designéor VSES/SMES
companies. Our approach focuses on the Project ¢éamant category which composes
Project Planning (PP), Project Monitoring and Con{iPMC) and Integrated Project
Management (IPM). In order to enhance both addiiartifacts and practices with
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defined LWPM-SAM. Moreover, we collected relevamtal by using questionnaire and
also the dedicated tool SPIALS (Software Procesprdomement Adaptive Learning
System) as shown in Figure 7.

CMMIbyScrum Framework (CMMISF)

Enhance CMMI-PM and Scrun
Mapping CMMI-PM and Scrum by additional artifacts and
practices
Light-Weight Light-Weight SCAMPI
Project Management Assessment Tool
SCAMPI Assessment Model (SPIALS)
(LWPM-SAM)

Figure 3.7 The component of CMMISF

CMMIbyScrum Framework (CMMISF) is an alternativepapach to accelerate
the transition process by using the Light-Weightoj&st Management (LWPM)
organization framework. This intends to achievetdseperformance with less effort.
However, the LWPM implementation should be donenveihough quality of processes
and needed products to be qualified by the Stan@aviiMI Appraisal Method for
Process Improvement (SCAMPI).

The CMMISF is a conceptual framework for an effeetpractice. The CMMISF
is composed of four parts as following;

1: Gap Analysis by mapping between CMMI-PM and 8tiin term of artifacts
and practices, and then, complete the gap.

2: Enhance CMMI-PM and Scrum by additional artifaahd practices. Besides,
there is specific light-weight CMMI assessment whis designed for VSES/SMEs
companies namely “Light-Weight Project Manageme@ABIPI Assessment Model
(LWPM-SAM)”, come together with Light-Weight SCAMPIAssessment Tool
(SPIALS). The detail of CMMISF is explained in nextapter.
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Conformance (%)

==@==Conformance (%)

Figure 3.8 The conformance value of CMMISF

Figure 3.8 shows the conformance value of CMMISBriter to use as adaptive
learning function through LWPM-SAM. In this researcthe project management
approach which comprise of PP, PMC and IPM is fedusn chapter 5, the evaluation
data is presented the statistical in PP, PMC aMibBsed on the most conformity value
(%) among 22 process areas.

Abstract

SW

Development
Model

Appraisal Model

CM MI [ Appraisal Assistant]
y

CMMI for

Development
Model

CMMISF

LWPM-SAM
(SCAMPI C-Adaptive
Learning Appraisgl

SCAMPI
(SCAMPI A/B/C)

Figure 3.9 The comparison of Abstract model and AMMIMISF
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Figure 3.9 shows the comparison of Abstract moddl @MMI/CMMISF. This
figure presents basic element of software developnadstract which compose of
software development model and appraisal model waking by appraisal tool. For
instance, CMMI has CMMI for development and SCAM®ich working by appraisal
tool likes Appraisal Assistant that is developediy Software Quality Institute, Griffith
University. Finally, this dissertation proposes CM¥# and LWPM-SAM which
working through SPIALS.

In chapter 4, the light-weight SCAMPI (Standard CMAppraisal Method for
Process Improvement) assessment model or LWPM-Sa\Mresented. This LWPM-
SAM has tool namely “SPIALS-Software Process Improent Adaptive Learning
System” which is a web-based tool to support theMIMelf-assessment and also
presents their assessment result.



64

Chapter 4 Light-Weight Project Management
SCAMPI Assessment Model
(LWPMSAM)

The SCAMPI stands for Standard CMMI Appraisal Methéor Process
Improvement. Assessments in CMMI are conductedgutiie SCAMPI Methodology
which is ratings by an appraisal team to the poca®as under assessment for the
capability level (for process areas) or the magdatel (for an organizational unit) based
on SCAMPI Method Definition Document (MDD).

From Table 4.2, SCAMPI has defined three classeeehgA, B and C. There is a
difference in term of definition as explained; SCRMA is the most rigorous method and
the only method that can result in a rating. SCANBRirovides options in model scope,
but the characterization of practices is fixed toeoscale and is performed on
implemented practices. SCAMPI C provides a widegearof options, including
characterization of planned approaches to progaptementation according to a scale
defined by the user.

Table 4.1 Characteristics of Appraisal Classes from

Software Engineering Institute (SEI)

Characteristic Class A ClassB | ClassC
Amount of objective evidence High Medium Low
Ratings generated Yes No No
Resource needs High Medium Low
Team size Large Medium Small

SCAMPI C Method can be scoped at any level of deaity and the scale can be
tailored to the appraisal objectives, which migidlude the fidelity of observed practices
to model/goal achievement or the return on investn® the organization from
implementing practices.

Characterization of examined CMMI components cardtwe using a different
scale on the basis degree determined for implementduring appraisal. This can be
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classified as Yellow, Red Green, where Red meawnsléwel of implementation and
Green is a high level of implementation.

4.1 LWPM-SAM: The light-weight assessment for VSESMEs

In this propose, Light-Weight Project ManagemenASIP| Assessment Model
(LWPM-SAM) is establish based on SCAMPI C appralsalscaling down SCAMPI A
for self-preparing.

Table 4.2 Process activities between SCAMPI A antPIM-SAM processes

SCAMPI A LWPM-SAM
Phase
Process Process
1. Plan and | 1.1 Analyze Requirements 1.1 Self-Analyze Requirements
Prepare for . .
Appraisal 1.2 Develop Appraisal Plan 1.2 Self-Develop Appraisal Plan
1.3 Select and Prepare Team | 1.3 Self-Select and Prepare Team
1.4 Obtain and Inventory Initial | 1.4 Obtain and Inventory Initial
Objective Evidence Objective Evidence based on SCAMPI
1.5 Prepare for Appraisal Conducl.5 Self-Prepare for Appraisal Conduct
2. Conduct | 2.1 Prepare Participants 2.1 Prepare Participants by register in
Appraisal ) o ) SPIALS
2.2 Examine Objective Evidence
o ) 2.2 Examine Objective Evidence by SPIALS
2.3 Document Objective Evidenge
_ o ) 2.3 Document Objective Evidence by
2.4 Verify Objective Evidence SPIALS
2.5 Validate Preliminary Findings 2.4 Verify Objective Evidence by SPIALS
2.6 Generate Appraisal Results 2.5 Validate Preliminary Findings by SPIAL
2.6 Generate Appraisal Results by SPIALS
3. Report | 3.1 Deliver Appraisal Results 3.1 Deliver Appraisal Results by SPIALS
Results

3.2 Package and Archive
Appraisal Assets

3.2 Package and Archive Appraisal Assets
SPIALS

LWPM-SAM is defined via level of practice implemation indicator (Table 4.4)
based on the conformance value of CMMISF (FiguB &hich can be adapt through
SPIALS tool.

Cc

U)J

S

by
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From Table 4.2, the SCAMPI has three phases of SEIAMethod which is
compose of 1) plan and prepare for appraisal, Bjlect appraisal, and 3) report results
as shown to compare with LWPM-SAM.

Table 4.3 Process activities between SCAMPI A antPIM-SAM and its outputs

LWPM- LWPM-
SCAMPI SCAMPI A- MDD Process SCAMPI A SAM SAM
Phase A Process
(Activities) (Outputs) (Activities) (Outputs)
1. Plan 1.1 Analyze| 1.1.1 Determine Appraisal Initial Appraisal Plan Self-analyzg Self-appraisal
and Requireme | Objectives requirements| plan (draft)
Prepare | nts
for 1.1.2 Determine Data Collection
Appraisal Strategy
1.1.3 Determine Appraisal
Constraints
1.1.4 Determine Appraisal Scope
1.1.5 Determine Appraisal Outputg
1.1.6 Obtain Commitment to Initial
Appraisal Plan
1.2 1.2.1 Tailor Method approved appraisal plan Self-develgpSelf-appraisal
Develop appraisal plan
Appraisal 1.2.2 Identify Needed Resources
Plan
1.2.3 Develop Data Collection Plan
1.2.4 Determine Cost and Schedule
1.2.5 Plan and Manage Logistics
1.2.6 Document and Manage Risks
1.2.7 Obtain Commitment to
Appraisal Plan
1.3 Select | 1.3.1 Identify Appraisal Team « training records Self-select Self-training

and Prepareg
Team

Leader
1.3.2 Select Team Members

1.3.3 Document and Manage
Conflicts of Interest

1.3.4 Prepare Team

 appraisal team member
assignments and qualifications

« identified and documented
conflicts of interest

« a prepared appraisal team that

has completed
— appraisal method training

— appraisal reference model
training

- team-building activities

- team orientation regarding

and prepare
team
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appraisal
1.4 Obtain | 1.4.1 Obtain Initial Objective « data inventory results (e.g., dataSelf-initial Self-defined
and Evidence availability summaries) objective set of
Inventory evidence objective
Initial 1.4.2 Inventory Objective Evidencg « identification of additional evidence
Objective information needed based on
Evidence SCAMPI C
« initial set of objective evidence
1.5 Prepare| 1.5.1 Perform Readiness Review | ¢ revised appraisal plan Self-plan and| Self-updated
for prepare and revised
Appraisal 1.5.2 Re-Plan Data Collection  updates to the data collection plan
Conduct plan as required
2. 2.1 Prepare| 2.1.1 Conduct Participant Briefing prepared applgiagticipants Registered | Participants
Conduct | Participants Participants | and related
Appraisal in SPIALS roles in
SPIALS
2.2 2.2.1 Examine Objective Evidence e« updated appraisal data Artifacts Questionnaire
Examine from Artifacts mapping to | s form by
Objective * updated data collection plan | Opjectives | SPIALS
Evidence 2.2.2 Examine Objective Evidence by SPIALS
from Affirmations
2.3 2.3.1 Take/Review/Tag Notes « updated appraisal data Artifacts Questionnaire
Document mapping to | s form by
Objective 2.3.2 Record Presence/Absence df - tagged notes Objectives SPIALS
Evidence | Objective Evidence by SPIALS
- noted practice implementation
2.3.3 Document Practice gaps (if any)
Implementation
- noted exemplary
2.3.4 Review and Update the Datd implementation (if any)
Collection Plan
- revised data collection plan (if
applicable)
- annotated worksheets
« requests for additional data
(artifacts or affirmations)
2.4 Verify | 2.4.1 Verify Objective Evidence « updated appraisal data Artifacts Questionnaire
Objective mapping to | s form by
Evidence 2.4.2 Characterize Implementatior] - strength statements (if any) Objectives SPIALS
of Model Practices and Generate by SPIALS

Preliminary Findings

— weakness statements (if any)
- annotated worksheets

« updated appraisal artifacts

- preliminary findings

- revised data collection plan
- requests for additional data

« practice characterizations

- instantiation level
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- organizational unit level

2.5 2.5.1 Validate Preliminary Findings  validated apgabfindings Artifacts Questionnaire
Validate mapping to | s form by
Preliminary Objectives SPIALS
Findings by SPIALS
2.6 2.6.1 Derive Findings and Rate « final findings Artifacts Questionnaire
Generate Goals mapping to | s form by
Appraisal « recorded rating decisions Objectives | SPIALS
Results 2.6.2 Determine Process Area by SPIALS
Ratings
2.6.3 Determine Process Area
Profile
2.6.4 Determine Maturity Level
2.6.5 Document Appraisal Results
3. Report | 3.1 Deliver | 3.1.1 Deliver Final Findings « documented final findings Deliver Final | Documented
Results Appraisal Findings by | final findings
Results 3.1.2 Conduct Executive Session(s) final report (if requested) SPIALS and reports
3.1.3 Plan for Next Steps « recommendations report (if by SPIALS
requested)
 process improvement action
plan (if requested)
3.2 Package 3.2.1 Collect Lessons Learned « appraisal data package Deliver Final | Documented
and Findings by | final findings
Archive 3.2.2 Generate Appraisal Record | « appraisal record SPIALS and reports
Appraisal ) ) ]
Assets 3.2.3 Provide Appraisal Feedback| ¢ completed forms and checklists by SPIALS

to the SEI

3.2.4 Archive and/or Dispose of
Key Artifacts

« sanitized data (as appropriate
and agreed upon during plannin

« lessons learned (appraisal tear
organization)

)

=]

From Table 4.3 shows the detiled of process ams/ibetween SCAMPI A and
LWPM-SAM and its outputs. Table 4.3 also preserifter@nce approaches of activities
and outputs between SCAMPI and LWPM-SAM based ant soipporting “Software
Process Improvement Adaptive Learning System-SPIALS generate the assessment
result by LWPM-SAM, many issues have to be conadrmeccording to SCAMPI,
evidences are most important as the can imply tilemgth of a practice. Therefore we
have precisely defined the meaning of the concBpastice Implementation Indicator,
Practice Characteristic, Goal and Process Areaf&etion (see Tables 4.4-4.7).
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The number of strength practices implies the gtyati implemented practices

for a goal. The number of goals with high quantifyimplemented practices can imply
the satisfaction of a process area.

Table 4.4 The Relation of Evidence Selection toebmatne

Practice Implementation Indicator

Evidence Selection Practice Implementation
(for All Related Roles or Majority Indicator
after an Affirmation)
All roles: Use Strength
All roles: Not use Weak
All roles: Not available to use Not Rated

Majority: Combination of evidence selectiolsk for affirmations for those
result evidences. Then assumes an
indicator value from a majority. If
there is no majority, uses Weak.

Based on the values of the Practice Implementalnaicators the respective
Practice Characteristics can be rated. We define:

Let  W: number of Weak indicators
S: number of Strength indicators

NR: number of Not Rated indicators
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Table 4.5 The Relation of Practice Implementatiwshdator to
Determine Practice Characteristics

Practice Implementation Practice Characteristics
Indicator Condition
W>NRandS=0and W >0 Not implemented
W>SandW>NRandS >0 Partially implemented
S>WandS>NRand W >0 Largely implemented
S>NRandW=0and S>0 Fully implemented
S=0and W=0and NRO Not Rated
NR>W +Sand &0 and W>0 Not Capable

Now we can use the PC values to rate the satisfaofiassociated goals based on
the following definitions:

Let  SlI: sum of Largely and Fully Implemented PCs

NSI: sum of Partially and Not Implemented PCs

Table 4.6 The Relation of Practice Characteritbd9etermine Goal Satisfaction

Practice Goal Satisfaction
Characteristics

SI > NSI Satisfied

SI < NSI Not Satisfied

SI=NSI Not Capable

Finally, we determine the process area satisfactiom the goal satisfaction
values. Again we define:

Let  SG: number of Satisfied goals
NSG: number of Not Satisfied goals

NCG: number of Not Capable goals
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Table 4.7 The Relation of Goal Satisfaction to D®iae Process Area Satisfaction

Goal Satisfaction Process Area
Satisfaction
SG > (NSG + NCG) Satisfied
and SG> NCG
SG < (NSG + NCG) Not Satisfied
and NSG> NCG
NCG > SG + NSG Not Capable

4.1.1 The conceptual design for LWPM-SAM

The necessary input data is entered by an orgamizadpresentative who defines
evidences for respective software development gsmse The result is reported
automatically indicating acceptance in the selegmsatess areas. However, collecting
documents is not a focus because every organizaagnits own document types and
standards. Therefore, only evidence names arectelleThe system reacts immediately
if the user enters mismatching data. Fig.4.1 prssire LWPM-SAM by SPIALS work
flow which is used as a filter to present only tethevidence to the participants.

Representative from Organization

iy

Representative from role of each project

I

Affirmation for conflict responding

!

Generate Project report

4

Generate Organization report

Figure 4.1 Light-Weight Project Management SCAMREAssment Model
(LWPM-SAM) Workflow
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| Evider_u:e L Practice ‘ | |
I Selection M |Tfii-rrﬁamn_' ‘ | |
é : | |
: Evidence 1 I I Largely Implemented| : ‘ : |
: ! | |
|: | : E g
I : Evidence 2 | Partly Implemented | & : : ‘ |
N 1
| : o Goal | | | [ProcessArea
: . |
| ‘ . All strength il lssaristied | | | L
: Evidence Fully Implemented | : ! ‘ H7—>Sahsf\ed > Project Result
|: |
I ) All weak P ‘||
Evidence 4 >Not Implemented | ; : : ‘ |
| Evidence 5 |
: |
T w 4
: |
I By various roles Not Include I |
I ."'_'_'_'.'_'_'_'_'_'_'_'_'.'_'_'_'_'_'_'_'_'_'_'_'.'.'_'_'.'_'_'_'_'.'_'_'_'.'_'_'_'.'_'_'_'_'_'_'_'_'.'_'_'_'.'_'_'_'_'_'_'_'_'.'_'_'.'., J | |
\o L I
———— — — — — — — — — — — — — — — —

Figure 4.2 LWPM-SAM procedure of evidence selectmmdicate project result

In summary, LWPM-SAM by SPIALS is automatically pesses evidence usage
for every role, and then generates assessmenttsefsul the project. The selected
evidence is a representative for a practice impfgat®n indicator. The LWPM-SAM
approach is to evaluate goals and process areab at@ presented in Fig.4.2.

4.2 SPIALS — The tool to support LWPM-SAM

In this chapter, we present how to apply the tagbp®rting LWPM-SAM
Approach namely, “SPIALS” which is to perform afsssessment model. SPIALS also
produces a gap report analysis and SPI proposaltreghich can be used to start a
process improvement program for VSEs/SMEs.

The SPIALS (Software Process Improvement Adaptiearhing System) is a
web-based tool supporting the self-assessment agbqting the results based on a
specific SCAMPI customization. The benefit of usiB®IALS for VSES/SMEs is to
easily get an individual self-assessment resultclvieflects its process status and
performance. The tool serves mainly to analyze rateweaknesses and to define and
perform improvement measures before investing iforsnal SCAMPI certification
assessment. Because approved SPI best practicekl e applicable especially for
VSES/SMEs, SPIALS tries to collect such SPI infotiova given by VSES/SMEs for
further analysis to improve the system itself blgoato propose SPI road maps for
VSES/SMEs to gain more quality improvements inwgafe industry.



73

The organization status and needs are an init@limportant input to classify an
appropriate CMMISF approach which fits to the oigation. As a result, SPIALS
provides gap analysis information and also propasdisidual SPI measures to achieve
the VSES/SMEs process improvement objectives. énfthlowing sections we present
some interesting aspects of SPIALS.

4.2.1 The conceptual design for SPIALS

SPIALS assists VSES/SMEs to perform self-assestsmdts procedure is
consistent to the SCAMPI principles including tlneee phases; Plan and Prepare for
Appraisal, Conduct Appraisal, and Report Resulig. £.3 depicts the main use cases
identified for SPIALS.

e —
Create Organization
Ass ign Role to Organization User
i \

T —

609 Affirmati

on Create O i
\_// IT resentative
53
63 ister Organi; 239" /

n Points
i
«Extends:
Select Evidence

{ Extension| Pc ts
Answer Affirmation

uuuuuu

%
Operation Use

Figure 4.3 SPIALS Use Cases

SPAILS is assumed to be used by an organizati@psesentative. At first
projects to be evaluated have to be created. Toles associated with the projects are
assigned. Next systematic questions are defineciamyidence type is selected.

The core elements of the SPIALS self-assessmerguaastionnaires that have to
be completed by the representatives of the orghoizaThese questionnaires are
generated based on the organization’s input. Astjonnaires conform to a common
underlying model, shown in Fig. 4.4.
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Questionnaire QuestionAnswer
£
Evidence 1 *
QuestionChoice * 1 Question QuestionResponseStyle
€
QuestionPractice
i — Y
Practice

Figure 4.4 Questionnaire Model

4.2.2 The user interface for SPIALS

In this section, we present the structure of thefiannaire Framework based on
a light-weight for Software Process Improvementf-8ssessment Tool (QF-SPISAT)
and descriptions of the SPIALS component. QF-SPI8Amposes of five parts which
show according A to E (see Fig.4.5); A. Organizasogeneral information, B.
Participant information, C. Project information, Rssessment definition which include;
D1.Assessment scope and D2.Participant’s multisrleeach project, and E. Appraisal’s
artifact confirmation which include; E1.Participatashboard and E2.Artifact usage. The
QF-SPISAT is based on SCAMPI appraisal theory witrum deployment. The
confirmation of assessment use project’s artifaaeéerences.
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QF-SPISAT Structural Design

Artifacts i
. articipant Project i
—_— information information !
e | !
A | !
. Organization’s !
. general information !
i | Assessment scope
! 1
! '
| Participant Project !
| information information ! \H/
' i
E i Participant's
! i multi-roles in each project
I
i Assessment definition ! H
:
' i
. ! I I
' = i | !

1 Appraisal’s artifact confirmation | | —J _J
i ! ! Participant [—=>{  Artifact
! ! ! dashboard

usage
|

Appraisal base on SCAMPI SCAMPI : CMMI Appraisal Method for Process Improvement

Figure 4.5 The QF-SPISAT Structure Design

Fig. 4.5 shows the steps of information preparihgse from A to C, then D1 to
D2 are assessment defining phase for the assessoogr® and participants’ roles in each
project. Finally, assessing phase in E (E1 to E3agh person has to answer questions
base on their roles in every related projects. @bestionnaire is answer in term of
project artifacts as “Yes/No” questions order byogass area which defines in
D.Assessment definition. The result of appraisgirssented by organization’s gap and
software process improvement report.
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Organization
— General Information

Organization Name:

Organization Type: Public Private
Organization Unit: Development _ Operational _'Research
Organization Line Organization Cross Organization
Management:
Organization Maturity: Process Organization Non-process Organization
— Participants —Projects
+| -] 4=
Name Name
Modify | Disorn Homchuenchom | Modify | SPIALS
Modify | Chayakom Piyabunditkul Modify | cMMI2
Modify | Apinporn Methawachananont Modify | AGILE2
Modify | SCRUM2
MMadifs | DONATATVDE"D

—Assessments
+ -]
Name

Modify | Assessment (SPIALS, CMMI2, AGILE2, SCRUMZ2, PROTOTYPEZ2)

—Artifacts

Manage Organization Artifacts |

Figure 4.6 Organization General Information

We illustrate the information flow of SPIALS. Orgaation has to be entered
organization data and details for instance (see &#); participant’s role, project, and
also the assessment definition (maturity or capgpito be a criterion of automate
guestionnaire system which is confirms via artif§See Fig. 4.7 and Fig. 4.8)
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Create New Assessment

Assessment Definition
r—Working Group

Select Projects then match Participants and Roles
SPIALS Panicipants‘
CMMI2 ?an;icipan!s.
AGILE2 Participants |
SCRUM2 Participants |
PROTOTYPE2 Pmpams:

~ CMMI Processes
Select Processes

Maturity Level Capability Level
Process Areas:
Process Management | | Project Management |_|Engineering | Support
PMC CM
2 PP REQM [ MA
SAM PPQA
PI
0PD IPM REQD
Close |

Figure 4.7 Assessment Definition

Match Participants with Roles

Match participants and roles.
Participants |
Roles

Disom
Homehuenchom
Chaya
Piyabunditkul
Apinpom
Methawachananont

SM PM SA DEV TST CM QA QM CCB CUS RE

Close|

Figure 4.8 MatertiBipants with roles

We use the information above to create a set a$tgprewhich participants have
to answer based on their roles, step by each moaesa (PA) upon organization’s
assessment definition. (See Fig. 4.9 and Fig. 4TH@) definition of roles is based on
visited 3 companies which are implemented CMMI Marl 5 including NECTEC.

Participant Dashboard

Hello, Disom Homchuenchom.

r~Curent A
Please answer the following questionnaire.

Project: SPIALS
Roles: DEV, SA

i Project: CMMI2
Roles: DEV

i Project: AGILE2
Roles: PM

pip— Project: SCRUM2
Roles: TT

i Project: PROTOTYPE2
Roles: QM, SA

Answer

There is ne GAP Report for this organization. || There is no SP| Report for this organization.

~GAP Report "SPI Reports

Figure 4.9 Participants Dashboard

Questionnaire for Project: SPIALS (Roles: DEV, SA)

Artifacts Usage
Select usage of the following artifacts in this project.
PP REQM PMC MA PPQA CM TS Pl VER W

Exist/Acknowledgement/Use

Master list of items under configuration management.
(PP+REQM+PMC+MA+PPQA)

Data collection and storage procedures. (MA)

Data collection tools. (MA)

Analysis specification and procedures. (MA)

Data analysis tools. (MA)

Base and derived measurement data sets (MA)

Results of data integrity tests. (MA)

Analysis results and draft report. (MA)

Stored data inventory. {(MA)

Delivered reports and related analysis results. (MA}

Contextual information or guidance to aid in the interpretation of
analysis results. (MA)

T
Submit Answer |

Close

Figure 4.10 Quasdire for
Artifact Usage
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4.2.3 The assessment report for SPIALS

In the last part, according to Fig. 4.11, SPIAL®durces two reports. First, the
gap analysis report contains an overall organimagsommary, gap analysis result,
strength and weakness of organization and its grofecond, the SPI proposal report
describes the details for a continuous processawgmnent. It explains how to fulfill
organization weaknesses and shows the values dumegaent comparison in terms of
effort and User Acceptance Test (UAT) defects.

GAP analysis report SPI proposal report
Project Proc.
Overall Organization summary — The report of Software Process Improvement
Bench marking with industry O Propose for continuous process improvement
N
iz
P23
SG2 | sP24
SP2.
o . 7] The weakness How to fulfill your
Organization Gap Analysis o :l] l[: order in process area. organization weakness?
8G3 sF'j 3
. e Ge2 |22 The input The output
What is your organization C70 N —— measurement measurement
strength/weakness? o by “effort” by “UAT defect”
[coafss

Figure 4.11 GUI of SPIALS for Gap Analysis and $dposal Report

The relevant artifacts from those topics are mappezbrding to the mapping
mechanism presented in chapter 3. SPIALS has amaigd process to create a result
such as the Gap Analysis Report that describegapebetween organizational SCAMPI
targets and the classified current practices. Tdpe apalysis also shows the comparison
results with the industrial bench-marking systemBsside the gap analysis reports,
SPIALS also displays the Software Process Improwemeport (SPI proposal)
explaining how to fulfill those gaps.
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GAP report
Process Area by Category
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Figure 4.12 Gap report an evidence selection tizate project result

Regarding to mention above, SPIALS determines aaegrto the CMMISF to
produce gap report and Software Process Improve(@H) proposal report which are
present in 2 views; process area by category aodeps area by maturity. Gap report
shows the organization’s values and the comparisiween organization and average
industrial value based on its benchmark to showrganization point of reference based
on industry database. (See Fig. 4.12) The benchmeéskence here is the data collection
from organizations that use this SPIALS.

Software Process Improvement (SPI) report

Process Area by Category
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Process Management Project Management Engineering Support

OPD| OPF |OPM |OPP| OT | IPM |PMC| PP |QPM| REQM| RSKM [SAM| PI(RD| TS |VAL|VER|CAR| CM | DAR| MA |PPQA
=

[BE) = = | = = = = =
SPI problem cL2 = = *
CcL1
CL3 1 3 5 6 7 8 9 11
SPI rec dation CL2 2 4 10
CcL1

Process Area by Maturity
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Maturity Level 2 Maturity Level 3 turity Leveaturity Leve|
CM [ MA | PMC| PP | PPQA | REQM |SAM |DAR| IPM | OPD | OPF | OT | PI|RD|RSKM| TS |VAL|VER | OPP | QPM |CAR| OPM
GI’EER ] * * * E E * B E
SPI problem * * *
11 9
SPI recommendation [[[ff 10

SPI recommendation
1 IPM: Please collect process related experiences derives from planning and perform the process to support the future use and improvement of the organization's processes and process assests.

2 PMC: Please manage corrective actions to closure.

3 PMC: Flease collect process related experiences derives from planning and perform the process to support the future use and improvement of the organization's processes and process assests.
4 PP: Please plan for resources to perform the project.

5 PP: Please adjust the project plan to reconcile available and estimated resources.

6 REQM: Please collect process related experiences derives from planning and perform the process to support the future use and improvement of the organization's processes and process assests.
7 TS: Please develop and maintain the end-use dociumentation.

8 CM: Flease perform configuration audits to maintain the integrity of confiquration baselines.

9 DAR: FPlease provide adequate resources for performing the process, developing the work products, and providing the services of the process.
10 DAR: Please collect process related experiences derives from planning and perform the process to support the future use and improvement of the organization's processes and process assests.
11 MA: Please collect process related experiences derives from planning and perform the process to support the future use and improvement of the organization's processes and process assests.

Figure 4.13 Software Process Improvement (SPI)qwalreport

Finally, SPI proposal report depicts to advise gbssibility solution to solve the
non-conformity which implements SPI program basedSFIALSs recommendation.
The recommendation follows the SCAMPI appraisauiements for CMMI. (See Fig.
4.13)
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Chapter 5 Evaluation

5.1 Design and Set up of the evaluation

5.1.1 Methodology Framework

The target group in our scope is a special groupuoffocused companies which
have CMMI experience in various methods of impletaeon. The companies are
mostly site from Thailand, China and there are soepgesentative from Switzerland,
Vietnam, and Malaysia. The sampling number is 4bpdes. We use a survey method by
using questionnaire to participated team projectedaon their roles for instance,
Software Engineering Process Group (SEPG), Prdiambagement Officer (PMO),
Project Manager (PM), System Analyst (SA) and theeoroles with various years of
experiences. The duration of this survey is fiventhe between April 1 and 31 Aug
2012.

5.1.2 Literature review

We review many research proposals and resultsosebtased on an efficiency
method in CMMI implementation. Its main goals amesttuate the current study within
the body of literature and to convey what knowledgd ideas have been established on
related topic.

5.2 Defined Questionnaire

In our study, there are three main impact factongckvare organization, project
and integrated project planning and monitoring @ntcharacteristics. In each
characteristic, we have their own objectives asemwted as following.

1. Part A: Organization Characteristic is purposely to study the difference of
geographic, size, team characteristics of an orgéion and the experienced CMMI.

2. Part B: Project Characteristic is aimed to study in each project based on;
staff experiences, roles, software process impreveraxperiences, effort, duration, and
software development process characteristic inctudéomer’s type and experiences.

3. Part C: Integrated project planning and monitoring control characteristics
are deeply study the approximated values of thgggrrdoth in planned and actual at the
end. It is including the following topics like S\Wedkelopment project effort, cost, quality
cost, duration, defects/reworks, and finally, ésult and satisfaction rating.

The survey questions focus on comparing the cordoom of Project
Management between heavyweight and lightweightvswé development processes. The
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success of both approaches in “Plan-driven” andl&Adriven” are presented in terms of
guality and performance.

The results will be used to provide guidance fdurfe VSES/SMES’ Software
Development Processes (SDP). It is very importaat tyou return your completed
guestionnaire in order to produce representatideuseful results.

Furthermore, we establish three types of questinslitiple-Choice, Short-
Answer and Numerical) based on above objectivesidiyg questionnaire survey. The
questionnaire is including instruction, conditiggneral information, and questionnaire.
(See Table 5.1)



82

Table 5.1 The detail of questionnaire and Quediipa

No.

Detail of Information

Type of Question

Multiple | Short- | Numer
-Choice | Answer | -ical
PART A: Organizational Characteristics
1 | Organizational Geographic X
2 | Full time SW development employees X
3 | Active SW development projects X
4 | CMMI SW development projects X
PART B: Project characteristics
5 | SW development project name X
6 | SW development team experience X
7 | Major role in SW development team X
B1. Quality characteristics
8 | Software Process Improvement program X
9 | Capability Maturity Model Integration (CMMI) progm X
10 | CMMI Target X
11 | SW development project type X
B2. Customer characteristics
12 | Customer type X
13 | Customer’s domain software application X
B3. Project size characteristics
14 | Full time SW development team X
15 | SW development project effort (actual) X
16 | SW development project duration (actual) X
17 | SW development project effort (plan) X




83

Type of Question
No. Detail of Information Multiple Short Ngmer
-Choice | Answer | -ical
B4. Software Development Process (SDP) characteristics
18 | SW development Process X
PART C: Integrated Project Planning and Monitoring Control
19 | SW development project effort (planned/actualiiSp X
20 | Project manager effort (planned/actual) X
21 | SW development cost (planned/actual) X
22 | SW quality cost (planned/actual) X
23 | SW development project duration (plan/actuall8p. X
24 | SW development defects/reworks (planned/actual) X
o5 SW development defects/reworks removal X
(planned/actual)
26 | Understanding of Software Development ProceB$JS X
27 | SW development resources X
28 | SW development on-time deliverables X
29 | SW development in-budget deliverables X
30 | SW development establishes and maintains asgxdian X
31 | SW development monitor as planned X
32 | SW development achieve the corrective actions X
33 Appropriate software process development (SDP) in g X
project
34 | SW development establishes and manages stakehold X
35 | SW development customer satisfaction rating )
36 | Employee satisfaction rating X
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PART A: Organizational Characteristics are purposely to understand the
characteristic of an organization. There is inagdd questions;

1. “Where is your organization located? (Please ndraeduntry)”

Organizational geographic is namely the country clwhis located of its
organization.

2. “"How many “full-time equivalents” SW development ployees are assigned

to a project in your organization? (Please givertnmber)”

Full-time software developments employees are ptesenumber of employees
that assigned to software development project ah @aganization

3. "How many active SW development projects in yougamization have been

run since last year until now?”

Active software development projects are presentreati active software
development projects which still running since hgesr in an organization.

4. “How many SW development projects have been ruedas CMMI?”

Software development projects which is run togetineth CMMI in the
organization.

PART B: Project Characteristics are purposely to understand the characteristic
of project in an organization. There is includingatts as 14 questions;

5. “What is the name of the reference SW developmesjept?”

Reference Software development projects is theeptoyhich is the project that is
reference information for answering the questiormai
6. “What is the average team experience for this SWeld@ment project in
Project management/ Software process improvememtidin expertise/ and
Application language expertise? (Please specifyitireber of years)”

The average team experience is present year ofrierpe in term of software
development project in specific domains.
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7. "Please specify your major role in this SW develepirproject?”

The major role in software development project iespnt their specialist in
specific roles in Software Engineering Process @r¢8EPG), Project Management
Officer (PMO), Project Manager (PM) and System Amsa(SA).

B1. Quality characteristics

8. “Did your project apply any software process immaent and/or quality

management program?”

The question would like to know the current statfs software process
improvement and/or quality management program whighimplemented in the
organization.

9. “Did your project apply CMMI (Capability Maturity idel Integration)?”

The question would like to know the current statti€MMI (Capability Maturity
Model Integration) which is implemented in the orgation.

10.“What was your target to achieve for applying CMi@apability Maturity

Model Integration)?”

The question would like to know type (ML: Maturityevel/ CL: Capability
Level) and target level (ML1-Initial to ML5-Optimizg/CLO-Incomplete to CL5-
Optimizing) of implemented CMMI (Capability MatuyitModel Integration) or did not
apply CMMI in the organization.

11.“What was your project type?”

The question would like to know the project typeitsf software development
which is classified in development, maintenanceanre of above.

B2. Customer characteristics
12.“Please specify the kind of customer from your refiee project?”

The question would like to know the customer typats software development
which is classified in government or non-governnaggnization.
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13.“What was the domain of the customer’s softwardiegton?”

The domain of the customer’'s software applicatienclassified in Services
(Business, Construction, Entertainment, Financedités, Retail, Telecommunication),
Manufacturing (Product, Oils-Energy), Education artchining, Research and
development or none of above.

B3. Project size characteristics

14.“How many employees have been in the SW developrpesject team?

(Please give the number)”

The question would like to know a number of emp&syevhich is working in
software development project team.
15.“What was the approximate project effort? (Pleasee ghe number in
Person)”

The question would like to know a number of effdRgrson-months) in term of
person-month unit which is working in software depenent project team. The
calculation is based on the following rules: “1l4ume employee working in 1 month is
approximately equal to 1 staff * 8 hours * 22 dagsthat 1 person-month = 22 person-
days = 176 person-hours”

16.“What was the approximate project duration? (Plegise the number in

Person-months)”

The question would like to know a number of projéatation in term of month

which is present the project duration in softwaggelopment project team.
17.“Please enter the estimated size of the softwargebaon the applied
estimation model. (Please select only one modaibaus with only two

decimal places)”

The question would like to know an estimated of ghgject size in the following
items; the past experience estimations (Year), &olimes of code-SLOC (KLOCs), and
Function points (FPs).
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B4. Software Development Process (SDP) characteist

18.“What was the major applied SDP in your SW develeptproject? (Please

select only one)”

The question would like to know a major type of lggp software development
process (SDP) characteristic in the software deweénmt project in the plan-driven
(Waterfall, Prototype, Joint Application DevelopmdAD)/Rapid Application
Development-RAD, Unified Process or Spiral) andafs Agile-driven (Crystal Clear,
Extreme Programming-XP, Scrum, Feature Driven Dmwelent-FDD, Dynamic
Systems Development Method-DSDM, Adaptive Softwasyelopment-ASD) or there
is none of both SDP.

PART C: Integrated Project Planning and Monitoring Control are purposely

to understand the planned and the actual resslbftivare development project which is

implement “CMMIbyScrum”. There is including 2 pags 18 questions;
C1. The approximate valuesof the itemed project (as planned and actual glue
19.“What was the project effort? (In person-monthybdfh question no. 15]

The question would like to know a number of effdrtsan-hour) as planned and
actual values in term of person-month unit whictwizrking in software development
project team. The calculation is based on the volig rules: “1 full-time employee
working in 1 month is approximately equal to 1 staf8 hours * 22 days so that 1
person-month = 22 person-days = 176 person-hours”

20.“What was the project manager effort? (In persomiin)s

The question would like to know a number of effdrsan-hour) of the project
manager as planned and actual values in term gsbpanonth unit which is working in
software development project team. The calculaisobased on the following rules: “1
full-time employee working in 1 month is approxirigtequal to 1 staff * 8 hours * 22
days so that 1 person-month = 22 person-days pé&iEn-hours”

21.“What was the approximate total SW developmentz@st$ USD)”

The question would like to know a number of sofevalevelopment cost as
planned and actual values in US Dollar unit.
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22.“What was the approximate total SW quality cost?&iUSD)”

The question would like to know a number of quatibst which project mainly
paid for preventing cost as planned and actualegiln US Dollar unit.

23.“What was the project duration? (In month(s))” ffr@uestion no. 16]

The question would like to know a number of projdatation as planned and
actual values in month unit which is present theggmt duration in software development
project team.

24.“What was the average number of defects/reworksdétware product in the

User Acceptance Test (UAT) phase?”

The question would like to know the defects/rewquks unit (DPU) for software
product in the User Acceptance Test (UAT) phaseclwhiser mainly detective defects
for reworks as planned and actual values in DP uni

25.“What was the average percentage of defects/rewerksval?”

The question would like to know the removal defketsorks per unit (DPU) for
software product in the User Acceptance Test (UAhpse which project mainly
collective defects as planned and actual valu&Rb unit.

C2. The ordinary valuesof the itemed project (as planned and actual ®lue

It is defined as following values; 5-Definitely, Rrobably, 3-Be unsure, 2-
Probably not, 1-Definitely not and 0-Not applicable

26.“Did you understand well to apply the SDP in plaiven or agile-driven?”

The question would like to know the level of undansling on how to apply the
software development process (SDP) in plan-driveAgile-driven which is a body of
knowledge to implement CMMIbyScrum based on thesearch questions (RQ).

27."Did your project receive adequate resources batlity & quantity?”

The question would like to know the level of resms both in quality and
quantity on the readiness to apply the softwareligment process (SDP) in plan-driven
or Agile-driven which are basic requirement resear¢o implement CMMIbyScrum
based on these research questions (RQ).

28.“Did your project deliver the product on-time (408%)?”

The question would like to know the degree of anetideliver product when
implementing the software development process (SDBlan-driven or Agile-driven or
CMMIbyScrum based on the RQ1 which is related ®rthutual exclusives approaches
of Agile and CMMI for process improvement program.
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29.“Did your project deliver the product in budget-(5£0)?”

The question would like to know the degree of edeglebudget in product when
implementing the software development process (SDBlan-driven or Agile-driven or
CMMIbyScrum based on the RQ1 which is related o rthutual exclusives approaches
of Agile and CMMI for process improvement program.

30.“Did your project establish and maintain plans tliEfined the project

activities?”

The question would like to know the degree of dshband maintain plans
regarding to defined project activities when impéing the software development
process (SDP) in plan-driven or Agile-driven or CMilyViScrum based on the RQ2 which
is related to the gap between Agile-Scrum and tbgpt management of CMMI.

31."Has your project been monitored periodically tbde the SDP and plans?”

The question would like to know the degree of pdidomonitored plans
regarding to defined project activities when impéming the software development
process (SDP) in plan-driven or Agile-driven or CMbyiScrum based on the RQ2 which
is related to the gap between Agile-Scrum and tbgpt management of CMMI.

32."Has your project been achieved the correctiveoastafter monitored?”

The question would like to know the degree of tichi@vement of corrective
actions regarding to monitored project activitiehew implementing the software
development process (SDP) in plan-driven or Agiieaeh or CMMIbyScrum based on
the RQ3 which is related to the combination betwégile-Scrum and the project
management of CMMI to close the gap.

33.“Did you appropriately select software process tigu@ent (SDP) for your

project?”

The question would like to know the degree of thprapriate selected software
process development (SDP) when implementing the-gteven or Agile-driven or
CMMIbyScrum based on the RQ3 which is related ® ¢bmbination between Agile-
Scrum and the project management of CMMI to closegap.

34.Did your project establish and manage the involvemaf the relevant

stakeholders?

The question would like to know the degree of thtalglished and managed the
involvement of the relevant stakeholders when imgleting the software development
process (SDP) in plan-driven or Agile-driven or CMilViScrum based on the RQ3 which
is related to the combination between Agile-Scrund @he project management of
CMMI to close the gap.
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35."Did your project meet customer expectation (cuspreatisfaction rating
>80%)?”"

The question would like to know the degree of cogpsatisfaction rating when
implementing the software development process (SDBlan-driven or Agile-driven or
CMMIbyScrum based on the RQ4 which is related ®® lenefit to synergize between
Agile-Scrum and the project management of CMMI.

36.Did you have a good employee satisfaction ratingpleyee satisfaction
rating >80%)7?

The question would like to know the degree of empdosatisfaction rating when
implementing the software development process (SDBlan-driven or Agile-driven or
CMMIbyScrum based on the RQ4 which is related t® lenefit to synergize between
Agile-Scrum and the project management of CMMI.
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5.3 Data Collection

The result of the questionnaires based on the adlecting process from Table
5.1 above, we use the focus group of representtdigend an invitation to respond the
questionnaire. The source of the data is mainlynf@hina 68% (32 papers), Thailand
23% (11 papers), Switzerland (2 papers), and Vietrialaysia each 2% (2 papers) are
show a number of located organizations respectifrelyn all 47 questionnaires. The
survey of the questionnaires is during July, 201 ®é&cember, 2012. Moreover, we not
only give one questionnaire for one organizatian,ddso, we try to give to other specific
roles for more informative dimension. However, tfecused roles are Software
Engineering Process Group (SEPG), Project Managertdficer (PMO), Project
Manager (PM), System Analyst (SA) because thesesrare very crucial impact to
organization processes and project management.eBn# of the questionnaire is present
as following in Appendix B.

In summary, the majority information of the questiaire in overall picture is
show in section as follow;

PART A: Organizational Characteristics

The full-time equivalents of software developmemipéoyees are between 10-15
persons.

PART B: Project Characteristics

The average team experience has difference basexlesnas project manager has
5-10 years of experiences, Software Process Imprene specialist has 2-10 years of
experiences, Application Domain Expert and ApplaatLanguage Expert also has 2-5
years of experiences. Most of them are Project idanéPM).

B1. Quality characteristics

The software development projects apply softwacegss improvements and/or
quality management programs likes ML 3 (Maturityveh in CMMI (Capability
Maturity Model Integration).

B2. Customer characteristics

The customers of the software development projects both from non-
government customer and government customer incgetlomains likes communication,
resource management, and transportation.

B3. Project size characteristics

There are 5-10 employees in the SW developmenegrdgam. The project
efforts is approximately 2-5 person-months (1 pensmnth = 22 person-days = 176
person-hours). The software development projecatcurs are less than 6 months. The
software sizes in the software development projesapproximately 20-30 KLOCs.
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B4. Software Development Process (SDP) characteist

The majorities of Software Development ProcesseBPJSin the software
development projects are Plan-Driven (ex. Watgréaid Agile-Driven (ex. Scrum).

PART C: Integrated Project Planning and Monitoring Control

The perspective for Agile-Driven is shown betterfpenance to manage an
effort than Plan-Driven based on the comparisothefof project effort usage between
planned and actual at the end. However, in terprgject manager effort, Plan-Driven is
shown better performance than Agile-Driven. It niieybecause these project managers
are new in deploying Agile-driven projects.

In term of managing software budget, Agile-Drivernshown better performance
to manage cost than Plan-Driven. However, in tefmmanaging software process
improvement budget, Plan-Driven is shown betteffgperance to manage cost than
Agile-Driven.

The managing of software development project imtesf time variation, a
number of the defects/reworks per unit (DPU), anduaber of the defects/reworks
removal per unit (DPU), Agile-Driven is shown betperformance to manage a schedule
than Plan-Driven.

The majority of projects are satisfied in topicreteive adequate resources both
guality and quantity, appropriately select softwarecess development (SDP), establish
and manage the involvement of the relevant stakiehs| deliver the product on-time,
deliver the product in budget, establish and mainfdans that defined the project
activities, monitored periodically to follow the $Dand plans, achieved the corrective
actions after monitored, meet customer expectadiodh finally, get a good employee
satisfaction rating.

Moreover, there is interesting information regagdin Question 26 to Question
36 by shading based on personal experiences whectekated to plan-driven and Agile-
driven from all 43 and 3 questionnaires which aefinéd as follow value; 5 is
Definitely, 4 is Probably, 3 is Be unsure, 2 istiboly not, 1 is Definitely not and 0 is
Not applicable.
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Figure 5.1 The level of defined value from Queséno 36

The conclusion of satisfaction values are showiguife 5.1. The level of defined
value is classified in 6 levels; Not applicable, Dgfinitely not (1), Probably not (2), Be
unsure (3), Probably (4), Definitely (5). On théart axle, The 11 questions from 26 to
36 are related to understand software developmeoteps-SDP (Q#26), resource
(Q#27), time (Q#28), budget (Q#29), plan (Q#30)nitay (Q#31), corrective actions
(Q#32), appropriately select software developmentgss-SDP (Q#33), establish and
manage stakeholder (Q#34), meet the expectatiaustbmer satisfaction (Q#35) and
employee satisfaction (Q#36) respectively.
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5.4 Data Analysis

Data analyze is a systematic investigation of th& énd their flow in a real or
planned system. Our data analyze has two parfjrtgpart present the hypothesis based
on the information from the result of an empirisaldy which are related to specific goal
(SG) in PM@CMMI which is including Integrated ProjePlanning and Monitoring
Control (PP, PMC and IPM) to fulfill the Light-Wehg Project Management SCAMPI
Assessment Model (LWPM-SAM). The second part issgnéed the comparison value
between Plan and Agile driven from question nunfito 36 to support the research
question that related to the CMMIbyScrum Framew(@MMISF). The results are
presented in the following part.

The first part analyze by “Pearson” and “ANOVA” astatistical measurement to
show the linear relationship between paired dathtaranalyze the differences between

group means and their associated procedures.

The Pearson’s correlation coefficient is a stat#dtmeasure of the strength of a
linear relationship between paired data. It is aasnee of the linear correlation
(dependence) between two variables X and Y, giwngalue between +1 and -1
inclusive, where 1 is total positive correlations(o correlation, and -1 is total negative
correlation. It is widely used in the sciences asneasure of the degree of linear
dependence between two variables. It was develbpéthrl Pearson from a related idea
introduced by Francis Galton in the 1880s. A vatfiel implies that a linear equation
describes the relationship between X and Y pesfeutith all data points lying on a line
for which Y increases as X increases. A value oimflies that all data points lie on a
line for which Y decreases as X increases. A vai® implies that there is no linear
correlation between the variables. Correlationniseffect size and so we can verbally
describe the strength of the correlation usinggilide that Evans (1996) suggests for the
absolute value of r: 0.00-0.19 - “very weak”, 0239 - “weak”, 0.40-0.59 - “moderate”,
0.60-0.79 - “strong”, and 0.80-1.00 - “very strong”

To do this we test the null hypothesisg, Hhat there is no correlation in the
population against the alternative hypothesis, tHat there is correlation; our data will
indicate which of these opposing hypotheses is tiiady to be true.

Regarding to specific goal (SG) in PM@CMMI, thesategrated Project
Management (IPM) list is IPM, PP, and PMC as Spe8bal and Practice Summary are

presented as following;
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Integrated Project Management (IPM)

SG 1 Use the Project’s Defined Process

SG 2 Coordinate and Collaborate with Relevant Stakkers
Project Planning (PP)

SG 1 Establish Estimates

SG 2 Develop a Project Plan

SG 3 Obtain Commitment to the Plan
Project Monitoring and Control (PMC)

SG 1 Monitor the Project Against the Plan

SG 2 Manage Corrective Action to Closure

There are 7 hypothesizes; the hypothesis 1 (Pesigk), the hypothesis 2
(Software size), the hypothesis 3 (Year of Expedgrand the hypothesis 6 (Number of
Project Team) based on Pearson’s Correlation Amaly®thod. And the hypothesis 4
(CMMI Project), the hypothesis 5 (Domain of the touser’'s software application) and
the hypothesis 7 (Software Development Procesd)ased on ANOVA method.

The hypothesis 1 is related to IPM.SG 2 (Coordinatel Collaborate with
Relevant Stakeholders); People size depends orgratesl Project Planning and
Monitoring Control from the question no. 2 and 28, 29, 35, 36.

The hypothesis 2 is related to PMC.SG 1 (Moniter Project Against the Plan);
Software size depends on Integrated Project Plgnama Monitoring Control from the
question no. 3 and 27, 31, 34.

The hypothesis 3 is related to PP.SG 3 (Obtain Cioment to the Plan); Year of
Experience depends on Integrated Project Plannmg Monitoring Control from the
question no. 6 and 22, 28, 29, 35, 36.

The hypothesis 4 is related to PMC.SG 2 (ManageeCtive Action to Closure);
CMMI Project depends on Integrated Project Plan@ing Monitoring Control from the
question no. 9.

The hypothesis 5 is related to PP.SG 2 (Developoge& Plan); Domain of the
customer’s software application depends on Integr&roject Planning and Monitoring
Control from the question no. 13.
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The hypothesis 6 is related to PP.SG 1 (Establsghmi&tes); Number of Project

Team depends on Integrated Project Planning andtormg Control from the question
no. 14 and 26, 28, 29, 35, 36.

The hypothesis 7 is related to IPM.SG 1 (Use thagelet's Defined Process);
Software Development Process (SDP) depends on réteey Project Planning and
Monitoring Control from the question no. 18.

The results of all hypothesizes are present agviatlg part.
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Hypothesis 1

People size depends on Integrated Project Plananty Monitoring Control
because a number of persons affect to IPM.SG 2 dimaie and Collaborate with
Relevant Stakeholders so that researcher assuates th

Ho: People size do not depend on Integrated Projaonihg and

Monitoring Control

Hi: People size depends on Integrated Project Plgramd

Monitoring Control
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In this hypothesis, the data analysis result betw@2 is related Q26, Q28, Q29,
Q35 and Q36 based on the reason as following;

Q2

“How many “full-time equivalents” SW developmesthployees are
assigned to a project in your organization? (Plgasethe number)”

Q26

"Did you understand well to apply the SDP (planagile-driven)?"

: Coordinate and Collaborate with Relevant Stakadrsl affect to an

understanding of applying the performance SDP.

Q28

"Did your project deliver the product on-timég-(10%)?"

: Coordinate and Collaborate with Relevant Stakddrsl affect to the

performance of delivering the product on-time.

Q29

"Did your project deliver the product in budet 5%)?"

: Coordinate and Collaborate with Relevant Stakddrsl affect to the

performance of delivering the product in budget.

Q35

"Did your project meet customer expectatiors{@mer satisfaction rating

>80%)?"
: Coordinate and Collaborate with Relevant Stakddrsl affect to the

customer expectation.

Q36

"Did you have a good employee satisfactiomgatemployee satisfaction

rating >80%)?"

: Coordinate and Collaborate with Relevant Stakedrsl affect to the

employee expectation.

The following is data analysis data table betwe2ra@d Q26, Q28, Q29, Q35 and Q36;
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Table 5.2 The hypothesis 1: People size is deparidtegrated Project Planning
and Monitoring Control

Accumulate 0fQ26 Q28

Q29 Q35andQ36 Q2
Accumulate 0fQ26 Q28 .
029 035andQ36 Pearson Correlation 1 441
Sig (1-tailed) .001
Q2 Pearson Correlation 0.441
Sig (1-tailed) .001

The Significant value (Sig) is equal to 0.001 &10Significance level which Sig
value is less than Significance level therefors thypothesis is rejectgHand accept H
then people size does depend on Integrated PrBjacning and Monitoring Control
which mean a number of persons affect to IPM.SGoa@rdinate and Collaborate with
Relevant Stakeholders.
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Hypothesis 2

Software size depends on Integrated Project Plgnaimd Monitoring Control
because a size of software affects to PMC.SG 1 tdothe Project Against the Plan so
that researcher assumes that;

Ho: Software size does not depend on Integrated &rBjanning and
Monitoring Control
Hi: Software size depends on Integrated Project Rigrand Monitoring

Control

In this hypothesis, the data analysis result betw@8 and Q27, Q31 and Q34
based on the reason as following;

Q3

-

"How many active SW development projects in yangianization have bee

run since last year until now?"

Q27

"Did your project receive adequate resourcés goality & quantity?"

: Monitor the Project Against the Plan affect te tieceiving of adequate

resources both quality & quantity.

Q31

Has your project been monitored periodicalljottow the SDP and plans?

: Monitor the Project Against the Plan affecttie periodical monitoring to

follow the SDP and plans.

Q34

Did your project establish and manage the wrerakent of the relevant

stakeholders?

: Monitor the Project Against the Plan affect te #stablishing and

managing the involvement of the relevant stakehrslde

The following is data analysis data table betwe8ra@d Q27, Q31 and Q34;
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Table 5.3 The hypothesis 2: Software size is dejpaniategrated Project
Planning and Monitoring Control

Accumulate of Q27 Q3i Q3
and Q34
Accumulate of Q27 Q3]|| Pearson Correlation .001 1
and Q34
Sig (1-tailed) .498
Q3 Pearson Correlation 1 .001
Sig (1-tailed) .498

The Significant value (Sig) is equal to 0.498 @10Significance level which Sig
value is more than Significance level therefors thypothesis is acceppkhen software
size does not depend on Integrated Project PlaramdgMonitoring Control which mean
a size of software does not affect to PMC.SG 1 Mworthe Project Against the Plan.
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Hypothesis 3

Year of Experience depends on Integrated Projeahrithg and Monitoring
Control because experiences affect to PP.SG 3 ©tammitment to the Plan so that
researcher assumes that;

Ho: Year of Experience does not depend on Integfategect Planning and
Monitoring Control

Hi: Year of Experience depends on Integrated Préjkcining and

Monitoring Control
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In this hypothesis, the data analysis result bet@é and Q26, Q28, Q29, Q35
and Q36 based on the reason as following;

Q6

"What is the average team experience for thisd8Wlopment project in
Project management, Software process improvememhdh expertise,

Application language expertise (Please specifyntimaber of years)"

Q26

"Did you understand well to apply the SDP (plamagile-driven)?"

: Obtain Commitment to the Plan affect to an un@eding of applying the
performance SDP.

Q28

"Did your project deliver the product on-timé-(10%)?"

: Obtain Commitment to the Plan affect to the penfance of delivering the
product on-time.

Q29

"Did your project deliver the product in budet 5%)?"

: Obtain Commitment to the Plan affect to the penfance of delivering the
product in budget.

Q35

"Did your project meet customer expectatiors{@mer satisfaction rating
>80%)?"

: Obtain Commitment to the Plan affect to the comtpoexpectation.

Q36

"Did you have a good employee satisfactiomgatemployee satisfaction
rating >80%)?"

: Obtain Commitment to the Plan affect to the empgéoexpectation.

The following is data analysis data table betweéra@d Q26, Q28, Q29, Q35 and Q36;
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Table 5.4 The hypothesis 3: Year of Experienceefgedd on Integrated Project
Planning and Monitoring Control

Accumulate of Q26 Q2§ Q3
Q29 Q35 and Q36

Accumulate of Q26 Q29| Pearson Correlation 124 1
Q29 Q35 and Q36

Sig (1-tailed) .208
Q3 Pearson Correlation 1 124
Sig (1-tailed) .208

The Significant value (Sig) is equal to 0.208 @10Significance level which Sig
value is more than Significance level therefors thypothesis is acceppkthen a year of
experience does not depend on Integrated ProjectiniPlg and Monitoring Control
which mean experiences do not affect to PP.SG di@tommitment to the Plan.
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Hypothesis 4

CMMI Project depends on Integrated Project Planrand Monitoring Control
because project that implementing CMMI affects td@SG 2 Manage Corrective
Action to Closure so that researcher assumes that;

Ho: CMMI Project does not depend on Integrated Ptdpenning and
Monitoring Control

Hi: CMMI Project depends on Integrated Project Plag@ind Monitoring

Control

In this hypothesis, the data analysis result oflQANOVA analysis based on
the reason as following;

Q9 "Did your project apply CMMI (Capability MatuyitModel Integration)?"

The following is data analysis data table betwe®nrQANOVA analysis;

Table 5.5 The hypothesis 4: CMMI Project is dependntegrated Project
Planning and Monitoring Control

df F Sig.
Between Groups 14 929 541
Within Groups 30
Total 44

The Significant value (Sig) is equal to 0.541 &50Significance level which Sig
value is more than Significance level therefore thypothesis is acceptoihen CMMI
project does not depend on Integrated Project Rignand Monitoring Control which
mean project that implementing CMMI does not aflecPMC.SG 2 Manage Corrective
Action to Closure.
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Hypothesis 5

Domain of the customer’s software application dejseon Integrated Project
Planning and Monitoring Control because its afted®P.SG 2 Develop a Project Plan so
that researcher assumes that;

Ho: Domain of the customer’s software applicationginet depend on

Integrated Project Planning and Monitoring Control

Hi: Domain of the customer’s software applicationeategs on Integrated
Project Planning and Monitoring Control

In this hypothesis, the data analysis result of QLZANOVA analysis based on
the reason as following;

Q13 “What is the domain of the customer’s softwegpplication?”

The following is data analysis data table betwe&8 @ ANOVA analysis;

Table 5.6 The hypothesis 5: Domain of the custosmssftware application is

depend on Integrated Project Planning and Monigo@ontrol

df F Sig.
Between Groups 6 523 787
Within Groups 38
Total 44

The Significant value (Sig) is equal to 0.787 &@=0Significance level which Sig
value is more than Significance level therefors thypothesis is accepi then Domain
of the customer’s software application does noteddpon which means type of
customer’s software application does not affe®PBoSG 2 Develop a Project Plan.
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Hypothesis 6

Number of Project Team depends on Integrated RrBj@nning and Monitoring
Control because a number of project teams affe®RAESG 1 Establish Estimates so
researcher assumes that;

Ho: Number of Project Team does not depend on Intedfaroject Planning

and Monitoring Control

Hi: Number of Project Team is depends on Integratege& Planning and

Monitoring Control
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In this hypothesis, the data analysis result betw@®4 and Q26, Q28, Q29, Q35
and Q36 based on the reason as following;

Q14 “How many “full-time equivalents” SW developntemployees are

assigned to a project in your organization? (Plgasethe number)”

Q26 "Did you understand well to apply the SDP (planagile-driven)?"

. Establish Estimates affect to an understandirapptying the performance
SDP.

Q28 "Did your project deliver the product on-timé-(10%)?"

. Establish Estimates affect to the performancaetivering the product on-

time.

Q29 "Did your project deliver the product in budet 5%)?"

: Establish Estimates affect to the performancaetivering the product in
budget.

Q35 "Did your project meet customer expectatiors{@mer satisfaction rating
>80%)7?"
. Establish Estimates affect to the customer exgbiect.

Q36 "Did you have a good employee satisfactiomgatemployee satisfaction
rating >80%)?"

. Establish Estimates affect to the employee exbect.

The following is data analysis data table betweéd @nd Q26, Q28, Q29, Q35 and Q36;
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Table 5.7 The hypothesis 6: Number of Project Tesadepend on Integrated
Project Planning and Monitoring Control

Accumulate of Q26 Q2§ Q3
Q29 Q35 and Q36

Accumulate of Q26 Q2g4] Pearson Correlation 532 1
Q29 Q35 and Q36

Sig (1-tailed) .000
Q14 Pearson Correlation 1 .000
Sig (1-tailed) 532

The Significant value (Sig) is equal to 0.532 &=0Significance level which Sig
value is more than Significance level therefors thypothesis is acceptthen a number
of project team does not depend on Integrated &ré&lanning and Monitoring Control
which mean a number of project team do not afle@R.SG 1 Establish Estimates.
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Hypothesis 7

Software Development Process (SDP) depends onrééebProject Planning and
Monitoring Control because SDP affects to IPM.SGQsk the Project’s Defined Process
so that researcher assumes that;

Ho: Software Development Process (SDP) does not depeintegrated
Project Planning and Monitoring Control

Hi: Software Development Process (SDP) depends egrhted Project

Planning and Monitoring Control
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In this hypothesis, the data analysis result of QLANOVA analysis based on
the reason as following;

Q18 “What is the domain of Software Developmentcess (SDP)?”

The following is data analysis data table betwe&B8 @ ANOVA analysis;

Table 5.8 The hypothesis 7: Software Developmentéds (SDP) is depend on

Integrated Project Planning and Monitoring Control

df F Sig.

Between Groups 14 .599 .843
Within Groups 29
Total 44

The Significant value (Sig) is equal to 0.843 &@50Significance level which Sig
value is more than Significance level therefors thypothesis is accepylthen Software
Development Process (SDP) does not depend on #&weegrProject Planning and
Monitoring Control which mean SDP that deployingdmot affect to IPM.SG 1Use the
Project’s Defined Process.

In summary, there is only a number of persons #ifgct to Coordinate and
Collaborate with Relevant Stakeholders (IPM.SGT2k others likes; a size of software
and Monitor the Project Against the Plan (PMC.SG é&Xperiences and Obtain
Commitment to the Plan (PP.SG 3), implementing CMilkidl Manage Corrective Action
to Closure (PMC.SG 2), type of customer’s softwapelication and Develop a Project
Plan (PP.SG 2), a number of project team and EskaBistimates (PP.SG 1) and SDP
that deploying and Use the Project’s Defined Prodéi3M.SG 1) do not relevant and
affect to Integrated Project Planning and Monitgr@ontrol.
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In this case, we conclude all hypotheses in tabfe (Eorrelation Analysis
method) and 5.10 (ANOVA method) as following;

In term of Correlation Analysis method, the moshilear measure of dependence
between two quantities is the Pearson product-mbnoenrelation coefficient, or
"Pearson’s correlation coefficient”, commonly cal&mply "the correlation coefficient".
It is obtained by dividing the covariance of theotwariables by the product of their
standard deviations. Karl Pearson developed th#&ideat from a similar but slightly
different idea by Francis Galton. [J.L.Rodgers #Wd.Nicewander]

In additional, Analysis of variance (ANOVA) is alEaxtion of statistical models
used to analyze the differences between group maamsheir associated procedures.
[R.A.Fisher] ANOVA provides a statistical test ohether or not the means of several
groups are equal, and therefore generalizes th&t td more than two groups. ANOVAs
are useful in comparing (testing) three or more msdgroups or variables) for statistical
significance.

Table 5.9 The hypothesis 1, 2, 3 and 6 based orefaton Analysis method

No. Hypothesis Result
Hypothesis 1 | The achievement of the Coordinatg A number of persons affetd
and Collaborate with Relevant Coordinate and Collaborate with

Stakeholders goal (IPM.SG 2) depend®elevant Stakeholders (IPM.SG 2)
on People size

Hypothesis 2 | The achievement of the Monitor the A size of software does not affect

Project Against the Plan goal to Monitor the Project Against the
(PMC.SG 1) depends on software sig€lan (PMC.SG 1)
Hypothesis 3 | The achievement of the Obtain Year of experiences do not affect

Commitment to the Plan goal (PP.SGto Obtain Commitment to the Plan
3) depends on year of experience | (PP.SG 3)

Hypothesis 6 | The achievement of the Establish | A number of project team does not
Estimates goal (PP.SG 1) depends oraffectto Establish Estimates.
number of project team (PP.SG 1)

Table 5.10 The hypothesis 4, 5 and 7 based on AN@¥#od

No. Hypothesis Result

Hypothesis 4 | The achievement of the Manage | The project that implementing
Corrective Action to Closure goal | CMMI does not affecto Manage
(PMC.SG 2) depends on CMMI Corrective Action to Closure
project (PMC.SG 2)

Hypothesis 5 | The achievement of the Develop @ A domain of the customer’s

Project Plan goal (PP.SG 2) dependsoftware application does not affeg
on domain of the customer’s to Develop a Project Plan (PP.SG R)
software application

L

Hypothesis 7 | The achievement of the Domain gf Software Development Process
Use the Project’s Defined Process | (SDP)’s software application does
(IPM .SG 1) depends on Software | not affectto the Project’s Defined
Development Process (SDP) Process (IPM .SG 1)




113

However, there are limited qualities of data frof duestionnaires because
projects which are implementing in Scrum are lesim of number so that the result of
these hypotheses from table 5.9 and 5.10 are oot 8te result as expected [Scrum.org].
There is only hypothesis 1 that shows a numberesfgns affect to coordinate and
collaborate with relevant stakeholders. The hypgithg, 3, 4, 5 and 6 are expected that
the results of an achievement of their specifidg¢®G) should affect related to software
size, year of experience, project which is impletr@wMI and number of project team.
Moreover, the hypothesis 7 is open to understardetfect of the achievement of the
domain of develop a project plan goal and typeust@amer’s software application.

The second part is presented the comparison valweebn Plan and Agile driven
from question number 26 to 36 and summarize on timwesearch questions (RQ) is
related to the questionnaire. The results of trestjonnaires are presented as followed.

5.C0
4.00
3.0 === Plan-Criven
2 00 sl A ile-Driven
1.Co

Figure 5.2 The comparison value between Plan arnlé Agven

related to question N0.26 to 36

From Figure 5.2 presents the comparison betweem d&ld Agile driven related
to question N0.26 to 36 which are compose of thellef defined value in the level of
defined value in applying the SDP (Q#26), receivaaigquate resources both quality &
quantity (Q#27), delivering the product on-time amd budget (Q#28 & Q#29),
establishing and maintaining plans that definedptmect activities (Q#30), periodical
monitoring to follow the SDP and plans (Q#31), aeing the corrective actions after
monitored (Q#32), selecting software process deweémt (SDP) for your project
(Q#33), establishing and managing the involveménh® relevant stakeholders (Q#34),
meeting customer expectation (Q#35) and having @l gamployee satisfaction rating

(Q#36).
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However, delivering the product on-time and in betd@@#28 & Q#29) of Agile
driven are show unexpected result. [Scrum.org] @here some reasons why Agile-
driven shows satisfied values less than Plan-drfeennstance; unrealistic estimates of
required time or resources based on Scrum metimadomaa project manager still makes
the mistake of equating time on task to duratiomisTs precisely the danger for larger
projects, when too much time has already elapséatdobeing terminated. Long time-
spans can cause the continued supply of productsreices that are no longer in use or
of low priority. [Triodor Software, NL]

The challenge of scaling large is Scrum Scalabl&asum of Scrums. The Scrum
of Scrums meeting is an important technique inisgabcrum to large project teams.
These meetings allow clusters of teams to dischies tvork, focusing especially on
areas of overlap and integration. For a perfectllatced project, each of the teams
would conduct (simultaneously or sequentially)atgn daily scrum meeting. Each team
would then designate one person to also attenduansof scrums meeting. The decision
of who to send should belong to the team. Usudily person chosen should be a
technical contributor on the team likes a programntester, database administrator,
designer, and so on rather than a product own8Scam Master. [scrumalliance.org]
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Chapter 6 Conclusion and Future Research

The target group in our scope is a special groupuoffocused companies which
have CMMI experiences in various methods of impletagon. The sampling number is
45 samples. We use a survey method by using quesii@ to participated team project
based on their roles for instance, Software EngingeProcess Group (SEPG), Project
Management Officer (PMO), Project Manager (PM),t8ysAnalyst (SA) and the other
roles.

In this chapter, the summary of research quesaodsthe summary of evaluation
are presented in Appendix C: The summary of theritgjgroup from the questionnaire.
Moreover, the implication for practice of CMMI aftrum adoption and continuous SPI
for VSES/SMEs also are displayed. Open questiodsfa#nre research and limitation of
the study are provided in the last part. Moreotrez,research questions (RQ) is related to
the questionnaire which presents in term of satispercentage from Probably (4) and
Definitely (5) groups based on the information frayppendix B as follow;

The questions which are related to the readinegss/eosome information for the
guestionnaire are from Question No. 26 and 27gtie84% understand well to apply the
SDP in plan-driven or agile-driven. And 63% of {mject receive adequate resources
both quality & quantity.

The questions which are related to the RQ1: AreleAgnd CMMI mutually
exclusive approaches for process improvement pnogrBhis question tried to figure out
whether Agile approach & Scrum and Project Managgma CMMI model are
synergized from Question No. 28 and 29; there P& @3 the project which deliver the
product on-time (+/- 10% from the planned). And 76%the project that deliver the
product in budget (+/- 5% from the planned).

The questions which are related to the RQ2: Whatgap between Scrum and the
project management requirements of CMMI? This qaesis based on how much
compatible and gap items of Agile approach & Scamd Project Management in CMMI
model are from Question No. 30 and 31; there is M%e project which establishes
and maintain plan that defined the project acteitiAnd 76% of the project been
monitored periodically to follow the SDP and plans.

The questions which are related to the RQ3: Hovedmbine Scrum and the
project management, CMMI to close the gap? Thistme tried to find out to identify
on how can we fulfill the CMMI goals via Agile aggach & Scrum which different or
lacks for implementing CMMI when develop by usingilé approach & Scrum from
Question No. 32, 33 and 34; there is 85% of thgeptavhich achieved the corrective
actions after monitored, 74% of the project selappropriately software process
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development (SDP). And 72% of the project estaldisth manage the involvement of the
relevant stakeholders.

Lastly, the questions which are related to the R@at is the benefit to
synergize Scrum and the project management regemenof CMMI? This question
tried to identify empirical experiences to provatth development by Agile approach &
Scrum can be useful to gain for reaching the CMBlIgrom Question No. 35 and 36;
there is 82% of the project which meet customeeetgiion (customer satisfaction rating
>80%). And 68% of the project have a good employatisfaction rating (employee
satisfaction rating >80%).

In overall picture, the research questions is affex the CMMIbyScrum
Framework (CMMISF) which is based on the CMMI modedm Figure 3.9 (The
comparison of Abstract model and CMMI/CMMISF). THeMMISF focuses on
Integrated Project Planning and Monitoring Cont(BlP, PMC and IPM) and the
conformance value which shown in Figure 3.8 ardyafgpimplement in LWPM-SAM
(Light-Weight Project Management SCAMPI Assessmpbftudel). Finally, the self-
assessment tool called "SPIALS" - Software Prod¢egmovement Adaptive Learning
System is bringing to use as a SCAMPI-C for adapi@arning appraisal tool.

6.1. Answers to Research Questions

6.1.1 The Summary of the Results Questions (RQL/REZQ3/RQ4)

RQ1. Are Agile and CMMI mutually exclusives approaché&s process

improvement program?

Agile & Scrum approach with Project Management iMNMI model are
synergized in term of compatibility dimension. Tiesult of all mapping analysis of the
relationship between Project Management (PP, PR, larea in CMMI and Scrum are
performed the percentage of conformity as 82%, @%b 85% respectively which is
highest values among all process areas (PA).

RQ2. What is a gap between Scrum and the project nesmeigt requirements of
CMMI?

The compatible and gap items of Agile & Scrum appho with Project
Management in CMMI model are mapped in term of plance dimension. Regarding
to Project Management (PP, PMC, IPM) area, Dailju®cMeeting (DSM) performs
60% of practiced conformity to PMC activities. $prPlanning Meeting performs 86%
and 90% of practiced conformity to PP and IPM ati&is respectively. The rests of
Scrum practices are Sprint Review Meeting (SRM) 8pdnt Retrospective (SR) show
30% of practiced conformity to PMC, and 10% of pied conformity to IPM
respectively. However, there is 7% of gap that 8chas to fulfill to complete SCAMPI.
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On the other aspect, regarding to Project Managertiid, PMC, IPM) area,
Sprint Backlog (SB) performs 71% and 90% of confityrto PP and IPM artifacts. Burn
Down Chart (BDC) performs 80% of conformity to PNA@ifacts.

RQ3. How to combine Scrum and the project manageni@iiyI to close the

gap?

The identify on fulfill the CMMI goals via Agile &crum approach with Project
Management in CMMI is shows the different or ladks implementing CMMI when
develop by using Agile & Scrum approach in termaafpability/maturity dimension.

To fulfill the gap of Project Planning (PP), impement recommendations are
provided. “Estimate Effort and Cost” (SP1.4), ‘hdiéy Project Risks” (SP2.2), “Plan
Data Management” (SP2.3) and “Plan Needed KnowleageSkills” (SP2.5) are needed
to fulfill some practices and artifacts for satisfy by SCAMPI.

To fulfill the gap of Project Monitoring and Contr@®MC) in Scrum Framework,
improvement recommendations are provided. “Monibata Management” (SP1.4) is
needed to fulfill some practices and artifactssatisfying by SCAMPI.

To fulfill the gap of Integrated Project Managem@iM) in Scrum Framework,
improvement recommendations are provided. “Useafiimgtional Process Assets for
Planning Project Activities” (SP1.2), “EstablistetRrojects Work Environment” (SP1.3)
and “Contribute to Organizational Process Asse®&P1(7) are needed to fulfill some
practices and artifacts for satisfying by SCAMPI.

To fulfill the gap of Generic Goal (GG) in ScrumaRtework, improvement
recommendations are provided. “Establish an Omgdional Policy” (GP2.1), “Plan the
Process” (GP2.2), “Assign Responsibility” (SP2.4rain People” (GP2.5), “Identify
and Involve Relevant Stakeholders” (SP2.7), “Oliyety Evaluate Adherence” (GP2.9),
Review Status with Higher Level Management” (SPR.1Bstablish a Defined Process”
(GP3.1) and “Collect Process Related Experienc€#3(2) are needed to fulfill some
practices and artifacts for satisfying by SCAMPI.

RQ4. What is the benefit to synergize Scrum and thegept management
requirements of CMMI?

The empirical experiences are proven that a dewedop by Agile & Scrum
approach with Project Management in CMMI can befuls® gain for reaching the
CMMI and SCAMPI goal in term of profitability dimeion.

The comparison value between Plan and Agile drmeéated to question No.26 to
36 shows the satisfaction of Agile-Driven (CMMIby8m) is higher than Plan-Driven in
all dimensions (establish and maintain plan, peceddmonitor, achieve the corrective
actions, appropriately select SPD, establish andage the involvement of the relevant
stakeholders, meet the customer and employee exjpejtexcept to deliver the product
on time (+/- 10%) and deliver the product in time&/-(5%). This is ambiguous
information from our expectation.
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The summary of the majority group from the questaire also shows the
performance of Agile-Driven (CMMIbyScrum) is betttan Plan-Driven in the angle of
controlling the project effort, software budgetirapd project duration. However, the
project manager effort and software process imprare budgeting are better controlled
by Plan-Driven.

6.1.2 The summary of the Evaluation

In summary, the target group in our scope is aiaperoup of our focused
companies which have CMMI experience in various hoes of implementation.
However, a number of Agile-Driven organizations fe@ numbers. The total sampling
number is 47 samples. We use a survey method Iog ugiestionnaire to participated
team project based on their roles for instancejw®oé Engineering Process Group
(SEPG), Project Management Officer (PMO), Projeaniiger (PM), System Analyst
(SA) and the other roles. The summary of majorityug is shown in Appendix C (The
summary of the majority group from the questionmgir

6.2. Implications

6.2.1 Implication for the Practice of CMMI and Scrum Adoption

Regarding to our literature and empirical study, @IMand Agile are partially
mutual exclusives approaches for process improvempegram. However, in Project
Management approach (PP, PMC and IPM), the contgrpercentage is significantly
upward compatibility for CMMI and Scrum adopting.

The conformance value of CMMISF (Especially for jeod Management
approach likes PP, PMC and IPM) shows highest gahraong all process areas. In
conclusion, the practice of CMMI and Scrum adopteme moderately concinnity to
practice based on appraisal model.

The purpose to create a Scrum base Project Managapproach that conforms
to CMMI (PM@CMMI) presents in Chapter 3 relatedth@ conformity percentage of
CMMI process area with Scrum framework. The Projdonitoring and Control (PMC),
Integrated Project Management (IPM), Project PlagniPP) are show Conformance
Rating (CR) at "+++" with Conformance Value (CV}E,8B5 and 82 respectively. These
are the highest CR and CV values among all pramessss. Regarding to this information,
not only it is present that the Scrum base Prdysmagement approach is supported by
project management area in CMMI (PM@CMMI) but als@s an initiation point to
design software development framework based on G8d4um namely “Light-Weight
Project Management Approach (LWPM)".

6.2.2 Implication for Continuous SPI for VSES/SMEs

Regarding to this dissertation, Continuous SPMery Small Enterprises/ Small
Medium Enterprises (VSEs/SMEs) based on CMMIbyScwhith is focusing in Project
Management approach is satisfactory.
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The comparison of Abstract model and CMMI/CMMISFosls software
development model which is stand for “CMMI for Sardrramework (CMMISF)”. The
Light-Weight Project Management SCAMPI Assessmentd®& (LWPM-SAM) is
proposed to deploy as appraisal model which pralttiéit for VSES/SMESs organizations
through Software Process Improvement Adaptive Liagrisystem (SPIALS) which is
the alternative tool that use for self-assessmentsaftware process improvement
program.

The purpose to design software development framewased on CMMI-Scrum
namely “Light-Weight Project Management ApproachMRM)” which is a component
of “CMMI-by-Scrum” Framework (CMMISF) which is a oceptual framework for an
effective practice which is needed to be qualifted the Standard CMMI Appraisal
Method for Process Improvement (SCAMPI).

Moreover, the purpose to offer the cost/efficiendyPM for VSES/SMEs as a
self-assessment model are propose based on valu€d/MI appraisal to compete with
other CMMI organizations is presented by “Light-\4&i Project Management SCAMPI
Assessment Model (LWPM-SAM)". It is designed for A8SMEs companies for their
self-assessment as SCAMPI C level which can imphtrbg Light-Weight SCAMPI
Assessment Tool (SPIALS).

Finally, the purpose to evaluate LWPM based on avMTlbnformance focusing
on Project management perspective need to have dabaefrom companies which are
deploy LWPM based on CMMISF in software industrialis to ensure the appropriate
characteristics of this framework to introduce tdSB&6/SMEs organizations for
implementing in their software development procedur

6.3. Limitation of the Study

Regarding to our literature and empirical studgréhare limited not only number
of data but also quality of data, too. In our eaé#ilon, the total questionnaire is 47 sets.
We have quite good data in term of multi-choicewéweer, in term of short-answer and
numerical types, the quantity of these answersamdy in a good mood. The important
limitation is a number of projects that deploy bgil& or Scrum practices.

6.4. Open Questions and Future Research

The future research has two alternatives. Firgthgearch can be focused on
others categories of CMMI to literature for more toally exclusives approaches for
process improvement program. Secondly, the oppitigarnto blend CMMI with other
Agile methods are interesting to benefit to notyodSES/SMEs organizations but also
for applying in the large organization. Lastly,e@mpirical study, the number of sampling
should be enough regarding to statistical definitio

Moreover, CMMISF, Light-Weight Project Managemer€AVIPI Assessment
Model (LWPM-SAM) and Software Process Improvememaptive Learning System
(SPIALS) are well match and interesting to deploy §elf-assessment appraisal in
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VSEs/SMEs organization. However, the evaluation L8YPM based on a CMMI
conformance focusing on Project management peispeist needed to implement and

affirm in the future research. Then the value-addkedeployment the LWPM-SAM for
VSES/SMEs is expected to be exhibit.
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Appendix A: Questionnaire
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Appendix B: The result of the questionnaire

The result of the questionnaire is present asvotig;
PART A: Organizational Characteristics are purposely to understand the
characteristic of an organization. There is inahgdd questions;

1. “Where is your organization located? (Please naenthe country)”

China, Thailand, Switzerland, Vietham and Malayar@ show a number of
located organizations as 68%, 23%,4%,2% and 2% ecssply from all 47
guestionnaires.

%

® Thailand 11
W Syitzerland 2
= China 32

H Yigtnam 1

= Malaysia 1

Figure B.1 The percentage of organizational Gedacap



137

2. "How many “full-time equivalents” SW development employees are
assigned to a project in your organization? (Pleasgive the number)”

The full-time equivalents of software developmemipéoyees are show a number
of sizing in term of Medium Enterprise (ME), Veryn&ll Enterprise (VSE), Small
Enterprise (SE), Large Enterprise (LE) as 62%, 26%8p and 2% respectively from all
47 questionnaires which are defined as follow valigE <=5, 5>SE<=10, 10>ME<=15,
and LE >15 in term of full-time software developrhemployees.

%

M VSE: Very Small Enterprise 12

M SE: Small Number Enterprise 5

62 ME: Medium Number

Enterprise 29

M LE: Large Number Enterprise 1

Figure B.2 The percentage of Full time SW developneenployees

3. “How many active SW development projects in yourorganization have

been run since last year until now”

A number of active software development projects Medium Number, Small
Number, Large Number and Very Small Number as 538%, 15% and 4% respectively
from all 47 questionnaires which are defined adoWwolvalue; VS <=5, 5>S<=10,
10>M<=15, and L >15 projects.

The active software development projects show atirractive software
development projects which still running since hgesr in an organization.
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%

|5 very small Numbe- 2
m5:5mall Numbe- 13
= A Medium Number 25

ML Large Numbe- 7

Figure B.3 The percentage of Active SW developnpeojects
4. “How many SW development projects have been rubased on CMMI?”

A number of CMMI software development projects Sraall Number, Medium
Number, Large Number and Very Small Number as 438%p, 9% and 6% respectively
from all 47 questionnaires which are defined adovolvalue; VS <=5, 5>S<=10,
10>M<=15, and L >15 CMMI software development potge

%

m Y5 Very Small Numbe- 3
s small Numbe- 23
= b Medium Number 17

M |: Large Numbe- 4

Figure B.4 The percentage of CMMI SW developmenjqats
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PART B: Project Characteristics are purposely to understand the characteristic
of project in an organization. There is includingatts as 14 questions;

5. “What is the name of the reference SW developméproject?”

This question is reference to the name of the sotwdevelopment project’s
name which is referred information for answering tfuestionnaire.

6. “What is the average team experience for this SWevelopment project in
Project management/ Software process improvement/ dnain expertise/ and

Application language expertise? (Please specify tmeimber of years)”

The average team experience is present year ofrierpe in term of software
development project in specific domains. The Ebwyel is defined when experiences is
less than or equal to 2 years. The IntermediateelLesvdefined when experiences is
during more than 2 and less than or equal to 5sy8dre Master Level is defined when
experiences is during more than 5 and less thasgoal to 10 years. And finally, the
Expert Level is defined when experiences is maoaa tt0 years.

6.1 Project Manager

In term of Project Manager, a number of experierasesMaster Level, Expert
and Intermediate Level, and Entry Level as 55%, ¥%b 6% respectively from all 47
questionnaires which mean the Master Level (5>Mdstgel<=10 years) is the majority
group in experienced Project Manager.

%

55

M Intermediate Level 9
Master Lewel 26

M ExpertLevel9

Figure B.5 The percentage of SW development expeg®in Project Manager
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6.2 Software Process Improvement

In term of Software Process Improvement, a numibexperiences are Master
Level and Intermediate Level, Expert Level and #rtevel as 36%, 15% and 13%
respectively from all 47 questionnaires which méas Intermediate Level and Master
Level (2>Intermediate Level<=5 years and 5>Mastevdl<=10 years) are the majority
group in experienced Software Process Improvement.

%

® Entry Level 6

® Intermediate Level 17
N Master Level 17

W ExpertLevel 7

Figure B.6 The percentage of SW development expes®in
Software Process Improvement

6.3 Application Domain Expertise

In term of Application Domain, a number of expedes are Intermediate Level,
Master Level, Entry Level and Expert Level as 4738%, 13% and 2% respectively
from all 47 questionnaires which mean the IntermidiLevel (2>Intermediate Level<=5
years) is the majority group in experienced ApglamaDomain Expertise.

%

B Entry Level6
B Intermediate Level22
® Master Level 18

W ExpertlLevell

Figure B.7 The percentage of SW development expez®in
Application Domain Expertise
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6.4 Application Language Expertise

In term of Application Language Expertise, a numlmér experiences are
Intermediate Level, Master Level, Entry Level angé&rt Level as 60%, 21%, 11% and
9% respectively from all 47 questionnaires which amethe Intermediate Level
(2>Intermediate Level<=5 years) is the majority ugroin experienced Application
Language Expertise.

%o

H Entry Level 5
B Intermediate Level 2B
¥ Master Level 10

B ExpertLevel4

Figure B.8 The percentage of SW development expes®in
Application Language Expertise

7. “Please specify your major role in this SW devepment project?”

The major role in software development project igspnt their specialist in
specific roles as Software Engineering Process Br@&EPG), Project Management
Officer (PMO), Project Manager (PM) and System Amal(SA). In this regard, a
number of Project Management is 67% which meaissatmajority role. The other roles
like SEPG, SA, other roles and PMO are 13%, 9%,an% 4% respectively from all 46
guestionnaires.

%o

M 1=5EPGH
HI=PMOD2
m3=PpM 31
m4=544

W 5=None of above 3

Figure B.9 The percentage of Major role in SW depeient team
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B1. Quality characteristics

8. “Did your project apply any software process impovement and/or quality

management program?”

A number of organizations are applying softwarecpss improvements and/or
quality management programs are 96% from all 4 Btpenaires.

%

B Ouality Managemeat
Program 45

B MNan-Cality Management
Program 2

Figure B.10 The percentage of Software Processdwapnent program

9. “Did vyour project apply CMMI (Capability Maturit y Model
Integration)?”

A number of organizations are applying CMMI (Cafhigpi Maturity Model
Integration) is also 98% from all 47 questionnaires

%

ECMMI 46

= Mon-CMMI 1

Figure B.11 The percentage of Capability Maturitgdél
Integration (CMMI) program
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10. “What was your target to achieve for applying ®IMI (Capability
Maturity Model Integration)?”

10.1 ML/CL in CMMI

The majority of organization is ML (Maturity Levelp CMMI model which is
98% of implemented CMMI and 2% is not applying CMMI

%

B MLAE
BCLO
¥ Did not apply CMMI 1

Figure B.12 The percentage of Maturity Level (2/3)4n
Capability Maturity Model Integration (CMMI)

10.2 Maturity Level (2/3/4/5) in CMMI
Regarding to ML (Maturity Level) which is applyingpn CMMI model, the

majority is ML3 as 81% then, ML2, ML5 and ML4 ar89%, 4% and 2% respectively
from all 47 questionnaires.

%

EpMLIE

H LS 3B

BML4 L

B PLE 2

Figure B.13 The percentage of Maturity Level (2/3)4n
Capability Maturity Model Integration (CMMI)
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11. “What was your project type?”

The project type of software development is 100%demelopment type from all
47 questionnaires.

%

B Development47
B Maintenance 0

B Mone of above O

Figure B.14 The percentage of SW development proype
B2. Customer characteristics
12. “Please specify the kind of customer from youreference project?”

A number of customer types are non-government oustoand government
customer as 57% and 43% from all 47 questionnaires.

%

B Soverament 20

B Mon-Gove-nment 27

Figure B.15 The percentage of Customer type
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13. “What was the domain of the customer’s softwarapplication?”

The domain of the customer’s software applicatians classified in Services
(Business, Construction, Entertainment, Financedibé®, Retail, Telecommunication),
Manufacturing (Product, Oils-Energy), the other @am and Research and development
as 64%, 17%, 11% and 9% respectively, and theneorge software application in
Education and Training from all 46 questionnairdgclv mean the majority is software
application in Services.

%o

B Service 30

B Manufadu-ing 8

W Education anc Training 0

B Resedrchand
Levelopmentd

B Mocneofabowe 5

Figure B.16 The percentage of Customer’'s domaitwsoé application

In this regard, the detailed domain of the custé@neoftware application,
services likes Communication, Resource Managenieahsportation are all the same as
11%, and Security, Enterprise management, Wategukggre 8% however, the majority
is other domains likes Mobile application, Openasibsupporting, Network management,
Website, Office automation network system, finahaied customer service as 45% from
all 47 questionnaires.

%

BEecurity 2

B Frterprize Menagement 3
B Commuonirstinn 4

B Reerures Management 4
B Transportation 4

mWater-sLpply3

W Mone of above 17

Figure B.17 The percentage of Detailed in Custosner’
domain software application
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B3. Project size characteristics

14. “How many employees have been in the SW devetopnt project team?

(Please give the number in Persons)”

A number of employees who have been in the softdaxelopment projects are
Medium Number, Large Number, Small Number and \V@&nyall Number as 57%, 26%,
11% and 6% respectively from all 47 questionnaiwbigh are classified as follow value;
VS <=2, 2>S<=5, 5>M<=10, and L >10 persons.

%o

-

HmVS<=23

W 2>5<=55
5>M<=1027

H|>1012

Figure B.18 The percentage of Full time SW develephteam

15. “What was the approximate project effort? (Pleae give the number in Person-

months)”

A number of project efforts (Person-months) in sb&ware development projects
are Small Number, Very Small Number, Medium Numibd Large Number are
equality as 47%, 32% and 11% respectively frond aluestionnaires which are defined
as follow value; VS <=2, 2>S<=5, 5>M<=10, and L >i€rson-months.

Hint: “1 full-time employee working in 1 month ipproximately equal to 1 staff
* 8 hours * 22 days so that 1 person-month = 28@edays = 176 person-hours”
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%o

mVS<=215

W 2>S<=522
m5>M<=105
HL>105

Figure B.19 The percentage of SW development prejiort (actual)

16. “What was the approximate project duration? (Pease give the number in
month)”

A number of project durations (months) in the safevdevelopment projects are
Very Small Number, Small Number, Medium Number &aadge Number as 79%, 13%,
6% and 2% respectively from all 47 questionnairégctv are defined as follow value; 6
months (VS <=6), S is between 6 months to 12 no(@hSE<=12), M is between 12 to
24 (12>M<=24), and L is more than 24 months (L >24)

%o

mVS<=637

W 6>S<=126
W 12>M<=243
mL>241

Figure B.20 The percentage of SW development progaaation (actual)
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17. “Please enter the estimated size of the softwabased on the applied estimation
model. (Please select only one model, numbers withly two decimal places)”

17.1 Past experience estimations (Year)

A number of the past experience estimations (Yeathe software development
projects are Expert Level, Master Level, Intermexlibevel as 58%, 25% and 17%
respectively and also there is none Entry Leveinfrall 12 questionnaires which are
defined as follow value; Entry Level <=2, 2>Intemrste Level<=5, 5>Master
Level<=10, and Expert Level >10 years.

%

M Entry Leveld
M Intermediate Level 2
= Master Level 3

W ExpertLevel7

Figure B.21 The percentage of Past experience astins
17.2 Source lines of codes (KLOCs)

A number of the estimated software sizes or soBwsource lines of codes
(KLOCSs) in the software development projects arediden Number, Small Number and
Very Small Number as 51%, 46% and 3% respectivaly also there is none Large
Number from all 35 questionnaires which are defirged follow value; Very Small
Number <=10, 10>Small Number<=20, 20>Medium Numb&6; and Large Number
>30 KLOCs.

%

mVS<=101

H 10>5<=2016
m20>M<=3018
m1>300

B.22 The percentage of Source Lines of Codes (KDOCs
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B4. Software Development Process (SDP) characteicst

18. “What was the major applied SDP in your SW devepment project?
(Please select only one)”

The defined software development process (SDP)actexistic in the software
development project in the plan-driven is includiMyaterfall, Prototype, Joint
Application Development-JAD)/Rapid Application Démement-RAD, Unified Process
or Spiral). And Agile-driven is including Crystall€ar, Extreme Programming-XP,
Scrum, Feature Driven Development-FDD, Dynamic &yst Development Method-
DSDM, Adaptive Software Development-ASD) and figdhere is none of above.

18.1 Software Development Process (SDP)

A number of Software Development Processes (SDP)the software
development projects are Plan-Driven and Agile-Bminas 85% and 7% respectively and
also there is none of above defined answer as 8fb &ll 46 questionnaires.

%o

M Plan-Driven 30
W Agile-Driven 3

None of Above 4

Figure B.23 The percentage of Software DeveloprRentess (SDP)

18.2 Plan-driven/Agile-driven

Regarding to 18.1, a number of Software Developniotesses (SDP) in the
software development projects based on Plan-digl@-driven are "Waterfall and
Waterfall & prototype”, "Incremental and Incremdngaprototype”, "V-Shape and V-
shape & Prototype" and Scrum as 48%, 28%, 14% &odréspectively from all 35
qguestionnaires. However, there is 11 questionn#giass not defined their SDP.
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%

W v-5hape 4

W V-shape & Prototype 1

= |ncremental 4

M Increme ntal & Prototype 6
m\Waterfall 11

mWaterfall & Prototype &

scrum3

Figure B.24 The percentage of Plan-driven/Agileeini method

PART C: Integrated Project Planning and Monitoring Control are purposely to
understand the planned and the actual result ¢ivacé development project which is
implement “CMMIbyScrum”. There is including two @ded part as 18 questions;

C1. The approximate values of the itemed projec(as planned and actual

values)

From the question number 19 to 25 present a valygapect variable in both
planned and actual at the end. The comparison ketwéan-Driven and Agile-Driven
are also presented. However, a number of Agiledriprojects are significantly less
than Plan-Driven; there are only three Agile-Driy@njects in our investigation.

19. “What was the project effort? (In person-month} [from question no. 15]
19.1 Project effort (person-month) as Planned

A number of the project efforts (person-month) danped in the software
development projects are Small Number, Medium Numbarge Number and Very
Small Number as 53%, 28%, 12% and 7% respectively fall 43 questionnaires which
are defined as follow value; Very Small Number <22Small Number<=5, 5>Medium
Number<=10, and Large Number >10 person-months.
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HmVS<=23

W 2>5<=523
M 5>M<=1012
HL1>105

Figure B.25 The percentage of Project effort (pensmnth) as Planned

Remark: the calculation is based on the followialgps: “1 full-time employee
working in 1 month is approximately equal to 1 &ta8 hours * 22 days so that 1
person-month = 22 person-days = 176 person-hours”.

19.2 Project effort (person-month) as Actual atehd

A number of the project efforts (person-month) asua at the end in the
software development projects are Medium NumberalShMumber, Large Number as
51%, 33%, 16% respectively and there is none VemalS Number from all 43
guestionnaires which are defined as follow valuerywSmall Number <=2, 2>Small
Number<=5, 5>Medium Number<=10, and Large Numbd) pdrson-months.

%o

HVS<=20
H2>S5<=514
B 5>M<=1022
HL1>107

Figure B.26 The percentage of Project effort (pensmnth) as Actual at the end

Regarding to a difference between a number of thg efforts (person-month)
as planned and actual at the end in the softwavela@ement projects, a group of
Medium Number and Large Number are getting largemf28% to 51% and 12% to
16%. A group of Small Number and Very Small Numbaex smaller from 53% to 33%
and 7% to 0%.
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In term of differentiation, a number of the projedtort (person-month) in actual
at the end is higher value than expectation asrsngd.

3000
25.00
2000

p B Plan-Driven
1500 17

B Agile-Driven

1000
Sau
000 d

Planned Actual at the end

Figure B.27 The variation of Plan and Agile drivarProject effort

(person-month) between Planned and Actual at the en

From above figure, both of Plan-Driven and AgileMen are show a number of
the project effort (person-month) in actual aténe is higher value than expectation as a
planned. However, the variation of Agile-Drivenritdhe actual compare to the plan is
lesser value at 7.41% and the variation of Plawdrifrom the actual compare to the
plan is 7.95%. It is meaning that Agile-Driven i©#n better performance to manage an
effort than Plan-Driven.

20. “What was the project manager effort? (In persa-month)”
20.1 Project Manager effort (person-month) as Rddnn

A number of the project manager efforts (persondtmpms planned in the
software development projects are Very Small Num®erall Number, Medium Number
and Large Number as 80%, 14%, 5% and 2% respectiv@in all 44 questionnaires
which are defined as follow value; Very Small Numbe=2, 2>Small Number<=5,
5>Medium Number<=10, and Large Number >10 personth®
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%

mVS<=235
H2>5<=56
m5>M<=102
HL>101

Figure B.28 The percentage of Project Manager eff@rson-month) as Planned
20.2 Project Manager effort (person-month) as Acttithe end

A number of the project manager efforts (person4mpas actual at the end in
the software development projects are as sameaased in term of order as Very Small
Number, Small Number, Medium Number and Large Numbhewever, the percentages
are change as 70%, 20%, 7% and 2% respectively &lbAv questionnaires which are
defined as follow value; Very Small Number <=2, 2x8l Number<=5, 5>Medium
Number<=10, and Large Number >10 person-months.

%o

BVS<=231
W 2>5<=59
M 5>M<=103
H|>101

Figure B.29 The percentage of Project Manager eff@rson-month) as
Actual at the end

Regarding to a difference between a number of trgeqt manager effort
(person-month) as planned and actual at the etitkisoftware development projects, a
group of Small Number and Medium Number are gettarger from 14% to 20% and
5% to 7%. Group of Very Small Number are smallenfr80% to 70% and there is no
change at Large Number at 2%.
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In term of differentiation, a number of the projecanager efforts (person-month)
in actual at the end are higher value than expeatas a planned.

6.00
5.00

400 17
B Plan-Driven

3.00 7 B Agile-Driven

200 17

100

0.00 += , '
Planned Actualat the end

Figure B.30 The variation of Plan and Agile drivarProject Manager effort

(person-month) between Planned and Actual at tde en

From above figure, both of Plan-Driven and AgileMen are show a number of
the project manager efforts (person-month) in dcadathe end is higher value than
expectation as a planned. However, the variatidalaf-Driven from the actual compare
to the plan is lesser value at 18.90% and the twamiaof Agile-Driven from the actual
compare to the plan is 26.32%. It is meaning thEn®riven is shown better
performance to manage an effort than Agile-Driven.

21. "What was the approximate total SW developmentost? (in $ USD)"
21.1 Software Budget ($ USD) as Planned

A number of the software development cost (USDplasined in the software
development projects are Medium Number, Small Num8mall Number, Very Small
Number and Large Number as 46%, 36%, 13% and 5%ecasely from all 39
guestionnaires which are defined as follow valuesryv Small Number <=20,000,
20,000>Small Number<=40,000, 40,000>Medium Numb6é6s800, and Large Number
>60,000 USD.
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B VS <=200005

M 20000>5<=40000 14
¥ 40000>M<=6000018
E 1 >600002

Figure B.31 The percentage of Software Budget ($)&5 Planned
21.2 Software Budget ($ USD) as Actual at the end

A number of the software development cost (USDpetsial at the end in the
software development projects are Medium NumberalBNumber, Large Number and
Very Small Number as 49%, 21%, 18% and 13% respaygtirom all 39 questionnaires
which are defined as follow value; Very Small Numbe=20,000, 20,000>Small
Number<=40,000, 40,000>Medium Number<=60,000, aaidy& Number >60,000 USD.

%

B VS <=200005

M 20000>5<=400008
M 40000>M<=60000 19
H [ >600007

Figure B.32 The percentage of Software Budget (§)t Actual at the end

Regarding to a difference between a number of dfevare development cost
(USD) as planned and actual at the end in the softwlevelopment projects, a group of
Medium Number and Large Number are getting largenf46% to 49% and 5% to 18%.
A group of Small Number is smaller from 36% to 2&%d there is no change at Very
Small Number at 13%.
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In term of differentiation, a number of the softeratevelopment cost (USD) in
actual at the end are a higher value than expentas a planned.

5000000

50,000.C0
40,000.C0
B Plar-Driven
3000000
B agilz-Uriven
:op00c0 |
10,000.C0
0.0 ; d

Plenned Actual at the end

Figure B.33 The variation of Plan and Agile drivarSoftware Budget ($ USD)
between Planned and Actual at the end

From above figure, both of Plan-Driven and AgileMen are show a number of
software development cost (USD) in actual at the @ higher value than expectation
as a planned. However, the variation of Agile-Dnyeom the actual compare to the plan
is lesser value at 10.97% and the variation of flawen from the actual compare to the
plan is 13.14%. It is meaning that Agile-Drivensisown better performance to manage
cost than Plan-Driven.

22. "What was the approximate total SW quality cos? (in $ USD)"

The question would like to know a number of quatibst which project mainly
paid for preventing cost as planned and actualegiln US Dollar unit.

22.1 Software Process Improvement Budget ($ US[PJaned

A number of the software quality cost (USD) as pkuoh in the software
development projects are Small Number, Medium Numbarge Number and Very
small Number as 38%, 33%, 17% and 13% respectivety all 24 questionnaires which
are defined as follow value; Very Small Number €80, 1,000>Small Number<=2,000,
2,000>Medium Number<=3,000, and Large Number >31080.
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%

B VS <=10003

M 1000>5<=20009
©2000>M<=30008
H [ >30004

Figure B.34 The percentage of Software Processdwgonent Budget ($ USD)
as Planned

22.2 Software Process Improvement Budget ($ USRcasal at the end

A number of the software quality cost (USD) as atat the end in the software
development projects are Small Number, Medium Nurabe Vey Small Number/Large
Number as 58%, 17% and 13% respectively from aljj@&stionnaires which are defined
as follow value; Very Small Number <=1,000, 1,006%# Number<=2,000,
2,000>Medium Number<=3,000, and Large Number >31080.

%o

B VS <=10003

H 1000>5<=200014
©2000>M<=30004
m[>30003

Figure B.35 The percentage of Software Processdwegpnent Budget ($ USD)
as Actual at the end

Regarding to a difference between a number of dfievare quality cost (USD) as
planned and actual at the end in the software dpusnt projects, a group of Small
Number is getting larger from 38% to 58%. A groupMedium Number and Large
Number are smaller from 33% to 17% and 17% to 13%wever, there is no change at
Very Small Number at 13%.
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In term of differentiation, a number of the softerguality cost (USD) in actual at
the end is a little lower value than expectatioma gsanned.

£,000.00
5,000.00

4,000.00
B Plan-Driven

2,000.00 B Agile-Driven

2,00000

100000 |

0.00 + .
Planned Actual at the end

Figure B.36 The variation of Plan and Agile driverSoftware Process
Improvement Budget ($ USD) between Planned andd&etithe end

From above figure, Plan-Driven is shows a numbersaftware quality cost
(USD) in actual at the end is lower value than etqen as a planned. On the other
hand, Agile-Driven shows higher value than expémtats a planned. The variation of
Plan-Driven from the actual compare to the plardesser value at -25.44% and the
variation of Agile-Driven from the actual compacethe plan is 7.56%. It is meaning that
Plan-Driven is shown better performance to manageétban Agile-Driven.

23. "What was the project duration? (In month(s)) from question no. 16]"
23.1 Project duration (month(s)) as Planned

A number of the project durations (month) as plahna the software
development projects are Very small Number, SmaimNer and Medium Number as
74%, 19% and 6% respectively and there is none d.aymber from all 31
guestionnaires which are defined as follow valuerywSmall Number <=6, 6>Small
Number<=12, 12>Medium Number<=24, and Large Nun#2& months.
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%

BVS<=623

M 6>5<=126
B12>M<=242
H|>240

Figure B.37 The percentage of Project duration @im@)) as Planned
23.2 Project duration (month(s)) as Actual at the e

A number of the project durations (month) as actatathe end in the software
development projects are Very small Number, SmalimNer, Large Number and
Medium Number as 74%, 16%, 6% and 13% respectifrelyn all 31 questionnaires
which are defined as follow value; Very Small Numbk&6, 6>Small Number<=12,
12>Medium Number<=24, and Large Number >24 months.

%

B VS <=623

M 6>5<=125
m12>M<=241
H|>242

Figure B.38 The percentage of Project duration @im@)) as Actual at the end

Regarding to a difference between a number of thgegt duration (month) as
planned and actual at the end in the software dpwsnt projects, a group of Large
Number is getting larger from 0% to 6%. A group Snall Number and Medium
Number are smaller from 19% to 16% and 6% to 3%wéier, there is no change at
Very Small Number at 74%.

In term of differentiation, a number of the projédciration (month) in actual at the
end is a little higher value than expectation ptaaned.
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Figure B.39 The variation of Plan and Agile drivarProject duration (month(s))

between Planned and Actual at the end

From above figure, Agile-Driven is shows a numbkpmject duration (month)
in actual at the end is lower value than expeatadi® a planned. On the other hand, Plan-
Driven shows higher value than expectation as angld. The variation of Agile-Driven
from the actual compare to the plan is lesser vatukl.54% and the variation of Plan-
Driven from the actual compare to the plan is 2%8Q is meaning that Agile-Driven is
shown better performance to manage a schedulePfaarDriven.

24. “What was the average number of defects/reworkor software product
in the User Acceptance Test (UAT) phase?”

The defects/reworks per unit (DPU) for softwareduct in the User Acceptance
Test (UAT) phase which user mainly detective deféat reworks as planned and actual
values in DPU unit.

The defects/reworks per unit (DPU) in the User Ataace Test (UAT) phase of
Plan-Driven and Agile-Driven as planned in the wafle development projects are 10.00
and 6.67 in DPU unit. The defects/reworks per (ibRU) in the User Acceptance Test
(UAT) phase of Plan-Driven and Agile-Driven as attat the end in the software
development projects are 14.67 and 13.33 in DPU uni
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B Plan-Driven

B Agile-Driven

T
Planned Actual at the end

Figure B.40 The variation of Plan and Agile driverSW development

defects/reworks between Planned and Actual atride e

From above figure, Agile-Driven is shows a numbethe defects/reworks per
unit (DPU) in actual at the end is higher valuenttexpectation as a planned. The
variation of Agile-Driven from the actual comparethe plan is lesser value at 50.00%
and the variation of Plan-Driven from the actuainpare to the plan is 31.82%. It is
meaning that Agile-Driven is shown better perforg®to manage defects/reworks than
Plan-Driven.

25. "What was the average percentage of defects/revks removal?"

The removal defects/reworks per unit (DPU) for wafie product in the User
Acceptance Test (UAT) phase which project mainljlective defects as planned and
actual values in DPU unit.

The removal defects/reworks per unit (DPU) in tleetJAcceptance Test (UAT)
phase of both Plan-Driven and Agile-Driven as pthin the software development
projects are 100.00% from DPU unit. The removaedesfreworks per unit (DPU) in the
User Acceptance Test (UAT) phase of Plan-Driven Agite-Driven as actual at the end
in the software development projects are 53.33%8&000% from DPU unit.
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Figure B.41 The variation of Plan and Agile driverSW development

defects/reworks removal between Planned and Aaiuhle end

From above figure, Agile-Driven is shows a numbértlee defects/reworks
removal per unit (DPU) in actual at the end is bBigbalue than expectation as a planned.
The variation of Agile-Driven from the actual com@ao the plan is higher value at -
17.65% and the variation of Plan-Driven from theatcompare to the plan is -87.50%.
It is meaning that Agile-Driven is shown better fpemance to manage the removal
defects/ reworks than Plan-Driven.

C2. The ordinary values of the itemed projec{as planned and actual values)

It is defined as following values; 5-Definitely, Rrobably, 3-Be unsure, 2-
Probably not, 1-Definitely not and 0-Not applicable

26. "Did you understand well to apply the SDP in mn-driven or agile-

driven?"

Regarding to research questions (RQ), the levahderstanding on how to apply
the software development process (SDP) in planedriwr Agile-driven are Probably (4),
Definitely (5), and Be unsure (3) as 54%, 30% ahk#h Iespectively and there is none
Probably not (2), Definitely not (1) and Not applite (0) from all 46 questionnaires
which are defined as follow value; 5 is Definitely,is Probably, 3 is Be unsure, 2 is
Probably not, 1 is Definitely not and O is Not apable. It is meaning that "Probably (4)"
is the majority group at 54%.
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m 5=Definitely 14

W 4=Probably 25

W 3=Be unsure 7

M 2=Probablynot 0
m 1=Pefinitely not 0

¥ 0=Not applicable 0

Figure B.42 The level of defined value in applying
the SDP in plan-driven or agile-driven

27. "Did your project receive adequate resources lib quality & quantity?"

Regarding to research questions (RQ), the leveésdurces both in quality and
guantity on the readiness to apply the softwareligwment process (SDP) in plan-driven
or Agile-driven are Probably (4), Definitely (5)eBinsure (3) and Probably not (2) as
35%, 28%, 26% and 11% respectively and there i ridefinitely not (1) and Not
applicable (0) from all 46 questionnaires which aefined as follow value; 5 is
Definitely, 4 is Probably, 3 is Be unsure, 2 ist&bly not, 1 is Definitely not and 0 is
Not applicable. It is meaning that "Probably (4'tlhe majority group at 35%.

%

W 5=Definitely 13

B 4=FProbably 16

W 3=Beunsure 12
B 2=Probably not 5
B 1=Definitely not 0

W 0=MNot applicable 0

Figure B.43 The level of defined value in receivadgquate resources
both quality & quantity
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28. "Did your project deliver the product on-time (+/- 10%)?"

Regarding to RQ1 which is related to the mutualwesitees approaches of Agile
and CMMI for process improvement program, the degsé on time deliver product
when implementing the software development pro¢8&P) in plan-driven or Agile-
driven are Probably (4), Be unsure (3), Definitgdy, Definitely not (1) and Probably not
(2) as 39%, 26%, 24%, 7 and 4% respectively anegktisenone Not applicable (0) from
all 46 questionnaires which are defined as foll@lue; 5 is Definitely, 4 is Probably, 3
is Be unsure, 2 is Probably not, 1 is Definitely and O is Not applicable. It is meaning
that "Probably (4)" is the majority group at 39%.

%

W 5-Definitely 11

B 4=Probably 18

W 3=Beunsure 12
W 2=Probably not 2
W 1=Definitzly not 3

W 0=Mot applicakle 0

Figure B.44 The level of defined value in deliverihe product on-time
29. "Did your project deliver the product in budget (+/- 5%)?"

Regarding to RQ1 which is related to the mutualwestees approaches of Agile
and CMMI for process improvement program, the degreexceeded budget in product
when implementing the software development pro¢8&P) in plan-driven or Agile-
driven are Probably (4), Definitely (5), Be uns(8g Probably not (2) and Definitely not
(1) as 48%, 28%, 20%, 2% and 2% respectively aecktis none Not applicable (0) from
all 46 questionnaires which are defined as foll@lue; 5 is Definitely, 4 is Probably, 3
is Be unsure, 2 is Probably not, 1 is Definitely and O is Not applicable. It is meaning
that "Probably (4)" is the majority group at 48%.
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%

m 5=Definitely 13
W 4=Probably 22

W 3=Be unsure?9

B 2=Probablynot 1

W 1=Definitely not 1

W 0=Not applicable 0

Figure B.45 The level of defined value in delivegrihe product in budget

30. "Did your project establish and maintain plansthat defined the project

activities?"

Regarding to RQ2 which is related to the gap betwAgile-Scrum and the
project management of CMMI, the degree of exceebadget in product when
implementing the software development process (SDPlan-driven or Agile-driven are
Definitely (5), Probably (4), Be unsure (3), Prolyabot (2) and Not applicable (0) as
41%, 37%, 17%, 2% and 2% respectively and theneme Definitely not (1) from all 46
guestionnaires which are defined as follow valués Befinitely, 4 is Probably, 3 is Be
unsure, 2 is Probably not, 1 is Definitely not &heé Not applicable. It is meaning that
"Definitely (5)" is the majority group at 41%.

%

W 5=Defiritely 19
W 4=pProbably 1/

B 3=Be unsure 2

W 2=Probably not 1
B 1=Defiritely not 0

W 0=Mot applicable 1

Figure B.46 The level of defined value in delivgrthe product in establishing
and maintaining plans that defined the projectécts
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31. "Has your project been monitored periodically b follow the SDP and

plans?"

Regarding to RQ2 which is related to the gap betwAgile-Scrum and the
project management of CMMI, the degree of periodgignitored plans regarding to
defined project activities when implementing théware development process (SDP) in
plan-driven or Agile-driven are Probably (4), Détiety (5), Be unsure (3), Probably not
(2) and Definitely not (1) as 50%, 26%, 17%, 4% a@6l respectively and there is none
Not applicable (0) from all 46 questionnaires whente defined as follow value; 5 is
Definitely, 4 is Probably, 3 is Be unsure, 2 ist&bly not, 1 is Definitely not and 0 is
Not applicable. It is meaning that "Probably (4 'the majority group at 50%.

%

W S=Definitcly 12
M 4=Prnhahly?3
W 3=Bzunsurz 8
N 2=Probablynct 2

m 1=pefinitelynot 1

® 0=Mot applicable O

Figure B.47 The level of defined value in periodliiwenitoring to

follow the SDP and plans
32. "Has your project been achieved the correctivactions after monitored?"

Regarding to RQ3 which is related to the combimabetween Agile-Scrum and
the project management of CMMI to close the gap, degree of the achievement of
corrective actions regarding to monitored projectivities when implementing the
software development process (SDP) in plan-driverAgile-driven are Probably (4),
Definitely (5), and Be unsure (3) as 57%, 28% ah#h Iespectively and there is none
Probably not (2), Definitely not (1) and Not applite (0) from all 46 questionnaires
which are defined as follow value; 5 is Definitely,is Probably, 3 is Be unsure, 2 is
Probably not, 1 is Definitely not and O is Not apable. It is meaning that "Probably (4)"
is the majority group at 57%.
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W 5=Defiritely 13
W 4=pProbably 2b
B 3=Be unsure 7
W 2=Probably not
B 1=Defiritely not 0

W 0=Mot applicable 0

Figure B.48 The level of defined value in achieving

the corrective actions after monitored

33. "Did you appropriately select software processlevelopment (SDP) for
your project?"

Regarding to RQ3 which is related to the combimabetween Agile-Scrum and
the project management of CMMI to close the gap,dbgree of the appropriate selected
software process development (SDP) when implemgntie software development
process (SDP) in plan-driven or Agile-driven areliably (4), Definitely (5), Be unsure
(3) and Probably not (2) as 39%, 35%, 24% and 28pewively and there is none
Definitely not (1) and Not applicable (0) from db questionnaires which are defined as
follow value; 5 is Definitely, 4 is Probably, 3 Be unsure, 2 is Probably not, 1 is
Definitely not and 0 is Not applicable. It is meagpithat "Probably (4)" is the majority
group at 39%.

%

B 5-Defirile y 16

N 4=Probably 18

B 3=De unsure 11
N 2=Probably not 1
B 1=Dcfiritc y not 0

W 0=Mot applicable 0

Figure B.49 The level of defined value in selectsoftware process development
(SDP) for your project
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34. "Did your project establish and manage the inglvement of the relevant
stakeholders?"

Regarding to RQ3 which is related to the combimabetween Agile-Scrum and
the project management of CMMI to close the gae,dégree of the involvement of the
relevant stakeholders when implementing the softwdevelopment process (SDP) in
plan-driven or Agile-driven are Probably (4), Ddtighy (5), Be unsure (3) and Probably
not (2) as 48%, 24%, 20% and 9% respectively aatetis none Definitely not (1) and
Not applicable (0) from all 46 questionnaires whente defined as follow value; 5 is
Definitely, 4 is Probably, 3 is Be unsure, 2 ist&bly not, 1 is Definitely not and 0 is
Not applicable. It is meaning that "Probably (4'the majority group at 48%.

%

| 5=Definitely 11

B 4="rokably 22

B 3=3e unsure 9

B ?2=%rokablynot4
B 1=Definitely not 0
W 0=Mot applicablz 0

Figure B.50 The level of defined value in estabtigrand managing

the involvement of the relevant stakeholders

35. "Did your project meet customer expectation (cstomer satisfaction
rating >80%)?"

Regarding to RQ4 which is related to the benefisyaergize between Agile-
Scrum and the project management of CMMI, the degfecustomer satisfaction rating
when implementing the software development pro¢8&P) in plan-driven or Agile-
driven are Probably (4), Definitely (5), Be unsui® and Probably not (2), Not
applicable (0) as 52%, 30%, 15% and 2% respectametl/there is none Probably not (2)
and Definitely not (1) from all 46 questionnairebigh are defined as follow value; 5 is
Definitely, 4 is Probably, 3 is Be unsure, 2 is&bly not, 1 is Definitely not and O is
Not applicable. It is meaning that "Probably (4'tlhe majority group at 52%.



169

%
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Figure B.51 The level of defined value in meetingtomer expectation

36. "Did you have a good employee satisfaction nag (employee satisfaction
rating >80%)?"

Regarding to RQ4 which is related to the benefisyoergize between Agile-
Scrum and the project management of CMMI, the degfecustomer satisfaction rating
when implementing the software development pro¢8&#P) in plan-driven or Agile-
driven are Probably (4), Be unsure (3), Definit¢s) and Probably not (2), Not
applicable (0) as 46%, 30%, 22% and 2% respectaetlthere is none Probably not (2)
and Definitely not (1) from all 46 questionnairebigh are defined as follow value; 5 is
Definitely, 4 is Probably, 3 is Be unsure, 2 ist&bly not, 1 is Definitely not and 0 is
Not applicable. It is meaning that "Probably (4 'the majority group at 46%.

%

m 5=Definitely 10

W 1=Probably 21

W 3=Be unsure 14
B ?=Probably not 0
B 1 =Nefinitelynotn

™ 0=Mot applicable 1

Figure B.52 The level of defined value in having

a good employee satisfaction rating
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Appendix C: The summary of the majority group from the questionnaire

No. Question topics Majority Group
PART A: Organizational Characteristics

1. | Organizational Geographic China, Thailand, Ssvlend, Vietnam and

Malaysia
2. | Full time SW development 10>Medium Enterprise (ME)<=15
employees employees
3. | Active SW development projects 10>Medium Numdp&)<=15 projects
4. | CMMI SW development projects 5>Small Number (8)& projects

PART B: Project characteristics

5. | SW development project name software developmejpect's name

6. | SW development team experience

6.1 | Project Manager 5>Master Level<=10 years

6.2 | Software Process Improvement 2>Intermediatelkeb years
5>Master Level<=10 years

6.3 | Application Domain Expertise 2>Intermediate éle=5 years

6.4 | Application Language Expertise 2>Intermediadgdl<=5 years

7.

Major role in SW development tea‘m Project Mamnagyat

B1. Quality characteristics

8. | Software Process Improvement | software process improvements and/or
program quality management programs
9. | Capability Maturity Model applying CMMI (Capability Maturity
Integration (CMMI) program Model Integration)
10. | CMMI Target
10.1| ML/CL in CMMI ML (Maturity Level) in CMMI model
10.2 | Maturity Level (2/3/4/5) in CMMI ML3
11. | SW development project type development

B2. Customer characteristics

12. | Customer type

non-government customer
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No.

Question topics

Majority Group

13.

Customer’s domain software
application

services

B3. Project size characteristics

14.

Full time SW development team

5>Medium Numb&<c10

15.

SW development project effort

(actual)
*1 person-month=176 person-hout

S

2>Small Number (S)<=5 person-months

16.

SW development project duration
(actual)

Very Small Number (VS)<=6 months

17.

Estimated size of software

17.1

Past experience estimations

Expert Level>10 years

17.2

Source Lines of Codes (KLOCs)

5>Medium Number<=1@ICs

B4. Software Development Process (SDP) characteist

18. | SW development Process
18.1| Software Development Process | Plan-Driven
(SDP)
18.2| Plan-driven/Agile-driven Waterfall and Waterfall @&ototype

PART C: Integrated Project Planning and Monitoring Control

19. | SW development project effort (planned/actualdlS)

19.1| Project effort (person-month) as | 2>Small Number<=5 person-months
Planned
*1 person-month=176 person-hours

19.2| Project effort (person-month) as | 5>Medium Number<=10 person-months
Actual at the end

19.3| Agile-Driven variation = +7.41% Plan-Driven variati = +7.95%

20. | Project manager effort (planned/actual)

20.1| Project Manager effort (person- | Very Small Number <=2 person-months

month) as Planned

*1 person-month=176 person-hout
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20.2 | Project Manager effort (person- | Very Small Number <=2 person-months
month) as Actual at the end

20.3 | Agile-Driven variation = +26.32% Plan-Driven vara@t = +18.90%

21. | SW development cost (planned/actual)

21.1| Software Budget ($ USD) as 40,000>Medium Number<=60,000 USD
Planned

21.2| Software Budget ($ USD) as Actual40,000>Medium Number<=60,000 USD
at the end

21.3| Agile-Driven variation = +10.97% Plan-Driven var@t = +13.14%

22. | SW quality cost (planned/actual)

22.1| Software Process Improvement | 1,000>Small Number<=2,000 USD
Budget ($ USD) as Planned

22.2| Software Process Improvement | 1,000>Small Number<=2,000 USD
Budget ($ USD) as Actual at the end

22.3| Agile-Driven variation = +7.56% Plan-Driven varati = -25.44%

23. | SW development project duration (plan/actualil§p

23.1| Project duration (month(s)) as Very Small Number <=6 months
Planned

23.2| Project duration (month(s)) as Very Small Number <=6 months
Actual at the end

23.3| Agile-Driven variation = +11.54% Plan-Driven varat = +20.80%

24. | SW development defects/reworks (planned/actual)

24.1| Agile-Driven variation = +50.00% Plan-Driven vara@t = +31.82%.

25. | SW development defects/reworks removal (plafaodaial)

25.1| Agile-Driven variation = -17.65% Plan-Driven vai@i = -87.50%

26. | Understanding of Software Probably (4) = 54%
Development Process (SDP)

27. | SW development resources Probably (4) = 35%

28. | SW development on-time Probably (4) = 39%

deliverables
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29.

SW development in-budget
deliverables

Probably (4) = 48%

30.

SW development establishes and
maintains as planned

Definitely (5) = 41%

31.

SW development monitor as
planned

Probably (4) = 50%

32.

SW development achieve the
corrective actions

Probably (4) = 57%

33.

Appropriate software process
development (SDP) in a project

Probably (4) = 39%

34.

SW development establishes and
manages stakeholders

Probably (4) = 48%

35.

Customer satisfaction rating

Probably (4) = 52%

36.

Employee satisfaction rating

Probably (4) = 46%




