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ABSTRACT

Purpose: CMMI is a process model used to assess or improve an organization's software development
capabilities. This paper deals with the quality indicators when using CMMI and their priorities for possible
improvement.

Methods: The 22 process areas and 167 practices of CMMI are matched with 60 indicators of Quality
Scorecard(QSC) first to analyze the balance of CMMI in terms of prevention, appraisal, and final result catego-
ries and second to isolate a set of key areas for quality focused performance measures.

Results: A total of 86.2% (144 out of 167) CMMI practices were mapped to QSC. According to the CMMI
level of maturity, level 2 and 3 accounted for more than 75% of the total. The practices at the maturity
level of 4 and 5 were mapped to more than 52% of the final result's measurements. It has been observed
that CMMI practices need further elaboration at higher levels to consider prevention, appraisal, and final
results simultaneously.

Conclusion: In order to improve the quality performance of the organization by applying CMMI, the final result
measures should be refined in metrics, cycles, and methods, and then corrective actions could be conducted
to improve the performance of CMMI practices. This strategy would help the practitioners benefit from CMMI

in fostering the overall quality level of key activities for the organization's business goals.
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Table 1. Indicator Criteria and Performance Measurement methodologies

Category Author Year Contents

Relevance, Importance, Understand-ability, Influence to
business performance,

Hart 1980 . .
arty Data availability, Uniqueness,
Indicator Exclusion of Manipulability, Comprehensiveness
Criteria Relevant, Bounded, Comprehensive,

John Bourn, NAO 1997 Valid, Reliable, Consistent

Relevance, Measurability,
Proper no. of indicators, Proper target

A.V. Feigenbaum 1956 | PAF (Prevention, Appraisal, Failure)
Cooper and Kaplan 1992 | ABC (Activity-Based Cost measuring)

Chung Kyu Suk 2018

Performance | Kaplan and Norton 1993 | BSC (Balanced Score Card)

Measurement | Dahlgaard 1992 | COQF (Cost of Quality Framework)

Kanji and Sa 2002 | KBS (Kanji's Balanced Scorecard)

Oztaysi, Kahraman 2017 | FANP (Fuzzy Analytical Network Process)
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PAF S-QS5C(5units) G-QSC(10units) D-Q3C(20units)
P 1.1.1.1 Purchase (rder Review

F1.1.1 Supplier's Quality Plan

P11 Suppler Quality Assurance P1.1.1.2 Supplier's Quality Plan
F1.1.2 Supplier Evaluation P1.1.21 Supplier Evaluation
P1.21 Design Pre-wew P1:2.1.1 Design Cualty Pre-View

P 1.2 ProductiSerace Development P1.221 Product Design Certification

P1.22 Product'Service Design Test
P1.222 Product Field Test

P1.3.1.1 Operational Quality Plan

P1.31 Operational Quakty and Support Plan | P1.31.2 Safety Prevention

P1.3.1.3 Contamination Prevenbion

Prevention P1.321 QC Expense

Measures | P1.3 Operation (Manufacluring or
Service] Quality Asswance

P1.322 SPC Expense
F1.323 QP Planning

F1.32 Operational Process Management

P1.324 Quality Analysis Expense

P1.3.2 5 Quality Education/Training
P1.3.2.6 Quality improvemen

P1.41 Liability Plan P1.4.1.1 Product Liakety Plan
F1.4 Risk Assurance

P142 Insurance P 1421 Insurance

P151 Confract and Document Review P1.51.1 Contract'Document Review
P15 CustomesMarket Need Analyss P52 1 Marketing Survey

F152 CustomerMarket Survey

P1.52 2 Customers Surey

Figure 2. List of QSC Prevention Measures
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PAF S5-Q5C(4units) G-QSC(Bunits) D-QSC(16units)
AZ111 RaEw MAENas Inspectnn
A211 Supplier Product Evaluation
AZ1 Supplier and Product Evaluation AZ1.12 Supplers Producl Qualification
A212 Suppher Product Evaluation Suppon | A21.2 1 Inspection Equipment
AZZ1 In-product Product Evaluation A2211 Specidl TesiManutactuing)
{Inspection) A2212 Laboralory Support
AZ221 System Pre-Test & Inspection
AZ2 22 Process Management Measure
A 22 Operabonal System Evaluation
Appraisal A 222 Operalional System Evaluation AZ223 Tes! Equipment
Measures A222.4 Internal Audit
A2225 Firancial Efiects Evalsation
A223 Producl Assurance A2231 External Product Assurance
AZ311 Product Evaluation
A231 Product Evaluation
A2.3 Product and Fieid Evaluation AZ312 Invertory Check
AZ32 Field(Plant) Evaluation AZ321 Fisd Evaluation
AZ411 ProductiService Investigation
A2.4 CustomesMankel Analysis AZdA m Salisfac bonMarket
AZ4.12 Customer Salisfaction Survey
Figure 3. List of QSC Appraisal Measures
PAF S-0SC(Gunits) G-QSC(12units) D-QSC(24units)
FR3.1.1.1 Stralegy Success Rate
FR21.1 Skategy Resulls
FR31 Leadership Results FR3.1.12 Action Plan Success Rabe
FR212 CSR Resulls FR31.21 Penalties
FR3.211 No. of Suggestions
FR221 HRM Results
FRE212 Mo, of Problem Sobving
FR32 HR Results FR3.221 No. of Programs
FR32 2 HRD Results FR3222 Tralning Success Rate
FR3.223 Training plan execution rake
FR3.3.1.1 Cycle Time
FR3.3.12 Unit Production Cost
FR3.3.1 Work System Operational Resulls
FRA3.3.13 Imventory Lewel
FR13 Operational Results
Final Resu FR3.3.14 Inventory Tumover Rabe
Measures

FR33 2 Key Works Opérational Results

FR.3.3.21 Rework/Repair Cosl

FR3.3.22 RetestRe-inspection Cost

FR.34 Product’Senice Results

FR 341 ProduclSenace Results

FR.3.4.1.1 Design Comections

FR3.4.12 Design Change rework

FR.34.2 ProduckSenice AMS

FR34.21 Recall

FR.35 CS Results

FR351 Csl

FR3.51.1 Cuslomer Complainis

FR352 C5 Awareness

FR3.521 New Customers

FR36 Financial & Markel Results

FR 3 6.1 Financial Results

FR3611 ROC

FR3.6.12 Revenue

FR3.6.1.3 Revenue Intrease

FR36.14 Met Profit

FR 362 Makel Results

FR3.6.21 Market Share

Figure 4. List of QSC Final Result Measures
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Figure 7. CMMI Staged Model Structure

Table 2. CMMI Staged Representation Process Areas

Level Focus

Process Area

Optimizing:
Continuous Process Improving

Causal Analysis and Resolution (CAR)
Organizational Performance Management (OPM)

4 Quantitatively Managed

Organizational Process Performance (OPP)
Quantitative Project Management (QPM)

Defined:
Organizational Standard Process

Decision Analysis and Resolution (DAR)
Integrated Project Management (IPM)
Organizational Process Definition (OPD)
Organizational Process Focus (OPF)
Organizational Training (OT)

Product Integration (PI)

Requirements Development (RD)

Risk Management (RSKM)

Technical Solution (TS)

Validation (VAR)

Verification (VER)

Configuration Management (CM)
Measurement and Analysis (MA)
Project Monitoring and Control (PMC)

2 I\B/[;;iggf(.)'ect Management Project Planning (PP)
! & Process and Product Quality Assurance (PPQA)
Requirements Management (REQM)
Supplier Agreement Management (SAM)
1 Initial None
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Figure 8. CMMI & QSC Mapping Process
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4.2 QSC #3419l CMMI A5+

v A3} CMMIS] 167702 Practices 5 86.2%¢1 14471¢] Practices”} D-QSC2] 6070l =]l w3 =t}
(Figure 9). o} 320l gl Zlo] 12471& 71 Wekar 37} A3l wisd | 212 6470, HZE A3 A3zl i3
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= A thEa

CMMI
Total 167 Practices Prevention — 124, 74.3%

144 Practices
matched 86.2%

57
Appraisal — Final Result
64, 38.3% - 46, 27.5%
’ 21 23 ’
23
20 0 0

Total 167 Practices
23 Practices
unmatched 13.8%

Figure 9. CMMI-QSC Mapping Result Diagram
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CMMI Levell 29] ou]= #Ed @A(Managed) 2 o] ©A|9] 225 7| EZ4Q] L2 AE 7] LZA| 7} H]
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Table 3. CMMI Lv.2 = QSC Mapping Result

PA #”I;c;taslp I;é/[ag;hselgl Rate Prevention Appraisal Final Result
REQM 5 5 100% 5 1 1
PP 14 13 93% 13 0 0
PMC 10 10 100% 10 3 2
SAM 6 5 83% 4 5 0
MA 8 8 100% 8 8
PPQA 4 4 100% 4 4
CM 7 7 100% 1 7 1
Sum of Lv. 2 54 52 96% 45 28 16

Rate (144) 31.3% 19.4% 11.1%

CMMI Level 39] oJn|= Aol @A(Defined) 2 o] @Al 2AEL Z2A|27} £A418) 5ol 78} 5ol 23]
o ¥ ZRA2S B3 At 2AAN FPEE RE TRAEE 270 FF TIAAS AR (o]
CMMI 7H &ll4d A, 2013) = 11709] PAR G 5]o] lom oA 3te] 527, B7}F A3zl 2971, HE 4
8717k v =it

Table 4. CMMI Lv.3 — QSC Mapping Result

PA #'I;)oftaslp l;/laé;:hs(}(’i Rate Prevention Appraisal Final Result
RD 10 5 50% 5 1 0
TS 4 50% 4 0 0
PI 8 89% 1 8 0
VER 8 100% 8 6 0
VAR 5 5 100% 5 4 0
IPM 10 2 20% 2 0 1
RSKM 7 7 100% 7 0 0
DAR 6 3 50% 1 2 0
OPF 9 9 100% 5 8 0
OPD 7 7 100% 7 0 0
oT 7 7 100% 7 0 7
Sum of Lv. 3 86 65 76% 52 29 8

Rate (144) 36.1% 20.1% 5.6%

CMMI Level 39 ZAEL Level 29 39 PAE (% 1871)9] Specific Goal& ©AdsloF 314 2018 CMMI
Reportol| /] B50o] A AAF AS=9] oF 80% (14,382)71¢] %A o] AALAT Level.3 o =3 9th Level 3&
v SR TL Sk TRk AM el Zold 4= e A AHA 710l o4 H CMMIAA Level 37} 2t <Jv]=

a3ttt QSC #-AAME Level 374419 wfg vl&-S A5 BWH HA vfd¥ 14471°] Practices oAl o'd A
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ol w89 9770(67.4%) B7F A Eol i 5770(39.6%), 18] HFE AF} A Eel viFE 2470(16.7%) = HA|
ujsgell 76%(2347N % 17870, SEE3ol| g Hrt

CMMI
Total 167 Practices Prevention — 124, 86.1%

144 Practices
matched 86.2%

Level 2,3 - 97, 674%
Appraisal — Level 45 — 27, 18.8% Final Result
64, 44.4% - 46, 31.9%

Level 2,3 — 57, 39.6%

Level 45 - 7, 49%
Level 23 — 24, 16.7%
Level 4,5 — 22, 15.2%

Figure 10. CMMI Maturity Level Mapping Ratio

CMMI Level 3 ©7ell 9tk ofwl= QSC #3lell A 2vhd oy g9] 78.2%, B7} 259] 89.1%, HE 2t
A9] 52.2%% st Qrkar e 4 & 4= QAo vhAl el CMMI9| Level 39] &ewt S48k Fads)= ti

of d 53} Y7k HES Feha ek ojrlel Aol

Prevention Appraisal Final Result

Figure 11. Prevention, Appraisal, Final Result Mapping Ratio

CMMI Level 4, 5¢] ¢n]= AFA o 2 7] 5= Wl(Quantitatively Managed)$t 43} ©-A|(Optimizing) ©|
o} 7)ol mudh 2 o] EAE TR Aok AAE FHel e dAlS S dlolE 7 £ E A 9o o] E vy
o7 A&AQ Zr Az RS oA = qith 53] 249 nl=2yx Bxol AW ARE HAst] Ad H, &
o] AE vjwata o] &8 3 4 A Dok (o)A, CMMI W 314 A, 2013) Level 4,52 &34 4742] PA
7b 9em & 27709 Practices7} 2770 o A (16.2%), 70 B7F AF(4.2%), 220 HAE 23} A%
(13.2%)°1 S5l w8 w3Art.
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Table 5. CMMI Lv.4 and 5 — QSC Mapping Result

PA Total # of SP | Matched # of SP Rate Prevention Appraisal Final Result
QPM 7 7 100% 7 0 2
OPP 5 5 100% 5 5 5
CAR 5 5 100% 5 0 5
OPM 10 10 100% 10 2 10
Sum of Lv. 4,5 27 27 100% 27 7 22
Rate (144) 16.2% 4.2% 13.2%

&% Level 9J9l CMMI PA+ Engineering, Project Management, Support, Process Management 47]¢] ¥
7FA 3L 9t} Engineering Q92 /N oA BE AF T A9 st HE5E Z2AAER A
of glom T ZEAA A AHEE G JEF URkHSl ¥ Go]E AR A E AT 5719 PA(RD,
TS, PI, VER, VAR)7} ©]dl 43}, Project Management 398 T2 AEQ AF 48] ZUE Y 2 Ex¢ ##
gk 24 22 AE g o] EshETh 7709 PAREQM, PP, PMC, SAM, IPM, RSKM, QPM)7} oldl Z:3ic},
Support G Al M 2 A5 AYsh= oy Seso] X 53] thE oy ZEA| 0] 478 wWigto| A

AMREE oy ZzAA7E 238ET = 5709 PAMA, PPQA, CM, DAR, CAR)7} olo] £31t}. Process

L
il

Management 99L& 2420 Ao AF 7 I HL(H), o3, RUH, B4, Al 4 L 4 &
HE vt 22 AE Anle] 4% 558 x8sta vk 5719 PA(OPF, OPD, OT, OPP, OPM)7} o]el &gt}

(CMMI-DEV v1.3 3%, 2011)

A A€ Practices F HFEE QSC 9% EF¥Z B W Engineering ¥+ o &% 18.5%29 H7} %9
29.7%% AAstaL Qlom HE A A E= ISITh /i eE S5 iyt o Esd 97 dsel [
Ath= A& & o Stk Project Management 5= o -5 38.7%% ApAIstaLl vt W7heh HF A
o= 22t 14.1%% 13% it ol& 3 TRAE #e]o] dYotef = S5 o T4l9 Seoldal &
Aolt}, Support HF9| A9 W7t Fel 32.8%, A& A¥} A2l 39.1%5 AASkAL ASUT (Y s
15.3%) Process Management ol 23t &558 T A3} 2350l 47.8%F sk Ak (o 27.4
37} 23.4%) ol ZRA2Y HF Lx7F A9 1 A WE A #AlE Aol we Fesko A A
gejAola g&H 0w et she A(dlolH AWt TrA|2)o)7] wjtel] ZeAx~E AAlgtaL gelete A
o] HF AW Axe} AAH & FHel flvhe AS BT e Blolt) olF AP std ol i} 2l

,d
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Figure 12.
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Table 6. CMMI Category — QSC Mapping Result

Category PA #”l:)oftaslp I\#/klaghseg Rate Prevention | Appraisal lfel zj}t
RD 10 5 50% 5 1 0
Engineer—i TS 8 4 50% 4 0 0
ng PI 9 8 89% 1 8 0
VER 8 8 100% 8 6 0
VAR 5 5 100% 5 4 0
Sum 40 30 75% 23 19 0
REQM 5 5 100% 5 1 1
PP 14 13 93% 13 0 0
. PMC 10 10 100% 10 3 2
Pﬁgf SAM 6 5 83% 4 5 0
IPM 10 2 20% 2 0 1
RSKM 7 7 100% 7 0 0
QPM 7 7 100% 7 0 2
Sum 59 49 83% 48 9 6
MA 8 8 100% 8 8 8
PPQA 4 4 100% 4 4 4
Support CM 7 7 100% 1 7 1
DAR 6 3 50% 1 2 0
CAR 5 5 100% 5 0 5
Sum 30 27 90% 19 21 18
OPF 9 9 100% 5 8 0
Process OPD 7 7 100% 7 0 0
Mat. oT 7 7 100% 7 0 7
OPP 5 5 100% 5 5 5
OPM 10 10 100% 10 2 10
Sum 38 38 100% 34 15 22

#% Z3HFinal Result) A1 XZ¢} 74 943k #7412 2H= CMMIS] PAE MA, CAR, OPP, OPM ¢l A0 & eyt
t} EE MAAM AAsla(HE 54, 571, W) CARNIA & Q08 FA4sla 24~
AHE s Y8l AAZRAE 35 T, OPPlA 714 A §2] A5 val §4135kaL OPMolA 4] 9] Hj=Y
O~

ZEE G4 S8 ASHom ANET} F BES Bese o] QSCY AT A3} AX DHL 9D

T 7HA SHolA dEs AlAstaal gk AAE CMMI 719ke] 7
2|31 oJ™ Process Aread WA /AT A7 0la, EAl= QSCY
AAE slloF gtk Aoftt

des 73 & o w3 5
& ks

Az} A FE CMMIoIA
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4.4.1 $A=H 2%

Cost of Qualityoll#] %o A&4 s, dA4 dalle dAe 74 v&S Zo|7] Hsixe oy &3} 3
7h HlES FolA A v]ES ol E o HAA] F4 T v]go] sopxittar ofofr|staL 9tk dd T A
B CMMIE &83le] 54 /MA89S shela & o) o #]3%o] @2 Practices 7} & PAE WA Fdsh=
Aol AHAY 4= vk +A A o Aol @2 Aol 3lE PAREE Level 29 MA(Measuerment and
Analysis), PP(Project Planning), PMC(Project Monitoring and Control)©] 2™ Level 3¢ OPD(Organization
Process Define), Verification(VER), OT(Organization Traning) &°] St}

i Ao A= CMMI PracticesE F52 8]-83Fe] QSCell i 1517] Wil P, A, Foll wl= & Practices 7l
7} 234702 AA wFE 144708} 2ok}l Figure 99 U} 950 PAFo| =% wls = PracticesE°] 23747}
ASAIL PACl wisg8 22 2170, PFoll wisg gl Zlo] 2370 ojt). whebA] o A 71 A% sfutel] vge 55
o} ofe] A 3el A3l Practicesell A9 E Folv HHE B0 $HE9 44 7IeoE 9% 5 s Aol
o] 719 dFsh= PAZRE Level 29] MA, PPQA(Process and Product Quality Assurance)”} 912 Level 39
OT, OPF(Organization Process Focus), VER, VAR(VARidation)%°] 3l4d ®t}

o

4.4.2 2% A3KFinal Result) A& ¥tg

CMMI Institute oA+ F714 22 CMMIS] @39} Case Studyel tsiA R E i gt 20158 % KA
M= CMMI A9 32 E2 Time to Market, A°|A} &% AS AF 31Tt A H 2l AFE Tufts
Health Plan A= 25%2] Zdlo] 7+ 3}l (# of Problems Solved), General Dynamics< 64%%] A B 2~
g w88 d7 3t} (Unit Production Cost), Siemens® 7%+ aAWELE7F 42% 714 (Customer
Complaints) JP Morgan Chase & Co. 9] 4$-& Z2AE F71de] Hi AALE 70~80% =< & UAthar &
t}h. (Cycle Time) (CMMI Institute, 2015) 2003'd°l 3% CMU/SEI-2003/SR-009°l] B F1 412 ¢1 ALl
o} @oll thaA A5k 2l=d ROIReturn on Investment) &3} F-Euk A5 b Accenture AHS] 7

¢

=
Z7 g Ex g a2 5:19 274E £3589 3 Northrop Grumman IT A 9= 13:1¢] ROIE 9&
4= ittar d o] Ay AEFHoz CMMIS AHE d& 249 4% QSCY HF A¥ ARE =Y Hi 35
Hlas] & 4= ISk oAl el AAEA] CMMI 4§ 242 HFTA Y A RE AAsta #e ok ou =2 &4
g 4 Ads Aolth ks CMMIE 483t F2A3E Folge 24 e MA oA vj=y 2 5o W
e 2t 54 51 2 858 AYsta 54 AdE AT o HF A FEES HESF dheddrid A97
o] A &AQ A g WwolrbaA x4 F4 THAE Y AIA & F S Aot

B =Ro|xE CMMIY 227 T2 A~ A93) 519]9) 4971 Specific GoalS @437 93+ 167719 Specific
PracticesZ 42} 2bdsl Aol F4x % 548 aaste] /H2E Quality Score Card?] 60702 Aol vj=g &}
of 7 AN FAE Bokth A A3 86.2%%1 144719 EsEo] wig Helom CMMI AARe] oF 72% ol/d&
AA s A5 Level 35 @] 918 &E5S AT o |22 78.2%, B7F A £ 89.1%, AT A}
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A% 52.2%5 AW s Arh= A& & F AN

AT ATE SAR CMMI A4 7|4 E0] A&H oz FANE PIA717] YelM AT 5 e F 7hA] et

AAsrEeh A, AN $AE9E A4 g u o X ®oll }F5E PASl MA, PP, PMCE WA :38t41} PAF

7ol wisge] Ho] 2= MA, PPQAS /1A 915 =ooF gt} &4, MAOIA A=4o= 2T Ao ARES

Hkdafof e}, 1 o] f-= CMMIQ] A4 AHE A& 279 AxE0] QSC HF Ay} AnES wdstal ks
S AAESITE AAZ CMMI i sl CMMI Dev 1.3 229] 64 ol|Alo] S A wd A3} F49] T4

2 A gl A5 AL vk FEkL vk CMMIS 283 249 FAANE Eo)7] YsA HE 23

o

S MAOIA AABIA(A R Z4, F7], W) CAROIA - 9018 BA st T2AA A3E A8 96
‘1

4l 3L OPMOllA] z24¢] Hl=y 2~ 5318 95|
A3l A&EH o g NdsH A des BEEte s AFgor &8 & F USs Aolth
2 =wolA CMMI A3 AH & A5k 24E50] Al 2249 AxMAZE F4, |71, A2 34, ROls& A
Aata A &5 Tl A=A FEsHAl & (IS v Ad) Baxe sjg A5 s AE 7156k
AN7] wWizel G AxE Hel FgEo R Megs Aol stk ek A4l CMMI 48 2419 A5S 74
A Btk Aol & =9 dAt $OE MA el HF A3 AR5 A&ate Ao dg 88 H45S CMMI
& 7IHo g T S-S Fdste 229 #AAEANA A5E v Aol Fasith B Ao AAE AEH L
2 A A 43F A EH Ao dA A ALEY o] AlAEl FE3 o Y3 Autde] S Fojof
& Aol
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