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ABSTRACT

Purpose: The purpose of this research is to develop defense quality evaluation model in order to improve
the problem of private sector quality evaluation model and propose the total integrated defense quality man-
agement model which enables to evaluate not only large defense industry, but also small-medium industry.
Methods: This paper consider the characteristics on ISO 9001 Quality Management System, single PPM, PASS
and defense quality and develop defense quality maturity model and index which enables to measure the
current quality management level and characteristics and to evaluate operational characteristics in each ma-
turity level for domestic defense industry.

Results: From 176 DQMS certified defense industry, the defense quality maturity level is 68,2, C grade. The
large defense industry shows, 80.9, A grade; medium industry 69.7, C grade; small-medium industry shows
54.1, D grade. Through the classified types of industries, the current level of quality management of defense
industries was diagnosed and the areas to be supplemented for the total quality management were identified.
Conclusion: Developed DQMI can be used as the basic information for spreading quality management activities
in the defense industry by diagnosing the overall quality management of existing defense industries and quanti—
fying the ambiguity of non—-metric measurements and measurement standard that were presented as the

threshold of the defense quality management system certification process.
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2. o124 W7 % AYAT

= g k. aANESS HEME AES BRE s
e E F AEF Y F AlzEojop Hrh. LA}
Croshy(1979)& Z2<& o7AEM gt dxst= A %E(conformance to requirements)® A8t om,
Seghezzi(1981)+= ¥TE5AH dX3le=  A%(conformance with specification)®  #4&  A|A8h
Juran(1993) 4Rz} BHolA F4o] AHZE &ko] W3t Heet A% (fitness for use)Zt A2ol3H3 om,
Feigenbaum(1983)2 E2& A& AH| 29 ARGlA AHate] 7|djol] 338l viAlY, 7&, Al 5ol &
2 EAEY AAAS Ao gt Attt Gryna and Juran(1993)% E2& mAM9kE(customer satisfaction)
S % Tenner and DeToro(1992)= AFolvh AR|27}F 7o) wA| A o] il HRAQ] 7|t E SHAIN2ZH Y- ¢
o A4S WA= ARYAY defoltal #AS AYsgith W= 3T E 3] (American National Standard
Institute: ANSD9} &2 #2]83](American Society for Quality Control : ASQC)AM & #lFo|Lt Au| 27} e
AYaL e Folxl 875 WA= 93 AN 54 9 EA F24S Aosta Sl

[SO 9001 F27GA = el A= FHold A5 o] 874 SFA7I= Aoletar Adstal gl
stol F4 oot I i FE FAA Y V1A= FAE WFAE, AvE 5ol big a5 EE A

THEA7= Aolekal Aeofatar vk 7]EATelA Aolw F2e TN

2
2

12 294 & Au| 22, Al Sl Aue] fe BAEe] 1A olsHARE)
RFARFE WEAF)E GEeka 4eld 4 9lrh. Taguchi and Clausing(1996) o]} @ ¥4 S4E AFo] A
g olF AFA EAR e wAel EAW L) Adon AuEgid.

AANF(1999)= FA, Eg 9l Mol AAS L o] 2 AFgsh= T4 A9V 5 224 ISO 184S Ao, =49
T W] Y F4EE SF, FERT, AAY, FANAY S deske Aol sidlen, 2274
A Fhoje} Hu AG 5o Aol Fasitia SIS o)A, o8ty

S =

29 4% =Y, A8
220 At 9159 FAYGA L THE ANSA AET, B, HEF016) 150 9001:2015 47



482 J Korean Soc Qual Manag \ol. 47, No. 3: 479-496, September 2019

2.3 DQMS(Defense Quality Management System)o] tHgt g+

Al
A

AR el A=

s

DQMS9| 9]

Aol Apol7h Svkar Faklet. =A<, o] =(2011)2

d}
=

1{]__

=]
=

A1g7e]

719} CEO 2t 4de] DQMSS]

!

oF
el
Njo
o

SW

HO]—

e

(2017)

=
]

AATsFA. o]

DQMS(ID o= o] st FHFFAI=E 2 ARNS
TE AA

Els

2 9

e,

3

B
oy
=0

Hlo

T

A

DQMS] 7K

B
_EL

o

73t

2do

LS

<
el
_mvo
ﬁo
<

A

: Quality Management

w47 95 =(QMMI

Crosby(1979)
Maturity Model, ©]

o

& A%

3t Crosby QMMI =&l

} QMMDE DS A A]

9

S 71A, B QUMI E2 9]

3

1Atk Crosby ] QMMI

S

42 A

E
=

QMMI =2 (Crosby)

KX
T

1771 ©Qch. Chang et al.(1993)

o] o
L RS

o ¥
&L 5 2P A (awakening), B4 Wl (active), =2 (breakthrough), #H4H$]

T

2

HAepd o] Hglen, e5d QUMI

X

3

q

(world class)9] 4@AIZ -

3

O

FEFEA

A (uncommitted),

e v 43

1At} Dale(1992)

A A&

(drifters), =7-A & (tool-pusher), WA eHAl(improvers), =24 A (award winners), A7l

e,

3]

Tl QUMI E&-E A4

]

(world class)d] 6HHAIZ F-&

3. A4

AX

3

3.1 a9+

)

3

K

YL EAFDOQM) #4E 5

o Table 20l A|A]%F upe} Fo] Q914

A4 AT A3

AR 74

o

i 7 &

S

ERS L

A=A (DQMD 9} AR HH o= 7]

mjn

aig

iz

ruze)

N

& FES 7

+ DQMD

9|

(Defense Quality Maturity Index, ©]

o<
T

SLEFEASGEA

1] 9%

9|



Jeong et al : A Study on the Development & Evaluation of Defense Quality Maturity Index 483

fd
ik
M
g
el

=3 DQMIC Fade AAs 7] Asl 714 f A= et 7 Aol S AAlskien, DQMI &6

He B3] 93 719t QshAE B,

Table 2. Research Procedure

’ Research Procedure \ ’ Major Activities
1. Select measurement factor I Literatgre Review/ Expert group questionary
evaluation

’ 2. Select the weight of the final measurement factor ‘ = ‘ - Selection of weights by industry size \

’ 3. Pilot analysis ‘ = ‘ - Expert group pilot analysis \

’ 4. Select final sample ‘ = ‘ - Survey of Defense industry \

[ 5. DQMI analysis | = | - Select DQMI |
|

’ 6. Analyze of group difference by size, munitions ‘ = ‘ - T-test/ANOVA

- Analysis of cause and effect of industry

7. Analyze DQMI characteristics =
performance

Table 32 7] 28 ATE B2 FAEYRLY] SAHRRJES vl X2 o|2fd 8158 ddt 3 533}
o

st &8 s Bl Ayl F2 Fg9 AT 21l

Table 3. Comparison of Indicators for Development of Defense Quality Maturity Index (DQMI)

. Quality
Evaluation Award

Standard MBNQA | Crosby | Chang Dale 9001:2015

Quality Maturity ISO Single PPM
QML pass)

Leadership
Strategic Planning
Authority & Responsibility
Customer/Market Oriented
Customer Satisfaction
Measurement/Analysis

Knowledge/Information
Management

HR Management
Process Management
Improvement Activities
Business Performance
Customer Performance
HR Performance
Quality Performance
Leadership Performance

~|O|» |»|O|0|0|O| » |(©/0|0|0|0|O

0|0|0|0|0|0|0|0| O |©|0|0|0|0|0
>~ [p[p>] > p|~|~|~»|O
~/»|»|0l0c|o|»|»| O |O» »|~[»|»
~|~|~lo/»|o»|~| » |p|O»|~O»
~|O|0|0O|~|©|0|0| O |(©|0|0|~|0|0
~|0|0|0|0|0|0|0| © 0|0|0|0|0|O

© : Equivalent/Mostly Equivalent, A : Somewhat Equivalent, / : Not Equivalent
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2 ATAIANE T4 FF A o] FEARE MEE A759(2014)] 2AE &85t PILOT 45 A8
Qo A3 sr Fa719E FHEAFTERI(PASS)S &Esto] AF L3S Wikiord 24 H83iql) 5 &
|4 54203 AF T332 Table 49 2t}
Table 4. DQMI Measurement factors and detailed questions
DQMI Measurement Factors Details
1. Leadership
- Quality leadership 10
- Quality plan implementation
- Role, responsibility & authority of organization
2. Quality Planning 7
3 Quality Management System Operation
- Operation planning & management 25
- Requirement/design/provision of product & service follow-up management
4 Support
- Resource management/document/facility/HR management 24
- Quality education
5. Performance Evaluation & Continuous Improvement
- Measurement, analysis & performance 20
- Continuos improvement
6. Industry Performance
- Quality performance 10
- Business performance
Total 96
3 At=d 14
DQMI 713 913l 671 2918 &8 XFRASs o3 o] 743130tk
* DQMI(Defense Quality Maturity Index)
6
DML = Y Wy, X;, i =1,2,3:j=1,2,3,...,6
i=1
o] 7] A
iAol mhe QElazA 1o]w g7]ql, 2019 FA719, 301 FA719E ofvjad,
j 1 3R ekl A822A 1o 2E4, 2olw E47], 3019 FABYA 2
9 29, 4olvl AQBE, 5ol A3 2 AN, 617 |AIE ek,
of ZA8Q %, j=1,2 34,5 6
Hgsr juA 24712 A 3
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e X, 3k A% BFS 1008 BAHP5E WG AOR tha3t o] AEh

k=1
Y, a2 i 54810 AR @l e S8 Wol™ St 54 HER SAHE AT

& 100502 B43p) A8 drolth 531, = 54 Aol AR 0HE

X (m—1), 9714 me A= 2AAe] Aol 55 epd 914l o4 4t
}.

4,1 BEo] 34
AA FELS DQMS 21ES alj z
o] BT} o] F BAA LIt AE 8 reto] 10% o)l 7IQES A 1407 HAAE AFE BA gB

o A-&3s3irt.
Table 5. Sample composition

Category Large-Sized Mid-Sized Defense Small—Medium . Total
Defense Industry Industry Sized Industry (Final Sample)

Land System 9(4) 14(11) 27(17) 50(32)

Missile & Electronic 4(4) 5(4) 11(10) 20(18)

Combat Material 6(6) 17(17) 38(34) 61(57)

Ammunition 3(3) 2(D) 10(7) 151D

Naval 4(4) 12(12) 16(16)

Aeronautical 4(4) 1(1) 1(1) 6(6)
Total 30(25) 51(46) 87(69) 168(140)

4.2 2124 9 e 24

71 DQMSUISO 9001: 2015)¢] &4 QJES 7Nke g AT o AU

=
4g ANk A SEE 13 Held aRAS AN F A4 95
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Table 6. Second confirmatory factor analysis results

Measurement | Questionary | Nonstandardized Standardized
Factors Number Lambda CR. P Lambda Brror AVE CR
- Q11 0.895 26.826 ok 0.91 0.04
- Q13 1 0.97 0.01
Leadership - Q15 0.621 10.509 ok 0.66 0.11 0.91 0.98
- Q17 0.902 19.064 ok 0.82 0.11
- Q18 0.917 15.908 ok 0.84 0.10
- Q21 1x 0.79 0.28
- Q23 0.971 13.767 ok 0.87 0.16
Quality Planning | — Q24 0.882 12.071 ok 0.75 0.30 0.76 0.94
- Q25 0.917 14.063 ok 0.93 0.07
- Q27 0.684 9.537 ok 0.69 0.24
Analysis of oper— - Q29 0.757 12.005 ok 0.83 0.42
ation & customer - Q30 0.556 10.02 i 0.73 0.44 0.58 0.84
requirements i Q31 L 0.85 0.65
- Q32 0.346 8.693 ok 0.68 0.25
- Q34 0.847 14.066 ok 0.85 0.17
— Q36 1% 0.90 0.15
Product & - Q37 0.951 15.184 ok 0.88 0.17 077 0.95
Service Design - Q38 0.87 14.595 ook 0.86 0.17 ’ '
— Q39 0.622 9.807 ok 0.66 0.30
— Q40 0.674 10.883 ok 0.72 0.27
- Q42 0.97 22.573 ok 0.98 0.02
Product & - Q44 0.727 9.702 ok 0.67 0.32 0.84 0.95
Service Delivery| — Q45 0.947 19.374 skl 0.91 0.09 ’ '
- Q47 1# 0.87 0.14
Follow up — Q49 1* 0.96 0.02
Management - Q51 0.871 17.702 ok 0.86 0.05 0.95 0.98
- Q52 0.933 16.548 ok 0.84 0.07
— Q53 0.996 38.426 ok 0.97 0.03
- Q54 0.978 45.224 ok 0.98 0.02
Resolrce - Q55 0.618 11.859 ok 0.72 0.16
Management - Q56 0.549 10.509 Kok 0.67 0.17 0.90 0.98
— Q63 1% 0.96 0.04
- Q64 0.96 21.635 ok 0.88 0.12
- Q65 0.991 41.966 Kok 0.96 0.03
Facility — Q67 1* 0.95 0.08
Management — Q68 0.551 8.758 ok 0.63 0.27 0.66 0.85
- Q70 0.979 10.9 ok 0.71 0.60
- Q72 0.881 10.351 ok 0.74 0.95
QA Education - Q73 0.975 12.116 ok 0.85 0.36 0.54 0.78
- Q76 1* 0.84 0.37
- Q77 0.888 21.12 ok 0.84 0.17
Measurement, — Q738 0.934 32.655 ok 0.95 0.06
analysis & per- | — Q79 0.845 21.794 ok 0.86 0.14 0.91 0.98
formance — Q80 0.964 43.007 ok 0.97 0.04
- QB2 1% 0.98 0.03
) - Q90 0.463 8.941 ok 0.67 0.28
Continuos = [ Qo1 0.757 10409 | =+ 0.76 045 | 059 | 091
Improvement = gy 0.791 10.695 | s 0.75 0.49
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Measurement | Questionary | Nonstandardized Standardized
Factors Number ! Lambda CR. P Lambda Brror AVE CR
- Q93 1 0.83 0.49
— Q94 0.803 11.597 Tk 0.82 0.33
- Q95 0.862 10.649 ok 0.78 0.50
- Q96 0.895 11.729 ok 0.81 0.44
. - Q1 0.886 11.445 ok 0.77 0.47
Per%frlrl;yme - | Q 0.938 15.605 | *n 0.87 021 | 070 | 0.88
- Q4 1 0.88 0.24
. - Q7 0.917 19.547 ok 0.79 0.66
Pe]i‘fffrfjjce - | Q 1+ 0.97 008 | 072 | 0.8
— Q10 0.98 23.415 ok 0.93 0.21

wex P <0.001 ©)3k * Q98 AR

ajul EEsh Brhe] A9 063 o|olojof gk, WA 58T F Al Hale] 29 Bako] 0639 AN kst
Ag 71 9] 5ORGES B 0.63 o402 ek} 34 aglol ula 71 RAQ) e Snsge. BEEAtE

0 2
Z(AVE)= 0.5 o], /B2 =(CR)= 0.7 o3 45 A3 dds gud AR ddd 5 S, &
AFelAE B ol 2xEe] FXHJoH, 1370 88l

p<0.001 ©]3h), CMIN/DF = 2.2, GFl(goodness of fit index) = 0.894, AGFl(adjusted GFD= 0.821, CFl(com-
parative fit index)=0.841, NFI(normed fit index) =0.818, RMR(root mean square residual) = 0.059% =% 3}
& 7Fsd o E yetth 74 e ddAdd ) i) a9l 1k el A4S A A3 Table 7
o AAIS e} o] SMC #F 5 7P 2 %ko] 0.303%1 ¥H AVE k] 71 2k ghe] 0.5402.2 Yehd 891 7H
HEGAE SEE Z o et

Table 7. Feasibility analysis between factors

F1 F2 F3 F4 F5 F6 E7 E8 9 F10 | F11 [ F12 | F13
F1 | 0.702

F2 10134 | 0.719

F3 ] 0034 | 0.006 | 0.908

F4 ] 0126 | 0022 | 0.183 | 0.757

F5 10134 | 0062 | 0.110 | 0.264 | 0.577

F6 | 0066 | 0001 | 0.052 | 0.057 | 0.162 | 0.766

F7 10019 | 0003 | 0.047 | 0.154 | 0429 | 0.249 | 0.842

F8 1 0.027 | 0002 | 0.123 | 0.180 | 0.266 | 0.079 | 0.272 | 0.947

F9 10073 | 0016 | 0.142 | 0.187 | 0.208 | 0.082 | 0.230 | 0.303 | 0.904

F10 | 0.001 | 0002 | 0.179 | 0.081 | 0.080 | 0.000 | 0.038 | 0.091 | 0.047 | 0.656

F11 | 0.009 | 0052 | 0.051 | 0.085 | 0.132 | 0.014 | 0.069 | 0.034 | 0.048 | 0.017 | 0.540

F12 ] 0024 | 0022 | 0070 | 0191 | 0.169 | 0.017 | 0.140 | 0.050 | 0.103 | 0.105 | 0.124 | 0.906

F13 | 0.226 | 0054 | 0231 | 0.274 | 0214 | 0.149 | 0172 | 0126 | 0.158 | 0.109 | 0.150 | 0.260 | 0.585

F1 : leadership, F2 : Quality Planning, F3 : Analyze operations & customer requirements,
F4 : Design of products & services, F5 @ Delivery products & services,

F6 : After management, F7 : Support management, F8 : Facility management,

F9 @ Quality education F10 : Measurement, analysis & evaluation,

F11 : Continuous improvement, F12 : Quality performance,F13 : Business performance
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4.3 SH8QE A A3

B dAellA s 719 e FAAR FHAAD TS 48] flal DQMIC 67] alel tigk HErt 7R E
S WOl FH0TE 73 Aol e aeFAdY d5HY dTdEH A F44
Ao 7, dgtug 28 7Y FE49 99 dLES e 719 R 67 8ol g T AE
AT AF 7FeA] AbEe AHPell 913k 67] 2919 A nlal S FE HF 7 AE AAsgl o A
2879l AE7F 25 & 434 HlE(Consistency Ratio : CR)°] 0.1 o]3}el SHits 2833

T
I
Facror el | = | e | e | == | e

Teasuremen

Quality
performance

Facility Continuous Business
management impr: P

Sub-
factor

Quality I

[ —

Figure 1. Structure of DQMI measurement factor

Figure 1& DQMI®) 7154 %2 ekl 8o, 39 67 2200 sl 754 £48 23} 2a719e
Y37k 9 ANBE] g FaE 29102 tehtor] FAZYA 2T £90.2), AEA0,
et

W 72719 e 40.20), FAFGA 4
Aol7k wAse AL 71900 AN 3

%
Zawo 297} vl veht slow w

5
ey
o
ut
i
X
)

s
=0

+%9(0.20), F4719(0.19) £o.= YeEtT) o3 7]
) F21e) ST Bepn J19e) e 844 54

4.4 FYFIRSEASDAM) %7} 71% 44

Ao A= DQMS ¢15S wHe 176702 WAk 719 E & AA 14070 7]19S &4 R o= 3235197] w&o

EA 37t 71Es AAske] Tastsl7|Bet AAl 22lo] Ag Aes WUtE g Sl dAA WUt 55 AAE A
stk A4 14070 71999 DQMIZ 7]5# 2 % K-means 7 {#4S 2289 0n Table 8, 9, 108 DQMIE 7]
o2 23 BAE ANG Aol
Table 8. Cluster center distance
Cluster 1 2 3 4

2 12.948

3 24.398 11.450

4 18.914 31.861 43.311

5 36.288 23.340 11.890 55.201
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Table 9. Final score of each cluster

Cluster Number
1 2 3 4 5
DQMI 56.39 69.34 80.79 37.48 92.68
Table 10. ANOVA of each cluster
Cluster 2} o a1 =]
qEAE | Ave | 9@dg | Ase F e
DQMI 5445.902 4 12.333 135 441.571 0.001
A AASE A A= DQMSE 1F w2 17671 719 & 14070 7194E9] AA) doleg &3 slo=
TR0 HS vk 23} Table 90|49} 7o) 5719 FHOE YERH o|& 7|22 I DQMS J57I9E
o] T 71EE ANSIA B R F Aol AL SE S ae] BARAS ANG A3t B0 §
ok A3} Yehy, o]l& EdiZ DQMIY] #7135 Table 113 2+o] 90 o442 S, 80~90 m]wke A, 70~80
Hgke B, 61~70 "vk> C, 18]l 60 olsk= D2 ATt
Table 11. DQMI Rating criteria
DQMI Grade Cluster Average
90 Above S 92.68
80-90 A 80.79
70-80 B /
61-70 C 69.34
60 Below D 56.39, 37.48
4.5 DQMI &4 A}
4,51 719 =48 £4 Zx
Table 125 DQMI 67 &4 2219 tigh 71 28 £ Ao gL F47199) 49 49.12 A4 67)
=4 aolol ojek 7ol JiiHom il veht 24 o) 949 FAske 4% BHoRA 48L $Y5
2ohs o2 BAHACh B FAYTeh AIAE ST 71 Te) B vhe SR E s g
o2 v Yehd g el 24 Ul FA74 Y 19 A sEo] Ho FFAGA L 9 — A7 E Ak
— 7194 %E dA4HE Aed €59 F8 802N JTE FaskA]| Kb oE A AT
Table 12. DQMI 24{Z 1}
Leader—shi Quality DQMS Support gjjﬁ;glj:c; Business DQMI
P Planning Operation Activities Performance | (Grade)
Improvement
Large 75.61 83.1 87.56 71.71 87.25 78.08 80.92(A)
Mid 73.68 59.32 71.75 74.63 73.49 67 69.72(C)
S-Medium 49.12 55.43 58.25 55.45 51.35 57.92 54.13(D)
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4.5.2 IF AALGEZ 1A/ AR LAA) 24

Table 13 w3% AAE T Azolt), dubdom AHAAAA L] LA GTw0] T WA 24 = o,
o EAV1E, FAYGALY 2, A7 L AN ) B QolA FIAA nrks nES Ao e
ok AHALAAL B9 A7 He] e SAacnth Ao Sl e o) FARYBEY Fad
s gy of&gted wpet F247180 dish FRE7F AR eR e Aos FAH

Table 13. Analysis of Armaments Systems (Weapons / Combat Supports)
Leader Quality Quality man-— Support Perforrpance Business
. . agement Sys-— . evaluation & | Performa DQMI
-ship Planning . Activities | .
tem operation improvement nce
Weapon System 61.07 67.23 70.05 68.39 67.67 67.53 66.44(C)
Combat Support | a1y | 5353 64.81 59.2 61.2 60.1 | 60.54(C)
System

4.6 DQMI &4 &4

4.6.1 T AAE DQMI o] £4

794e] TEE AAE S mE G5 Aol Bid Y W5 Aol F4E FHAN B4 2 A
231 EARMAE T8 Sl 71952 DQMI 5244 digh o 7 Hytatol & vlaskolct, i ALt 50
uhe 714] DQMI #F Aol7k BAH O fel842 N3] 915 271 Weel DQMI 7ol te S -
A4E ANS,

Table 14. T-test result 1
Group Average Standard Deviation Standard error of mean
DQMI Level Weapon System 66.44 15.03 1.65
Combat Support System 60.54 11.18 1.48
Table 15. T-test result 1
[sometric analysis T test for the identity of the mean
Eaually Probability of | Probability of | A
distributed robability o robability o verage
DQMI F significance significance difference Standard error
Level 2 2 1912 0.001 0.013 ~5.89836 2.34
o) # o} 0.009 -5.89836 2.22
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Table 16. Analysis of variance by company size
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Table 17. Post analysis (difference between groups)
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Table 18. Results of Regression Analysis1
. Degree of
Model Sum of squires Mean Square F D
Freedom
Regression 1494.04 2.00 747.02 4.06 0.02
Residuals 25209.87 137.00 184.01
Total 26703.91 139.00
Table 19. Results of Regression Analysis2
Beta Standard error t score p
Quality 0.21 0.06 2.42 0.02
Performance
Business 0.05 0.04 0.56 0.57
Performance

3914 A1 Table 18, 19 vehd 23} o] DQMIZE FdAFoll= A4 o2 A7} ole AL
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Table 20. Path Analysis DQMI and performance

Pathes between factors Direct path

Indirect path

DQMI-QP(Quality Performance)—BP(Business Performance) / 0.159(0.004)
DQMI-QP(Quality Performance) 0.372(0.007) /
DQMI—BP(Business Performance) 0.093(0.496) /
BP(Business Performance)—QP(Quality Performance) 0.428(0.007) /
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________________________ Quality  |-===- Indirect: 0.159(0.004) -~
performance] '

performance

0.372(0.007) 0.428(0.007)

;
i
;
i
% :
DQMI 0.093(0.496) Business
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Figure 2. Path analysis between DQMI and Figure 3. Results of path analysis between
Performance DQMI and performance
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Figure 4. Classification of industry types
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