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A Study on Critical Success Factors for 6 Sigma Project in
Construction Site using Factor Analysis
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Abstract : 6 sigma is a management innovation strategy which improves most of all managerial processes including transac-
tional and project based operations such as marketing, purchasing, accounting, and construction, Even though 6 sigma is trying
to solve problems from the customer’ s viewpoint in the scientific manner, project leader feels some difficulties in implementation
because of several reasons, Especially the difficulties are prevalent in construction site, This paper investigates the cause of the
difficulties through questionnaires, analyzes the investigation results, and verifies the critical success factors of 6 sigma implemen-
tation, Factor analysis has been usually employed in reducing quantity of data and summarizing information chaos. In this study,
several variables from questionnaires are grouped into just only four factors by the process of factor analysis, The critical success
factors are extracted as project management system, implementation mechanism, site condition, and project ownership, Some
ideas for each individual success factor are suggested, which are expected to be useful in successful implementation of 6 Sigma
in construction site,
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3.Improve 4.Control

1.1 Theme Selection / 2.1 Potential Cause

/

3.1 ImDro‘vementIdez> 4.1 Effect\l’eriﬁcatior>

1.2 Theme Chart / 2.2 Vital Few

/

3.2ImDrovunentle> 4.2 Standardization >

1.3 Theme Approval ;

Fig. 1 Road map for 6 Sigma project

Table 1, The status of improvement project

. 4_3 Acomplishment
3.3 Improvement Acl]% e >

27 Qe
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. Project total earning Earning by project Completion ratio Completion ratio
Year No. of project " i o . o
(milion won) (milion won) (Total organization) (Site organization)
2008 158 17 0.108 91 % 94 %
2009 407 278 0.683 87 % 86 %
2010 456 339 0.743 83 % 76 %
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[ Site name |

Tte nare of 6 sigma project
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I [ ]

1. =xpertisa

1-1. sthere cifficut ec recarding implem ertation methoda coies inclading statiziics?
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1-?. =thkerm riffinit e= recarding getting rnarh “or R Sigma?
|Jabsolrely not  2)Nc  3Doesnot care  4)ves  G)ébsolutey ves

2. Organlzatlon
2-1. There is not enough cons ceration of Figher officerincluding ste manager
1)Absolrelynot  2)Nc  DDoesnot care  dives  Dlébsolutey ves
2-2. There is not enouah sssigtance of Zolleagues
1)Absolrelynot  2)Nc  SDoesnct care  dives  Sltbsolutey ves

3. Sadoament
3-1. There is not enough leacership of prcject leadar.
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4. Toeme seleztion 31 (”%&' HH%‘
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Table 2, The result of questionnaires
No. | A B C D I} I8 G H I J No. | A B C D IE} IFl G H 1 J
1 5 4 2 2 3 2 4 4 5 5 22 5 4 2 2 2 1 4 5 3 5
2 4 4 1 2 3 2 5 5 5 5 23 5 4 2 2 2 1 4 5 5 5
3 5 4 2 3 3 1 5 5 5 5 24 4 5 3 3 1 2 4 5 4 5
4 5 5 2 3 3 3 4 4 4 4 25 5 4 2 3 2 2 5 4 3 5
5 4 5 2 2 2 2 5 5 4 5 26 5 5 2 3 1 2 5 4 5 5
6 4 5 1 2 1 2 4 5 5 4 27 5 4 1 2 1 2 4 4 5 4
7 5 4 2 2 1 2 5 5 3 5 28 5 4 3 3 2 2 5 5 5 5
8 5 5 1 2 2 2 4 5 5 4 29 5 4 3 3 1 2 5 4 5 5
9 5 4 2 3 2 2 5 5 5 5 30 4 4 3 3 1 3 5 5 5 5
10 5 5 2 3 2 2 5 5 5 5 31 4 5 4 2 2 1 5 5 5 5
11 4 b) 3 2 1 2 5 5 5 4 32 5 5 1 2 1 2 4 b) 5 5
12 5 4 2 1 1 1 5 5 5 4 33 5 5 2 3 1 1 4 4 5 5
13 5 4 3 1 1 2 5 4 5 5 34 5 4 2 4 2 2 5 4 4 4
14 4 4 2 2 2 1 5 4 5 5 35 5 5 3 1 2 1 4 4 4 4
15 4 5 1 2 1 1 4 4 5 4 36 5 5 3 2 1 2 4 4 5 4
16 4 5 3 2 2 2 5 4 5 4 37 4 5 3 3 1 2 5 5 5 5
17 5 5 3 2 2 2 4 3 5 4 38 4 4 2 2 1 1 5 5 5 4
18 5 5 4 3 2 2 5 4 5 5 39 4 5 3 2 2 1 5 4 5 5
19 4 5 3 2 2 2 4 4 4 5 40 4 5 3 2 1 1 5 5 5 4
20 5 4 3 1 1 2 4 3 5 5 41 5 5 2 3 2 2 4 5 5 4
21 5 5 2 2 1 1 5 5 5 5 42 5 4 2 2 1 1 5 4 5 5
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Correlations:

Method Coaching Manager Colleague Leadership Knowledge Theme

Coaching -0.278

Atolof A= A A7 R S WEhaL
Ql=d|, AEA Ail(correlation matrix)ol
A Qloll 715 g2 o] A (Pearson
correlation coefficient)o|al ofgjjo] &7|% <=
A= At -2 8HE(P-Value)©l™, P—Val-
ues 7|52 E §o4E 10 %ollA= 0.10]38}0]
H Adedol slow, {94 5 %ollA+= 0.05
o|folH Aol lvkal Ert, A7) B4 Aat
= M=o 2 8= ERE 3
A

Ad Ade A3 &, 8fdesds A A
Al et 8919 JHEAE YeEl =
2 gJAPE S &5k Aol &, A= 8
As = F JAATIA 2 8QlYE =R
B = 898 45 ==, Fig. 42
A4 Alg@d ol A2l 6A]1ut JHAEE Ol G
= A= W o F4E £4e & Ay
ofth. A& ko] 1.0 ol el 8902 47 8
o, o5 47 819 F3& 21524
ZEAl gk vlE-2 61 %EA UREE 7]l
60 %S “J2lst= gholth. Wk R.lE Ao &
| A adee 2 BEsHo

Leader Evaluation

0.075
Manager -0.152 D179
0.337 0.257
Colleague 0.096 0.031 0.013
0.545 02846 0934
Leadership 0.098 -0.091 -0.050 0.196
0.538 0.568 0.755 0214
Knowledge 0.065 0.050 0.040 0.355
0.682 0.753 0.200 0.021
Theme -0.210 -0.262 0.268 0.202
0.183 0.093 0.086 0.185
Leader -0.242 0.004 -0.220 0139
0.123 0981 0.161 0.379
Evaluation -0.108 0.128 0.037 -0.096
0.494 0.421 0.814 0.547
Control 0.067 -0.278 0.170 0.171
0.675 0.075 0.281 0279

Fig. 3. Corelation coefficient and p-value

0.095
0.549
-0.035 -0.076
0824 0.632
-0.024 -0.095 0.256
0.882 0.548 0.102
-0.159 -0.106 0.094 -0.020
0.314 0.506 0.553 0.902
0.098 -0.026 0.296 0.097 -0.108
0.538 0.870 0.057 0.542 0.494

129 |—



Journal of Korean Society of Water and Wastewater Vol. 28, No. 1, pp. 125-134, February, 2014

Principal Component Analysis: Method, Coaching Manager, Colleague, Leadership, Knowledge,
Theme, Leader, Evaluation, Control
Eigenanalysis of the Correlation Matrix

Eigenvalue 17862 16499 13862 12546 09548 08525 07049 06153 04738 03218
Proportion 0179 0165 0139 0125 0095 0085 0070 0062 0047 0032
Cumulative 0179 0344 0482 0.608 0703 0788 0859 0920 0968 1.000

Variable PC1 PC2 PC3 PCA PCS PCE PC7 PC8 PC9  PC10
Method 0112 -0533 0218 0217 -0328 -0006 -0389 0334 -0439 0213
Coaching  -0.388 0152 -0528 -0126 0183 0061  -0488 0050 -0031 0503
Manager 0084 0301 -0360 0609 0208 -0030 -0039 0190 -0394 -0405
Colleagu 0430 -0104 -0443 -0223 -0276 0043 -0263 0335 0442 -0323
leadersh 0263 -0293 -0114 -0097 0415 0774 0166 -0027 -0142 0058
Knowledg 0161 -0279 -0551 -0059 -0288 -0257 0387 -0425 -0297 0151

Theme 0446 0469 0046 0086 -0153 0031 0299 0349 0005 0580
Leader 0202 0318 0110 -0658 0041 -0087 -0.184 -0000 -0572 -0208
Evaluati -0223 0309 0004 0085 -0669 0564 -0070 -0244 -0074 -0113
Control 0510 0109 0133 0235 0111 -0046 -0484 -0613 0122 0124

Fig. 4. Principal component analysis

Factor Analysis:
_ Principal Component Mactor Analysis of the Correlation Matrix
3.4 Q019 3|™ _ ¢
— — Unrotated Factor Loadings and Communalities
Variable Factorl FactorZ Factor3 Factord Communality
QolE Mo A= @9l Halk(factor load Cosching 0519 0195 0@ o141  o71e
_ -_ achil -0 L = - »
R - v Tereiactor loa Managg? 0113 0387 -0424 0683 0808
. = = Coll 0575 -0134 0521 -0250 0682
1ng)% O‘%Ol’o:] Z}— Eﬂ'/]:‘%o] 01111@' —g—?_]_“é‘oﬂ L.:ade-?:g‘g: 0351 -0576 -0134  -0109 0295
Knowledg 0215 -0358 -0648 -0066 058g
=) N3 5 2~ =] U . L | 5
ol A== XS A ¢ ek, F, 2A K IEE 5% s o1 osy  oye
- Evaluati -0299 03396 0005 0095 0255
SlFe EX Q0olo] o HELET =8 A= Comiod 0681 0140 0156 0263 0578
o Vari 17862 16493 13862 12546 60769
&’E‘Z]% %_]'— —/l: ())J]\’E“ A0 ]tq ]E Xﬂ—l—o]-O:] %E\T::‘CE o179 0165 o139 0125 0608
WES 2 e Qolo] o3 Airl= He Fig. 5. Unrotated factor loadings
O] F4tH|Eo] Hrk, 2y AR = WaEo] o
= = o = H=]lgko Factor Analysis:
E‘] _8_?_]_201] EHO]'O:] /\]—1;7_]_- —9‘—?_] ‘I‘O]'%ke ]%E} Principal Component Factor Analysis of the Correlation Matrix
4 ARo= EA Hev) o]JEH Q0lof &£5F=X] Rotated Factor Loadings and Communalities
Varimax Rotation
=2 yglols =
= lI']-“l].o]’7] ]- Oﬂ q‘(Kang et 31 2007) [q- Variable Factorl Factor2 Factor3 Factor Communality
- - - Method -0.142 -0.736 -0.0%8 0212 0616
2ha] Mo @9l HolaFS AAbsle] FolafFo] Coaching -0435 0695 -0154 0134 0714
= w = = Manager 0420 0384 -0.043 0695 0808
54 folol Ak 9u oe adlt A Sew @ 67w oF o
O =] Knowled -0137 0049 -073% 0176 0599
7]- QE—% -9- U= QX‘] O]‘ﬂ] Q'E'tﬂ ‘g ﬁ;LOﬂ /\1 Theme 9 0825 0196 0.008 -0112 0731
- Leader 0247 0247 -0.059 -0.821 0799
L 3)A 0] Rz T2 A= rimax Evaluati 0004 0372 0333 0075 0255
- Aol #ztel Q T F= Va a Control 0706 -0256 -0103 0061 0578
HO Q 5l L XA ~E0
H& ARSIt Fig. 5= AdH Hese] & Variance 16983 15650 15184 12612 60769
- _ slaro % Var 0170 0157 0152 0128 0608
Qlofl thet B3 AEf o] 2.9l Fotds YEh
. - = Factor Score Coefficients
, Fig. 6= 34 H S el a0y
Variable  Factorl Factor2 Factor3 Facte
Socore)® e, Sageldel aa R GE B 0
=) = 1 o= Manager 0279 0243 -0.027 0558
Folgpo g HE ZF QQlof x3tE = HpEE B Colleagu 0099 0079 -0516 -0.095
= - Leadersh -0006 -0164 -02B0 -0045
33| ulelst 4= Q) Knowledg -0106 0078 -0501 0122
o o I =te} = T A Theme ° 0434 0121 0027 -0049
Sagdel Sd wegeReE acld] ok e b o
Control 0419 -0163 -0021 0.082
= AR A (theme) 2t -4]22] (control)

7]— :‘TE@;E] Uﬂ . 51?_] 201] = _-7_ ;ﬂ Ho]"ﬂ 2 (me tho d) Fig. 6. Rotated factor loadings and factor score coefficients
3} A=A Al (coaching), £.213°1= Y &

Z(colleague)®t HAFF TR A (knowl—  ager)Zt IA| || 9] =312 (leader) W7} X
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[0 (factor score)Tt FEE = 558l o] HshAQl sjARS FFte Havt
of thet =4k ormA, F7HA FAEAS ¢ AR, & AtollA= AR 6AIHE 7HA
o AR R R o] §d Wyt ofye}t ol Am FE A AddF o] e SeAANE At
of thet A4t 79 ek HH o 2w ARG g A A ARRES AASH |2 sk, 1 AY
T}, o2 So] Fig. 72 99129} 80139 9914 L= Table 52} 2t}

TE A ER FEgh AQdd], AA|HQ] mefo
iR Ehelelnm ot A SAMOR A 41 g3 MERSE 220 B B2 BAMAIA
TEEZE gt & 5 Qo B X
L . A4 A FH W7 A A 38 73
' 2t ey o S : = AL FARA S T S FAste)
PR L o, A =& 8olstA 7] {13k Al
IR SRS 3 (theme bank) *F& FH 2 3 TpA| ]
7 ) . HARA A"(PMS, Project Management Sys—

] ' : : tem)& EYSkL, L AIF & WA O0R il

Y%= 2] 4=(impact factor)S Z-&3tc},

o= ¥ Ql PMS 7|5 <fof A 2h= &L
s

2]
=3+ 9o+ F #il(main reference)

|
~

35M2Q0 55 HE '
FABTAY =8 AF So] AuARs S
371 S1dd ad waws Bolw A49Y gins i A2gol, PMSHIAE UF 717
6A1=mtEs T=O7IR 8 we g3 wiEA)S(impact factor) S A

2 =
A9le] A 2R MRS AUS xjgee) 7)) vt Al R WekS B A
o] Table 42 Zro] AsIA=Hl, 821 wojp o] A28 wole TAE|E R Floj

AR A S, 81122 SAAA, SR132 0 mero) st e M) uAas) B
Adeld, 2t adlds e LUHEY L gggn pugke 2es sha, 4ES AR
B)em g, s gl Ale] Yo ANBES S He

IAA A717F HH, 5AH (best practice) 2]
SRAk TA| 7|7 T THA] S SR

QOB Ejle] m2H A A3 Qo9 2] a1 XAl A4 o (knowledge management) |
gt 22 9] HAete ® o2 SHoAe] 7 A9 St A 74T Ao r YtEH}

Table 4, Name of the extracted factor

Factor 1 Factor 2 Factor 3 Factor 4
) - Theme - Method - Colleague - Manager
Variable . .
- Control - Coaching - Knowledge - Leadership
Factor name PJT management system Implementation mechanism Site condition PJT ownership
Table 5, Improvement Idea
Factor PJT management system | Implementation mechanism Site condition PJT ownership
Idea Impact factor system Online assistance system Activation of Kaizen circle | Workshop based theme selection
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Fig. 8. Workshop based project pick-up

% 250 Autel A At obgel A BYx I

5 AgvEe 2712 A

A& (master plan)

132



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 28, No. 1, pp. 125-134, February, 2014

5.2 2 HuEH
B ooqlo s U A A ZE A A Q] 64 Han S.H., Ryu H.D., Chae M.J., Lim G.S, (2006),

Six—sigma Based Approach to Improve

ity ) 2 . A L .

o] nix 010 MuAolT MeEA o] HFH O Productivity for Construction Processes and

dol T acls AeHolal gkl e Operations, Journal of the Korean Society

2 9bAs7| §Jote] thare] JAS iAo R A of Civil Engineers, 26(4), pp. 649—659

LZAE AAElgon, A8 AvE golEa Hoerl, R.W. (1999), “Six Sigma and the future of

Bo g %74] - 1 E] ’8]—04 A48 %" G }\] :LU]- 7H A5 ‘;}i(e@Quaht;f;rféessmn , Quality Progress,

- = - - , PDb. -

o zZ] Al AL g ol =35l =

52 4712 4 e adlS EEO_}”‘E}' E_E Hong S.H., Jung S.B (2011), Efficient Application

H A8 A T A A" XA A, & Way of Six Sigma at Railway Construc—

Zrol A, 1] IHA| o] Meldoln | & zLe] A tion Project, Proceedings of KSR(Korean

31} A4 HAo] B _TLE% 5t zF @0l -6-H Society of Railway) Conference, pp. 1251—
N - - 1262

Aurot AASHG =], A= 2 Ui X4

Eo_ ) IATsFR=dl, 3 Uj]_ - 15 John E. (2003), In pursuit of perfection, Bechtel

S 283t IR FAA A" S B 2 Brief

2l WAAEE XY, A= U2 5 @4 Kang M.G., Lee K.M., Cha H.S. (2007), Evalu—

3}, a8 & upRuro 2 TR MAA AXE Q ation of Effects of Real Joint—Operation

OkE]]:]- of Multi—purpose Dams, Journal of Korea
o Water Resources Association, .40(.2), pp.

B ATE I 2ATO) A o] S5 -
52 6A]uf WAEE0 B o= 36t Kim C.G., Lee J.S., Chun J.Y. (2006), Process
1 9jom, v|8A7 ZZGA Sol =2o] FH Model for 6 Sigma in Construction Man—
e 2 A ]‘j_%o](})il:]_. a#u A4 §Ro) 7z agement, Proceedings of KICEM(Korea
_ _ _ Institute of Construction Engineering and
EAT AL 138z 2 A 2J o] ol
St oizls aefskA] Sk el o Management) Conference, pp. 478 — 482
Hoj37] E A

= Kim J.T., Kwon H.M., Choi J.H. (2000), Case

oF 9] Study in a Six Sigma Project for Decreasing
vl 2514] Lot S AT ofAksH E= H]‘, Waste Concrete in a Housing Construction
Site, Proceedings of KIIE(Korea Institute

SNA] AL q
! _U ©° of Industrial Engineers) Conference, pp.
23 Aot 345-348

B A EX AMAE gt AdPEQ] Kim S.W., Hwang U.S., Kim S.K., Kim Y.S,
7)o 2+ AL AAE 2ol 7} Hr w7 Halec). (2005), A Case Study on the Performance
wfebA] B o Anke Qulslsls|ols tha o Analysis for Applying 6 Sigma to a Con—

. . ~ o struction Company, Korean journal of

A el 9"1‘9‘1]:]’ FF AelM= ol A= construction engineering and manage-—
S5 4= Y= F7HEQ AR ded A ment, 6(4), pp. 133-141

o]t} Kwon, H M., Kim, J.T. Choi, J.M.(1999), Case
Study @ A Six Sigma Project for Decreasing
Waste Concrete in a Housing Construction

AL A Site, Quality Innovation, 1(1), pp. 4-9,
g7 FojrjatiLe) eiu] x|go] ofs) 1999,
seag] ol T} Lee G.S. (2005), Establishment and development

of Construction Quality management sys—
tem, Construction Technical Information,
No.237

183 |—



—] 134

Lee Y.I. (2002), Understanding of factor analysis,
Sukjung publishing

Oh S.C., Cho S.W., Lee K.H., Yu G.S. (2013),
Trends in labor productivity index, Press
release of MOTIE(Ministry of trade, in—
dustry & energy) and Korea productivity
center, pp. 1-4

Ryu H.D., Jin K. H., Han S.H. (2003), Exploratory
Study on the method to improve perfor—
mance in construction process by apply—
ing Six—Sigma Principle, Proceedings of
KICEM(Korea Institute of Construction
Engineering and Management) Confer—
ence, pp. 353—358

Song Y.G. (2006), U.S. service trade barriers,
Report of Korea Institute for International
Economic Policy(KIEP)



