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The purpose of this study is to analyze the efficiencies of project management offices in large information system construction
projects using the data envelopment analysis. In addition, we tried to estimate the confidence interval of those efficiencies using
bootstrap DEA to give a statistical meaning. The efficiency by the CCR model is analyzed as eight project management offices
are fully efficient and 22 project management offices are inefficient. On the other hand, there are 15 project management offices
are fully efficient, but 15 project management offices are inefficient in the BCC model. As the result of the scale efficiencies,
of the inefficient project management offices, 13 project management offices are inefficient in scale. It is possible to eliminate
the inefficiency in the CCR model by improving their project performances. And, the nine project management offices showed
that the inefficiency was due to pure technical efficiency, and these companies should look for various improvements such as
improvement of project execution system and project management process. In order that the inefficient project management offices
be efficient, it is analyzed that more efforts must be made for on-budget and on-time as a result of examining the potential

improvement potentials of inefficient project management offices.

Keywords : Efficiency, Data Envelopment Analysis(DEA), Bootstrap DEA, Project Management Office(PMO)

| et 7 T =
dlibzatel H7IA9E 2dsta vk 2Ea, W A} e)(supply chain management), 317 A 2] (cus-
° 9 tomer relationship management)S $]8 AHA] 28 S 3

gl TRAEES] x4l A1 A~ (information sys-

Received 6 August 2018; Finally Revised 18 September 2018; radEoe
Accepted 19 September 2018 tem, 1S) Z=#Eo|t},

+ Corresponding Author : dckim@hanyang.ac kr "] =-9] Standish Consulting Group= CHAOS Manifesto



62 Joong—Hoon Ko - Sung—Hun Park -

2013 BuAelA Z2AE o] 7]EE AAF(on time),
ol 2FE(on budget), &7-AFE=(customer requirement
fulfillment)& AAISFIL QIEH27]. o] Harxel ofstal A2
g Z2AE} 20041 29%°14 2012 39% = &5 3t71=
gou}, o ds] AA ZRAE FolA 61% A Ei
rgo] FEE ARl Ao R HolFEI QItH27]. ©
3} o] B oJshd ‘:Po] QT EE TRAELL o
Az g ARAAS g o, oakxte] 52010
W 71%0014] 2012 79% 2 S 7FeF9d A,
W 46%014 2012 59% 2 Z718klS
oj9} e ZRAEC] A EE Fo|iL
918 tioto 2 A
#e] Z4(project management office, PMO)
= FAlolt} 33, ul= PM Solutionso] 2J3f 2
eyl AT AR w2, 20001 48%, 2006 77
201019 88%°ll o]E2+= 7Y B0l ZRAE e 245
At LEEATH24], HL Sl A= ool o

o] &Y Eolx o, 204UERE EAxo07
ZZAE #E A&
& AR5 Aol ARt
T3 HOE Gty

i
X,
s
[e]
e
o
N
S=
— o

gl

2o 7dEY T

M ox o
it ol
2
ki

o

N

hins
o

(g e
(LoR(m

o
(=)
(=]

T

ok &
o>

o o
£ o
32 X
int
[‘_u_,ﬂ
230
2
H o
o
2 ol i
ST

ofN
(28
ol

=
g
g.
=
=
rlo
Ik
fr
e
(m
f 1IF
I
BN
o
lo
o
-
2
R=)
A

of e Tl

H 9

o
oo s

ne

2

o

o N
0 Ol-m

o

)

i

o
o
o

o,
rot
o2 ¢
o
=)
2
.,
k]
o
¥ T
A
[
&
>
=
rir

)
o9 ©

BN
N

2 X
=
f
2L ol

ki
ins
)
o
ne,
ol
=
=
rorr
K
fru
2
m
ox |k

o
- T
L g
_{
2
rlr
>N
)
X
wn
r\“
G
=2

|
o
wn
x
t
o|\
NI
=
>
LI

e

b oox )y mt M o
ol vo
U,

2 ox
I ﬁrﬁ o
fo

=

oX,
=l
IN
fols
o
2,

&84 (efficiency) o]
come) 2= HHE JiHL
gt} =, Lee and Oh[21]+ “E8&4

we 49 #ESe] ZAEd od 1eln, #4E A
gow olFolAiL Q7] WEe] Aol FLH AHgol
Fourh Fasth st S ERAPR

et al.[7]> 15MRE vl g o] o] FRE 2t
(information technology, IT) ZZHAEE 3 ZZAEZ
okt ghmell A= 109 A oo 4

Eun—Song Bae - Dae—Cheol Kim

rRAES] Y ZeAER IFHI e vl $EE
°fF U AHA~E ZRAESRY Aojsazt it

Srell A A& nhoh o] ZRAE Pe] 245 =9
sh= ZIdsel Wi Srkshal Qe Sl - g H o
LIRAE #e 2A0) B84 FA] Ad A7t v
itk ofell ZRAE ] 2Ad O £&4 BHH AT
= ot dtha & g vk 53] a8 ddHoR
B7rd W v BE Arvh Ak S, ddiHeR 18 8
48 Uehlle Z2AE #e 245 WAoo R
A a&ds e 5 glom, ofs ZRAE 3 27
o Ael wjEel dlold THd dFE vA s S
Aoty B3, 719E ZRAE #e] 249 284 /i
Fomn ZAE JFES FYNIE SAO Lz
E @ Ask A =d 5 A& Aotk £ AN
= AREFEA S ol gete] ZRAE 3] x4 A
A EAE AuRaa v E5h FEXEY AR
SAs olgsto], AnbA AuxFE el ofs EEw
a8 A b F45a, Z2AE #e 249
w8l lojA A ks AAsh A F.

2. 0|2 HiZ
2.1 Al=E=2EM

AFelM ZRAE #g 249 &4 BAL2 A

1B
S
M)
=
oo
s
(¢}
=
=
(¢}
=3
S
3
[’}
=
oo
=3
=R
G
g
)
es]
Z
tlo
jus]
ot
> 10
tt

N ST rie
+ 5
) _\1:
M
1%
o
)
o
il
Y
Lot
Pl
rlo
o
o
{o
of

.
9, flo
oo
w5
o M K W
u N
o 2
2
M
[e3
e
2
>
fols
o
oX,
2 HE
1%
Lo,
o ol
oo
o g

il
By f
,

o 2 fi

e
Y

[
Si o<

ol
5

oo B
2 e

= X
rlo
e
=t
o
=
o,
0,
=
ax
fols
ﬂqo Wi
oX,
tjo
N,

O:>;:,
2
e
ox ©
o
H
e
ot
o
o
g3

[
3, 8, 13]. B0 o) %9
3o,

?l(decision-making unit,

>
i

ox M fo
REORREA

o
E)
>

N

N

©

Hilr

_134_4,01“

m

L, M2

o flo

by o

9

[e]

o, =

2
%
oft
i
)
4l
N
P
el
)
ME
>
o |

oZ
=

N
=

ol Mz T ox o Rl T fo
S

ol

N

e

ot

N -
fo

4

ut)

o

o]

CC(Banker, Charnes

(Charnes, Cooper and Rhodes) %33}
and Cooper) =& o] 9ItH3, 8]. CCR 2L A 7%

3]
o
Aol slof EWypRsels 7Hdstr] vl SR



Efficiency Analysis of Project Management Offices Using Bootstrap DEA 63

4~](constant returns to scale, CRS) E&o]gtalx gt}
BCC @& 7Pt S 7P dithe S40] glof 7k
TFE4=9](variable returns to scale, VRS) E3olg}ale st}

[2, 16]. ©]&18F CCR R} BCC B2 AgEA o u}

g} 217 U ERE Y AEvERg o s vy At
o2 AEQAE 1Ysl G84E ST wo= F
WNERYS, T2 FY8AE uHsta 284S 5
Ae wo= AEVFRPOR A BAS A G

T2EA BA9 7, S JAHEAAEATE AREH G
7HAL Qlan, Zhzre] ejabA g ekeuitt g sfe] FQl(x) 2
g 7o bz (y)ol FAAAL Y5S HojFEth CCR 2
M= F9Y div] A& vjgo] /Mg =& D(EEA =
E 7IEo R ArkiA o] o]FolXit). &, #5534 D7} A
A7bEshE T A AR ER TS ek At
7FeslthE AL 9nlgit), o & £0f, CCR E¥of A 3
=2 CE AL A C7HA] S 58 4 9L
H, ojuf AhE7|E R Co B84 OC /2, C7F
Atk whdol] £47]5 w3l B2 CHE C37HA
e 29 F 9o, oju a84L CG/y.c7t Ak

y
>
VRS
e(r)) — L
1 1C
I [}
(] I
1 I
1 I
1 ]
o, 1
A 1
g-- 1 1
o %4(5,0) %.(7,0) P
<Figure 1> Numerical Example
<Figure 1>°4 & = 8= 2147 BCC R A = &
21 B, D, F, G(E&A = NE 7]Fo2 ArAo] o]

1o Hu L
o 2

nation) &2 Foj T Yo Ao} npAIA R #AFA] CE
AT R MAET|FE C

AR C7HA AtkE 59 Tk ek AETE B

ool o a&AL G/, C7F HH, FY7FE Y
Ao LA CC,/y.C7F Bt

grel, Gl o AA A TSI 7Y Kool AL, DMU(k =
22 N7HS] b=

S 4 ()7 Bk
¢ = max ¢* (1)

subject to
K

ko Ek .
xm—kz:]lmm)\ (m=1,2,3,- ,M);

K

subject to
kN k\k
xm= kglxm)\ (m=1,2,3,-, M);

K

n =n

k=1
k
/\ 20(k7172737 7K)

o] F Ego o3t VjeH &4 AolE o] &3}
TEA WE HEgeds 75T Ak E=3 MR
T By HAo| 5 FEH7} ofd & Tk TSR
49 2y e85l gAAAG 7L FRe] Fo] T
7tE = R AA E& ApEHE rRY EAAA
ol Jd=AE e 4+ AvH21]

4 RAYQ ARELLY) o8] AN T8
e BAA oNE 27 e Wt e A THE
44T 5 ks WAV Ak mebd AzEe R o)



64 Joong—Hoon Ko - Sung—Hun Park - Eun—Song Bae - Dae—Cheol Kim

AN G840 AF TS AR & gle dEHd W 2.3 ZTENE kg XA
Yow REsEd WE 5 4 ol of $EAEY ]

Me MRAon B 252 Fasle] 249 F4AE  Kwak and Dai20]E TRAE B 24$ TRAES
Foka, olol st BeAe] BAMOR folg AF  FAehe Aol wg W F, AR 53 2o] B
e FAGOEA BAH o Pl £ Avk A - FFH - 71%d Aulag AFsn A9s) A8 3
= AQL AT Qe 244 SA I golsar.
WE7)%E BCC BaolN FEAED AmEEAe  FEA B9 TRAE #Y 242 e ¥ 5
A48 4esd et 2ok qg PPAI T WANIY] F ZRAE 2300 HE
ST KA SAEARNERRE ki oAdy  2HoR stk teby Bates(s] TRAE B 2
99 T8 (¢S AT A2 22 AE ¥ v P TdA717] A8
AAAR AFFS AAE Fe ZRAE 23 2A 0N,
«2HA L K7HE] oAPAA R E FolA pAlE FAH B o] 278 £gsitE AL Y At ZRAE e
A FEoto] AWbe e st kAl wbns Flgets ol =8 PMI25]S 719 ol A]
AR EEH(HS FH e A 391 wE ZRAE S, ZRAZ EEES
£ dEshs 2o, Z2AE P, ZeAx %A
A, BA, BT, A, 1% 2 F 59 V)5 FAUT

ks a8 sl did FESEN S88 )ze) Mg a7ES Aud, A Z2AE

#el £X5 durh WESl BE 20008 ©f  gig) 2ol 7% 2 st gis] thrabA Aoleta Q)

dold S ESte{26] o}, 16 Fo4e FEHOR ek Itk Bates[s]

] - L b EedE g 249 9o zede 9857, =

cal 3R] REAEY Beqsl wxg olgde T T DT T 2 1
ARE EEAG) SN2 BELES B8F oo wor dme mas AAm 2 oltha soln ol

7Elo] :ll-sl— 5’: 9\)\]:]_ Tzsg“é OHO]: Ll oLL E-L}E#HE T ME]‘—T'— O]'N\E]' ;_ !

F o Crawford[10)3= 25 °] Z2AE 7ha] oo B3 o

~ WEEEE . TE 53 Z2AE #e 222 ZIAE XYY, TA 4

b= W=dlea)=1-0 O gy meac s zzde a7 A9,

LR 4 AN FaR BEe AgoR e A RS ST BRI A9, 2 As A0
(S FAow 2HY 840 B %f&f%i Z]'%{_} ! TEAL E-lbﬁf, T B A ok 7]%%

W 83 0Tk A OOI4 0,9 5,8 2] sl T oo SrhR S OIS Sl Desowa and Evarsi

o [11]+ Z2AE 3] 245 dg4 G-F(strategic level),

[¢k ¢k} o gh& A2 AR 2 s TAUE A%d 3 (actical level), £ 42 F(operational level)

A3 5, AEE @Ed FF 29l o/2 ow pRIGoH, TRAE A0S AT 9 =

of slgahs gkl 747 ke, ARG ZAE BeAl o GAH oz A Qslof sr, mAl

o] Ht}, o]Z o] g3l WA LA (o 7t Hl T R AT T A2 #YE FAsoF driaL

et (1—a)o] AFHPHe ey} 2o St Th Ayyagari et al[11] A2 G (Z2AE ] W

i A WE EE 9Ee 9 A2 sE A 5), BAGeR

Fra, < ¢ < ¢+b, 4 A9l A9 ZzEAE e, WRdy, 439} ==

AE Q927 5), AAGYEZAE BeA A4 L Y

NZF7HS Fobe g2 o RE FEAED §8 ] - e )
49 222 oLEod AN E AL B R L T SEAR AU ) 5 7
o) AT WAL AT S Gt T Ao el e domain & TE SE S A e =
) ; Ao] 75l val FAsHAl AlAlsA T $HE, Hill[15]

2w 1] olsh 22 ol ® m AyellME RN n o g0 sxe mEgg, 1 AR WA ¥
FE4(ghol A @l oJste] mEE AR el F g ene wrtaly] 9§ Hill[15]0] A 5ES AL
o] Fu, a&A g EAAOR fositiun wusth a9t o] JBES ARAow Avnd vy 2k



Efficiency Analysis of Project Management Offices Using Bootstrap DEA 65

<Table 1> Functions of PMO [15]

Integration

Functions Sub-functions
project management methodology
Practice project management tools
Management standards and metrics
project knowledge management
project governance
Infrastructure assessment
Management organization and structure
facilities and equipment support
resource management
Resource training and education

career development
team development

business performance management

mentoring
Technical project planning
Support project auditing
project recovery
project portfolio management
Business customer relationships management
Alignment vendor/contractor relationships management
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<Table 3> Descriptive statistics

B ATE SA% qAEA SR o] digk AR 20174 7
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<Table 2> Feature of PMO
Division Category Frequency |Percent(%)
Project Management Office 25 83.3
Name Project Support Office 3 10.0
Others 2 6.7
<1y 10 333
< 2 yrs. 3 10.0
Years from |< 3 yrs. 6 20.0
establishment | < 4 yrs. 1 33
<5 yrs. 2 6.7
> 5 yrs. 8 26.7
<7 14 46.7
Number of |8~12 3 10.0
employees | 13~18 1 33
> 18 12 40.0

Div. Variables Mn. | Max. | Mean| S.D.
practice management 43 2.02 1.34 41
infrastructure management | .13 74 46 .16

Inputs | resource integration 25 1.42 11 31
technical support 14 97 .56 20
business alignment 217 1.86 1.06 | 042
project performance 1.00 | 7.00 | 443 | 1.55

Outputs time 1.00 | 7.00 | 4.57 | 1.81
cost 1.00 | 7.00 | 430 | 2.05
requirement 2.00 | 7.00 | 473 | 148
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{Table 4> Efficiency and Confidence Interval

Bootstrap
DMU | CCR | BCC C.1°(90) C.1.'(95)
LM™ | UM™ | LM™ | UM™
1 0.75 097 | 097 1.04 | 097 1.06
2 0.75 1.00 1.00 1.04 1.00 1.08
3 1.00 1.00 1.00 | 5.00 1.00 5.00
4 1.00 1.00 1.00 Inf. 1.00 Inf.
5 0.81 084 | 084 1.04 | 084 | 4.00
6 059 | 077 | 077 0.83 077 | 0.83
7 0.92 1.00 1.00 1.17 1.00 1.20
8 0.71 0.71 0.71 084 | 071 0.87
9 1.00 1.00 1.00 1.58 1.00 1.64

10 0.90 1.00 1.00 1.11 1.00 1.15

—_
—_

0.73 0.86 0.86 0.97 0.86 1.00

12 0.69 1.00 1.00 1.17 1.00 1.17

13 0.57 0.71 0.71 Inf. 0.71 Inf.

14 0.99 1.00 1.00 1.29 1.00 1.32

15 0.68 0.89 0.89 0.96 0.89 0.97

16 0.67 0.74 0.74 0.90 0.74 0.93

17 1.00 1.00 1.00 1.74 1.00 1.82
18 0.96 0.96 0.96 1.07 0.96 1.13
19 1.00 1.00 1.00 Inf. 1.00 Inf.
20 0.67 0.68 0.68 1.00 0.68 1.05
21 0.45 0.53 0.53 0.59 0.53 0.62
22 1.00 1.00 1.00 3.08 1.00 Inf
23 1.00 1.00 1.00 1.32 1.00 1.35
24 0.85 1.00 1.00 1.38 1.00 1.41
25 0.60 1.00 1.00 1.04 1.00 1.08
26 0.94 0.94 0.94 1.50 0.94 2.00
27 0.55 0.65 0.65 0.71 0.65 0.72
28 1.00 1.00 1.00 Inf. 1.00 Inf.

29 0.79 0.93 0.93 1.12 0.93 1.20

30 0.36 0.62 0.62 0.69 0.62 0.73

Mean 0.80 0.89 0.89 1.32 0.89 1.41
S.D. 0.19 0.15 0.15 0.89 0.15 0.99
Min. 0.36 0.53 0.53 0.59 0.53 0.62
Max. 1.00 1.00 1.00 5.00 1.00 Inf.

confidence interval, lower limit,  upper limit.
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<Appendix>

<Appendix Table 1> Efficiencies by DEA

e Cause Of Inefficiency Return To Scale
PMU CCR BCC (CCR/BCC) PTE TE §Aj RTS
DMUI 0.754 0.966 0.781 o 1.550 DRS
DMU2 0.752 1.000 0.752 ([ J 2.020 DRS
DMU3 1.000 1.000 1.000 1.000 CRS
DMU4 1.000 1.000 1.000 1.000 CRS
DMUS5 0.813 0.836 0.972 [ 1.161 DRS
DMU6 0.586 0.766 0.765 ) 1.868 DRS
DMU7 0.923 1.000 0.923 o 1.913 DRS
DMUS 0.708 0.711 0.996 [ ) 1.130 DRS
DMU9 1.000 1.000 1.000 1.000 CRS
DMU10 0.900 1.000 0.900 o 1.333 DRS
DMUI11 0.732 0.857 0.854 o 1.481 DRS
DMU12 0.686 1.000 0.686 o 3.240 DRS
DMUI3 0.574 0.706 0.813 [ ) 1.355 DRS
DMU14 0.999 1.000 0.999 () 1.189 DRS
DMUI15 0.684 0.892 0.767 ) 2.065 DRS
DMU16 0.673 0.735 0.916 [ ) 1.552 DRS
DMU17 1.000 1.000 1.000 1.000 CRS
DMUI8 0.961 0.963 0.998 [ ) 1.022 DRS
DMU19 1.000 1.000 1.000 1.000 CRS
DMU20 0.670 0.680 0.985 [ ) 1.282 DRS
DMU21 0.452 0.531 0.851 ([ J 1.485 DRS
DMU22 1.000 1.000 1.000 1.000 CRS
DMU23 1.000 1.000 1.000 1.000 CRS
DMU24 0.848 1.000 0.848 () 2.615 DRS
DMU25 0.601 1.000 0.601 o 2.869 DRS
DMU26 0.940 0.943 0.997 o 0.975 IRS
DMU27 0.549 0.646 0.850 [ ) 2314 DRS
DMU28 1.000 1.000 1.000 1.000 CRS
DMU29 0.788 0.933 0.845 () 1.628 DRS
DMU30 0.364 0.615 0.592 o 3.667 DRS
S, e 0146 012 PrE + 9 GRS 3
Min. 0.364 0.531 0.592 SE : 13 &S . 1
Max. 1.000 1.000 1.000

"SE : Scale Efficiency.
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<Appendix Table 2> Potential Improvement Levels of Input and Output Factors for Inefficient DMUs

Inputs(%) Outputs(%)
e e e | e | e | estoeote| tme | cost | requrement
DMUI | .966 -34.82 -16.37 -25.78 -35.31 .00 3.48 348 | 897 3.48
DMU5 | .836 -14.96 0.00 -44.28 -16.36 -48.81 19.62 19.62 | 307.14 19.62
DMU6 | .766 -5.94 -16.89 .00 00 -7.78 30.57 30.57 | 30.57 65.42
DMUS | 711 77 -2.03 -5.51 00 .00 40.64 40.64 | 40.64 40.97
DMUII | 857 -23.50 -3.55 0.00 -5.03 .00 54.55 16.67 | 40.00 33.77
DMUI3 | .706 -33.33 -26.65 -33.32 -12.49 .00 200.00 133.37 | 13337 41.67
DMUI5 | .892 -21.81 -20.99 -16.21 -34.08 00 12.11 1211 | 16.67 21.18
DMUI6 | .735 .00 -22.59 -19.63 -1.92 00 36.13 66.08 | 36.13 136.62
DMUI8 | .963 -12.73 -24.05 .00 .00 -1.79 3.82 4986 | 3.82 3.82
DMU20 | .680 .00 -28.57 -23.61 2723 00 47.15 4715 | 4715 74.70
DMU21 | 531 -21.49 -29.46 0.00 -41.20 -22.95 88.33 8833 | 144.99 176.25
DMU26 | .943 -36.49 -45.35 2771 -28.57 .00 6.03 6.03 | 19.28 23.80
DMU27 | .646 .00 -6.96 .00 2137 00 54.69 5557 | 54.69 61.11
DMU29 | .933 .00 -1.83 .00 -26.47 .00 7.16 31.10 | 75.64 739
DMU30 | .615 .00 -16.67 -30.00 -30.56 .00 62.50 350.00 | 250.00 100.00
Mean 785 -13.72 -17.46 -15.07 -18.71 -5.42 44.45 6337 | 80.60 53.99
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