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<iE 2.1 > Chronicle performance development

Research Institution

Pumose of
performance assesment

Year

Source

Korea National Housing
Corporation

Strategic plan and operation
activity in construction companig

2001
S

Korea National Housing
Corporation

LG Construction

Strategic plan and operation
activity in construction companig

2003

Strategic construction
management seminar ¢
construction industry

Efficiency comprehensive

Focus on const financial effectf

A

(iv) 3] AFE3}e]

(v) 3JAbell A JatAaA el A Ag e FoaE

Fotwe, Price®} Thorpe (1996)2 A]&Ate] 3=
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counter measure of public . 2004 KSCE
. public works
construction works
CM measurement system
KICEM development for promoting the| 2005 CODIL
CM in Korea
Source: ’Lee S (2005)
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<I¥ 2.2> Previous researches
S.N. Performance indicators References
Hatush 5-. (1997), CBPP (2000)
1 Health & safety performance | Ponpeng%. (2003), Kashiwagi (2004), Acharyd .
(2006), Shens-. (2006), El-Mashalehs-. (2007)
Holt 5. (1994), Hatushs-. (1997),
2 Financial strength Shen 5. (2003), Ponpengs. (2003), Dikmen'-.
(2005), Johnson (2005), Acharya. (2006)
. . . CBPP (2000), Ponpeng . (2003), Bassionis .
3 B“s'”ezzﬂgﬂi‘:ﬁh'p and (2005), Johnson (2005), Acharya. (2006),
El-Mashalehs-. (2007)
i . CBPP (2000), Acharyds-. (2006), Shens. (2006),
4 Timely Completion El-Mashaleh-. (2007)
5 | Businessperformance/reputation Bl N 994): Hatllei= \(1997)
P P CBPP (2000), Sher. (2003), Johnson (2005)
e Handa %&. (1996), Hatush%-. (1997), Shen%-.
6 Management capability (2003), Bassioni= . (2005)
7 Quality performance CBPP (2000), Acharga (2006), Shens-. (2006)
- . Hatush 5. (1997), Shens. (2003), Dikmen--.
8 Technical ability (2005)
CBPP (2000), Shers..-(2006), El-Mashalehs.
9 Cost performance (2007)
10 Marketing ability/Profit Shen 5. (2003), Dikmen%. (2005), El-Mashalehs .
(2007)
11 | Plants and equipmemhanagemer Ponpeng’s. (2003), Acharyas. (2006)
12 Past experience Hof§-. (1994), Dikmen<-. (2005)
13 Information flow/analysis Kashiwagi (2004), Bassionk-. (2005), Dikmens-.
(2005)
14 Organizational structure Holfg-. (1994), Shens. (2003)
15 Innovation Johnson (2005)
16 Flexibility Kashiwagi (2004), Diekman (2005)
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<I 2.3> Possible contractor performance criteria

from previous studies

(1) Lim and Ling, 2002

(2) Wong (2004)

(3) Ling (2004)

(4) Singh and Tiong (2006)

(5) Web site (www.njscc.com)

1. Financial status

1.1 Creditworthiness

1.2 Current assets

1.3 Current liabilities

2. Contractor characteristics

241 Organizational structure
2 Litigation tendency

')3 Degree of trust in other project
team members

3. Management competency

3.1 Qualification of staff

3.2 Project management practice
4. Construction experience

4.1 Numbers of years in
construction industry

4.2 Project portfolio

4.3 Past performance in projects
4.4 Experience of staffs

5. Fulfillment of responsibilities

5.1 Tendency toward performing
quality work

5.2 Tendency to finish work in time

5.3 Responsibility in setting down
project objectives

5.4 Setting down project priorities

5.5 Attitude to solve project
complexity

1. Staff quality and experience
1.1 staff training program
1.2 performance of the project
manager

. Plant and equipment resources

')1 conditions and procedures of
equlpment

2 suitability of the equipment

3. Contractor site #
management/execution capability

3.1 tyé)e of control and monitoring
procedures

3.2 cost control and construction
progress reporting

3.3 ability to deal with unanticipated
problems (e.g. risk management)

3.4 provision of trained/ skilled staff
for the particular project

35 IT knowledge, e.g. electronic
document management systems

4. Health and safety

4.1 proposed health and safety
program

4.2 health and safety records on
previous projects

5, Past performance records in
similar projects

5.1 time

5.2 cost

5.3 quality

6. Contractor reputation/image

6.1 contractor reputation and
image in industry

1. Experience with similar types of
project

2. Experience with similar size of
projects

3. Subcontractors’ experience and
capability

4. Communication among project
team members

5. Working relationship with owners

6. Track record for completion on
time

7. Track record for completion on
budget

8. Track record for completion to
accepit quality

9. Contractor’s staffing level

10. Adequacy of contractor’s plant
and equipment

11. Magnitude of variations in
contractor's past projects

12. Magnitude of claims and
disputes in contractor’s past projects

13. Contractor’s key personnel’s
management capacity

14. Contractor’s ability in financial
management

15. Quality control and management
capability

16. Health and safety management
capability

17. Technical expertise

1. Contractor’s attributes
1.1 age of the company

1.2 familiarity with regulating
authorities

1.3 familiarity with local working
culture

1.4 health and safety record of the
company

1.5 achievement of quality level
1.6 post business attitude
1.7 past failures

. Past performance

21 type and scale of the project
completed in past years

2.2 quality of works in past projects

2.3 percent of previous works
completed on schedule

2.4 standard of subcontractors’
works in past projects

2.5 attitude toward correcting faulty
works

2.6 good relationship with past
project owners

2.7 relationship with
subcontractors/suppliers

2.8 relationship with regulating
authorities

3. Financial capability

3.1 current commitments

3.2 authorized and paid-up capital
3.3 working capital

3.4 current and fixed assets
3.5 Net worth

3.6 Turnover

1. Quality of work

1.1 construction and materials
1.2 supervisory personal

1.3 quality of control program

1.4 compliance with required
testing and regulatory inspections

1.5 compliance with plans and
specifications

1.6 quality of as-built drawings
2. Scheduling

2.1 adequacy of staffing, materials
and equipment to meet schedule

2.2 timely ordering of materials to
meet schedule

2.3 timely submissions of shop
drawings and samples

2.4 timeliness in obtaining permits

2.5 timeliness in obtaining
regulatory inspections

26 adherence to schedule

é)rowdmg timely notice of
conditions impacting schedule

2.8 timely creation, submission and
approval of prOJect schedule

2.9 Timely notice of schedule
tie-inns, cut-overs, shutdowns
and/or interruptions to operations of
client facilifies and other
contractors’ work in progress

3. Management

3.1 coordination of work with
client operations

3.2 management of
subcontractors and suppliers

3.3 responsiveness to owner’s
project staff request

3.4 timely subcontractor
approval

_17_




<X 2.3> Possible contractor performance criteria from previous studies (Continued)

(1) Lim and Ling, 2002

(2) Wong (2004)

(4) Singh and Tiong (2006)

(5) Web site (www.njscc.com)

6.2 origin of the company

6.3 number of years in the business
6.4 listed on the stock market

7. Contractor proposal

7.1 construction schedules and
procedures

7.2 construction methods/
statements

7.3 site organization, works
rules/procedures and policies

7.4 proposed site management and
productivity improvement procedures

7.5 proposed tender price
8. Other evaluation criteria

8.1 Familiarity with weather
condition

8.2 Familiarity with local labor

8.3 familiarity with local suppliers

8.4 familiarity with geography area
8.5 relationship with local authority

8.6 home office location to job site
location

8.7 communication and  transport
method from office to job site

8.8 experience with specific
type of facility

(4) Singh and Tiong (2006)
Contd-+

4.5 availability of owned
construction plant and equipment

4.6 present workload and capability
to support the current project

4.7 quality control and assurance
program

4.8 specialized knowledge of
particular construction method 5.
project specific criteria

5.1 construction method statement
5.2 proposed project time schedule

5.3 qualification and experience level
of project manager

54 qualification and experience of
professional technical staff

5.5 experience level of project team
on similar type of project

5.6 number of direct workers
available for the project

5.7 availability of testing equipment
as quality assurance

5.8 health and safety set up for the
project

5.9 contractor’s time and cost
saving considerations

5.10 risk sharing level

5.11 reputation of the subcontractors
to be used for the project

5.12 type of performance bond
5.13 cashout/payment schedule

3.7 profit generating ability

3.8 liquidity status of the company
3.9 capital structure of the company
3.10 finance arrangement

4. Performance potential

4.1 depth of experience on similar
types of projects

4.2 qualification and experience of
management staff

4.3 qualification and experience of
technical staff

4.4 manpower resources

(5) Web site (contd-)
6. Subcontractors
6.1 quality of subcontractor work

6.2 subcontractor attendance at
scheduled meetings and job site
consultations

6.3 subcontractor responsiveness
and compliance with owner contract
requirements

7. Close out

71 Eromptly performs punch list
works

7.2 provides clear and complete
operating/maintenance manuals and
warranties and satisfactory
demonstrates the operation of
installed systems

7.3 promptly and completely .
demobilizes” from construction site
and leaves contractor occupied areas
in, or restored to, good condition

7.4 supports building commissioning
and project delivery program

7.5 compliance with all training
requirements

7.6 provides clear and complete
as-built drawings

3.5 timely and accurate
submission of project records
and as-built documentation

3.6 timely and accurate
submission of all other contract
documents

prevailing wage compliance
program

3.7 compliance with owner
affirmative action requirements

3.8 timely payment to
subcontractors and suppliers

3.9 maintains an adequate daily
log for all work activities

4. Cost control and change
orders

4.1 provides valid and
appropriate supporting
documentation for change orders

4.2 timely submission of change
order proposals

4.3 timely performs change
order works

4.4 practices claim and change
order avoidance an
minimization

5. Safety and Industrial hygiene

5.1 maintains an_ adequate
program to monitor compliance
with contract, safety %mdelmes,
industry standards an
requirements of applicable laws,
rules and regulations

5.2 minimizes job site accidents

5.3 timely and adequately
corrects safety deficiencies

5.4 quality of site safety
maintenance

5.5 accuracy and timeliness of
re%ulato,ry documentation (e.g.
no 1)flcat1ons, variance requests
etc

5.6 compliance with regulatory
requirements for worker
exposure
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Abell AlgE =G E <F 31> % <E 32> Foizl ulst
o] Likert®] 53 HEWE A& dth 742t 9 A X 104 HE 571
A9l FAR dERYAT. AEAs dE AV EAE] FEEHHS
3l FarE ®7lehe WHoZ AASAr. Likert(1932) 71H-2 A& 9
HEol digr AMor o HEe v wHAQ8 Al Rensis

Likerte] o]&< uwtg} o X}

<I 3.1> Description of 5-point Likert scale

Scale Category Explanation
Not significant .
1 (N.S) 0 %, Noperformance contributing factors.
<35% performance measure contributing
2 Slightly significant |factors. Performance can be affected
(s.8.) but without having much effect in total
performance
3 Moderately significant (35-60% performance measurement
(M.S.) contributing factors.
60-70% performance measurement
Very significant contrlb.utlng. factors. Tot.al .p.erformance
4 (V.S) of project is affected significantly. Work
o acceleration may be necessary;
resources need to be added more.
>70% performance measurement
5 Extremely significant |contributing factors. These factors
(E.S.) certainly influence the overall project
success if not focused properly.

_21_



<iE 32> Pattern of five—-point Likert scale questionnaire

Not Slightly Very Extremely
Statements o o Moderate o
significant significant significant significant
1. Relationship with owner... 1 2 3 4 5
113. r ildin
3.Supports building . > 3 4 5
commissioning
312 A% 28 94
AEAE AYstd S ASstdv. Adsd AEAE 4 dEo o
3 O GdsnAgE gyl e Satel A TS vhAA 3
Ak A AEAE W) A AR IE, vol, A, #A S)Y 5
Hek g5, Asiv A 2 A

[>
[>
il
%
1
ol

ol
2
i)
flo
>
=
=
=
finli
hy
!
ik
i
30,
)
ol
ol
N
Ho
it
o
32
n
il
Sl

_22_



)
2!

BK

W

—

m

™

—r

iy

ol

2!
Hr
W)
oF
i

B

EEFA

o2 714

S (KTX),

el

Ar
™

ol
il

Bo

ox

o
o
TR
B
oy
i

o
s
ﬁo
i
|

=

N

B
M

Ulo

ol
2!

A 152

A71e AR o] Fo A g

Aol A

@
LS

)

-
R

=

ekoktlk 18t Keytone(2001, p.123)ell

AR

B

o= Yept gl

Welman®} Kruger(1999, cited in Coetzee, 2005)°] 2|3}

B

ol 2717k 500 4 &= o]

A
it

SR

=]
54

)

Hae)  ou)
2o A7|EY #E 560

N

o)
G
&)

o

o

G2} 507 ol e wol ok

o of o

f

8 L EE=TR

.
-

ole uwhel B =ollA

gt

)

—_
o

=
=

Zako] 3607

AeAE W

g]

hul

Ao ey

_23_



Ao
NAYzZT. Z=3= A5 dEAENA /7 dAa"E A AEYES A
= AYsA s =vF. SPSS(statistical package for the social

science)9t -2 TA HIAE olF STHHS dHAREAN JHe AR

BEAA F)e MFEY BEE 24

o
e
of
>~
>
¥
o
k1
ol
N
N
E
-
Gl
=1
ol
_0|L
N
A
rot
E
&
D
'
2
{1
L
2
1o
rot
e
M
BN

9] Black &, 2000; Chan %, 2001; Awakul &, 2002; Ling &, 2005)%

A2 AAd 3 ddE okl de AbEH = R ot

d
=}
e

H 2 gom ogaAeoz AUt 1-fol5A @A 5-mwd &
%, E: e Hwol weh wxd WEZ sgow, o Hxe wedw
o WFFe AT WFe] FoE BrhE mA ol

of AN pE NEFHOE o] g olgeld Fasdtm 44T & 9

o @b A A Fojx Aol we ¥ Aot 4, & 358 0% 45
2}

ATh 357 o] E= 53)oH NS

_24_



g g A (Awakul 5,

F 33> YE A

o) Hatgkel 350140l

2002). MRS AT Hdge P

g
N
fo
ot
rE

AT
il
Y
N
fil

<# 3.3> Category of acceptance of variables

S.N. Category Significance level
1 1~ 25 Not ~ negligible significant
2 2.5~3.0 Moderate (not accepted)
3 3.0~3.5 Moderately accepted
4 3.5~5 Significant (Critical)

¥ Source: Adapted from Awakul et al(2002)

—

Wz (r)e ofg)el Aoz A}

322 w948 AA

1) ANOVA Test
ANOVA(LAufa EA4HEA) e #3538 Asgsc] vdad veuves A
H A5E0] oy 89l

O® wrel 7 89Fe] vk} WMste Amel slelRAttE RAsE



G

)

—_
o

X
R

Bkl ANOVAY

.

[¢)

il

i
&
4
ol
s
Hr

No

e

I

A %o

-
it

JehlE 5 549 w2

d ALgE T

-
R

SIS

o
o

Ho

W

—

NI

3

i

A ol el g Abel el

=
-

Al AFE-5 ™

]_
of o
o] QaAd Aol H

n
|

o
oy
R
e

g

Br

ol
Nlo
@

o] ANOVAHASF A &

= =
=

= ApgHET o
e

|

o]

No

TH

o
o~

oM
o

o)
)

Fo He&w FAHEY. B

Tt 2] 2 Al

ki3

T A A

|

Y

N

E A
<)

|

—_—

X

oy

alL
=]

oA 2] Al

3

RE—
= 3
— &

AA F

77}

.

-

e,

bt
FoFEE 24

°©

TR 7k Y

o

]

A

13k

g5)2 TAA Fo

% ™ (Minitab

°]

ofz

A A

9

Help, 2000), #

iy

HAAZA 0.057F AbE5 oA = ol pghol

T

e}

bt} HEF

)}
=,

1 Nk=1e]
4 g8

]

A

2 SPSS

ol
it
s

oF

9

5 %9

R
T

217

o

el ANOVA HS5 o=

°©

o] &

o

=)

b
-
)
o}

=1
=

S 2} (total number of

=

[}

o

R

o

=
fLE

_26_

H o

=
=

(number of groups)E YERWC. <19 32>

(mean value), n
2t

O~
B
b3l
=

1
A

oh 2 A+
ANOVA

%

3 Tt

3

-

y—

R

[e]

.

o] 71 A,
responses), k
<a¥y 33>

o,



@ e -1 P

A% 3.2> F r confirmati NOVA process

& 4 ﬁ./

_27_




Find total suin- of squares- (SSt)- and
degree of freedom (k-1)~

1§

%M
%)
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I
4=
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|
&
.

Calculate mean square treatment: « e S5t
QISD - (] mst- e
Calculate sum of square error- (SSE) and <: it = e
degree of freedom- S SSE = ( 2 )
@ 2 2L~
Calculate mean- square error- (MSE)« <:l MSE = SSE o

i |

MSt
MSE

Calculate F--Ratio- (k, n)=

<19 3:3> ANOVA test Process

N
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Largest S”

&mllest&f

bul
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71 A, & FAHE RiAatolx d Fgk(over all F-value)o] 9
=

(F<0.05) #4akel 271& F8h7] At Abfaels s

Levene®] F gte] FAIAH o= /9 (p<0.053tttH 42 9T A=

=23, aga SRS 717" (Coetzee, 2005). Fgkol p>0.052 5%

Aol M-S WA AT Tukey post hoc TFEH| w7 Aol 3+ 7+o

Dunnet®] C post hoc AAL p<0.05EA EAlo]l HUstx XS o 289

o 2 AxE <Y 34>9 e vpel 2o

_29_



Check mean differences in
sub groups

|

Levene’s homogeneity
of variance test

v

Mean variance equal Dunnett’s C-
(p>0.057 ¥ Mo HSD test

(s
—

Tukey’s H3D .| Mean difference /’Fw
test 7| significant (p<0.05)? |‘x Yes
—_

'~ Check for practical
l significence (d)
ACCEPT Variahles
(Performance
Fr‘mi'lfs"]

<119 34> Homogeneity of variance test process

59 38F pgo]l 0.05 oldlolW 1 AF}E EAHOE F9F EAL &
(set)o G771 S7stel we FofgdE
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Check practical
significance (d)

Effect size REJECT Variables
d<0.50°? —> (Performance
factors?

Ignore statistical significance
(p) andACCEPT variables

<9 3.5> Practical significant test process for mean difference

(1) Effect size

Effect size (ES)E A7 239 27|(FR)E 2A5H7] A3 AHdHE &
Aol A7
= AbgE T

Effect sizex &3t HAFao]l 2715 AW st= 2lo] ofyT} zolef =7
2l

AT

Mo g WA T g H@FAel Hold) ArE AR

O

rr

EEAL 99w T

B e t 44 L ANOVA Aol AgHAS o ole] 47A §94

& A48 dal ALHE FARDE AAGE Aol

oL

d=| Mean o — Meang | + SDmnax

d= | Mean o — Meang | + RMSE (pooled SD)

<19 3.6> Practical significance formula for mean comparison

¥ Source: Coetzee(2005)
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Mean A = 3 WHA 259 Hit, Mean B = + WA 159 A
=

SDmax = ¥ 179 ¥+ F

0.20 small effect
0.50 medium effect
0.80 large effect

o O O
1

<Y -3.7> Effect size for mean comparison

¥ Source: Coetzee(2005)

o]
o AujzkS AR sl AA A o] A Hysto] AFA FAY A
#S Coheno] A¢FalATF(1988, cited from Coetzee, 2005, p. 7.30). HFE

ol ABRAL BRA AR AGOR 1=030] g R

= 0.10 small effect
= 0.30 medium effect
0.50 large effect

= =
Il

,
I

<19 3.8> Effect size for correlation

¥ Source: Coetzee(2005)
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<# 3.4> Factor analysis process

1. Computing matrix of comelations between the itens(varables)
High correlation > 0.90 is not desirable to avaiulticollenerity
and singularity (Field, 2005)

2. Validity/Adequacy test

. Kaiser-Meyer-Olkin (KMO) test:

High value greater than 0.7 indicates that facoalysis will
yield distinct and reliable factors

. Bartlett's test(Reliability test):

Tests the null hypothesis that the correlatioratrm is an
identity matrix. (Desirable p value <0.001)

3. Deciding on the number of factors (dimensions)ot be extracted

. Kaiser criterion (greater than 1 eigen value)
. Scree plot
. Arbitrarily (As required)

4. Rotating the factor and sorting factor loadings:
Common method varimax rotation

5. Retaining varnables under one factor

. Communilaties test @t >0.50

. Factor loading > 0.40

. Cross loading difference > 0.10

6. Interpretation of factors
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Total questionnaire

Total questionnaire
returned

sent
Usable : 325
<% 4.1> Questionnaire responses

2) $9A AR

(1) 2524

<E 41> 2 <O 42>0 wpEW, ojHATY 9 F Al FAA A
st SHA7E 58156 %= Awj Aol Qlth ALY EAL LES = HAE7H7F
24.31%0°]F 3, wFA oA A= AE/IE 1754% S YEIAT. AAdHE
gm0 SFseleE 2431%A =7 5 AAALA 255t E AEvte ©@A
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27pg ol ot

<3 4.1> Respondents’demographic-information with respecto Organizational attachment

Organization affiliation Frequency Percent Remarks
Owner 57 17.54
Consultant (designer+ supervision) 79 24.31
Contractor 189 58.15
Total 325 100.00
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Organization afflilition

<3 4.2> Respondents 'demographic information with respect to Organizational attachment

(2) <5744

<E 42> 3 <ad 43>0 mEad dAd A 16 ol 273 SE ARGl

=

%) 10~15d =% 3I=H30.77 %)7F

T

A5 1~59 FA S ol g3te] Hit

<X 4.2> Respondents’demographic information with respect to Years of work experience

Years of expelience Frequency Percent Remarks
< 5 years (1) 62 19.07 Mean value (1-5 code)
5-10 years (2) 62 19.08 =274
10-15 years (3) 100 30.77
> 15 years (4) 101 31.08
Total 325 100.00
Total N = 325
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Year of experience
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<3 4.3> Respondents’demographic information with respect to Years of work experience
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<i 4.3> Respondents’demographic information with respect to Management position

Management position Frequency Percent Remarks
Senior level 73 22.46
Middle level 135 41.54
Junior level 117 36.00
Total 325 100.00




Manacement position

OJHAFTE <F 44> 2 <T9 45> HZo] EEFALZE 3385 %2 7
e RES AXeal, V18 2245 %, meln Aol okhE FAAR|

LHER AT

<3 4.4> Respondents’ demographic information with respect to Working project types

Working project type Frequency Percent Remarks

Building/Apartments 61 18.77

Road construction 110 33.85
Rail/Subway 43 13.23
Water supply/Sanitation 19 5.85
Harbor/Dam Construction 20 6.15
Others 72 22.15
Total 325 100.00
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Working project type
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<& 45> Respondents’ demographic information with respect to Working project types
4) BFA FF
=
7F 40.62 %2 AR LT 3446 %, WITHRE o A T3
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<X 4.5> Respondents’ demographic information with respect to Project ownership

Project ownership Frequency Percent Remarks
Government 112 34.46
Public authority 132 40.62
Private agencies 81 24.92
Total 325 100.00

Project ownership

<& 4.6> Respondents’ demographic information with respect to Project ownership
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<X 4.6> Respondents’ demographic information with respect to Project construction cost

Project construction cost Frequency Percent Remarks
<100 < (1) 25 7.69 Mean project amount
100-500< (2) 55 16.92 = 3.25
500-10004 (3) 116 35.69
1000-5000<1 (4) 103 31.70
> 5000 & (5) 26 8.00
Total 325 100.00

Project construction cost

S0009 o] 2F

S500— 1000 =

<% 4.7> Respondents’ demographic information with respect to Project construction cost
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<X 4.7> Respondents’ demographic information with respect to Project duration

Project duration Frequency Percent Remarks
< 1 year (1) 6 1.85 Mean project length
= 3.13 (1-5 code)
1-3 years (2) 93 28.62
= 5 yrs. 9 months
3-5 years (3) 94 28.92
5-10 years (4) 117 36.00
>10 years (5) 15 4.61
Total 325 100.00

Project duration

10 o] aF 14 ojar
4.61% 1.85%

<% 4.8> Respondents’ demographic information with respect to Project duration
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<I 4.8> Performance evaluation experience of professionals

Evaluation expelience Frequency Percent Remarks
Yes 146 44.92
No 179 55.08
Total N = 325

<E 48> 2REAMW £ AF fre ARE wel F1 gtk
of Eel os@ AA $HA F +AG} 2

(63.70%), VA K E(19.18%) ¢ E52H(17.12%) = EFR U

<X 4.8 (a)> Organization * Evaluation experience crosstabulation

Evaluation experience Total
Organization
Yes No
Owner N 25 32 57
% within Organization|- 43.86% 56.14% 100%
% within Evaluation experience -17.12% 17.88% 17.54%
Consultant N 28 51 79
% within Organization| 35.44% 64.56% 100%
% within Evaluation experience 19.18% 28.49% 24.31%
Contractor N 93 96 189
% within Organization| 49.20% 50.80% 100%
% within Evaluation experience 63.70% 53.63% 58.15%
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<X 4.9> Performance evaluation frequency
Evaluation Frequency Frequency Percent Remarks

Not experience 179 55.08

1 time 53 16.31

2 times 37 11.38

3 times 20 6.15

> 4 times 36 11.08

Total 325 100.00

(3) 28F7192 #A
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<I 4.10> Project duration » Performance evaluation frequency cross tabulation

Evaluation Frequency Total
projduration . : . :
0 1 time | 2 times| 3 times | >4 times
< 1 year Count 4 1 0 0 1 6
% within Proj _ Dur. 66.67 16.67 0.00 0.00 16.67 190
% within Eva_ Freq 2.23 1.89 0.00 0.00 2.78 1.85
1-3 year Count 51 12 12 9 9 93
% within Proj _Dur. 54.84 12.90 12.90 9.68 9.68 1Q0
% within Eva_ Freq 28.49 22.64 32.43 45.00 25.0p 62§.
3-5 year Count 54 19 6 6 9 94
% within Proj _ Dur. 57.45 20.21 6.38 6.38 9.57 1Q0
% within Eva _Freq 30.17| 35.85 16.22 30.00 25.00 928.
5-10 year Count 60 20 18 5 14 117
% within Proj _ Dur. 51.28 17.09 15.38 4.27 11.97 01
% within Eva _Freq 33.52 37.74 48.6"1 25.0D 38.890 0@4.
>10 years Count 10 1 3. 0 3 15
% within Proj _Dur. 66.67| 6.67 6.67 0.00 20.00 100
% within Eva _Freq 559 | 1.89 2.70 0.00 8.33 4.62
Total Count 179 53 37 20 36 325
% within Proj _ Dur. 55.08| 16.31 11.38 6.15 11.08 010
% within Eva _Freq 100 | 100 100 100 100 100
(4) & Atul kel #A
<F411>2 wAkH 9} FI7RRLE Afoje] WA S RolFI Qlth Fo| =
W, B b E e gab] Kol S WA RAS Pt A =z
E AT 40745 % gHA e uEe] mRAscq SR} 3
dol = Aoz veya du. 28y 7HE B2 F3H A7 o
By e W Es S9A F7F B B2 FARE] 500710009 T2 A
oF 49 % o]t},
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<3t 4.11> Project construction cost ~ Performance evaluation frequency cross tabulation

Project Evaluation Frequency Tota
Construction . . . .
Cost &) 0 1 time | 2 times|3 times| > 4 times
< 100 4 Count 15 4 3 1 2 25
% within Proj _Cost 60.0 16.00 12.0 4.0D 8.00 1090
% within Eva _Freq 8.38 7.55 8.11 5.00 5.56 7.49
100-500 & Count 30 10 9 2 4 55
% within Proj _Cost 54.5% 18.18 16.36 3.64 7.27 1Q0
% within Eva _Freq 16.76  18.87 24.32 10.00 11.11 926
500-1000%  [Count 59 19 11 9 18 116
% within Proj _Cost 50.8¢ 16.38 9.48 7.76 15.52 100
% within Eva _Freq 32.9¢ 35.85 | 29.73 | 45.00 50.00 35.69
1000-5000< |Count 60 18 7 8 10 103
% within Proj _Cost 58.2% 17.48 6.80 7.77 9.71 1do
% within Eva _Freq 33.52  33.9¢ 18.92 40.00 27.78 631
> 5000 & Count 15 2 7 0 2 26
% within Proj _Cost 57.69  7.69 26.92 0.0p 7.69 1do
% within" Eva _Freq 8.38 3.77 18.92 0.0p 5.56 8.00
Total| Count 179 53 37 20 36 325
%  within Proj _Cost 55.0 16.31 11.38 6.1p 11.08 100
% within Eva _Freq 100T 100 100 100 100 100
(5) FALE T BA
<E412>E ZRAeYu FANE Alele A2 Ay 9ot o
A% w3, F oo Ae vANSFE(E2AE Fast Yot ) A
ole ofFdl #Ho] U== HAFIL AUY.
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< 4.12> Project

type * Performance evaluation frequency cross tabulation

Evaluation Frequency Total
H >
Project Type 0 |1 time 2 3 4
times | times | times
Building/Apartments  |Count 32 8 6 6 9 61
% within Project type 52.4613.11| 9.84 | 9.84| 14.75| 100.0p
% within Eva _Freq 17.8815.09| 16.22| 30.00f 25.00, 18.77
Road construction Count 65 18 13 3 11 11p
% within Project type 59.04 16.36| 11.82| 2.73 | 10.00 | 100.00Q
% within Eva _Freq 36.3133.96| 35.14| 15.00f 30.56] 33.8%
Rail/Subway Count 25 5 6 4 3 43
% within Project type 58.1411.63| 13.95| 9.30 6.98 | 100.0p
% within Eva _Freq 13.9Y 948 16.22 20.p0 8.33 13123
Watersupply/Sanitation | Count 9 3 5 1 1 19
% within Project type 47.3Y15.79| 26.32| 5.26 5.26 | 100.0p
% within Eva _Freq 503 566 1351 5.0 2.78 5.85
Harbor/Dam Count 10 3 2 3 2 20
% within Project type 50.0¢ 15.00| 10.00(-15.00| 10.00 100
% within Eva _Freq 559 5.6¢ 541 1500 5756 6.15
Others Count 38 16 5 3 10 72
% within Project type | 52.7822.22| 6.94 | 4.17| 13.89| 100.0p
% within' Eva _Freq 21.2830.19| 13.51| 15.00, 27.78 22.1%
Total Count 179 53 37 20 36 325
% within Project type 55.0816.31| 11.38| 6.15| 11.08 100
% within Eva _Freq 100T 100Q 100 100 10( 10p
<E 413>E REY A EERTA] FAZ el 510 J = Fashal,
A% FAE 3~54, WHFAE 1539 FE7 Fad Row Jeux
ok 2y 1 2R AETZR Hle FPEH I A5 BEE ot
A ol gk okl o B2 ¥AS Aok & dart
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<I 4.13> Project type * Project duration cross tabulation

Project Duration Total
Project Type <1 1-3 3-5 5-10 >10
year | years | years| years | years
Building/Apartments  |Count 2 49 9 0 1 61
% within Proj _Dur. 33.33] 52.69 9.57 0.0d 6.67 18|77
% within Proj _Type 3.28 80.33 14.75 0.0(¢ 1.64 190
Road construction Count 0 4 25 71 10 110
% within Proj _Dur. 0 430| 26.6 60.68 66.67 33J85
% within Proj _Type 0 3.64| 22.73 64.55% 9.09 190
Rail/Subway Count 0 6 23 13 1 43
% within Proj _Dur. 0 6.45 2447 1111 6.6/ 13J23
% within Proj _Type 0 1395 53.4p 30.28 2.33 100
Water supply/Sanitation Count 0 9 7 3 0 19
% within Proj _Dur. 0 9.68 7.45 2.56 0 5.85
% within Proj _Type 0 47.37 36.84 15.79 0 140
Harbor/Dam Count 0 1 2 14 3| 20
Construction
% _within Proj _Dur. 0 1.08 2.13 11.97 20.00 6.15
% within Proj _Type 0 5.00| 10.00 70.00 15.00 100
Others Count 4 24 28 16 0 72
% within Proj _Dur. 66.67f 25.81 29.79 13.68 0.00 132
% within Proj _Type 556| 33.33 38.89 2222 0.00 1po
Total Count 6 93 94 117 15 324
% within Proj _Dur. 100 100 100 100 100 10p
% within Proj _Type 1.85| 28.62 28.92 36.00 4.62 1po
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E 4.15> Mean (x~) and std. dev. (o) of variables in descending order
Item Perceived performance Mean| Std. | Item Perceived performance Mean | Std.
No. variables (x7) | Dev.| No. variables (x7) | Dev.
71 | Minimizes job site accidents | 4.33 | 0.89 89 Financial arrangement 3.78 0.76

2 Knowledge of finest detail 423 1 0.79 87 Profit generating ability 3.78 0.85
Cooperative relationship with Responding all directives
3 4.21 | 0.84 60 . . 3.78 | 0.79
Owner immediately
Employing highl alified
Qualification of technical mploying ghly quaiiie
14 415 | 0.77 53 and knowledgeable 3.77 0.77
management staff
Subcontractors
Knowledge of owner Quality control and
1 4.15 | 0.89 17 3.77 | 0.79
standard assurance prog.
C ti lationshi ith Equi t is always 11
4 ooperative relationship wi 414 | 0.87 57 qu}pmfsn is a Wdys. we 376 | 078
consultants maintained and available
73 Quality .of site safety 409 | 0.84 97 Providing tim.e.ly notice of 376 078
maintenance condition
Willing to resolve issues Timely submission of shop
83 . 4.07 | 0.77 95 ) 3.75 | 0.73
quickly drawings and samples
Adherence to project Timely subcontractor
59 4.06 | 0.86 38 3.75 | 0.79
schedule approvaland work order
34 Abil?ts'l to deal with 106" | 0:86 3 Type of' coTltrol and 375 074
unanticipated problems monitoring
Ability to produce no error . o
80 4.05 | 0.83 52 Highly qualified work force | 3.75 | 0.78
works
R Timely submission of
Timely and accurately .
72 .. 4.05 | 0.81 61 project progress, photos, 3.74 | 0.80
corrects safety deficiency .
shop drawings-
S ts buildi
Early notification of possible .upl.)()r's b e 4
63 ; 4.03 | 0.79 113 commissioning and project | 3.74 0.83
delay claims .
delivery program
Strict compliance with
15 Manpower resources 4.01 | 0.80 67 |Owner’s security, health and| 3.73 0.83
safety regulat...
Provid lear and let
Established Organizational A ,C ear d,n compiete _
10 . . 4.00 | 0.79 111 operating maintenance 3.72 0.75
Structure to cope with--+
manuals
08 Tendency ‘Foward performing 400 | 081 31 Setting down project 371 0.8l
quality of work priorities
Timely and a atel Quality of h keepi
19 1.me'y an ac?ura ely 308 | 0.85 54 uality 0. ouse ?eplng 371 0.82
submission of project record and project cleanliness
Well designed safety _ Proposed health and safety
66 3.95 | 0.84 68 3.71 0.83

program

Prog.
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E 4.15> Mean (x~) and std. dev. (o) of variables in descending order

(Continued)
Item Perceived performance Mean| Std. | Item Perceived performance Mean | Std.
No. variables (x7) | Dev.| No. variables (x7) | Dev.
Strict compliance with Compliance with required
48 contract plans and 3.95 | 0.85 47 testing and regulatory 3.71 0.81
specifications inspection
Depth of experience on Availability and adequacy of
13 .. . 3.94 | 0.77 58 . 3.70 | 0.79
similar types of projects owned plant and equipment
Practices claim and change
65 Minimizes claims disputes 3.94 | 0.82 78 order avoidance and 3.70 0.84
minimization
Maintains & dequat
Works to mitigate number of altamns an. a equa ¢
81 3.94 | 0.77 70 program to monitor 3.70 | 0.84
changes . .
compliance with contract...
Contractor ti and cost Capability t ki ithi
23 ontractor time anc cost. | 3931| 080+ 19 | APAPTI fo-workmg WM 554 | 084
saving limits
P tl d letel
Ability to complete within TP W RPN
79 3.93 | 0.84 112 demobilizes from 3.67 | 0.79
allocated cost . 4
construction site
Quality achievement from Risk sharing level or
101 3.92 | 0.74 24 f ; 3.67 | 0.81
subcontractor work attitude with...
Capital structure and
45 | Employment of trained staff | 3.92 | 0.79 88 liquidity status of the 3.66 0.76
company
Subcontractor attendance at
5 Coordination of work 3.92 | 0.83 | 102 | scheduled meetings and job | 3.66 | 0.69
site
. » Use of modern and suist
32 |Attitude to solve complexities| 3.91 | 0.81 56 3.66 0.77
plants
. . . Creating minimal
49 | Quality of As-Built drawings| 3.91. | 0.86 51 3.65 0.77
problems---
Adequacy of staffing, Subcontractor
94 . . 3.90 | 0.82 | 103 . 3.64 | 0.67
materials and equipment responsiveness and...
Responding and addressing Adjusting workers wages
64 |. . . 3.90 | 0.79 41 o 364 | 0.79
immediately corrective work and facilities
. Conditions and procedures
Degree of trust in other _ .
12 3.89 | 0.85 55 |of plant and equipment 3.63 | 0.76
members .
operation
77 Timely performs change 388 | 074 5 Relationship with regulating 361 0.87

order works

authorities
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E 4.15> Mean (x~) and std. dev. (o) of variables in descending order

(Continued)
. Mea | . R .
Item Perceived performance Std. | Item Perceived performance Mean | Std.
No. variables <;_) Dev.| No. variables (x7) | Dev.
Regular attending th
All const. materials ordered egu ara ep e the .
62 i . 3.88 1 0.78 7 project meeting by qualified 3.60 0.87
and purchased in Time
personnel
Timely creation submission Experience with specific _ _
98 . 3.88 | 0.77 | 109 L 3.57 0.85
of project schedule type of facilities
Availabili f i
Understanding of Vc,llldblhty © tes‘Fmg
20 . 3.88 | 0.85 22 |equipment as quality 3.56 0.80
environmental
assurance
C li ith O 's
o@p 1a.nce Wl, wners Cash out /payment schedule
42 |affirmative action 3.87 | 0.78 27 . R 3.55 0.84
. in the project
requirements
Timeliness of obtaining Compliance with labor _
96 . . 3.86 | 0.76 21 3.55 0.78
regulatory inspections-- standard
Timely submission of change
76 3.86 | 0.76 46 |\IT Knowledge 3.54 0.79
order proposals
Provides valid and Familiarity with local
75 |appropriate document change | 3.86'| 0.73 | 105 |weather/geographic 354 | 075
order condition
Familiarit ith local le
Relationship with O ]
6 3.86 | 0.85 | 105 |market and material 3.54 0.79
Subcontractors .
suppliers
929 Tendency .to finish work in 385 | 081 37 Res.ponsiveness to Owner’s 354 0.85
schedule time project staff request
o 1 o Health and safety record on _ _
44 |Maintains adequate daily log | 3.85 | 0.78 69 . ) 3.53 0.85
previous projeets
Superior quality finished Current liabilities .and _ _
50 3.85.| 0.77 86 y 3.51 0.75
work commitments
L . Contractor reputation and
84 |Creditworthiness of Company | 3.84 | 0.82 0. 3.50 0.83
image
’I" , P 0
1mel'y ,dnd accurately Relationship with local
40 |submission of other contract | 3.83 | 0.86 106 X 3.50 0.81
authority
documents
Promptly performs punch e
110 List 3.83 1 0.76 11 |Litigation tendency 3.47 0.86
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E 4.15> Mean (x~) and std. dev. (o) of variables in descending order

(Continued)
Item Perceived performance Mean| Std. | Item Perceived performance Mean | Std.
No. variables (x7) | Dev.| No. variables (x7) | Dev.
Timely payments to staff, _ | Current working and fived
43 3.82 | 0.72 &5 247 | 0.80
subs... assets
Accuracy and timeliness of Familiarity with local work
74 . 3.82 | 0.78 9 242 | 0.82
regulatory documentation--* cullure

Responsibility in setting o 3
30 . L 3.82 | 0.77 9] | Origin of the Comparny J40 | 0.92
down project objectives

Commurnication and
Present work load and

16 . 3.82 | 0.76 | 705 |transport method from office| 336 | 0.91
capability i i
to job site
Accurately and timely Familiarity and compliance
100 . 3.80 | 0.74 & . . L. s34 | 0.88
notice-* with Regulating Authorities

Numbers of years in Trend of emploving reputed

92 . 3.80 | 0.83 2 222 | 0.86
business SUDS
Change order quotation )

82 3.80 | 0.72 26 | Types of performance bond | 320 | 0.84
reasonable

36 Management of a7s | 076 | 07 /"Jome- Office location from oas | 107
Subcontractors \job site
Timely notice of schedule Lank of listing in stock

99 |tie-inns, cut over, shutdowns | 3.78 | 0.73 93 |\market 287 | 1.01
etc.

18 Specialized knowledge of 378 | 0.85

work

3) wAdA AA
(1) ANOVA A4

o Aue ga 2rzd, o¥R

Sl = =
(5 '6‘*]”6‘1‘!’, Ly

.

’

Z':
s 47k R el Wil frelarE 0.059] ANOVA HAS A& skt

cAde ¥ %o WEe vmssd 44832 ANOVARAL A 1%
ol de Mmsy] Slste] A8 4 vk B AFNE RE mAwY 3



A2Fol 374 ol Folmz ANOVARAS A&ttt <& 416> 4749

whoF o) BHE pghel 0.05018k7 W, ko] Apolzb o (F kol Al
7 OgE)Eita B 5 vk oy @ s1Fo® 103709 WMo ghd ANOVA
=4S AT A3, 10379 fg FollA FF AWM 3070, TAEF
Mol A 2570, dEl g Fol A 2470, g BFEAFF HFl A 25709
M7 FAA R fod Aoz vyt a2y 34709 HE(RsEas
3, 5, 7, 10, 19, 21, 22, 24, 35, 37, 40, 41, 46, 47, 57, 60, 63, 69, 70, 73, 74,
76, 78, 84, 86, 89, 92, 95, 98, 104, 105, 109, 110, 111)= X 4.16°] Ho]+=
7] ool

=] [e) [
adeEAsE 97T

AAY mAwe mE WEe FEgel 2lelA pgkol 005:th
FolsA g AoR veweh THET Al W%

TYE=H7F AFE ARG 7 d Aoz REE T,

W

rr
¢

_58_



¥ 4.16> ANOVA results with respect to four population groups

ANOVA result (p-value)/

Item Population group

S.N. N Perceived performance items
0.
1 2 3 4

1 1 | Knowledge of and compliance with owner standard and procedure | .119 | .138 | .012* | .750

Knowledgeable and well known about the work to be
2 2 . . 270 963 | .041= | .062
performed to the finest detail

Cooperative, superior working relationshp and open .
J 3 L i . 12| 227 .060 | .378
communication with project owner

Cooperative, accommodating and open communication with N
4 4 . . 486 | .345 108 | .029%
design/supervision consultant, as well

51 5 Lelationshp with regulating authorities 362 595 589 | .325
6 6 Relationship with subcontractors .005% | 011 715 1.040%*
7 | 1 | Regular attending the project meetings by qualified personnel| ./77 | 180 232 1 .193
& | 10 | Established organizational structure to cope with const. activities| .065 | 130 128 | 154
9 12 Degree of trust in other project team members 029|166 | .004= | .192
10 | 13 Depth of experience on similar types of projects 200 | 237 336 | .034x*
11 | 14 Qualification and experience of technical/management staff 356 | .256 | .019= | .011=
12 | 15 |Manpower resources (general workers, technicians, experts etc.)| .339 | .368 184 | .000%*

13 | 16 | Present workload and capability to support the current project | .281 | .800 234 1 .011%*

14 | 17 Quality control and assurance program 663 | 660 | .029% | .102

15 | 18 Specialized knowledge of particular construction method 1401 912 278 1.004%*

Capability to working within limits of operation as specified
/6] 19 ” % 4 . - oot Lol 1.229 113 ] .090
m contract

Understanding of environmental (noise, dust, water pollution
17 | 20 . 044|092 | .026% |.039*
etc.) requirements

Compliance with labor standards (wage rate, msurance,
78| 21 - 470 ©.057 492 | 051
Jacilities etc.)

19| 22 Avarlability of testing equipment as qualily assurance 249|308 086 | .054

20 | 23 | Contractor’s time and project cost saving attitude or approach |.012%| .222 7161 | .015%

27 | 24 | Risk sharing level or attitude with other project participants | 542 | 163 195 | 572

22 | 27 Cash out/payment schedule in the project .033*| 182 320 | 719

¥ Notes : 1=Organization, 2=Project types, 3=Management position, 4=Project ownership

(%) indicates mean difference is significant at 5 % level
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<X 4.16> ANOVA results with respect to four population groups (Continued)

ANOVA result (p-value)/

.. |Item . ) Population group
S.N. Perceived performance items

23 | 28 |Tendency toward performing quality work and using quality materials| .332 | .392 | .001* | .450

24 | 29 Tendency to finish work in scheduled time 242 1 .025% | 578 | 374
25 | 30 Responsibility in setting down project objectives A73 1 .019% | 057 | .032%
26 | 31 Setting down project priorities seriously .001=| .247 325 | .268
27 | 32 Attitude to solve project complexity 015 | .076 532 | .290

28 | 33 Type of control and monitoring procedures in the project |[.020%| .022% | 470 | .305

29 | 34 | Ability to deal with unanticipated problems (e.g. risk management) |.013+| .110 239 | .039*

0| 35 Coordination of work with client operations 154 | 147 854 | 762
31 | 36 Management of subcontractors and suppliers 013*| 011 | .094 | .062
22| 37 Lesponsiveness to-owner’s project staff request 276 | 147 962 | 351
33 | 38 Timely subcontractor approval and work order 4199 | .002% | 230 | 619

Timely and accurate submissions of clear project records N
34 | 39 A g ) . 264 | 089 | .062 | .025%
and as-built drawings and technical documentation

S5 | 40 | Zimely and accurate submiussions of all other contract documernts.| 598 | 638 504 | 159

X Adjusting worker wages and facilities as per prevailing 1
S0 | 41 N 368 | 062 | 903 | 579
condition and demand

37 | 42 Compliance with owner affirmative action requirements 588 | 028 | 015+ | 561

38 | 43 Timely payment to staffs, subcontractors and suppliers 0731 .089 | .043* | .129

39 | 44 Maintains an adequate daily log for all work activities 017 520 168 | .005%*

Employment of trained/ skilled and knowledgeable staff for N
40 | 45 . . 547 509 |.036x | .107
the particular project

| 46 [T knowledge, eg. electronic document management systems| 304 | 374 218 | 282

42 | AT | Compliancewith required testing and regulatory mnspections | .085 | .190 106 | 117

43 | 48 Strict compliance with contract plans and specifications 773 1609 | .009% | .032%

44 | 49 Quality of as-built drawings 875 | 017 | .028% | .004*
Superior quality of finished work even exceeding contract N
45 | 50 . 886 | 987 |.010=* | .444
requirements

% Notes : 1=Organization, 2=Project types, 3=Management position, 4=Project ownership

(%) indicates mean difference is significant at 5 % level
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X 4.16> ANOVA results with respect to four population groups (Continued)

ANOVA result (p-value)/

. Item . . Population group
S.N. Perceived performance items

1 2 3 4

Creating minimal problems caused varying interpretations| o
46 | 51 . 031=| .076 315 | 508
of plans and specifications.

47 | 52 |Highly qualified workforce (technicians, workers etc.) employment| .081 | .036% | .237 | .760
48 | 53 | Employing highly qualified and knowledgeable subcontractors |.031*| .407 140 | 618
49 | 54 Quality of housekeeping and project cleanliness 158 | .026% 118 | .331
50 | 55 | Conditions and procedures of plant and equipment operation |.005%| .092 172 | 567
51 | 56 Use of modern and suiit plants and equipment 003 | 122 | .042% | 244

52| BT | Egqugpment is always well mamtained and available when needed| 200 | 089 143 | .098

Availability and adequacy of owned construction plant
53 | 58 . 112 048+ | 132 | 518
and equipment.

54 | 59 | Adherence to project schedule and project completion timeframe | .209 | .012x | .025% |.010*

25| 60 Lesponding all directives immediately 105 092 | 064 | 538

Timely submissions of project progress, progress photos,
56 | 61 . 031|385 083 | .128
shop drawings etc.

All construction materials ordered, purchased and
57 | 62 ] > . 026%| 518 115 | 149
received in time
a5 | 63 FEarly notification of possible delay claims L7515 064 | 160

Responding and addressing immediately to all corrective

59 | 64 | work (having concerned regarding quality of work and | .228 | 525 | .045% | .207

punch list items)

60 | 65 Minimizes magnitude of claims and disputes 311 .030* | .058 |.009x*

Well designed safety program to protect employees and
61 | 66 . 786 | 154 | 007+ | .061
the public as well as property

Strict compliance with owner’s security, health and

62 | 67 . 235|503 | 028+« | .302
safety. regulations

63 | 68 Proposed health and safety program 401 | 076 | .004% | 218

o7 | 69 Health and safety records on previous projects 459 | .304 145 | .647

Maintains an adequate program to monitor compliance
65 | 10 | with contract, safety guidelines, industry standards and | .579 | .059 | .775 | 531
requirements of applicable laws, rules and regulations
66 | 71 Minimizes job site accidents 233 | 219 | .042* | .059
67 | 72 Timely and adequately corrects safety deficiencies 012%| .067 142 | 106

¥ Notes : 1=Organization, 2=Project types, 3=Management position, 4=Project ownership

(%) indicates mean difference is significant at 5 % level
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X 4.16> ANOVA results with respect to four population groups (Continued)

ANOVA result (p-value)/

Item Population group
S.N. N Perceived performance items
0.
1 2 3 4
o8 | 73 Quality of site safety maintenance 237 589 | .059 | .147

§ Accuracy and timeliness of regulatory documentation (e.g. X .
09 | 74 L i 319 007 | oo | 174
nolifications, variance requests etc.)

Provides valid and appropriate supporting documentation for
70 | 75 012% | .041= | 812 | .307
change orders

77 | 76 Timely submission of change order proposals 155 | 290 | 244 | 249

72 177 Timely performs change order works 030 | .035% | 533 | .104

73 | 18 | Practices claim and change order avordance and munimization| .50/ 002 | 099 | 284

74 179 Ability to complete the project within the allotted cost 035 | .003*% | 583 | .005*

75 | 80 | Ability to produce no errors, accurate representation-of work completed | .171 .009% | 117 | .003%*

Works to mitigate the number of changes and control the
76 | 81 205 | .004= |.031%|.010%
cost of the work

77| 82 Change order quotations are reasonable and timely 189 176 |.013%| 245
78 | 83 Willing to resolve the issues quickly .054 | .006% | .151 |.032*
79 | 84 Creditwortluness of company o055 | 308 | 744 063
S0 | 86 Current liabilities and commitiments .296 546 | 673 | .629
81 | 87 Profit generating ability .000= | .001= | 763 | .087
82 | 88 Capital structure and liquidity status of the company 009 | 879 | 591 | 429
&5 89 Financial arrangement for the project work ASS | L2 | 197 SL2
84 | 90 Contractor reputation and image in the industry 014* |7.003*% | 470 | 425
8 | 92 Number. of yvears n-the constriction business 219 | 147 | 710 666

S0 | 94 | Adequacy of staffing, materials ‘and equipment to meet schedule| .962 | .003* | .096 |.000=

87 | b Timelyv submissions of shop drawings and samples 579 IS0 | 544 | 151

&5 | 96 | Timeliness in obtaining regulatory inspections and permits | .317 | .008% | .077 | .026%*

89 | 97 Providing timely notice of conditions impacting schedule 158 | .011% | .300 | .398

90 | 95 | ZTimelv creation, submission and approval of project schedule| 627 | 127 | 452 | 106

% Notes : 1=Organization, 2=Project types, 3=Management position, 4=Project ownership

(%) indicates mean difference is significant at 5 % level
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X 4.16> ANOVA results with respect to four population groups (Continued)

ANOVA result (p-value)/

.. |Item . ) Population group
S.N. Perceived performance items

1 2 3 4

97 | 99 | Timely notice of schedule tie-inns, cut-over, shutdowns etc.| .064 | .215 |.030= 170

Accurately and timely notice that work in place is ready for

92 | 100 . . 025% | 131 | 179 | .047%*
inspections/tests
93 | 101 Quality achievement of subcontractor work 271 .077 | 123 .000%
Subcontractor attendance at scheduled meetings and job site N
94 {102 .001=| .277 | .602 109

consultations

Subcontractor responsiveness and compliance with owner o N
95 | 103 . .020%].001=| .295 546
contract requirements

96 | /04 Familiarity with local weather/geographic condition 059 | .213 | .710 077
97 | 105 Famiiarity with local labor market and material supplies | 098 | 433 | 817 AT7
495 1 106 Relationship with local authority 033 | 187 | .744 .666
99 | 709 FExperience with specific tvpe of facilities 165\ .692 | 305 375
100\ 1710 Promptly performs punch list (defective) works 10| boo | 077 105

Provides clear and complete operating mamntenance
107\ 777 manuals and warranties, traming and satisfjactory 109 | .95 | . 150 244

demonstrates the operation of mnstalled systems

Promptly and completely demobilizes from construction site and A N
702|112 . / .. |.045%| 561 | .163 181
leaves contractor occupied areas in, or restored to, good condition

103 | 113 | Supports building commissioning and project delivery program |.017+| .303 |.012x .087

% Notes @ 1=Organization, 2=Project types, 3=Management position, 4=Project ownership
(%) indicates mean difference is significant at 5 % level

Total numbers of variables = 113
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<3 4.17> ANOVA and Levene’s significance values with respect to four population groups

Levene’s Test for
item ANOVA (p- value) homogeneity of varianceg
NO Perceived performance items (p-value)
’ Pro. | Positi Pro. Pro. | Positio| Pro.
Org. Org.
type| on | Own type n Oown
1 |Knowledge of and compliance with owner..119| .138|.012*% .750 466"
2 |Knowledgeable and well known about twerk| .270| .963| .041F .062 465
4 Cooperative, accommodating and open .486| .345 .108 .029* .079
6 Relationship with subcontractors .005*| .011* .715| .040f .06} .055 007"
12 | Degree of trust in other project team memp&29* .166| .0047 .192 .02 439
13 | Depth of experience on similar types of projec290| .237| .33 .034* .008m
14 Qualification-and experience .356| .256| .019F .011¢ 2911 917
15 Manpower resources .339| .368| .184 .000* .008M
16 Present workload and capability .281| .800| .234 .011* .ooom
17 Quality control and assurance program .663| .660| .029f .102 .038""
18 Specialized knowledge 140 .912| .278 .004* .01
20 Understanding of environmental .044* .092| .02671 .039F .61 .005" .0101"
23 Contractor’s time and project cost savind12* .222| .761 .015¢ .05 .oo2m
27 | Cash out/payment schedule in the projed33* .182| .320 .719 .08

*  Mean difference is significant at 5% level
indicates equal variances at 5% level, hence Tukey’s HSD post hoc test applicable

A~

indicates unequal variance at 5% level, hence Dunett’'s C HSD post hoc test applicable
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<I 4.17> ANOVA and Levene’s significance values with respect to four population

groups (Continued)

Levene’s Test for
ANOVA (p- value) homogeneity of varianceg

Item
NO Perceived performance items (p-value)

' Pro. | Positi Pro. Pro. | Positio| Pro.

Org. Org.
type| on | Own type n Oown

28 | Tendency toward performing quality work.332| .392|.001*| .450 .048™M
29 | Tendency to finish work in scheduled time42|.025% .578 .374 .0oon
30 | Responsibility in setting down project obj.473|.019% .057| .032} 014N .238

31 Setting down project priorities seriously.001* .247| .325 .268 .15

32 Attitude to solve project complexity |.015* .076| .532 .290 .05

33 | Type of control and monitoring procedure820*|.022* .470| .305 .15

34 | Ability to deal with unanticipategiroblems|.013* .110| .239 .039F .02"" .685

36 | Management of subcontractors and suppli@ds3*| .011* .094| .062 .54%4 .342

38 | Timely subcontractor approval and work ordé©9 | .002% .230 .619 .001™

39 | Timely and accurate submissions of clea264 | .089 .062 .025* .085
42 | Compliance with owner affirmative action.588|.028% .0157 .561 .0227 .466

43 Timely payment to staffs, subcontractors.073| .089| .043F .129 .018m

44 | Maintains an adequate daily log for ®mlbrk|.017%| .520| .168 .005F .00" .0027
45 Employment of trained/ skilled .547| .509| .036F .107 024

48 Strict compliance with contract plans | .773| .609| .009F .032¢ 2911 142
49 Quality of as-built drawings .875|.017% .0287 .004f .853%  .5111 .199
50 Superior quality of finished work .886| .987| .010F .444 027"

51 Creating minimal problems .031* .076| .315 .508 .72

52 Highly qualified workforce .081|.036% .237 .76( 170

*  Mean difference is significant at 5% level
indicates equal variances at 5% level, hence Tukey’s HSD post hoc test applicable

~ indicates unequal variance at 5% level, hence Dunett’'s C HSD post hoc test applicable
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<I 4.17> ANOVA and Levene’s significance values with respect to four population

groups (Continued)

Levene's Test for
ANOVA (p- value) homogeneity of varianceg

Item
NO Perceived performance items (p-value)
’ Pro. |Positi| Pro. Pro. |Positio| Pro.
Org. Org.
type| on | Own type n Oown

53 | Employing highly qualified subcontractors031*| .407 | .140| .618|.01™

54 | Quality of housekeeping and project cleanline$58| .026% .118 .331 .001

55 Conditions and procedures of plant |.005* .092| .172 .567 .57

56 Use of modern and sai plants .003*| .122| .042% .244 .68 731

58 Availability and adequacy of owned | .112|.048% .132 .51§ .005"

59 | Adherence to project schedule and projec209 | .012% .0257 .010t 9201 2611 .064]

61 Timely submissions of project progress.031* .385| .083..128 .16

62 | All construction materials orderegurchase(.026* .518| .115 .149 .11

64 Responding and addressing immediately.228| .525| .045} .207 .004M
65 | Minimizes magnitude of claims and disputexll | .030% .058 .009¢ .769 026"
66 Well designed safety program .786| .154| .007F .061 .000M
67 | Strict compliance with owner’s securitygalth .235| .503| .028F .302 .03
68 Proposed health and safety program| .401| .076| .004f .218 .020mM"
71 Minimizes job site accidents .233| .219| .042F .059 .01aw

72 Timely and adequately corrects safety.012* .067| .142 ..106 .18

75 Provides valid and appropriate supportindg12* .041% .812| .307 .71} .156

77 Timely performs change order works |.030%.035% .533| .104 .00 .097

79 Ability to complete the project .035*.003* .583| .005f .02"® .326 0140

80 Ability to produce no errors 171 .009% .117| .003¢ .249 .300

A~

Mean difference is significant at 5% level
indicates equal variances at 5% level, hence Tukey’s HSD post hoc test applicable

indicates unequal variance at 5% level, hence Dunett’'s C HSD post hoc test applicable
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<I 4.17> ANOVA and Levene’s significance values with respect to four population

groups (Continued)

Levene's Test for

ANOVA (p- value) homogeneity of varianceg
Item
NO Perceived performance items (p-value)
- Pro. |Positi| Pro. Pro. |Positio] Pro.
Org. Org.
type| on | Own type n Own

81 | Works to mitigate the number of changes205 |.004*.031*.010* 6917 | .009M 220"
82 Change order quotations are reasonahlel89| .176| .013t¢ .245 .021\n
83 Willing to resolve the issues quickly | .054|.006% .151] .032F .342 .239
87 Profit generating ability .000*|.001* .763| .087 .637 .047M"
88 Capital structure and liquidity status |.009* .879| .591 .429 .89

90 | Contractor reputation and image in_the-indysii4*|.003* .470| .425 .02 .787

94 | Adequacy of staffing, materials and equipme®62 | .003% .096/ .000f .088 .069

96 | Timeliness in obtaining regulatory inspectiprsl7 | .008% .077| .026} 132 119

97 | Providing timely notice of conditions impactind58 | .011% .300 .394 .050

99 Timely notice of schedule tie-inns | .064| .215| .030F .17( .035

100 Accurately and timely notice .025*| .131| .179 .047+ .11 .203

101 | Quality achievement of subcontractor worlR71| .077, .123 .00Q* 023

102 Subcontractor attendance at scheduled001%*| .277| .602 .109 .05

103 | Subcontractor responsiveness aodpliancg.020*|.001% .295| .54 .43} ..254

106 Relationship with_local* authority .033* .187| .744 .666 .56

112 Promptly and completely demobilizes|.045*% .561| .163 .181 .88

113 Supports building commissioning |.017*| .303| .0127 .087 .04" .256

* Mean difference is significant at 5% level
~ indicates equal variances at 5% level, hence Tukey's HSD post hoc test applicable

~ indicates unequal variance at 5% level, hence Dunett's C HSD post hoc test applicable
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<¥ 4.18> Tukey HSD multiple comparisons with respect to Organizational domain

Mean Pract
N|I arie i .
S.N| Item Depende‘nt Variable with @ Org. () ‘Org. | Difference| Sig. Poled ‘
No. | population mean value SD | Sig.
(I-J)
(d)
Relationshi ith
1| 6 o o WA Owner(1) | Consitart ) | -0.193 | 0.379 | 698
Subcontractors
Contractor (3) | —-0.394 | 0.005% 0.57x
Consultant | Contractor | -0.201 | 0.171
Understandi f
2 | 20 A A e © Owner | Consultant | -0.240 | 0.229 | 716
environmental
Contractor| =0.320" | 0.034= 0.44
Consultant | Contractor | -0.079 | 0.766
3 23 |Contractor_ Time and Cost| Owner Consultant | -0.073 | 0.855| .624
Contractor | -0.305 |0.029% 0.49
Consultant | Contractor | -0.232 | 0.074

* Mean difference is significant at 5% level
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<I 4.18> Tukey HSD multiple comparisons with respect to Organizational domain

(Continued)
Mean Pract
SN|It D d Variabl ith Poled| .
em epen e.nt ariable wit ) Org. (J) Org. |Difference| Sig. ole .
No. | population mean value SD | Sig.
(I-1
(d)
4| 27 Cash out Payment Owner | Consultant | -0.203 |0.337 | 688
Schedule
Contractor | -0.324 |0.027% 0.46
Consultant | Contractor | -0.121 | 0.520
Setting down project .
5 | 31 L. Owner Consultant | -0.113 | 0.690 | .632
priorities
Contractor | -0.395 |[0.003x 0.63*
Consultant | Contractor | -0.282 |0.023x 0.44
Attitude to Solve
6 32 y Owner Consultant | -0.317 |0.058 | .637
Complexities
Contractor | —0.347 |0.012x 0.55%
Consultant | Contractor | -0.029 | 0.959
7 33 Type Of Control Owner Consultant | -0.326 |0.028+ | 534 |0.62:x
Contractor | -0.284 [0.028 0.52%
Consultant | Contractor 0.041 | 0.905
Mane t
8 | 36 aaeemy Ownerl | Consultant j40.190 4 0.314 | 567
Subcontractors
Contractor { ~0.329 |0.011= 0.58
Consultant | Contractor | -0.138 | 0.354
Creati Minimal
9 | 51 reatine Anima Owner Consultant | -0.169 | 0.407 | 577
Problems
Contractor | -0.296 |0.027x 0.52x
Consultant | Contractor | -0.127 | 0.421

* Mean difference is significant at 5% level
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<I 4.18> Tukey HSD multiple comparisons with respect to Organizational domain

(Continued)
Mean Pract
S.N |Item Depende.nt Variable with M Org. (J) Org. |Difference| Sig. Poled :
No. | population mean value SD | Sig.
I-n
(d)
Conditions and
10 | 55 Procedures _ Plant Owner Consultant | -0.324 |0.036«| .565 |0.57x*
Equipment
Contractor | -0.370 |0.004= 0.66%
Consultant | Contractor | -0.045 | 0.894
11 | 56 Use Of Modern Plants Owner Consultant | -0.421 |0.004* | 574 |0.74x*
Contractor | -0.347 [0.007x 0.61*
Consultant | Contractor 0.073 | 0.748
Timely S issi
12| 61 | Timely Submission®_ 4G 0 Gonsiltant <0300 |0.077 | 632
Project Progress
Contractor | —0.038 | 0.944
Consultant | Centractor 0.261  ]0.039% 0.41
13| 62 pllConstructiog Owner | Consultant | -0.330 | 0.039% | 600 |055+
Materials _Ordered
Purchased in Time Contractor | -0.294 [0.033x 0.48
Consultant | Contractor 0.036 10.935
Timel d A 1
14 | 72 | ey and AcAEY |6 e | Consultan| 20.2107| 0.283 | 635
Corrects. Safety
Deficiency Contractor | -0.353 [0.010= 0.55%
Consultant | Contractor | -0.142 |0.375
15| 75 | Frovides Valid and Owner | Consultant | -0.289 |0.056| 520
Appropriate
document _ Change Order Contractor | -0.324 |0.009% 0.61:
Consultant | Contractor | -0.034 | 0.932

*

Mean difference is significant at 5% level
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<I 4.18> Tukey HSD multiple comparisons with respect to Organizational domain

(Continued)
. . Mean Pract
D (@
16 | 79 _Qiii;y At(l)loS:trzglizst Owner | Consultant | ~0.366 |0031x| 688 | 0.52
Contractor | -0.262 | 0.092
Consultant | Contractor | 0.1035 | 0.621
17 | 87 | Profit Generating Ability Owner Consultant | -0.221 |0.268 | .675
Contractor | -0.587 | 0.000+ 0.88:
Consultant | Contractor | -0.366 |0.003* 0.53=
18 | 88 _CS;I E?élfytrgiziz Owner | Consultant | -0.070 |0.852| 568
Contractor | —-0.298 |0.025* 0.52:
Consultant | Contractor | -0.228 1 0.063
19 | 100 | Accyrately, and timelygl oo o W G8nsultant | -0.345-0.00+ | 541 |062s
notice
Contractor | -0.235 | 0.087
Consultant | Contractor | 0.109 | 0.509
20 | 102 | Subcontractor attendance Owner Consultant | -0.118 [ 0.579 | .466
Contractor | -0.339 [0.003* 0.70
Consultant | Contractor+|" =0.220 0'243 0.46
211103 Subcon.tractor Owner Consultant | -0.010 | 0.996| .44
responsiveness
Contractor | -0.216 | 0.080
Consultant | Contractor | -0.205 | 0.055

*

Mean difference is significant at 5% level
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<I 4.18> Tukey HSD multiple comparisons with respect to Organizational domain

(Continued)
Mean Pract
S.N |Item Dependeflt Variable with I Org. (J) Org. |Difference| Sig. Poled
No. | population mean value SD | Sig
I-D
(d)
Relationshi ith Local
22 | 106 | TEANONSHID WL LOCAT - G wner | Consultant | -0.016 |0.993 | .648
Authority
Contractor -0.247 10.107
Consultant | Contractor | -0.230 | 0.084
P tl d letel
03 | 112 | OMPEY AnC COMPIEEEN | Gwner | Consultant | -0.098 |0.752 | 621
demobilizes
Contractor 0.154 ]0.396
Consultant | Contractor 0.253 | 0.044= 0.40
* Mean difference is significant at 5% level
<E 419>% 709 WS=e] e Dunnet C A ZAE e Aoy, o
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<3 4.19> Dunnett C’ HSD Multiple comparison with respect to Organizational domain

Mean

It . Pooled | Pract.
SN em Dependent Variable (I) Org. (J) Org. Diff. 0oe réc
No. SD Sig.
IT-J
Consultant
1 12 Degree Of Trust Owner (1) ) -0.389* 0.705 0.55%
Contractor 0.950

(3)

Consultant | Contractor 0.139

2 34 Ability To Deal Owner Consultant -0.180 0.722
Contractor -0.362

Consultant | Contractor -0.182

3 44 Maintains Daily Log Owner Consultant | —0.386: 0.598 0.64:
Contractor -0.243

Consultant | Contractor 0.143

Employi lif
g | 53| MmplovingZRualified 100 er | Consuttantd 20984 | 0583
Subcontractors

Contractor =0.299

Consultant | Contractor -0.015

Timely Performs
5 77 Change Order Works Owner Consultant 0.300 0.540

Contractor -0.277

Consultant | Contractor 0.023

6 90 Contractor Reputation Owner Consultant -0.124 0.681
Contractor " —0.333x 0.49

Consultant | Contractor -0.209

S ts Buildi
7 | 113 tpports Burdmg Owner | Consultant | -0.208 | 0679
Commissioning

Contractor 0.109
Consultant | Contractor 0.317* 0.47

*The mean difference is significant at the .05 level. Practical difference is also
significant.
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<X 4.20> Tukey’s multiple HSD with respect to Project types
. . . Mean . Pooled Pr_ac.
Dependent Variable [(I) Proj _Type|(]) Proj _Type Difference (I-J) Sig. sD D(:jf)f
Relationship with Build/Apart. Road -0.060 0.998 | 0.695
subcontractors Rail/Subway 0.316 0.402
(Item no. 6) Watersupply -0.033 1.000
Harbor/Dam 0.267 0.815
Others 0.342 0.174
Road Rail/Subway 0.376 0.125
Watersupply 0.027 1.000
Harbor/Dam 0.327 0.589
Others 0.402x 0.020 0.58
Rail/Subway | Watersupply -0.349 0.652
Harbor/Dam -0.049 1.000
Others 0.026 1.000
Watersupply | Harbor/Dam 0.300 0.871
Others 0.375 0.504
Harbor/Dam Others 0.075 0.999

*The mean difference is significant at the .05 level.
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<3 4.20> Tukey’s multiple HSD with respect to Project types

(Continued)

Dependent Variable |(I) Proj _Type ({21‘5;? Diffei\frfélen 1-1 Sig. P()Soll)ed }I;(rf)?

Management of Build/Apart. Road -0.177 0.679 | 0.561
subcontractors Rail/Subway 0.275 0.438
(Item no. 36) Watersupply -0.108 0.994
Harbor/Dam 0.037 1.000
Others 0.148 0.866

Road Rail/Subway 0.4525 0.011 0.81

Watersupply 0.069 0.999
Harbor/Dam 0.214 0.849
Others 0.325 0.051
Rail/Subway | Watersupply -0.383 0.431
Harbor/Dam -0.238 0.848
Others -0.127 0.951
Watersupply | Harbor/Dam 0.145 0.991
Others 0.256 0.771
Harbor/Dam Others 0.111 0.992

er‘ilVlitgg;’f As~Bullf lngil /A part. Road 4,000 0.135 | 0.718
(Item no. 49) Rail/Subway 0.424 0.124
Watersupply -0.165 0.977
Harbor/Dam 0.198 0.944
Others 0.084 0.993
Road Rail/Subway 0.089 0.992
Watersupply -0.500 0.169
Harbor/Dam -0.136 0.986
Others -0.250 0.375
Rail/Subway | Watersupply =0.589 0.121
Harbor/Dam =0.226 0.923
Others -0.339 0.301
Watersupply | Harbor/Dam 0.363 0.764
Others 0.249 0.864
Harbor/Dam Others -0.114 0.995

*The mean difference is significant at the .05 level.
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<E 4.20> Tukey’s multiple HSD with respect to Project types (Continued )

Dependent Variable |(I) Proj _Type ({21‘5;? Diffei\frfélen 1-1 Sig. P()Soll)ed }I;(rf)?
%f?gor‘gahﬁed— Build/Apart. Road 0.005 1.000 | 0.588
(Item no. 52) Rail/Subway 0.380 0.130
Watersupply 0.395 0.367
Harbor/Dam 0.269 0.751
Others 0.119 0.949
Road Rail/Subway 0.375 0.074
Watersupply 0.390 0.319
Harbor/Dam 0.264 0.719
Others 0.114 0.925
Rail/Subway | Watersupply 0.015 1.000
Harbor/Dam -0.112 0.995
Others =0.262 0.487
Watersupply | Harbor/Dam -0.126 0.996
Others -0.276 0.729
Harbor/Dam Others -0.150 0.972
Adherence to project| Build/Apart. Road 0.141 0.905 | 0.721
schedule Rail/Subway 0.528+ 0.024 0.73
(Item no. 59) Watersupply 0.137 0.990
Harbor/Dam 0.245 0.873
Others 0.420 0.054
Road Rail/Subway 0.387 0.117
Watersupply -0.003 1.000
Harbor/Dam 0.105 0.996
Others 0.280 0.254
Rail/Subway | Watersupply =0.390 0.553
Harbor/Dam =0.283 0.822
Others -0.108 0.986
Watersupply | Harbor/Dam 0.108 0.999
Others 0.283 0.790
Harbor/Dam Others 0.175 0.965

*The mean difference is significant at the .05 level.
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<3 4.20> Tukey’s multiple HSD with respect to Project types

(Continued)

Dependent Variable |(I) Proj _Type ({21‘5;? Diffei\frfélen 1-1 Sig. P()Soll)ed }I;(rf)?
ﬁ?lmes claims Build/Apart. Road 0.275 0279 | 0.66
disputes Rail/Subway 0.392 0.151
(Item no. 65) Watersupply 0.335 0.620
Harbor/Dam 0.330 0.616
Others 0.480 0.010
Road Rail/Subway 0.117 0.967
Watersupply 0.060 1.000
Harbor/Dam 0.055 1.000
Others 0.205 0.559
Rail/Subway | Watersupply -0.058 1.000
Harbor/Dam -0.063 1.000
Others 0.087 0.994
Watersupply |Harbor/Dam -0.005 1.000
Others 0.145 0.983
Harbor/Dam Others 0.150 0.978
Provides valid and |Build/Apart. Road 0.005 1.000" | 0.521
ggzﬁﬁe Rail/Subway 0.114 0.969
change order Watersupply 0.319 0.543
(Item no.75) Harbor/Dam -0.099 0.995
Others 0.298 0.169
Road Rail/Subway 0.108 0.961
W atersupply 0.314 0.499
Harbor/Dam -0.105 0.991
Others 0.293 0.083
Rail/Subway | Watersupply 0.206 0.906
Harbor/Dam -0.213 0.885
Others 0.184 0.770
Watersupply |Harbor/Dam -0.418 0.461
Others -0.021 1.000
Harbor/Dam Others 0.397 0.251

*The mean difference is significant at the .05 level.
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<3 4.20> Tukey’s multiple HSD with respect to Project types

(Continued)

. Prac.
Dependent Variable |(I) Proj _Type ({21‘5;? Diffei\frfélen 1-1 Sig. P()Soll)ed D(gf)f

(:Tﬁileglz performs Build/Apart. Road 0.018 1.000 | 0536
order works Rail/Subway 0.140 0.931
(Item no. 77) Watersupply 0.421 0.246
Harbor/Dam 0.000 1.000
Others 0.306 0.160
Road Rail/Subway 0.121 0.941
Watersupply 0.403 0.234
Harbor/Dam -0.018 1.000
Others 0.287 0.103
Rail/Subway | Watersupply 0.282 0.730
Harbor/Dam -0.140 0.981
Others 0.166 0.848
Watersupply | Harbor/Dam -0.421 0.470
Others -0.115 0.990
Harbor/Dam Others 0.306 0.565

AP o comPIete | jita/Aparges| Road 0.035 1.000"| 0.67
allocated cost Rail/Subway 0.517 0.020
(Item no.79) Watersupply 0.362 0.545
Harbor/Dam -0.052 1.000
Others 0.334 0.178
Road Rail/Subway 0.482 0.015
W atersupply 0.327 0.594
Harbor/Dam -0.086 0.998
Others 0.300 0.154
Rail/Subway | Watersupply -0.155 0.983
Harbor/Dam -0.569 0.109
Others -0.182 0.857
Watersupply |Harbor/Dam -0.413 0.615
Others -0.027 1.000
Harbor/Dam Others 0.386 0.425

*The mean difference is significant at the .05 level.
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<X 4.20> Tukey’s multiple HSD with respect to Project types (Continued)
: : () Proj Mean . Pooled | FTa¢-
Dependent Variable |(I) Proj _Type “Type Difference (I-]) Sig. sD D(gf)f
ADHILY Lo produce | piiiq/Apart. | Road 0.066 0.996 | 0.661
works Rail/Subway 0.509 0.022
(Item no. 80) Watersupply 0.230 0.891
Harbor/Dam 0.030 1.000
Others 0.341 0.157
Road Rail/Subway 0.443 0.032
Watersupply 0.164 0.966
Harbor/Dam -0.036 1.000
Others 0.275 0.227
Rail/Subway | Watersupply -0.279 0.814
Harbor/Dam -0.479 0.251
Others =0.168 0.892
Watersupply | Harbor/Dam -0.200 0.973
Others 0.111 0.995
Harbor/Dam Others 0.311 0.655
works 10 mitgate | Bitd/Aparts| - Road 0.171 0.714"| 0569
changes Rail/Subway 0.459 0.029
(Item no. 81) Watersupply 0.391 0.361
Harbor/Dam 0.080 0.998
Others 0.444 0.010
Road Rail/Subway 0.288 0.278
Watersupply 0.220 0.850
Harbor/Dam -0.091 0.996
Others 0.273 0.164
Rail/Subway | Watersupply -0.069 0.999
Harbor/Dam -0.379 0.431
Others -0.015 1.000
Watersupply |Harbor/Dam -0.311 0.793
Others 0.053 1.000
Harbor/Dam Others 0.364 0.399

*The mean difference is significant at the .05 level.
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<X 4.20> Tukey’s multiple HSD with respect to Project types (Continued)
. . (J) Proj Mean . Pooled | YT4<
Dependent Variable |(I) Proj _Type “Type Difference (I-]) Sig. sD D(gf)f
iiling to xesolve | pilq/Apart. | Road 0014 1.000 | 0567
quickly Rail/Subway 0.329 0.242
(Item no. 83) Watersupply 0.055 1.000
Harbor/Dam 0.263 0.753
Others 0.366 0.061
Road Rail/Subway 0.344 0.116
Watersupply 0.069 0.999
Harbor/Dam 0.277 0.655
Others 0.380% 0.012 0.67
Rail/Subway | Watersupply -0.274 0.773
Harbor/Dam -0.066 1.000
Others 0.036 1.000
Watersupply | Harbor/Dam 0.208 0.955
Others 0.311 0.599
Harbor/Dam Others 0.103 0.994
Contractor reputation| Build/Apart. Road -0.235 0.464 | 0.668
(Item no. 90) Rail/Subway 0.143 0.951
Watersupply 0.229 0.895
Harbor/Dam -0.208 0.921
Others 0.214 0.662
Road Rail/Subway 0.378 0.107
Watersupply 0.464 0.203
Harbor/Dam 0.027 1.000
Others 0.4495 0.004 0.67
Rail/Subway | Watersupply 0.086 0.999
Harbor/Dam =0.351 0.608
Others 0.071 0.998
Watersupply | Harbor/Dam -0.437 0.554
Others -0.015 1.000
Harbor/Dam Others 0.422 0.320

*The mean difference is significant at the .05 level.
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<3 4.20> Tukey’s multiple HSD with respect to Project types

(Continued)

Dependent Variable |(I) Proj _Type ({21‘5;? Diffei\frfélen 1-1 Sig. P()Soll)ed }I;(rf)?
Adequacy of staffing| Build/Apart. Road -0.069 0994 | 0.64

(Item no. 94) Rail/Subway 0.432 0.075
Watersupply -0.296 0.722
Harbor/Dam 0.017 1.000
Others 0.203 0.690

Road Rail/Subway 0.501* 0.007 0.78
Watersupply -0.227 0.864
Harbor/Dam 0.086 0.998
Others 0.272 0.219
Rail/Subway | Watersupply -0.728 0.013
Harbor/Dam -0.415 0.393
Others -0.229 0.674
Watersupply | Harbor/Dam 0.313 0.826
Others 0.499 0.152
Harbor/Dam Others 0.186 0.941

Z];Zierllli‘:le;s of Build/Apart. Road -0.177 0.677. | 0.558

regulatory inspection Rail/Subway 0.241 0.586
(Item no. 96) Watersupply 0.027 1.000
Harbor/Dam -0.131 0.984
Others 0.188 0.697

Road Rail/Subway 0.417 0.025 0.75
Watersupply 0.203 0.883
Harbor/Dam 0.045 1.000

Others 0.365% 0.017 0.65
Rail/Subway | Watersupply <0.214 0.904
Harbor/Dam =0.372 0.441
Others -0.053 0.999
Watersupply | Harbor/Dam -0.158 0.986
Others 0.162 0.960
Harbor/Dam Others 0.319 0.538

*The mean difference is significant at the .05 level.

_82_




<3 4.20> Tukey’s multiple HSD with respect to Project types

(Continued)

Dependent Variable |(I) Proj _Type ({21‘5;? Diffei\frfélen 1-1 Sig. P()Soll)ed }I;(rf)?
E o ledmg timely Build/Apart. Road 0.013 1.000 | 0583
(Item no. 97) Rail/Subway 0.374 0.140
Watersupply 0.096 0.997
Harbor/Dam -0.115 0.992
Others 0.316 0.168
Road Rail/Subway 0.361 0.093
Watersupply 0.083 0.998
Harbor/Dam -0.127 0.983
Others 0.303 0.095
Rail/Subway | Watersupply -0.278 0.773
Harbor/Dam -0.488 0.173
Others =0.058 0.999
Watersupply | Harbor/Dam -0.211 0.955
Others 0.220 0.874
Harbor/Dam Others 0.431 0.227
fe‘;‘;‘;‘;gtlrvde;f; Build/Apartgf{”~Road 0.049 0.997"| 0.428
(Item no. 103) Rail/Subway 0.292 0.223
Watersupply 0.593x* 0.008 1.38
Harbor/Dam 0.153 0.944
Others 0.303 0.085
Road Rail/Subway 0.243 0.308
W atersupply 0.544* 0.012 1.27
Harbor/Dam 0.105 0.986
Others 0.255 0.108
Rail/Subway | Watersupply 0.301 0.552
Harbor/Dam -0.138 0.970
Others 0.012 1.000
Watersupply | Harbor/Dam -0.439 0.291
Others -0.289 0.522
Harbor/Dam Others 0.150 0.944

*The mean difference is significant at the .05 level.
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<3 4.20> Tukey’s multiple HSD with respect to Project types

(Continued)

Dependent Variable |(I) Proj _Type ({21‘5;? Diffei\frfcaen 1-1 Sig. PoSoIl)ed }I;(rf)?
Communication and .
transport Build/Apart. Road -0.125 0.954 | 0.811
method Rail/Subway 0.231 0.793
(Item no. 108) Watersupply 0.499 0.286
Harbor/Dam -0.307 0.773
Others 0.157 0.917
Road Rail/Subway 0.355 0.244
Watersupply 0.623 0.062
Harbor/Dam -0.182 0.962
Others 0.282 0.308
Rail/Subway | Watersupply 0.268 0.889
Harbor/Dam -0.537 0.239
Others =0.073 0.998
Watersupply |Harbor/Dam -0.805 0.062
Others -0.341 0.684
Harbor/Dam Others 0.464 0.324
*The mean difference is significant at the .05 level.
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<I 4.21> Dunnet C HSD multiple comparison with respect to Project types

Mean

Item . . . . Pooled| Prac.
No. Dependent Variable (I) Proj_Type|(]) Proj_Type |Difference D |Ditt (@)

I-J

29 |Tendency to finish work Build/Apart. |Road -0.025 0.643
in time Rail/Subway 0.263
Watersupply 0.352
Harbor/Dam 0.284
Others 0.317
Road Rail/Subway 0.288
Watersupply 0.378
Harbor/Dam 0.309
Others 0.342
Rail/Subway |Watersupply 0.089
Harbor/Dam 0.021
Others 0.054
Watersupply |[Harbor/Dam =0.068
Others -0.035
a0 Harbor/Dam . |Others 0.033

Responsibility in setting Build/Apart. |Road -0.022 | 0.584
objectives Rail/Subway 0.346
Watersupply 0.214
Harbor/Dam 0.301
Others 0.284
Road Rail/Subway 0.368
Watersupply 0.236
Harbor/Dam 0.323
Others 0.306
Rail/Subway '|Watersupply -0.132
Harbor/Dam -0.045
Others -0.062
Watersupply |Harbor/Dam 0.087
Others 0.070
Harbor/Dam |Others -0.017
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<I 4.21> Dunnet C HSD multiple comparison with respect to Project types

(Continued)
Item . . . .Mean Pooled| Prac.
No. Dependent Variable (I) Proj_Type|(J) Proj_Type|Difference SD | Dift ()
I-J)
38 |Timely subcontractor|
approval Build/Apart. RO.ad -0.179 0.592
Rail/Subway 0.245
Watersupply 0.119
Harbor/Dam 0.153
Others 0.276
Road Rail/Subway 0.424+= 0.72
Watersupply 0.298
Harbor/Dam 0.332
Others 0.454 0.77
Rail/Subway |Watersupply -0.126
Harbor/Dam -0.092
Others 0.030
Watersupply |Harbor/Dam 0.034
Others 0.156
Harbor/Dam |Others 0.122
42 |Compliance  with  owners|Build/Apart. |Road 0.000
affirmative
Rail/Subway 0.302
Watersupply 0.211
Harbor/Dam 0.000
Others 0.333
Road Rail/Subway 0.302
W atersupply 0.211 0596
Harbor/Dam 0.000
Others 0.333
Rail/Subway |Watersupply -0.092
Harbor/Dam -0.302
Others 0.031
Watersupply |Harbor/Dam -0.211
Others 0.123
Harbor/Dam |Others 0.333
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<I 4.21> Dunnet C HSD multiple comparison with respect to Project types

(Continued)
Item . . . .Mean Pooled| Prac.
No. Dependent Variable (I) Proj_Type|(J) Proj_Type|Difference D |Ditt ()
I-Jn
54 |Quality of house keeping Build/Apart. |Road 0.251
Rail/Subway 0.114
Watersupply 0.319
Harbor/Dam 0.201
Others 0.479x= 0.74
Road Rail/Subway -0.137
Watersupply 0.068
Harbor/Dam -0.050 0.652
Others 0.228
Rail/Subway |Watersupply 0.206
Harbor/Dam 0.087
Others 0.365
Watersupply |Harbor/Dam -0.118
Others 0.159
Harbor/Dam |Others 0.278
58 |Availability and adequacy of|Build/Apart. |Road -0.075 0.61
owned equipment
Rail/Subway 0.236
Watersupply 0.034
Harbor/Dam -0.030
Others 0.270
Road Rail/Subway 0.311
W atersupply 0.109
Harbor/Dam 0.045
Others 0.345
Rail/Subway |Watersupply -0.202
Harbor/Dam -0.265
Others 0.035
Watersupply |Harbor/Dam -0.063
Others 0.237
Harbor/Dam |Others 0.300
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<X 4.21> Dunnet C HSD multiple comparison with respect to Project types

(Continued)
Item . . . .Mean Pooled| Prac.
No. Dependent Variable (I) Proj_Type|(J) Proj_Type|Difference sp |Diff (@
(I-J)
87 |Profit generating ability Build/Apart. |Road -0.231 0.692
Rail/Subway 0.089
Watersupply 0.208
Harbor/Dam -0.163
Others 0.315
Road Rail/Subway 0.321
Watersupply 0.439
Harbor/Dam 0.068
Others 0.546% 0.79
Rail/Subway |Watersupply 0.119
Harbor/Dam -0.252
Others 0.225
W atersupply = |Harbor/Dam -0.371
Others 0.107
Harbor/Dam |Others 0.478

*The mean difference is significant at the 0.05 level
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E 4.22> Tukey’s multiple HSD comparison with respect to Management position

Dependent Variable P()S(iIt)ion P()iijt)ion Di%eije?ce Sig. P(g;IDEd D}i)f;écza)

Knowledge of and compliance with Senior level [Middle level 0.307 0.164| 0.768
owner--- Junior level 0.5% 0.013 0.65
(Item no.1) Middle level |Junior level 0.193 0.156
Knowledgeable and well known about [Senior level |Middle level 0.074 0.877| 0.62

the work Junior level 0.290 0.157

(Item no.2) Middle level |Junior level 0.216  |0.058

Degree of trust in other project team Senior level [Middle level 0.469% |0.010| 0.696 0.67
members Junior level 0.557+ [0.003 0.80
(Item no. 12) Middle level |Junior level 0.089 0.646

Qualification and experience of Senior level |Middle level 0.298 0.106| 0.583
technical staff Junior level 0.426% |0.015 0.73
(Item no. 14) Middle level |Junior level 0.128 10.341

Compliance with owner affirmative P .
. Senior level [Middle level 0.241 0.237| 0.599
action
(Item no. 42) Junior level 0.421*. |0.018 0.70

Middle level |Junior level 0.180 0.127

Strict compliance with contract plans Senior level |[Middle level 0.080 0.8741 0.703

(Item no. 48) Junior level 0.364 0.077
Middle level |Junior level 0.285%  [0.013 0.40
Quality of as-built drawings Senior level |[Middle level 0.111 0.777| 0.727
(Item no. 49) Junior level 0.350  |0.100
Middle level |Junior level 0.239 0.050
Use of modern and suiit plants Senior level |Middle level 0.017 0.9931 0.583
(Item no. 56) Junior level 0.237 0.266
Middle level |Junior level 0.220%  0.043 0.37

Adherence to project schedule and . 5
. Senior level |[Middle level 0.236 0.324| 0.731
project
(Item no. 59) Junior level 0.429+ 10.033 0.59

Middle level |Junior level 0.193 0.141

Timely notice of schedule tie-inns, cut [Senior level |Middle level 0.054 0.920| 0.521

overs: Junior level 0.265 0.158
(Item no. 99) Middle level |Junior level 0.211= |0.039 0.40
Supports building commissioning Senior level [Middle level 0.114 0.753| 0.678
(Item no. 113) Junior level 0.373 0.061
Middle level |Junior level 0.260% [0.023 0.38

*The mean difference is significant at the .05 level.
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<3 4.23> Dunnett’s C HSD multiple comparisons with respect to Management Position

Mean

. ) J) . Pooled Pract.
Dependent Variable o . Difference )
Position Position SD Diff (d)
I-n
Quality control and assurance Senior level |Middle level | 0060 | 0619
program
(Item no. 17) Junior level 0.291
Middle level |Junior level 0.231%* 0.37
Understanding of environmental Senior level |Middle level 0.071 0.714
Requirements (Item no. 20) Junior level 0.322% 0.45

Middle level |Junior level 0.251

Tendency toward performing quality

work Senior level [Middle level 0.080 0.623
(Item no. 28) Junior level 0.418:% 0.67
Middle level |Junior level 0.339% 0.55

Timely payment fto _ghaéfs; Senior level [Middle level |  -0.028 | 0509

subcontractors
(Item no. 43) Junior level 0.183
Middle level |Junior level 0.211* 0.41
Employment of trained/ skilled staffs |Senior level |Middle level 0.031 0.62
(Item no. 45) Junior level 0.262
Middle level |Junior level 0.231 0.37
Superior quality of finished work Senior level |Middle level 0.068 0.586
(Item no. 50) Junior level 0.325
Middle level |Junior level 0.257%* 0.44
e and addressing Senior level [Middle level | 0230 | 0611
(Item no. 64) Junior level 0.356% 0.58
Middle level |Junior level 0.126
Well designed safety program Senior level |[Middle level 0.074 0.687
(Item no. 66) Junior level 0.364* 0.53

Middle level |Junior level 0.290
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<3 4.23> Dunnett’'s C HSD multiple comparisons with respect to Management

Position (Continued)

Mean
. (I ) . Pooled Pract.
Dependent Variable . . Difference .
Position Position SD Diff (d)
I-Dn
Well designed safety program Senior level |Middle level 0.074 0.687
(Item no. 66) Junior level 0.364* 0.53

Middle level |Junior level 0.290

Strict compliance with owner’s

security, Senior level |Middle level 0.031 0.67
health Junior level 0.280
(Item no. 67) Middle level |Junior level 0.248%* 0.37
Proposed health and safety program |[Senior level |Middle level -0.085 0.663
(Item no. 68) Junior level 0.237
Middle level |Junior level 0.322:x 0.48
Minimizes job site accidents Senior level (Middle level 0.213 0.786
(Item no. 71) Junior level 0.406 0.52

Middle level |Junior level 0.193

Works to mitigate the number of

changes Senior level |Middle level -0.023 0.583
(Item no. 81) Junior level 0.214
Middle level |Junior level 0.236%* 0.40
Change order quptaiens gre Senior level [Middle level | 0.142 | 051
(Item no. 82) Junior level 0.350
Middle level |Junior level 0.208x 0.41

*The mean difference is significant at the .05 leve
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<X 4.24> Tukey’s HSD multiple comparison with respect to Project Ownership

Ttem 0 .(J) Mean RMSE | Pract.
No. Dependent Variable Proj Owner Proj_Owne | Difference | Sig. (Av. Sig.
r I-Jn Std. D)| (D)
4 |Cooperative Government |Public 0247 | 0.066 | 0.738
relationship
with others Private -0.027 0.974
Public Private -0.274 0.062
g |Qualification of Government [Public 0277+ | 0.014 | 0581 | 047
technical
and management staff Private 0.042 0.924
Public Private -0.235 0.076
g0 |Responsibility in Government |Public 0.257% | 0.026 | 0591 | 0.43
setting
objectives Private 0.095 0.676
Public Private -0.162 0.293
34 Ability to deal with Government [Public 0.262* 0.046 | 0.727 0.36
unanticipated problems Private 0.043 0.937
Public Private -0.219 0.164
Timely and accurate
39 submission of project |Government |Public 0.292x 0.020 | 0.707 | 0.413
record
and documentation Private 0.113 0.629
Public Private -0.179 0.288
48 Strict compliance with |Government |Public 0.233 0.081 | 0.709
contract plans Private -0.038 0.948
Public Private -0.271 0.060
49 Quality of as —built Government |Public 0.246 0.063 | 0.718
drawings Private -0.138 0.505
Public Private -0.384* | 0.004 0.53
59 Adherence to project |Government [Public 0.301:= 0.017 | 0.727 0.41
schedule Private 0.015 0.992
Public Private -0.286% | 0.047 0.39
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<X 4.24> Tukey’s HSD multiple comparison with respect to Project Ownership

(Continued)
Mean RMSE | Pract.
IIt\Ie: Dependent Variable Proj ((I))wner Proj ((J))Wﬂer Difference | Sig. (Av. Sig.
B B I-Jn Std. D)| (D)
go |Pility to produce no | ment |Public 0.306% | 0.010 | 0.663
error
works Private -0.016 0.991
Public Private -0.322% | 0.015 0.48
81 X:lgzrto mitgate G vernment [Public 0203 | 0.096 | 0578
of changes Private -0.108 0.596
Public Private -0.311= | 0.011 0.53
83 2:3:? to resolve ¢ vernment |Public 0230« | 0.050 | 0578
quickly Private 0.009 0.996
Public Private -0.221 0.100
94 |Adequacy of staffing |Government |Public 0.423* 0.000 | 0.637 0.66
Private 0.266 0.059
Publie Private -0.157 0.346
9% Z];Zlei‘;egss 5, Government [Public 0.230% | 0.047| 0567 | 0.40
regulatory inspection Private 0.252 0.057
Public Private 0.022 0.976
100 [Accurately and timely |Government [Public 0.229* 0.042 | 0.542 0.42
notice Private 0.071 0.785
Public Private -0.158 0.284

*The mean difference is significant-at the .05 level.
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<X 4.25> Dunnet C HSD multiple comparison

with respect to Project Ownership

Mean Pract.
Item . (D QD) . .
Dependent Variable . . Difference | RMSE | sig.
No. Proj_ Owner|Proj_ Owner
(I-J (d)
6 |Relationship with Subcontractors|Government [Public 0.157 0.707
Private -0.141
Public Private -0.297* 0.42
13 Depth of experience of similar Government |Public 0.216 0.587
works
Private -0.023
Public Private -0.239
15 |Manpower resources Government |Public 0.398%* 0.60 0.66
Private 0.030
Public Private -(.368x* 0.61
16 |Present work load Government [Public 0.253x* 0.563 | 0.45
Private -0.006
Public Private -0.259% 0.46
18 |Specialized knowledge Government |Public 0.311%* 0.706 | 0.44
Private -0.024
Public Private -0.335: 0.47
go |Dnderstanding of€nvirommental| ., o ment|Public 0212 | 0.715
requirement
Private -0.066
Public Private 0.2
pg |Comtractoy atipuel of saleg SRLASTER W 0202% | 0.625 | 047
time and cost
Private 0.117
Public Private -0.175
44 |Maintains daily log Government |Public 0.320%* 0594 | 054
Private 0.120
Public Private -0.199
65 |Minimizes claims and disputes |[Government |Public 0.185 0.66
Private -0:163
Public Private -(.348: 0.53
79 [APHILY to complete within Government [Public 0259+ | 068 | 0.38
allocated cost
Private -0.090
Public Private -(.349: 0.51
101 Quality achievement in Government Public (2) 0.372% 0517 | 072
Subcontractor work (1)
Private (3) 0.132
Public Private -(.240* 0.46

*The mean difference is significant at

the .05 level.
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<3 4.26> Statistical and practical significant test result with respect to four population groups

ANOVA (p) and Practical differences (d)

Ttem test results
S.N. Perceived performance items
No. Pro. .. .
Org. Position | Ownership
type
Knowledge of and compliance with owner 012
1 1 11 : .
standard and procedure : (7 d=.65% 750

.041

Knowledgeable and well known about the
2 2 work' to be performed to the finest detail % i dSir;ot 062

Cooperative, superior working relationship
3 3 |and open communication with project owner 412 227 .060 378

Cooperative, accommodating and open

5 B . ! H) .029%
4 4 communication with design/supervision: 486 345 108 .
d not sig.
consultant, as well
5 5 Relationship with regulating authorities .362 .595 589 325
. . . .005% 011 _ .040
6 6 Relationship with subcontractors qo x|kt 715 d=42
7 7 Regular attendm.g. the project meetings by 111 180 939 193
qualified personnel
8 10 Establisheq organizatio?al Strl.,lC.tl.lI'e to cope 063 130 198 154
with construction activities
Degree of trust in other project team 1029 004
9 12 members d=.55% 166 d>5 192
10 13 Depth of experlencg on similar types of 200 937 336 .034*.
projects d not sig.
Qualification and experience of _ _ 019 011
1 14 technical/management staff 356 256 d=.73* d=.47
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I 4.26> Stalistical and practical significant test result with respect to four population

groups (Continued)

ANOVA (p) and Practical differences (d)

Ttem ) ) test results
S.N. Perceived performance items
No. Pro. .. .
Org. Position | Ownership
type
12 15 Manpower r'es.ources (general workers, 339 368 184 .OO(Z*
technicians, experts etc.) d> 5%
13 16 Present workload and capal?lhty to support 031 200 934 .011:k
the current project d<.b
. .029
14 17 Quality control and assurance program 663 660 4-37 102
15 18 Specialized kn()wledge of particular 140 912 278 .OO4:k
construction method d<b
16 19 Capablhty to worklr%g. WthlI’l limits of 461 999 113 090
operation as specified in contract
17 1 20 Understanding of environmental (noise, 044 092 L0265 039
dust, water pollution etc.) requirements d=.44 o d=.45 d not sig.
18 91 (/omphanc? with laber s'tgr.ldards (wage 410 057 492 051
rate, insurance, facilities etc.)
19 99 Availability of testing equipment as quality 249 208 086 054
assurance
Contractor’s time and project cost saving 012 .015%
20| 23 attitude or approach d=.49 2 %" d=.47
91 o4 Risk sharing l.evel or e.lt"tltude with other 549 163 195 579
project participants
. . 033
22 | 27 Cash out/payment schedule in the project d=46 182 320 719
T a fi i i
93 98 endency tOWfiI'd per (?rmlng qgahty work 839 399 '001_* 450
and using quality materials d> 5=
025%
24 29 | Tendency to finish work in scheduled time 242 d not 578 374
sig.
Responsibility in setting down project e 032
25 | 30 P i, 'y 73 dnot | 057 ‘
objectives . d=.43
sig.
o . L . 001 _
26 31 Setting down project priorities seriously dis = 635 247 325 268
13 =.
. . . .015%
27 | 32 Attitude to solve project complexity d=55% 076 532 .290
o8 33 Type of contro} and mon}tormg procedures .020%* 022 470 205
in the project d >.50%
29 34 Ability to df?al with unanticipated problems .013*. 110 939 039
(e.g. risk management) d not sig. d=.36
30 35 | Coordination of work with client operations 154 147 854 762
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4.26> Statistical and practical significant test result with respect to four population
groups (Continued)

ANOVA (p) and Practical differences (d)

Item test results
S.N. No Perceived performance items P
' Org. ro- Position | Ownership
type
31 36 Management of su.bcontractors and .013%* 011 094 062
suppliers d=58% |dy3=.81%
39 37 Responsiveness to owner’s project staff 276 147 962 351
request
33 | 33 Timely subcontractor approval and work 199 002+ 230 619
order d> 5=
Timely and accurate submissions of clear 025+
34 | 39 | project records and as-built drawings and 264 .089 062 ;i: 41
technical documentation ’
35 40 Timely and accurate submissions of all 508 638 504 159
other contract documents
36 Al Adjusting W.o.rker Waggs and facilities as 368 062 903 579
per prevailing condition. and demand
Compliance with owner affirmative action Q28+ 015%*
37 | 42 b . 583 dnot | V0 561
requirements 5 d=.7x
sig.
38 | 43 Timely payment to staf'fs, subcontractors 073 089 ‘0743* 129
and suppliers d=41
Maintains an adequate daily log for all 017 _ 005
39| 44 work activities d=64+ 920 s d=54%
Employment of trained/ skilled and 036+
40 | 45 knowledgeable staff for the particular 547 509 'd_ 37 107
project }
a1 16 IT knowledge, e.g. electronic document 304 374 18 989
management systems
49 47 Compliance with re.quired.testing and 085 190 106 117
regulatory inspections
43 48 Strict compliance V'Vl'th f:ontract plans and 773 609 009 .032*.
specifications d=.40 d not sig.
017+
. . . .028x .004
44 | 49 Quality of as—built drawings 875 d pot d= 73+ d= 53+
sig.
45 50 Superior quahty of flmshed- work even 236 087 .010%* 44
exceeding contract requirements d=.44
Creating minimal problems caused varying .031* _ _
4 1 . . . . 31 .
6|5 interpretations of plans and specifications. d=.52x 076 315 508
Highly qualified workforce (technicians 036+
47 | 52 ’ 081 d not 237 760
workers etc.) employment sig
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4.26> Statistical and practical significant test result with respect to four population

groups (Continued)

ANOVA (p) and Practical differences (d)

Ttem test results
S.N. Perceived performance items
No. Pro. .. .
Org. Position | Ownership
type
Employing highly qualified and 031
8 53 knowledgeable subcontractors d not sig. 407 140 618
49 54 Quality of housekgepmg and project 158 .026% 118 31
cleanliness dy ¢=.74%*
D 111 SUP- 3 - - Sy
50 55 Conditions dl.id procedures. of plant and .005% 092 172 567
equipment operation d> 5=
Use of modern and suiz plants and 003 .042:
5 5
51 | %6 equipment d> 5+ 122 4oy 244
59 57 Equipment 1s-always well maintained and 200 089 143 098
available when needed
Availability and adequacy of owned 048+
53 | 58 Y e 112 dnot | 132 518
construction plant and equipment. sig
54 | 59 Adherence to project schedule and project 209 .012x% 025 010
2 completion timeframe k dy =73 | d=.59% d<.b
55 | 60 Responding all directives immediately 165 .092 064 538
56 61 Timely submissions of projec‘F progress, 031 335 083 198
progress photos, shop drawings etc. d=41
57 62 All construction matf.srials.ord.ered, ‘026*~ 518 115 149
purchased and received in time dy o =.55%
58 63 Early notification of possible delay claims A75 115 .064 160
Responding and addressing immediately to
_ all corrective work (having concerned _ 045
59 64 regarding quality of work and punch list ” P25 d=.58x* 207
items)
.030= 009+
60 65 |Minimizes magnitude of claims and disputes 81 d not .058 Ci: 534
sig. ’
Well designed safety program to protect 0075
61 66 employees and the public as well as 786 154 d‘: 534 061
property )
Strict compliance with owner’s security, _ 028
62| 67 health and safety regulations 235 503 d=.37 =302
.004
63 68 | Proposed health and safety program 401 .076 d-48 218
64 69 Health and safety records on previous 459 304 145 647

projects
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4.26> Statistical and practical significant test result with respect to four population
groups (Continued)

ANOVA (p) and Practical differences (d)

Ttem test results
S.N. No Perceived performance items P
' Org. ro- Position | Ownership
type
Maintains an adequate program to monitor
65 | 70 | compliance with contract, safety guidelines, 379 .059 115 531
industry standards
- . . . 0423
66 71 Minimizes job site accidents 233 219 d=50% .059
67 79 Timely and-a.deq}lately corrects safety .012~* 067 142 106
deficiencies d=.55%
68 73 | Quality of site safety maintenance 237 589 .059 147
Accuracy and timeliness of regulatory
69 | 74 documentation (e.g. notifications, variance 319 .061 .664 174
requests etc.)
Provides valid and appropriate supportin 012 041
70 | 75 e EPREL g r—— dnot | 812 307
documentation for change orders d=.61x* sig
7 7% Timely submission of change order 153 290 244 249
proposals
030% | 0%%*
72 77 | Timely performs change order works ' X d not 533 104
d not sig. h
sig.
73 78 Practices claim an.d. cl?ange order avoidance 201 062 099 284
and minimization
i, . o 003
7 79 Ability to complete the project within the .035% d not 583 .005%
‘ allotted cost d=52+ ) < dy 5=.51%
sig.
Ability to produce no errors, accurate 007 003
75 | 80 i g 171 d not 117 )
representation of work completed S d=.48
- 004
7% | 81 Works to mitigate the number of changes 205 , S .031* .010=
and control the cost of the work ] sig d=.40 d=.53x*
77 82 Change order quo.tations are reasonable and 189 176 013 245
timely d=.41
o § S - 006 - 032
78 83 | Willing to resolve the issues quickly .054 dy o= 67 151 d not sig.
79 84 Creditworthiness of company .085 308 744 .063
80 | 86 | Current liabilities and commitments .296 546 673 .629
. . . .000% 001
81 87 Profit generating ability d> 5% dy o= 79 763 087
anita P 3 id: , f SE
89 38 Capital structure and liquidity status of the 009 879 501 429
company d=.52x*
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4.26> Statistical and practical significant test result with respect to four population

groups (Continued)

ANOVA (p) and Practical differences (d)

Item test results
S.N. Perceived performance items
No. Pro. .. .
Org. Position | Ownership
type
83 89 | Financial arrangement for the project work 188 412 197 812
Contractor reputation and image in the 014 003
841 90 industry d=.49 do 6=.67% 470 425
85 9 Number of years .m the construction 219 147 710 666
business
Adequacy of staffing, materials and 003 .000:
86 | 94 equipment to meet schedule 962 dy 3=.78x* 096 d=.66%*
87 95 Timely submissions of shop drawings and 379 180 s44 151
samples
Timeliness in obtaining regulatory .008x* 026
8 | 9% inspections and permits 317 d> .5 077 d=.40
Providing timely notice of conditions Ol
89 | 97 £ e 158 dnot | 300 398
impacting schedule .
sig.
90 98 Timely creation, S.ubmissi()n and approval of 622 127 482 106
project schedule
Timely notice of schedule tie-inns, 030+
91 99 | cut-over, shutdowns and/or interruptions to .064 215 'd_ 45 170
operations of client facilities B
Accurately and timely notice that work in 025 047
92 1 100 place is ready for inspections/tests d=.62x 131 5% d=.42
93 | 101 | Quality achievement of subcontractor work B 1 077 123 q '0907*2*
125,
91 | 102 Subcoptractor a.ttendz}nce at sche'duled 001 977 602 109
meetings and job site consultations dy o =.70%
Subcogtractor .resp()nsiveness and 020+ 001 3 3
95 | 103 compliance with owner contract X 295 546
i d not sig. | d>.5%
requirements
9% | 104 Familiarity with locz}l' weather/geographic 059 213 710 077
condition
97 | 105 Familiarity Wit.h local 1tdb()r market and 098 433 317 477
material supplies
. . . . 033
98 | 106 | Relationship with local authority . 187 744 666
d not sig.
99 | 109 | Experience with specific type of facilities 163 692 308 375
100 | 110 Promptly perfo:zsrkzunch list (defective) 140 566 077 105
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I 4.26> Stalistical and practical significant test result with respect to four population

groups (Continued)

ANOVA (p) and Practical differences (d)

Item ) . test results
S.N. Perceived performance items
No. Pro. - .
Org. Position | Ownership
type

Provides clear and complete
operating/maintenance manuals and
101 | 111 warranties, training and satisfactory 169 593 150 244
demonstrates the operation of installed

systems

Promptly and completely demobilizes from

3 3 P > ) 5
102 | 112 constr.uctlon 31t§ and leaves contractor .045% 561 163 181
occupied areas in, or restored to, good d=4
condition
103 | 113 Supports bmldmg commissioning and 017 303 012 087
project delivery program d=.47 d=.38

I 4.27> Condensed result of acceptance of variables.

" Overall ANOVA and ‘d’ Result
em
S.N Perceived performance items Mean Pro. L. .
No. Org. Position | Ownership
(N=325) type
Knowledgeable and well known 0.041%

1 2 | about the work to be performed to 4.23 0.27 0.963 0.062
. . (d=0)
the finest detail

2 3 Cooperative, superior working 421 0412 | 0227 0.06 0.378
relation with owner

Notes : d=0 indicates mean differences of sub-groups not statistically significant detected
by post hoc test.
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H 4.27> Condensed result of acceptance of variables. (Continued)

Ite Overall ANOVA and ‘d’ Result
m
S.N Perceived performance items Mean Pro. . .
No. Org. Position | Ownership
(N=325) type
Cooperative, accommodating and 0.029%
3 4 open communication with 4.14 0.486 0.345 0.108 <'d:b>
design/supervision..
4 73 | Quality of site safety maintenance 4.09 0.237 0.589 0.059 0.147
Ability to deal with unanticipated 0.013%* . 0.039x=
5 34 problems (e.g. risk management) 4.06 (d=0) 0.110 0.239 (d=.36)
Ability to produce no errors, .
6 80 accurate representation of work 4.05 0.171 0.009+ 0.117 0.003
(d=0) (d=.48)
completed
7 63 | Early notification of possible delay claims 4.03 0.475 0.115 0.064 0.16
8 10 | Established organizational structure 4.00 0.063 0.13 0.128 0.154
Timely and accurate submissions 0,025+
9 39 of clear project records and 3.98 0.264 0.089 0.062 Ve
. . (d=.41)
as—built drawings--
Strict compliance with.contract . 0.009 0.032:
10} 48 plans and specifications N g e (d=.40) (d=0)
ul o1 Depth of eyperience “on similar 394 0200 0937 0.336 0.034
types of projects (d=0)
Contractor’s time and project cost 0.012x 0.015%
12| 23 saving attitude or approach e (d=.49) b %, "R (d=.47)
13 35 | Coordination of work with client::- 3.92 0.154 0.147 0.854 0.762
Employment of trained/ skilled and 0.036
4 % knowledgeable staff - e 4 . (d=.37) 0.107
Understanding of environmental
15 | 20 | (noise, dust, water pollution etc) | 388 &Sf‘ﬁ) 0.092 (%gf; 2‘?32?
requirements
16 | 77 |Timely performs change order works 3.88 0.0?0* O'O?D* 0.533 0.104
(d=0) (d=0)

17 98 | Timely creation, submission and approval 3.88 0.622 0.127 0.482 0.106
18 76 Timely submission of change order 3.86 0.153 0.29 0.244 0.249
Tendency to finish work in ; 0.025% _

19 | 29 «cheduled time 3.85 0.242 (d=0) 0.578 0.374
Superior quality of finished work 0.010%

20 | 50 even exceeding contract 3.85 0.886 0.987 (d': 44) 0.444

requirements ’
21 84 Creditworthiness of company 3.84 0.085 0.308 0.744 0.063
22 40 |Timely and accurate submissions of all 3.83 0.598 0.638 0.504 0.159

Notes : d=0 indicates mean differences of sub-groups not statistically significant detected
by post hoc test.

- 102 -



H 4.27> Condensed result of acceptance of variables. (Continued)

Ite Overall ANOVA and ‘d’ Result
m
S.N Perceived performance items Mean Pro. L. .
No. Org. Position | Ownership
(N=325) type
23 | 110 Promptly performs punch list 3.83 0.14 0.566 0.077 0.105
2 16 Present workload and capablhty to 382 0281 08 0.234 O'O“_*
support the current project (d<.5)
. Responsibility in setting down 0.019* 0.032:
%5130 project objectives 3.82 0473 (d=0) 0.057 (d=.43)
2% | 43 Timely payment to staffs, 3.82 0073 | 008y | 0043 0.129
subcontractors and suppliers (d=.41)
97 74 Accuracy and timeliness of 389 0319 0.061 0.664 0.174
regulatory---
. Change order quotations are 0.013%* o
28| 82 reasonable and timely 3.80 0.189 0.176 (d=.41) 0.245
29 | 92 Number of years in the 3.80 0219 | 0147 | 071 0.666
construction--+
Specialized knowledge of particular . 0.004
30 18 construction method A3 Qld 0.912 0.278 (d<.5)
31| 60 Responding fl diedigs 378 0165 | 0.092 | 0.064 0.538
immediately
32 89 |Financial arrangement for the project 3.78 0.188 0.412 0.197 0.812
Timely notice of schedule tie=inns, 0.030%
33 99 cut-over, shutdowns_and/or 3.78 .064 215 <'d:0> 0.170
interruptions
. 0.029: .
34 17 |Quality control and assurance program 3.77 0.663 0.66 (d=.37) 0.102
Employing highly qualified and 0.031*
= 5
3 53 knowledgeable subcontractors Bl (d=0) 'l g5 0618
36 57 |Equipment is always well maintained 3.76 0.200 0.089 0.143 0.098
Providing timely notice of 011
3 97 conditions impacting schedule y6 . (d=0) 300 0.398
Highly qualified workforce 036+
38 | 52 (technicians, workers ‘etc.) 3.75 0.081 &d=0) 0.237 0.760
employment
39 95 | Timely submissions of shop drawings 3.75 0.379 0.18 0.544 0.151
0 | 61 Timely submissions of prOJecF progress, 374 0.031: 0.385 0.083 0.198
progress photos, shop drawings etc. (d=.41)
Supports building commissioning 0.017x* 0.012:x
4r | 113 and project delivery program 3.7 (d=.47) 303 (d=.38) 0.087
Strict compliance with owner’s - - 0.028%*
42 67 security, health and safety regulations 373 0.235 0-508 (d=.37) 0.302

Notes : d=0 indicates mean differences of sub-groups not statistically significant detected
by post hoc test.
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H 4.27> Condensed result of acceptance of variables. (Continued)

Ite Overall ANOVA and ‘d’ Result
m
S.N Perceived performance items Mean Pro. L. .
No. Org. Position | Ownership
(N=325) type
43 | 111 Provides clear .and complete 379 0.169 0593 015 0.244
operating -
44 47 | Compliance with required testing-- 3.71 0.085 0.19 0.106 0.117
45 | 68 Proposed health and safety 3.71 0401 | o076 | 0004 0.218
program (d=.48)
46 | 58 Avallablhty and adequacy o}‘ owned 370 0112 0.048: 0.132 0518
construction plant and equipment. (d=0)
47 70 Maintains an adequate program--+ 3.70 0.379 0.059 0.115 0.531
48 78 Practices claim and change avoid 3.70 0.301 0.062 0.099 0.284
19 19 Capability to Woilfmg within limits 369 0.461 0.299 0113 0.09
50 o4 Risk sharing level or attitude with 367 0.542 0.163 0195 0.572
other--
Promptly and completely 0455
51 | 112 | demobilizes from construction site 3.67 U 561 163 181
(d=.40)
and leaves'-
52 | 41 Adjusting worker waecs agd 3.64 0:368 ..0.062 | 0.903 0.579

facilities-

53| 5 Relationshjp”witngg¥lating 361 0362 | 0595 0589 0.325
authorities

Regular attending the project

54 7 . 3.60 0.111 0.18 0.232 0.193
meetings -
55 | 100 | EXPFIEOYVih specilggfyngiol 357 0.163 | 0.692 | 0308 0.375
facilities
56 22 | Availability of testing equipment - 3.56 0.249 0.308 0.086 0.054
57 21 Compliance with lahor standards 2EN 0.41 0.057 0.492 0.051
s | 27 Cash out/paymen't schedule in the 355 0.033* 0.182 032 0.719
project (d=.46)
59 | 37 Resp(’mve“essstf;’fffwnerS project | gEa0276 | 0.147.| 0962 0.351
60 46 IT knowledge, e.g. electronic 354 0.304 0.374 0218 0.282
document:
61 | 104 Familiaxty Jyiggpocdl 3.54 0059 {10213 | 071 0.077
weather/geographie
62 | 105 Familiarity with Toeal ol 3.54 0098 | 0433 | 0817 0.477
market- -
63 69 Health and safety records --- 3.53 0.459 0.304 0.145 0.647
64 86 | Current liabilities and commitments 3.51 0.296 0.546 0.673 0.629
. . . . _ 033
65 | 106 Relationship with local authority 3.50 (d=0) 187 744 .666

Notes : d=0 indicates mean differences of sub-groups not statistically significant detected
by post hoc test.
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<3 4.28> Correlation coefficient of 65 variables
Variables Variables
S.N. Description 1 2 3 4 5 6 y/ 65
1 Knowlegte gllinest 1| 470 | 475| 217 343 | 414 | 404 | 424 | 340 | 390
detail
Cooperative relationship
2 ! 470 | 1 | 666 | 325 | 423 | 457 | 452 | 308 | 291 | 237
with owner
Cooperative relationship .

3 | 475 | 666 | 1 | 323 | 343 | 425 | 446 | 278 | 321 | 238

with others

4 Relatidnspawith 217 | 325 | 323 1 | 358 | 237 | 249 | 244 | 210 | 181

authorities

5 Regular attending the | /0 | o0 | ays | 355 | 1 | 584 | 250/ 283 | 327 | 265

meetings

6 [Established A14_|0a57 | 425 | 2379384 |1 | 452 | 435 | 337 | 314

organizational structure
Depth of experience of ) -
7 0 404|452 | 446249717252 | 452 | 1 | 426 | 307 | 291
similar works
...................... 424 | 308 | 278 | 244 | 283 | 435 | 426 | 1 | 495 | 478
....................... 340 | 291 | 321 | 210 | 327 | 337 | 307 | 495 | 1 | 514
g5 | Relationship with-local 1 oq | 007 | o5g | 191 | 965 | 314 | 201 | 478 | 514 | 1
authority
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<IE 4.29> KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.958
Bartlett’s Test of Sphericity Approx. Chi-Square 12852.052
df 2080
Sig. (p) 0.000
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<X 4.30> Extraction of numbers of factors and total variance explained

Factors Initial Eigenvalues Rotation Sums of Squared Loadings
Total |% of Variance|Cumulative %| Total | % of Variance | Cumulative %

1 25.272 38.881 38.881 5.216 8.025 8.025
2 2.544 3.914 42.795 4.837 7.442 15.467
3 1.813 2.789 45.583 4.656 7.163 22.630
4 1.757 2.703 48.286 3.591 5.525 28.155
5 1.520 2.338 50.624 3.563 5.482 33.637
6 1.436 2.209 52.833 3.286 5.055 38.692
7 1.353 2.082 54915 3.263 5.020 43.712
8 1.269 1.952 56.867 2.956 4.548 48.260
9 1.165 1.793 58.660 2.611 4.017 52.277
10 1.117 1.718 60.378 2.587 3.980 56.257
11 1.055 1.623 62.001 2.440 3.750 60.004
12 1.000 1.534 63.535 2.300 3.530 63.535
13 0.955 1.469 65.004
14 0.899 1.383 66.387
15 0.865 1.331 67.717
22 0.679 1.044 75.804.
45 0.340 0.523 92.897
46 0.332 0.511 93.407
47 0.319 0.491 93.899
48 0.305 0.469 94.367
49 0.301 0.463 94.831
50 0.293 0.450 95.281
51 0.285 0.438 95.719
52 0.266 0.409 96.128
53 0.260 0.400 96.527
54 0.240 0.369 96.897
55 0.238 0.366 97.262,
56 0.230 0.354 97.617
57 0.209 0.322 97.939
58 0.199 0.305 98.244
59 0.187 0.287 98.531
60 0.184 0.283 98.814
61 0.174 0.268 99.083
62 0.170 0.261 99.344
63 0.164 0.252 99.596
64 0.139 0.213 99.810
65 0.12 0.19 100.00

Extraction Method:

Principal Component Analysis.
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<iI 4.31> Performance evaluation factor matrix

Item . Factor 2
S.N. Factorial elements h
nos. 1 2 3 4 6 10 11 12
Promptly and completely demobilizegrom
1 112 construction site and leaves... 0678 70
2 110 | Promptly performs punch list 0.633 5
3 111 | Provides clear and complete operating... 0.603 .67
4 113 Supports building commissioning anproject 0.575 64
delivery program
5 95 | Timely submissions of shop drawings 0.522 .56
6 60 |Responding all directives immediately 0.446 .60
Timely notice of schedule tie-inns;ut-over
7 99 shutdowns and/or interruptions 0,30 58
Timely submissions of project progress
8 61 progress photos, shop drawings etc. 04y 66
9 77 | Timely performs change order works 0.662 .69
10 76 | Timely submission of change order... 0.610 .69
Ability to deal with unanticipatedproblems 4
11 34 (e.g. risk management) Os° 63
12 74 | Accuracy and timeliness of regulatory... 0.468 .56
13 2 Knowledgeable and well known abouhe 0.449 52
work to be performed to the finest detail '
14 80 Ability to produce no errors, accurate 0.460 63
representation of work completed '
15 3 Cooperative, superior working relatiomvith 0.764 66
owner
Cooperative, accommodating  and open 4
16 4 communication with design/supervision.. Bl 63
17 7 Regular attending the project meetings ... 0.512 .56
18 10 | Established organizational structure ... 0.491 .55
19 24 | Risk sharing level or attitude with other... ImB4 .55
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<X 4.31> Performance evaluation factor matrix (Continued)

Item . Factor 2
S.N. Factorial elements h
nos. 3 4 5 6 7 8 9 10 11 12
20 27 |Cash out/payment schedule in the project 0.635 .55
21 21 | Compliance with labor standards 0.551 .57
22 29 | Tendency to finish work in scheduled time 10.5 .59
Responsibility in  setting down project A
23 30 objectives 0.449 5
Highly  qualified workforce (techniciang
24 52 workers etc.) employment 0FUS 70
Employing highly qualified andnowledgeabl
25 53 subcontractors £ 66
Superior quality of finished work even
26 50 exceeding contract requirements 0.422 52
27 68 | Proposed health and safety program 0.758 .80
28 69 | Health and safety records ... 0.673
Strict compliance with owner’s security
29 67 health and safety regulations o0t 14
30 70 | Maintains an adequate program... 0.579 67
31 73 | Quality of site safety maintenance 0.449 .60
Specialized knowledge of particula
32 18 construction method 0.773 64
33 17 | Quality control and assurance program 0.610 .60
34 16 | Present workload and capability to support... 0.537 .59
35 19 | Capability to working within limits ... 0.463 .61
36 105 | Familiarity with local labor market... 708 .64
37 104 | Familiarity with local weather/geographic 0.696 .64
Strict compliance with contract plansand
38 48 specifications 0.57¢ 63
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<X 4.31> Performance evaluation factor matrix (Continued)

Item . Factor 2
S.N. Factorial elements h
nos. 1 2 3 4 5 6 7 8 9 10 11 12
39 47 |Compliance with required testing... 0.562 .63
40 46 | IT knowledge, e.g. electronic document... 0.451 .64
Timely and accurate submissions aflea
41 39 project records and as-built drawings... 0.434 -66
42 84 | Creditworthiness of company 0.627
43 86 | Current liabilities and commitments 523 .54
44 89 | Financial arrangement for the project... 0.506 .54
45 92 | Number of years in the construction... 420. .53
46 5 Relationship with regulating authorities 0.666 .63
47 106 | Relationship with local authority 0.635 .70
48 37 | Responsiveness to owner’s project staff... 0.576 .62

49 58 Availability and adequacy of owned

- ; 0.628 .70
construction plant and equipment.

50 57 | Equipment is always well maintained ... 0.593| .71
Timely payment to staffs, subcontractoasid

51 43 suppliers 0.438 .60
Employment  of trained/  skilled and 1

52 45 knowledgeable staff ... 0.429 .63

53 41 | Adjusting worker wages and facilities... 0.419| .57

Initial Eigenvalue 25.27 2544  1.813 1.7%7 152 1.436 3.351.269| 1.165 1.117 1.055 1.000
% of variance (total = 63.535) 8.025 7.442  7.163 5525485 | 5.055| 5.020 4.548 4.017 3.980 3.750 3.530

Extraction Method: Principal Component Analysis
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 17 iterations.
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Questionnaire

113 e 1. Literatures
Variables .
2. Interviews
3. Experience
Awakul et al 10
(2002) Variables
103
Variables
v :Mbl ANOVA test at5 %
ariables level
69
variables
Practical significance
¢ test
NO 38
Variables
YES
4
65=34+31 31
Variables € Variables
. 12
Factor Analysis Elements

12 Factors(53 elements)
Performance Evaluation
Assessment Factors

<% 4.10> Flow chart of performance evaluation assesment
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P =1 7} 28 (Key Performance Assesment Model)<

<iE 5.1> Correlation coefficient of twelve performance evaluation factors

F1 F2 E3 F4 F5 F6 F7 E8 F9 F10 F11 F12
F1 1 0.76 | 062 | 070/ 059 | 073 | 064 | 053 | 0.72 | 067 | 052 | 0.71
F2 0.76 1 0.68 | 063 | 061 | 0.68 0.6 0.45 0.7 0.63 | 052 | 0.74
F3 0.62 | 068 1 0.57 0.5 056 | 054 | 041 | 0.62 0.5 0.5 0.62
F4 071 | 0.63 | 0.57 1 053 | 063 | 058 | 048 | 0.65 | 059 | 047 0.7
F5 059 | 061 | 050 | 0.53 1 055 | 055 | 041 0.63 | 058 | 041 0.66
F6 0.73 | 068 | 056 | 063 | 0.55 1 064 | 049 | 067 | 0.64 | 046 | 0.68
F7 064 | 060 | 054 | 058 | 055 | 0.64 1 0.38 | 0.61 052 | 042 | 0.58
F8 053 | 045 | 041 048 | 041 049 | 0.38 1 0.45 0.5 0.4 0.52
F9 0.72 0.7 0.62 | 0651063 | 067 | 0.61 | 0.45 1 059 | 047 | 0.72
F10 0.67 | 0.63 0.5 059 058 [ 064 | 0.52 0.5 0.59 1 0.48 | 0.62
F11 052 | 0.52 0.5 047 | 041 | 046 | 042 0.4 0.47 | 048 1 0.52
F12 0.71 0.74 | 0.62 0.7 066 | 068 | 058 | 052 | 0.72 | 062 | 0.52 1
Total 7" | 820 | 800 | 712 | 7.54 | 7.02 | 7.73 | 7.06 | 6.02 | 7.83 | 7.32 | 6.17 | 8.07
Tay = 683 | 667 | 593 | .628 | .585 | 644 | 588 | .b02 | .653 | .610 | 514 | .673
Weight 093 | .091 .081 086 | .080 | .088 | .080 | .068 | .089 | .083 | .070 | .092
Rank I 11 VIII VI X \Y% IX XII v VII XI I
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<% 5.1> KPPF weighting Index

KPPF ~1%9. 8.0%
"Worlg pProgress mwhsmng X Il'l'novatl mractor
-——
’ ’
KPPF-2:9.1 ) J E KPPF—’EJE-S.B%
CHange manage and work accuracy X ' | fAdequacy gpbonstrubtion site infor

- KPPF-0:8.9%

KPPE-3:8.1% ]
pliance with contract and speci

Buamoss relationship development
=

2 s

KPPF-10: 8.3%
Gredi;worthinoss:& financial capa.

KPPF-4:8.6%
Adoquacy of t:on;t’ﬁork procedure

© KPPF-11:7.0%

KPPF-5:8.0% [
Ihtra ‘agency relation & responsive.

_ Quality performance.

| KPPF-12:9.2%
ResolUrce management

KPPF-6:8 B%
Hoalgh and site éahﬂ( adeguacy.

<19 52> Key Performance Assesment Model(KPA)
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<I¥ 52> Performance evaluation scorecard format with PPIs, weighting indexes and measuring criteria

Construction site name and address: Evaluation reporting officer. Field evaluation criteria:
. Bad: 0-20
Full name of Contractor/Subcontractor: Name: Poor: 21-40
Evaluation type: (i) Interim (i) Final Designation: Fair'.41-60
Reporting period: From................... TO i Office name and address: Good: 61-80
Reporting date: Excellent: 81-100
- Field Field Overall A
KPPF and Performance Predictive . ! . o Qualitative or
S.N Indicators(PPs) Weight| Evaluation | Score | Performance Proposed Evaluation Ciiteria Quantitative
(0-100) *| (3x4) Score
1 2 3 4 5 6 7 8
1. Work progress and smoothening
1 |Promptly and completely clear the work site 0.157 60 .82 Rarely (0-20%) - Absolutely Perfect (81-100%) Quative
2 |Promptly performs punch list 0.147 58 8.53 Rarely (02%) - Absolutely Prompt (81-100%) Qualitative
3 |Provides clear and complete operating... 0.140 60 8.40 Bl (0-20%) — Absolutely perfect (81-100%) Qualitave
4 |Supports job inspection and project delivery prog. Q133 60 7.98 Rarely (0-20%) — Absolutely perfect (8100%) Qualitative
5 |[Timely submissions of shop drawings 0.121 40 4.84 <20finely submission (0-20%) — All in time (81-100%) Qantitative
0, i il - 0, — irti
6 |Responding all directives immediately 0.104 40 4.16 it agrespenses in sme  (0-20%9 Allresponses  irtime Quantitative
(81-100%)
7 |Timely notice of schedule fie-inns, cut-over, shut. 0.101 60 6.06 <20% notice in time (0-20%) — All notes in time (81-100%) Quantitative
8 |Timely submissions of project progress, progress.. .07 60 5.82 No progress report (0-20%) — All report§81-100%) Quantitative
Overall (Factor level)) 0.093 55.21 5.13
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<X 52> Performance evaluation scorecard format with PPls, weighting indexes and measuring criteria (Continued)

- Field Field Overall .
KPPF and Performance Predictive . ! . o Qualitative or
.N Indicators(PPs) Weight| Evaluation | Score | Performance Proposed Evaluation Ciiteria Quantitative
(0-100) *| (3x4) Score
2. Change manage and work accuracy
1 |Timely performs change order works 0.212 60 12.72 New in time (0-20%) - Absolutely in time (81-100%) Qualitative
2 |Timely submission of change order proposals 0.195 40 7.80 Never in time (0-20%) - Absolutely in time (81:00%) Qualitative
3 Ability to deal with unanticipated problems 0.153 Q9 6.12 Absolutely unable (0-20%) — Absolutely capabl¢81-100%) Qualitative
4 [Accuracy and timeliness of regulatory... 0.150 60 9.00 eéNer (0-20%) —Absolutely accurate (81-100%) Qualitare
5 Knowledgeable and well known about the work to 0.4 60 8.64 Scarce knowledge (0-20%) — Extremely knowlgelable (81-100%) Qualitative
6 Ability to produce no enors, accurate representa... 0.147 60 8.82 More than 20% enor (20-80%) — Zero emo(81-100%) Quantitative
Overall (Factor level) 0.091 53.10 4.83
3. Business relationship development
Extemely | rati 0-20% -Extemely high rati
1 Cooperative, superior working relation with owner 0260 40 10.40 Vs e ¢ ° mely high cooperaive Qualitative
(81-100%
2 |Cooperative, accommodating and open communi... 0.25 40 10.04 Extremely less (0-20%) — Extremely high 18100%) Qualitative
3 Regular attending the project meetings ... 0.174 60 mw Less than 20% attendance (0-20%) — All attendaec (81-100%) Quantitative
. oo .
4  |Established organizational structure ... 0.167 60 10.02 R cissive Spcue (0-20% Highly - effective stucture Qualitative
(81-100%)
5 Risk sharing level or attitude with other... 0.147 60 B2 Low tendency (0-20%) — Absolutely high tendency81-100%) Qualitative
Overall (Factor level) 0.081 49.72 4.03
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<X 52> Performance evaluation scorecard format with PPls, weighting indexes and measuring criteria (Continued)

- Field Field Overall -~
KPPF and Performance Predictive : " : . ualitative or
Indicators(PPIs) Weight| Evaluation | Score | Performance Proposed Evaluation Ciiteria QQuantitative
(0-100) *| (3x4) Score
4. Adequacy of const. work procedure
i 0, - 0,
Cash out/payment schedule in the project 0.296 80 2368 :T\‘a/én&?t dilfl;le/gg; ?g;iret?:;i (;T;Z'?mt_r_]igool/s))om (0-20%  Payment Quantitative
Compliance with labor standards 0.257 60 15.42 Morthan 80% cases (0-20%) — Zero cases (81-100%) Quisatiive
Tendency to finish work in scheduled time 0.238 60 128 100% behind (0-20%) — Advance than schedule (8D0%) Quantitative
) 00 B .

Responsibility in setting down project objectives 209 60 12.54 gt;iil(t;gil/i; not  showing  (0-20%) Absolutely - responsible Qualitative

Overall (Factor level)] 0.086 65.92 5.67
5. Quality performance

Y onon -
Highly qualified workforce (technicians, workers.. 0.388 60 ?;Ol lgg{;ll)ﬁed gokioge  (0-20% Al qualified - workforce Quantitative
E 0)
- i - 0, —_ i

Employing highly qualified and knowledgeable sub @77 40 's\ll?br::gstrr:cg??s1_?;%(;%nmcmr (0-20%) highly - competen Quantitative
Superior quality of finished work even exceeding Q34 40 More than 80% cases (0-20%) — Zero cases (B10%)] Quantitative

Overall (Factor level)l 0.080 47.72 3.82
6. Health and site safety adequacy
Proposed health and safety program 0.243 60 14.59 Nfwllowed properdy (0-20%) — Extremely good (81-10%) Qualitative
Health and safety records ... 0.215 60 12.90] Fatal/ bof oman cases (0-20%) — None injury (81-100%) Qntitative
Stiict compliance with owners secuity, health ad. 0.213 60 12.78 E\gelog;; 80% complain in- completed task (0-20%) —Zeo complain Quantitative
Maintains an adequate program to monitor compli.. 0185 60 11.10 Ineffective program (0-20%) - Perfectrggram (81-100%) Qualitative

h onon )

Quality of site safety maintenance 0.144 60 8.64 I(E;]t.ﬁn(;ggo) unsatisfactory  (0-20%) Extemely  satisfactory Qualitative

Overall (Factor level)l 0.088 60.00 5.28
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<iIE 52> Performance evaluation scorecard format with

PPls, weighting indexes and measuring criteria (Continued)

- Field Field Overall _
KPPF and Performance Predictive . ! . . Qualitative or
Indicators(PPs) Weight| Evaluation | Score | Performance Proposed Evaluation Ciriteria Quantitative
(0-100) *| (3x4) Score
10. Creditworthiness & financial capa.
1 Creditworthiness of company 0.301 60 18.06 Malet vd < Shae vaue (0-20% —Malet vale doe theShae vale (81-100%) Qualitative/
2 |Curent liabilies and commitments 0.251 80 20.08 bfe than 10% of project cost (0-20%9 - No any coniments (81-100%) Quantitative
3 Financial amangement for the project... 0.243 65 15@ Less then nohlization fud investrert (0-20%) -More then nrohlizaion (81-100% Quantitative
4 Number of years in the construction... 0.206 80 16.48 eks than 5 years (0-20%) — More than 30 years (8Dd%) Quantitative
Overall (Factor level)] 0.083 70.42 5.84
11. Intra-agency relation & responsive.
1 Relationship with regulating authorities 0.355 60 280 Bad relationship (0-20%) — Extremely good relatinship (81-100%) Qualitative
2 Relationship with local authority 0.338 60 20.28 Badelationship (0-20%) — Extremely good relationship(81-100%) Qualitative
3 Responsiveness to owners project staff... 0.307| 60 43. Less than 20% responses (0-20%) — All prompt penses (81-100% Quantitative
Overall (Factor level)l 0.070 60.00 4.20
12. Resource management
1 |Availability and adequacy of owned const. plant 020 60 15.00 Mbre then 50% delay due to plantfecquipne(0-20%) — No any delay (81-1009 Quantitative
2 Equipment is always well maintained ... 0.237 60 14.22] Moe then 80%cases of breakdown (0-20% — No anyiebkdown cases (81-1009 Quantitative
3 [Timely payment to staffs, subcontractors and supp Q75 60 10.50 More than 6 months delay payment (0-2P% Instant payment (81-100% Quantitative
4 Employment of trained/ skilled and knowledgeable. a71i 40 6.84 Vore than 80% nonttiained staff (0-209%- All teined/skilled staffs (81-100%) Quantitative
5 |Adjusting worker wages and facilities 0.167 60 10.02 Not adusted for more then 3 years (0-20%9 — Adjust every year (81-100% Quantitative
Overall (Factor level) 0.092 56.58 5.21
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<X 52> Performance evaluation scorecard format with PPls, weighting indexes and measuring criteria (Continued)

- Field Field Overall oo
KPPF and Performance Predictive . ! . . Qualitative or
Indicators(PPs) Weight| Evaluation | Score | Performance Proposed Evaluation Ciriteria Quantitative
(0-100) *| (3x4) Score
7. Innovative contractor
1 |Specialized knowledge of paricular construction 324 60 19.44 No specialization (0-20%) — Highly spelized (81-100%) Qualitative
2 |Quality contol and assurance program 0.256 60 15.36 Highly unsatisfactory (0-20%) — Highly satisfactory (81-100%) Qualitative
3 Present workload and capability to suppott... 0.226 60 13.56 Capability extremely not enough (0-20%) — Higy capable (81-100] Qualitative
4 | Capability to working within limits ... 0.194 60 11.64 Highly not capable (0-20%) — Highly capable (81-10%) Qualitative
Overall (Factor level)l 0.080 60.00 4.80
8. Adequacy of construction site infor.
1 Familiarity with local labor market... 0.508 80 40.64 Almost not familiar (0-20%) — Highly familiar (81-100%) Qualitative
2 Familiarity with local weather/geographic 0.492 60 9.52 Almost not familiar (0-20%) — Highly familiar (81-100%) Qualitative
Overall (Factor level)] 0.068 70.16 477
9. Compliance with contract and speci.
1 Stict compliance with contract plans and specifia. 0.283 60 16.98 More than 80% non-compliance cas€s20% — Ze complain (81-100%) Quantitative
2 Compliance with required testing... 0.279 60 16.74 N =S <al and y (@0% - Zeo faue Quantitative
(81-100%
3 IT knowledge, e.g. electronic document... 0.224 80 12.9 All manual function (0-20%9- all network based function (81-100%)] Qualitative
o oF oo .
4 |Timely and accurate submissions of clear project R15 40 8.60 ?giiog;n B o or commens  (0-20% Norevision Qualitative
Overall (Factor level)] 0.089 60.24 5.36
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<X 52> Performance evaluation scorecard format with PPls, weighting indexes and measuring criteria (Continued)

- . Field | Field| Ovenrll
KPPF and Performance Predictive| Weigh : : .
.N Indicators(PPIs) tg Evaluation| Score| Performanc Proposed Evaluation Ciiteria
(0-100)*| (3x4)| e Score
Comments on result:
Grand total Technically contractor shows good performance; howeer some lapses have
58.94 . . .
been found in some procedural works, such as timelgubmission of progress
RESULT FAIR reports, shop drawings etc. If contractor focuses ro those matters, it can
improve from present fair perfformance standing.
4 1 - 2 i .
EBad« 20+ Faire 60+ Excellent. 100+ w_
Name:
Designation:
Omganization name:
1 .
0« Poore 40 ﬁ Goade 3, Date
Comments:
58.94+
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<i 5.3> Comparison of findings of present study and previous researches

S.N.

Key Performance Factors

Handa & Adas

CBPP (KPI)

Pongpeng &

Dikmen et al.

This study (2007) (Canada), 1096 | (UK) 2000 | Liston (Thai) (203)03:n?$:eo. thigg%ll)et (Tutkey) 2005 A;Qg’gi;g' ;"';Agg:ajg?‘ei

(Emp) (Theo.) 2003, (Emp) (Emp)

I |smootening T A A A A | A

> |and work aceuracy 0 A A

3 ESlTéTr?;S relationshiy A < A N A A A

4 vAv((j)?I?upar?éedoJr gonstructior y N A A

5 vagﬁ(ll% rceof work and A N A A

6 gg:(lqt&acyand site safety 0 0 0 A 0 A

7 :/rilgi(c))\r/]atlve, capability and N A A A

3 Adequacy of constructiof

site information
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<i 5.3> Comparison of findings of present study and previous researches

Key Performance Factors
S.N. Handa & Adas || CBPP (KP) Pongpeng & Johnson | Kashiwagi et Dikmen et al Acharya et al.| El-Mashaleh et
This study (2007) (Canada), 1996 | (UK) 2000 | Liston (Tha) | )00 ey al. 2004) | (&Y 20051 5506 (Emp) | al. 2007 (Theo.
(Emp) (Theo.) 2003, (Emp) (Emp)
Compliance with
9 |contract/specificatio
requirement
Creditworthiness and
10" Minancial capability 0 0 0 “ A
Intra-agencies relationshiy
1 and responsiveness o A A
12 |Resource management A A A A
Notes:

‘O’ : This symbol in the table indicates same wording of label of factors
‘A’ : This symbol in the table indicates different wading for the factor label, but in some what the maning resembles to findings of this study
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1. Existing work
approaches and

7. Changed
company capability
and/or performance

Continue

Works

) A

practices

Create context for

2. Performance
evaluation
(12 KPFs and 53 QlIs)

Produce

3. Performance
gap analysis

4. Plan and develop
approaches to fill up gaps

5. Deploy
Approaches

Not Work

6. Asses and review
approaches

Revised targets
Resources increase and|
management

Just in time

Continuous
improvement

Employee training
Stakeholders perspectiv

%

<Y 54> Performance Improvement Plan - PIP Model
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ABSTRACT

Development of a Performance Assesment Model for

Contractors in the Construction Industry

Interdisciplinary Program of Construction
Engineering and Management Graduate School Im Hae-Man

Directed by Professor Lee Young-Dae

The performance of projects has always been an area of interest in
the construction industry. Roles of all construction supply chain partners
are necessary; however the role of a contractor firm in the construction
project is pivotal. This research, there intended to explore a construction
firm’s performance criteria which could measure the level of performance
of that firm in an ongoing project. Data were collected from construction
professionals working in three principal project participant ‘organizations,
namely owner, consultant and contractor. A total of 113 performance
assesment items were ~used to collect the -data.” These questionnaires
were prepared through the literature review, expert consultation, and self
experience of the researcher. SPSS, a statistical tool, was employed to
analyze the data. Out of total 113 items, only 65 variables were found to
be acceptable to each population group of this study. Factor analysis

further revealed 12 key performance predicting factors (KPPF) with 53
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predictive indicators. The 12 KPPFs with index weights are: work
progress and smoothening (9.3%), change order management and work
accuracy (9.1%), business relationship building (8.1%), adequacy of
construction work procedure (8.6%), quality performance (8.0%), health
and site safety adequacy (8.8%), Innovative contractor (8.0%), adequacy
of construction site information (6.8%), compliance with contract
plan/specification requirements (8.9%), credit worthiness and financial
capability (8.3%),intra-—agency relationship and responsiveness (7.0%) and
resource management (9.2%). The result shows that The performance
assesment model could be useful to a project management body to
evaluate performance of its contractor firm on site as well as the
contractor 1itself to assess own performance and its subcontractors
on-site.

Key Words : Performance evaluation, Key performance factors, Project

success, Construction projects, Construction firm, Project management

body.
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