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ABSTRACT

In building projects, most contractors purchase steel bars from vendors. If contractors
consider factors suitable for evaluating steel bar-vendor ability and then select a high ability
vendor, this lead to obtaining high quality of steel bars and having continuity of delivery that
helps to prevent planned-schedule delays. As such, several researchers have developed factors for
evaluating vendor ability. However, these factors are still different, showing a lack of a structure
of systematic factors. Thus, this research aim was to develop a structure of systematic factors for
steel bar-vendor evaluation in the building industry through surveying opinions from contractors
or their representatives about the important level of each factor. The data were analysed: (1) to
compare levels of importance of factors, (2) to examine relationships amongst factors, and (3) to
structure factors using the factor analysis method. The result of examining relationships amongst
factors indicated that all factors were correlated. Hence, all factors can be categorised by applying
factor analysis into 3 groups: “office management and finance”, “marketing and business
development”, and “production process”. This structure helps contractors select a steel bar vendor

more reasonably by providing a basis for development of a steel bar-vendor model.
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NUNIUITTUNTTY
4 o a d o o o o
(3) eonUULIVABUMIHEHT WA NMRAMUAT VMM ORI UYe T UIMIN
meiuszavaudyvowmaziliiodmumsdsaiunnuaunsovesdfumanidu
(4) n'amhmmﬂaumu'hlﬁﬁaﬂﬁ’fﬁmﬁm'ﬂammnaaumuﬁuﬁmmmm;ﬁumm
Ao /s dd ¥ oW a v A ¥ 4 ¥ o
nlszaumssigaiinudesiumsdsziunnuansatazmsaadonddundndus o
1 ¥ ] - é . @ ¥ -
3 AU pATwaDUIlnIRURLINUANUTIMgRAYe U YA UD WA YoM Te STy
»
nasnnmsnageuiuuaeuwil ldihmsdsudjauaevom inszFudanunazasniy

- Pl a Yy d R |
mqﬂizﬁmm'ﬂ'snmiﬂsxmummmminﬂumrgmmnmﬁumnuwu

ad a ¢y a 3/
4.5 IBM5INSIwHTeyauazmasziiunadeya

o dvyd v o Y Mye ¥ > . a s
naanni ldnussmdeyaninmsdisruda iideyanmuaunimsdns iz
Taimsainsizideyaifudiu 4 auidendnveanuuaeuoimit1dds 1380 Tsunsy

4 { o - 3! ° » A
spss  dadoyaiminndins el Idvinsnaaouninnindedovesdina (Reliability) 1u

A q :: - o - levo , e - ﬂ(

uvnaeunwduihuaioadion1§luamisoi Taons 1935 nmsmmanlsz@ns Cronbach’s
4 - .
Alpha (Cronbach’s Alpha Coefficient) Fuilumniinianiumeandoaniolugaduasu

: o 4 E] a a
(Internal Consistency) AdtaaaluauniIsi 4.1 Faeunsodnyunuan 189100 10RUIN A,
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SPSS Training [14] tazing N0y [15] nasnmiudadinsziamnasa Usznoudas
(1) manfSsumeuszauanudingvesileis 2) minsaeuanuduiuiseninaileis uas

(3) msdszynd ldmatinmsinsziilede

k covariance / variance
Cronbach's Alpha = (4.1)

1+ (k -1) covariance / variance

Taof k=3 waudmowm
covariance = ANRABYOIMWBIAMTUTIMTWIEN MR 9
variance = AMRALYRINITUIT VIR0
oty . v o 1w iy ol @
Tunsaingimg Standized uanziom MausEANT Cronbach’s Alpha vznatailu &

uanaluaunsi 4.2

kr

Cronbach's Alpha=——
I+(k-1r

(4.2)

Taoh 1= AundvveamdinlseAnd andunusszninediomeg 9

Taoimduyse@n Cronbach’s Alpha #939110031 0.7 9vznaaaliiudiaina
wioniesdesaiinamnindeded Faitseylu SPSS  Training [14] w30 mduilszdng
Cronbach’s Alpha fiind11nd 1 wn Aezfehmnanemiosiodaiinimindedo1dqe

WAL MNAING1IVI Haer NH¥OTYI [15]

451 manfSvumeuszauanudnyveaade
nsulSeuiisuszdunnudinyveuaaziladodimiunisdsziiiu
¥ o 3 ar d’ o o o -
awdansavesdimanidu Taoms1¥d¥szaunanudiiy (mportance Index) Amgui

1NVUIRYIVDI Lehmann [16] fanaasluaunisi 4.3

T . o AURdsIzAUANUdIATY
AFszAUA YA = 4.3)

anuleuuumas g

v L]

o s r 4 o o o é o
dmsuaundsszaunwdidy Fuiunisianur Idudrgdrunats (Measures

of Central Tendency) voaTzAUANUdIAYVoTlatorzm Idvinnasinveseay
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» ]
anudaguosilidonisdreimudeyaimuavoanquiionns dsaaaluagunisi 4.4

H 1 S < @ ¥
uazmmﬁuqmummjm (Standard Deviation) maiﬂumﬁﬂmsns:mu'uawaua

]
=4

a o ' 9 i
(Measures of Variability) $1doyaniimsnizanomneziilszdniaimiosnindoyaitil

-
"
=1

M13N329101100 aaaaaluaunish 4.5

>X,
X = Lln— (4.4)

Taoh X =fAundeszaunnudiny
X, = szAavanudiyvosileduveangudlooiad i
i =nquAI0IN1N 1,2,3, ..., n

»
n = NUIMToYaNIMUAYDINGNAIDIN

4.5)

Tavit  s.D.= dndeannnnasgvenduiint
X = fhm?;tﬁzﬁummﬁﬁty
X, = szauanudinnesiladoveanguiotad i
i =nquAIBeR 1,2,3, ...,

»
n = Sudeyaianuaveangualodis

w w v

4.5.2 MIATIVTOUNANNANNUTI=N NI 0dy
NOUMIATINAOUANNTURUSI M990 1AV INT AT UNIS DN
- W ' 9 o - A ' -
AMUdveIdoyaRoAIn T (Skewness) Aauaasluaumsn 4.6 oAU oyail
MSUANIAIUVUNGA (Normal  Distribution)  w3aiin1suvnusanuy'luiné (Un-normal
. . i -4 - - v - | v - - ' PPN
Distribution) ttaanuNveyaiimsusnuvanuylulnd  Jal¥maiiamsiinsizinisasa
nuuhildwisiiines (Non-parametric) AuA1NG19904 Siegel and Castellan [17] 3991013

L] Y3 = " o =) q“ L

ATIVABUANUTUNUTS 2N 19TlesD Taons 1935 msmadudsednd anduwu sy

[

d1dunvesmilusiuu (Spearman’s Rank Correlation Coefficient) Aauaasluaunisi 4.7

A4 a o o w » | - o AR
lﬂﬂ’Jlﬂi"z"ﬂ’JT”ﬂu“uﬁijui:"’J]\rﬂ““U Yldumimﬂﬁﬂllﬂ'nlmlﬂﬁ]ﬂﬁ'lmdﬂil‘il(mvlﬂ
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g é H e = A’ o o o H
Wandu #a-1 < r. < +1 Taoit r, = dulszansanduiusuuuaduivesailofiam 9

v o

a « v o o o o
m:i'Jmﬂznwmmnﬂmunmmﬁuwuﬁnu

n)(x %)’

ANuTveIRI9tNe = :
(n—-1)(n-2)s

(4.6)

' i o = ' a
dmanudiana 18idugud uaaah Yoyaiinsusnusaung

=h.

Tay
g 1didunn ueeih doyaiimsuenusawyhivna

dmnmuiidnnaIdidiuay uraei deyaiinsuenusany hivni

6> d?
_ i=1
n(n*-1)

(4.7)
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o o

Taoh 1, = dulse@nanduiusuuuiduiiveaaitlesiom
d, = HAANVDIMAVNVOIAI0E197 i
n=91IuveIdeya
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453 msdszynnl¥maiiamsdinnizidedy
m3iszgnd ldmaiian1sinsziiiledy (Factor Analysis) 1o sanguilesodh
s A = or o lé o " o 3 o A o
funu qrami'nﬂ's1:11"1]wum'xn1mmnnqnﬂwuuazﬂﬂmu'Jui]wumaﬂiﬂwﬁ‘lumsnﬂ
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M
A

uAUN 1. MInTIvdouNAMITAN 9 Tanuduwusiunse 1 ms

ee

2

a52900U TAuM5 19a0A Kaiser-Meyer-Olkin  (KMO) daugasluaunmsi 48 uaznis

A32900U 1AuN15 19 Bartlett’s Sphericity Test Aauaaa luaunsi 4.9

5.3
i7j
RIS 3

i7j 17§

KMO =

(4.8)

5 o a o w 1 o . .
laoh 1 = dudszanfanduiugsznindans X uay X ; i # j dohld

KMO #1551 3190 - 1 W38 0 <KMO < |
MM KMo Tinfos (rdgud) uaaei matianmsiimenilessli
o 3 R
mnzaunudeyaiiiiog

Y v = 1 ¥ & ' = = o o
0191 KMO  uf1uIn (l'll'lﬂ‘HlN) HEAAI INAUANITIANTIEHT VY

e,

mzausutonanio

- U

Tasn il KMO < 0.5 9zfioh doyaniioglimmezauiies 1§

matinmsins1ziileds mudinanves faot Nilvdiayn [18-20]
(2p+5)
7 =n-D-Eju[r| 49)

auuAgw Hy:wnsngandmiusihuumSndiondnvsinie R = L uaas
"o (] v w dw
7 dauns hilianuduiusiu
H, : mm3nganduius iidunmIndondnuainio R # 1

o

uaaan anlsianudunusiu

adanadov szinisuanuvs Tavdszurauvy lnaunay

Y v

& ' s ' ' a o

(Chi-Square) ¥3811¥711 p-value 30 Significance Mfouni10.05 zdoinlfias H,
- o el o o e = v - - s [ ° U
Ao mnsinnuduiusiu Saanseldimatdanisiinsiziilessld  awdinanves
fag1 NUBIIY¥ [18-20]

s ; T _ wwia & Ay,

YuAOUN 2. MIanAilede (Factor Extraction) miadailatoriunszinitosa
Tnssairevosiledy Taoldimaiinn1s3ins1zidnlsenoundn (Principal Component Analysis

%30 PCA)
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v ' ¥
Tunoun 3. mivyuunuiledy (Factor Rotation) Msnyuunuiledoiunszi

" ¥
wio licunsedailedudnguivunuiledsldiedu Tas1433 Varimax

o o LY Y a a d (¥
4.6 lﬂﬂuﬂﬂ‘l‘iﬂ'ﬂluﬂﬂQﬂﬂ?ll‘lliﬂ'JUﬁlﬂuﬂﬂ'li")lﬂ‘a"IS‘Hﬂi]i]El
- o (9 . ) : = 4 = ¢ o
M3 AATIEHIA0 (Factor Analysis) M30U1ATI50NI1 M izialsenou iy
- AI o L4 A o éq o/ Y o o 1 - o s o d' '
mauanvzIunquusaT Il naudu usiu 13 lunquuieileiu@endu aunlsney
o o o W @ @ (: =
Tuihvivdnidueziinnuduiusiuun Tasnnuduwusiiuenaziuly luiamaun
o = o o [ o H ' @ '
Tumadernu) niofimmeay (ldlumeasadudi 218 daudaunlsiiegauasiledo ve il
ANuFURUTA UMToANud U fuTosnn
4.6.1 TagUszanveamatinmsiinnizvitady
A o s o a U U o
(1) meaatwuals Tavsauannlsvaie 9 A leglunqunioilade
vy Tasnduileseeziiosnnimmudunls Tasmnidaulsitanuduiusiu13 1y
o o ] - o é é o o 4 )
iRy mu auisuFesnilalidunls 15 danls (X, X, .., X,) iiel¥inaiians
= o s - =1 @
Inswviledsudionvsmaemios 3 s
- Y aw & Yaw ¥
(2) IMBATINABUANYNADA (Confirmatory) TUNUINILITDI ARALELE
o o o ) u’ o Vo o " Yy 9 Vv o e -ooa o
muuannudnynsolminlinuaanls wu Hideansadedriitadszansnmms s
A - o o ' -y o @
FVTHNIUNINAMTHAI 9 A2 19U madU (X)), szoznan) e (X)), Swauiua
q' & w LM
(X,), Tashnaunisuaannudunus Ao
P=WX, +WX,+ WX,
Taon P =1szansammsiinu
W, W,, W, ihnihminvesdunls X, X, X, amwdidy
d = = d or
4.6.2 Uszluvrveanaiiamsdinsizvidade
(1) aadnuauls Tasmsswdunlsnaw q i ldegluilviofordu Tau
' o L) H J o 1] H " o H J '
doniledelminadavududunlsny Aannsamawesiladefiadraiu 1] Goni1 asiuu

¥03i1990 (Factor Score) Werunsmiriladvdananluiiudnnlsdmsuminsginaasa
a0l
@ Wlhmsuilymmsiigunlssaszveamaiinnmsdinswiniuonnosi
AMUFURUT U (Multicollinearity)
FEmsedianitai 1 Flunsuddyninisiinsizinuonoood
anwduiusiu Ao mssmdnlsdasziinnuduniusiu Bidetu Taenmsatraiudauls

Tnii wiesunNileds TaoldmatinmsSinszilese udnhilesedanan Tl us s sase
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Tumsamsizvanuoanesas i) ileaniniladedanare: lidanuduiusiu suslunis
b3 = o = v W e
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-3 d o o o ﬂ’ 4 Ex}
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" e; o @ o o Y L | o = = e Y ﬁ‘
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v w o 1 P v o o [
Anuduiusvesdnlsan  fiegluilvioderiu’ld
@ Ml mnseesuwanumusveanazileseld awnnumuisvesa
wlsan q fegludedeiu i liawsoi 1 udumsnamld
o = = ¢ v
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matinmsineriede 15 lumsaasmausnds wienan1d3udumaiia
W1Hlumsildoududsiduisianuduiusdu Wi ududs nieileselnyit1ii
o o o i o ot @ W oA . 5 i o
anuduwusiu Tashileden 18y n1ssmdaduFadunse (Linear Combination) Y04a2111)5
Y o = ar a ¥ b [ 3 n;
Ay Taveznoeunihmeazideannd st 9 13 uilsislineiiga
:v Y d = - d ar
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Insiileds dagquszaadvesmsaiaileds Ao mamsnnunguiled feunso dumu
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MmNy uUnUilIdy (Factor Rotation) 1 2 35 1ng) 4 Ao
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350 1. mavyuunuilades1iamaniu (Orthogonal Rotation) 11y
¥
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a <3 o du v d ) A4 9 o a
myannzidoyandnni lAinuiusudeyaiifedostumslsusivanuannsa
< = i -
vosdmanidu TavldinsizideyadiuTisunsy spss muiiszylu SPSS Training [14] az

o -

v 4 - "
fiagn Niwdiyw [15] uag [20] #lizneudmsdinisigudnyuzvosdoyn AU mMvos

e

aa o o i o a n’r’ o )
Yoyanarmana dimfvdeyaminndmsrizinanualdifusivimlasnsdrsienau
a o 3 o ) 3o pa o o 3 o
AR UAWIVVAOUOUINAT UMz ANMUYEIRT uMINATIszaumsalifeadesiums
= o = -’; 1 H @
Usziiunnuaunsouazmidadengfunamdudua 1 990l Taodudsumnaueinis
T J
Tugammnssumsneadaninenyuvesdszimda’ine luwansummuniuns ¥
1 4 o =4 o ] A H o = Y e
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nagouANUUIY¥edeveIdING (Reliability) 1ad301h1 135 12vameada Usenoudan
=) -y o o @ [ -& o -~ o o el
(1) msnlSevuimsuszavanudingvesileds iensdadeniledodmsumssaiy
o o e 4 o A "
AnuannInveslRumandu (2) msasedevanuduRusszniniley oasivaeus
o o L. [ " o - a o
Tedstinnuduiusiunie hinazinndeuiivala 3) msdszgnd ldimaiiamsiinszidas
. A o " o« Y 3y o aé o [ o o 3y g @ o

(Factor Analysis) iINnovanquiladudinaenu imoaniuiledenazdailesoidnalosusuuny
Jody nazilumsannTnssadrevesiliodmsumslszduanuaunsovesdiumanidu

5.2 UANYUVLITBYA
nnmsdisnanuAafiudsuTe Ut WMRETUIMIIEEA MO UM Tay

TdinusausudoyaninmsqunguaIo6 191299 (Puposive  Sampling)  Au3HM

AT 15 U5m c‘f}qmmmﬁiﬂqmﬁnumwmﬂ’bgamnﬁ'ﬁmuuuuaonn'm‘lﬁﬁqmswﬁ 5.1

P o ) ¥
M3 N 5.1 ﬁiﬂﬂﬂlﬁﬂﬂm:ﬂlﬂlﬂ]ﬂgﬁﬂ'Iﬂﬂﬂﬂl]lll]l]ﬁﬂl]ﬂ‘lu

3 SIUUUTIUN (A1) AT IMIAIAY
AasuluuaoUnIY -
R e (%)
Aumuniaziumuvesdumn 50 44 88

H o 1 -y A L] o
NNATIN 51 dasimsdaRuvesnuudounwAmily 88% aaedudusasinis
1 H H ° Ll ' é o U
defun@ivoy aunsai lUSinswduassiwaunade 114 1 Babbie [21] 13Uzt 13
BATIMIAAUVBAVVAOVWANNNT 50% 505 1wunala 81001 60% fod Las

1NN 70% oAby
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Mo 1. venswgumidveaiudail mawilidusowiegludiui 1. ves

A e -3 " o 3
Hyvuaounu IWE]?’J‘IJTJIJF]Nﬁlll}ﬂ‘\lt)\‘lfiﬂﬂlllm‘ljﬁﬂ'lm'lu ﬂizﬂﬂU?,\"]Uﬂ'lﬂ']uUﬂU Aail

1.1 dwnisilogiu

1.2 szeznmmmsdmailegiiu

MmN 5.2 fadnsuzdumisdwiuasszeznminsdumidlwiuowaeumudouny

i | wedidud | szeznmiidssdumiailegiiu @)
sty 1 -
(hu) (%) A qan may
NISUMSAIANS 5 11.37 3 25 12.6
NITUMIVIMT 1 227 . 35 35
Hudmdiams 1 227 - 8 8
Avams Insams 6 13.65 2 22 9.17
Avams Insamsuazaanliin 1 227 - 2 2
gdamsthuienssy 2 455 3 8 5.5
giamsrhodszinusm 1 2.27 - 15 15
Adamsthodsnlin 1 227 g 1.5 15
A¥amsrhonaumusim 1 227 - 6 6
fsamsthusnde 3 6.82 4 12 8.67
anliin 1 227 - 12 12
vimihdhodszinusm 1 227 - 3 3
Wnihihuiade 1 227 - 15 15
IINTAIVANTIA 3 6.82 1 6 3
rnsdninanu % 455 2 5 3.5
N3 IAsams 3 6.82 1.5 12 5.83
rns Tom 3 6.82 2 7 5.3
AlszamuauTasems 1 227 - 5 5
Adrs9Tum I 227 - 5 5
Auszumaim 3 6.82 3 45 3.5
fianuazinde 1 2.27 - 9 9
findouazgsns 1 227 - 7 7
findlo 1 227 - 2.5 2.5
59U 44 100.00 1 25 7.03
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4.1 MINNTANNNVINAVEIUTZYING
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° ° o " o [ - H
ﬂ'lu'luﬂ'g'lﬂ1'.]3ﬂ1"Uﬂ%‘ﬂﬂﬁzﬂlﬂ'@ﬂqﬂﬂ'l\lﬂ‘ﬁlaﬂﬁ\l ﬂ\ll!ﬂﬁ‘vﬂuﬂ'l‘i'lﬂﬂ .1 llﬂ:ﬂ‘l‘i’Nﬁ 9.2

M3 U1 MINHUAYUIAYINGUAIDININVINAYENTEHINS

YUIAv09329INT (N) YUIAVBINGUAIOLN (n): ToUDY
i 100 < ey < 1,000 fmuametaiovas 15-30
i 1,000 < szdns < 10,000 fmuadletneiosns 10-15
& 10000 < sz < 100,000 fmuamedioons 5-10
ol 100,000 <  Wszwns < 1,000,000 fMuarlediovas 1-5

MINA V.2 MINMUATINAYDINAUAIDE19AT1 9 Midludumuilszans

VRveIlsEng (N) YUIAVOINGUAIOIN (n): FovAL
100 - 300 50
500 - 700 40
1,000 - 1,500 25
2,000 - 2,500 15
3,000 - 5,000 10
6,000 - 10,000 5
15000 - 20,000 25
30,000 - 50,000 1
70,000 'l 0.5

4.2 MIMUIUNINGAT

MIMUUAYTIAYEINAUAIDENAWMsA NGRS Tasldmsiimuan
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nnudsennsnsensaiidszannsiismaudiiamin1a Finite Population) nazmsaim

o ' ° [=s =4 = o L3 '
nngasnsaii inswiwoudszxnsuiensaidszrinsitusiuan1u14 (nfinite

Population)
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'ummmnq’uF'hmhq'luusiﬁzfiwaafhﬂmmﬂﬁau (Fovay)
Inulszanng
1 2 3 4 5 10
500 b b b b 222 83
1,000 b b b 385 286 91
1,500 b b 638 441 316 94
2,000 b b 714 476 333 95
2,500 b 1,250 769 500 345 96
3,000 b 1,364 811 517 353 97
3,500 b 1,458 843 530 359 97
4,000 b 1,538 870 541 364 98
4,500 b 1,607 891 549 367 98
5,000 b 1,667 909 556 370 98
6,000 b 1,765 938 566 375 98
7,000 b 1,842 959 574 378 99
8,000 b 1,905 976 580 381 99
9,000 b 1,957 989 584 383 99
10,000 5,000 2,000 1,000 588 385 99
15,000 6,000 2,143 1,034 600 390 99
20,000 6,667 2,222 1,053 606 392 100
25,000 7,143 2,273 1,064 610 394 100
50,000 8,333 2,381 1,087 617 397 100
100,000 9,091 2,439 1,099 621 398 100
— 0 10,000 2,500 1,111 625 400 100

winema: b Ao vinaveadszans himunzivemaldiumsusnusalnd Saliannseld

gasiuvIAveINguAIeeala

A& A 3
Wemaaamnaowiluiosar 1,2, 3,4, 5 uaz 10

dadauvenlszynsiidu 0.5 wienuesiFuaidesmsvzquaindszying
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NINUA 50%
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dUszans luanuiddussaluassduswaudsznns luasaldaa
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M9 1.4 YUIAveInquAIediiszAuiodinn 0.01 u3o Z = 2.85

nnaveanguietn luudazivesmamaniou (Jovaz)
inulsznns
1 2 3 4 5
500 b b b b b
1,000 b b b b 474
1,500 b b b 726 563
2,000 b b b 826 621
2,500 b b b 900 662
3,000 b b 1,364 958 692
3,500 b b 1,458 1,003 716
4,000 b b 1,539 1,041 735
4,500 b b 1,607 1,071 750
5,000 b b 1,667 1,098 763
6,000 b 2,903 1,765 1,139 783
7,000 b 3,119 1,842 L;E71 798
8,000 b 3,303 1,905 1,196 809
9,000 b 3,462 1,957 1,216 818
10,000 b 3,600 2,000 1,233 826
15,000 b 4,091 2,143 1,286 849
20,000 b 4,390 2222 1,314 861
25,000 11,842 4,592 2,273 1,331 869
50,000 15,517 5,056 1,381 1,368 884
100,000 18,367 5,325 2,439 1,387 892
— 00 22,500 5,625 2,500 1,406 900
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qATAIINVIAYDINGUAIDI A
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14U (570) 914U (570) 91U (310)
Uszang NQUAIDE1 Uszying NGUAIDLN Uszying NGUAIBEN
10 10 220 140 1,200 291
15 14 230 144 1,300 297
20 19 240 148 1,400 302
25 24 250 152 1,500 306
30 28 260 155 1,600 310
35 32 270 159 1,700 313
40 36 280 162 1,800 317
45 40 290 165 1,900 320
50 44 300 169 2,000 322
55 48 320 175 2,200 327
60 52 340 181 2,400 331
65 56 360 186 2,600 335
70 59 380 191 2,800 338
75 63 400 196 3,000 341
80 66 420 201 3,500 346
85 70 440 205 4,000 351
90 73 460 210 4,500 354
95 76 480 214 5,000 357
100 80 500 217 6,000 361
110 86 550 226 7,000 364
120 92 600 234 8,000 367
130 97 650 242 9,000 368
140 103 700 248 10,000 370
150 108 750 254 15,000 375
160 113 800 260 20,000 377
170 118 850 265 30,000 379
180 123 900 269 40,000 380
190 127 950 274 50,000 381
200 132 1,000 278 75,000 382
210 136 1,100 285 100,000 384

44’ o = ] “ o Va
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quA2DE1 (Probability Sampling) uAFIMIVNUITeRgNIIAATUA MM Mdsnuaz
wilszna enduduiivzdeninisguiedialaslilimannnminaiulumsquaeds
. i 4 0 q 3 av 4 - oA Ay ' addgy o
(Non-probability Sampling) #4921 1inanuidon lduiinninyedeiiosnisnldman
" [ v - 1] o l = ] v =] ¥ Y e
anninziulumsquaiedn voamsguirednianisoon 1diilu 2 33 18un msldnan
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M5UAIDEN (Random Sampling)

ms ldmanaamninzithulumsduiieti m3 hildmanamninzdiulumsduiiod

(Probability Sampling)

(Non-probability Sampling)

MUV (Simple Random Sampling) MIuIVINBY (Accidental Sampling)

M3 quBENIITZ 1Y (Systematic Sampling) ‘M3quuuuIniA1 (Quota Sampling)

MIGUUDVILNFY (Stratified Sampling) MSUIVVINE (Purposive Sampling)

MIFUUVVIINNGY (Cluster Sampling) MIAUIVUUONAB (Snowball Sampling)

52 P i { o aL B I St i o i
NSUIUIMAITUABY (Multi-Stage Sampling) e

Matching Sampling)

UM v3 TEmsquiiodn
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nananuminzdulumsquiiedin  miseenlditu s 33 18us msquuvuie (Simple
Random Sampling) MIqU0U191I55 1Y (Systematic Sampling) msrfmmuuu'q%u (Stratified
Sampling) MIGUUVVLLINGY (Cluster Sampling) uaznmfnuuunmu-&y'uﬂau (Multi-Stage
Sampling) Fudar i invazBoadai
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ey msguuushadudimsduiitionl¥iunniqa uiseondidu 4 33des 1aun
M33URAIN (Lottery Method) M3 1‘%’?\1?105’)1?11!‘(’1')1 (Table of Random Number Method) N3
- A i U
1312940 (Roulette Wheel Method) a3 14nouia1n03 (Computer Method) HaliAas 330w
Ed
U5 waziduadail
[ adda o Vo o LY ° IS
(1.1) msduaan Wuisnteuduun #IvezAnaaaIn Taiou
sw¥odsznignmizeaslunszmwaanudaz 1y aimimihlansus wh lisduiu uda
=2 o -3 = ¥ ' o -
wiuaanvuniiaz luanldasumuvinavesnguiiotanidoams
o ’ A o ' 4 o oS
(12 msldmsdnavdy Famsndnavguiuasaiingdala
° e Vo =1 o
msgudaay 0-9 101 135w TaoSos 3 lugduuuvesaaust (Column) uazion (Row)

AauanInlotna luns N v.6

MINTA ¥.6 AIOINVBINITNANAVTUUDINUAADT (Snedecor)

AN 00-04 05-09 | 10-14 | 15-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49

00 54463 | 22662 | 65905 | 70639 | 79365 | 67382 | 29085 | 69831 | 47058 | 06186

01 15389 | 85205 | 18850 | 39226 | 42249 | 90669 | 96325 | 23248 | 60933 | 26927

02 85941 | 40756 | 82414 | 02015 | 13858 | 78030 | 16269 | 65978 | 01385 | 15345

03 61149 | 69440 | 11286 | 88218 | 58925 | 03638 | 52862 | 62733 | 33451 | 77455

04 05219 | 81619 [ 10651 | 67079 | 92511 | 59888 | 84502 | 72095 | 83463 | 75577

05 41417 | 98326 | 87719 | 92294 | 46614 | 50948 | 64886 | 20002 | 97365 | 30976

06 28357 | 94070 | 20652 | 35774 | 16249 | 75019 | 21145 | 05217 | 47286 | 76305

07 17783 | 00015 | 10806 | 83091 | 91530 | 36466 | 39981 | 62481 | 49177 | 75779

08 40950 | 84820 | 29881 | 85966 | 62800 | 70326 | 84740 | 62660 | 77379 | 90279

09 82995 | 64157 | 66164 | 41180 | 10089 | 04157 | 78258 | 96488 | 88629 | 37231

10 96754 | 17676 | 55659 | 44105 | 47361 | 34833 | 86679 | 23930 | 53249 | 27083
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Abstract

In building projects, most contractors purchase steel bars from vendors. If contractors do not consider
factors suitable for evaluating steel bar-vendor ability and then select a Jow ability vendor, various problems may
occur such as short quantity of steel bars, budget overruns, low quality of steel bars, and planned-schedule delays.
To reduce these problems, several researchers have developed factors for evaluating vendor ability. However, these
factors are still different, showing a lack of a structure of systematic factors. Thus, this research aim was to develop
a structure of systematic factors for steel bar-vendor evaluation in the building industry through surveying opinions
from contractors or their representatives about the important level of each factor. The data were analysed: (1) to
compare levels of importance of factors, (2) to examine relationships amongst factors, and (3) to structure factors
using the factor analysis method. The result of examining relationships amongst factors indicated that all factors
were correlated. Hence, all factors can be categorised by applying factor analysis into 3 groups: “office management
and finance”, “marketing and business development”, and “production process”. This structure helps contractors
select a steel bar vendor more reasonably by providing a basis for development of a steel bar-vendor model.

1. Introduction

During construction, if contractors select a low ability vendor of steel bar, the problems
such as short quantity of steel bars, budget overruns, low quality of steel bars, and planned-
schedule delays may happen. These problems then affect the achievement of objectives of the
contractors. To reduce these problems, several researchers have suggested various factors for
evaluating vendor ability. For example, Frost and Long [1] suggested the key supplier attributes,

L LI 19 LI

namely: “price/value for money”, “product quality”, “on-time delivery”, “customer service”,

SEE 19 3% &é

“technical/sales support”, “quality of relationship with supplier”, “sales service”, “technology
(innovativeness)”, “product training” and “ISO 9000 certification”; whereas those by Weber et

al. [2] were “net price”, “delivery”, “quality”, “production facilities and capacity”, “geographic

7 &L

location”, “technical capability”, “management and organization”, “reputation and position in
industry”, “financial position”, “performance history”, “repair service”, “attitude”, “packaging
ability”, “operational controls”, “training aids”, “bidding procedural compliance”, “labor

EE Y3

relations record”, “‘communication system”, “reciprocal arrangements”, “impression”, “desire for

LR

business”, “amount of past business” and “warranties and claims”. In contrast, Luu ef al. [3]
suggested “speed”, “time certainty”, “price competition”, “cost certainty”, “flexibility”,

» (13 ”% 13

“responsibility”, “complexity”, “risk allocation” and “quality level” for vendor selection.

K. Sangthong and J. Pongpeng 1
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However, these factors are still different, which show a lack of a structure of systematic factors
for the evaluation. Thus, there is need for developing a structure of systematic factors.

This research presents a study aimed at developing a structure of systematic factors for
evaluating steel bar-vendor ability, based on existing hierarchical organisational units of steel
bar-vendors through surveying opinions from contractors or their representatives about the
important level of each factor. Then, three main analyses have been performed: (1) to compare
levels of importance of factors, (2) to examine relationships amongst factors, and (3) to structure
factors using the factor analysis method. The main result shows that all factors can be
categorised by applying factor analysis into 3 groups: “office management and finance”,
“marketing and business development”, and “production process”.

2. Methodology

2.1 Methodology of data gathering
This research surveys the opinions of contractors on evaluating steel bar-vendor ability in
Bangkok. A hand-delivered questionnaire was given to a total of 50 samples within 15
contractors’ companies. Due to the difficulty of evaluating steel bar-vendor ability, a hierarchy
of factors was developed on the basic of the existing hierarchical organisational units of steel
bar-vendors:
e review the literature about necessary factors for evaluating vendor ability, for
example, [1-3].
e outline the structure of systematic factors according to steel bar-vendor’s
organisational units.
e develop the questionnaire for surveying levels of importance of each factor for
evaluating steel bar-vendors.
* pilot the questionnaire with 3 professionals experienced in steel bar-vendor
evaluation for improvement before hand-deliver the questionnaire to contractors.

In assigning a scale to the factors, a combination of a Likert scale and a bipolar adjective
scale was used, 1 = very low importance to 5 = very high importance (for more details, see [4]).
The total rate of return was 88% (44 out of 50). This return rate is considered excellent as Babbie
[5] suggests that any rate over 50% can be reported, over 60% is good and over 70% excellent.

2.2 Validity

In this study, correlation analysis was used to inspect whether relationships between all
factors existed to confirm validity. The example of the results shown in Table 2 confirmed that
all factors were correlated, which meant they were valid.

2.3 Reliability

To confirm reliability of the scale (1-5), the internal consistency method was used. This
method finds the reliability coefficient, called coefficient alpha, based on the average correlation
amongst factors and on the number of criteria. In this research, Cronbach alpha was undertaken
to test the infernal consistency reliability of the factor scale. Cronbach alpha varies from 0 to 1:
the higher value, the more the internal consistency reliability. The alpha should be higher than
0.7 [6]. Here, the Cronbach alpha of 0.90 for the factor scale indicated good internal consistency
reliability.
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3. Results

SPSS was used to analyse the data. Three major analyses were undertaken: comparing the
importance of factors using an importance index, exploring relationships amongst factors using
correlation coefficients and structuring all factors using factor analysis.

3.1 Importance of factors

To find importance of factors; means and standard deviations of all factors was explored.
However, means may not fully represent the data if the data have high standard deviations. Thus,
a standardised ratio (making the standard deviation equal 1) of the mean and standard deviation
was constructed for the use of comparative purposes, which was written as:

M
Importance index = s ()

Standard deviation

The comparison of importance of factors are summarised in Table 1. From the table, the
five most importance factors were: (1) “marketing”, (2) “quality inspection”, (3) “efficient
delivery”, (4) “packaging”, and (5) “public relations”.

Table 1: Comparison of importance of factors

Factors Importance Index Rank
Marketing 578 1
Quality inspection 5.61 2
Efficient delivery 541 3
Packaging 4.21 4
Public relations 4.18 5
Product development 4.14 6
Production 3.79 7
Inventory management 3.70 8
Consulting provision 3.47 9
Purchasing and contract 3.34 10
Equipment maintenance 3.19 11
Office management 3.18 12
Waste disposal and environment quality control 3.08 13
Personnel management 2.68 14
Finance and accounts 255 15
Personnel development 2.52 16

3.2 Relationships amongst factors

To identify that the factors were valid and relevant to the evaluation of steel bar-vendor
ability, the relationships between them were examined. The Spearman Rank Correlation method
was selected to calculate the correlation coefficient, r, since normality of data is not required [7].
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The coefficient ranges between -1 and +1 where -1 and +1 indicate high relationships but 0 does
not.

Factors having strong and weak relationships with other factors are shown in Table 2.
The statistically significant relationships between the factors are indicated by (*) (at the 5% level
of significance) or (**) (at the 1% level of significance). Clearly “efficient delivery”, “quality
inspection” and “packaging” had the weakest relationships with other factors. “Production” was
strongly correlated to “product development” and “waste disposal and environment quality
control”. In the overall section, factors were correlated. This confirms the relevance of all the
selected factors to the evaluation of steel bar-vendor ability.

Table 2: Spearman rank correlation coefficients of ten example factors

Factors B ~
D e E
~ = Y} - D S 9 9 3
| 28| s8] ¥ | 28| § |58 |s5§ ¥ |8
S = = S E ) S & 2 E ] % S o - 3
~ O = R = % = = = oL Q9 ©
3 38| 88 b S = 88 [S4 £ |2
3 =8| 2% S ) S SE|es8 & |&
§|9F|~§5| & | S§| 3 | §5(83F 2 |8
S =5 &
Production 1
Quality inspection 0.139 |1
Product development  [0.580(**)|0.035 1
Packaging 0.320(*) [0.114 0.267 1
Inventory management (0.221 0.450(**) 10.206 0.449(**)|1
Efficient delivery 0.133 0.547(**) |-0.079 0.188 0.548(**) |1
Equipment maintenance |0.548(**)(0.150 0.629(**) |0.192 0.033 0.129 1
Waste disposal and 0.543(**)|-0.193 0.605(**) 0.265 -0.005 -0.119 0.677(**) |1
environment quality
control
Marketing 0217  [0.574(**) [0.201  [0.197  [0.581(**)|0.493(**) [0.182  [0.064 |1
Public relations 0.317(*) |-0.065 0.351(*) [0.261 0.014 -0.049 0.347(*) [0.463(**)(0.332(" |1

3.3 Structure of factors

Factor analysis was used to group highly correlated factors together and then to find
weights of relative importance amongst those groups. The two basic reasons for the grouping are
(1) the simplification of modelling problems and (2) the exploration of the underlying structure
of factors, particularly whether the structure is compatible with hierarchical organisational units.
The details of factor analysis can be seen in [8)].

* Correlation coefficient examination

The coefficient values indicated that all factors were correlated (Table 2) and testing
indicated that the data were suitable for using factor analysis. The tests were (1) the Kaiser-
Meyer-Olkin (KMO) measure of sampling adequacy and (2) Bartlett’s test of sphericity. The
KMO measure of 0.723 indicated that the data were adequate for using factor analysis. Also, the
Bartlett’s test indicated that relationships amongst factors were suitable for running factor
analysis.
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The principal components were used to extract the number of factors. What the principal
components does is to combine many correlated factors into a small number of components.

The importance result of this step is the total variance explained by each component.
Table 3 summarises the result. The 3 components together accounted for 69% of variance of all
the factors. The first component explained 41% of variance of all the factors whilst that of the
last component explained only 7%.

e Factor rotation

The orthogonal rotation using the varimax method was performed. This rotation made it
easier to clearly identify which factors belong to which components. Retaining 3 components
was still suggested; the results are show in Table 3.

Table 3: Total variance explained

Component Extraction sums of squared loadings Rotation sums of squared loadings
Total % of variance | Cumulative % Total % of variance | Cumulative %

1 6.51 41 41 6.11 38 38

2 3.33 21 62 3.02 19 57

3 1.12 7 69 1.83 11 69

Also in Table 4, the percentage of variance explained, importance index and their
normalised weights of relative importance are summarised. The total percentage of variance of
the 3 components was 69%, indicated as acceptable intercorrelation. The components were
“office management and finance” accounted for the most variance (41%) followed by
“marketing and business development” accounting for 21%. Then, “production process”
accounted for 7% of the variance.

4. Conclusions

This study aim was to develop a structure of systematic factors for evaluating steel bar-
vendor ability in building industry through surveying opinions from contractors or their
representatives about the importance level of each factor. Three major analyses were undertaken.
Firstly, importance of each factor was compared. The result showed that the five most important
factors were: “marketing”, “quality inspection”, “efficient delivery”, “packaging” and “public
relations”. Secondly, relationships amongst all factors were examined in order to validate them.
On the whole, the result showed that all factors were correlated. Additionally, the observation of
correlation discovered that the factors should be grouped into clusters because the factors
(members) of a cluster correlated highly with one another and correlated much less with the
members of other clusters. This allowed applying factor analysis. Thirdly, factor analysis was
used to group highly correlated factors together. As a result, a structure of systematic factors has
been developed, namely, “office management and finance”, “marketing and business
development” and “production process”. This structure helps main contractors select a steel bar
vendor more reasonably, and provides a starting position for development of a realistic working
model for steel bar-vendor evaluation — an ongoing research of the authors.
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Components and factors Percentage of variance| Importance index |Normalised weight (%)

(1) Office management and finance 41 24
Purchasing and contract 3.34 23
Office management 3.18 22
Personnel management 2.68 19
Finance and accounts 2.55 18
Personnel development 2.52 18

(2) Marketing and business development 21 22
Marketing 535 43
Public relations 4.18 31
Consulting provision 3.47 26

(3) Production process 7 54
Quality inspection 5.61 17
Efficient delivery 5.11 16
Packaging 4.21 13
Product development 4.14 13
Production 3.79 11
Inventory management 3.70 11
Equipment maintenance 3.19 10
Waste disposal and environment 3.08 9
quality control

Total 69 100
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