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�IWHU�GHFDGHV�RI�FLYLO�ZDU��<HPH�� LV� L��D�GHVSHUDWH�VLWXDWLR���D�G� WKH�

FR�VWUXFWLR��L�GXVWU��KDV�EHH��VXIIHUL�J�IURP�ORZ�SURGXFWLYLW��D�G�SRRU�

SHUIRUPD�FH�� ,��RUGHU�WR�LPSURYH�WKH�SURGXFWLYLW��IRU�WKH�<HPH�L�FR��

VWUXFWLR��L�GXVWU���&R�VWUXFWLR��H�WHUSULVHV�PXVW�DGRSW�WKH�EHVW�D�G��HZ�

WHFK�RORJLHV���HZ�PD�DJHPH�W�FR�FHSWV�D�G�SKLORVRSKLHV�VXFK�DV�7RWDO�
Quality�Management� (TQM)�and�concurrent�engineering�(CE)�owing�

WR�DFKLHYH� LPSURYHPH�WV� L�� WKH�SURFHVV�RI�SURGXFW�GHYHORSPH�W��7R�

H�VXUH� WKH�VXFFHVVIXO� LPSOHPH�WDWLR��RI�&(�L��WKH�<HPH�L�FR�VWUXFWLR��

L�GXVWU���LW� LV��HFHVVDU�� WR�DVVHVV� WKH�UHDGL�HVV�RI�WKRVH�FRPSD�LHV� WR�

LPSOHPH�W�&(��,��WKLV�SDSHU�� WKH�%(�&21�PRGHO� LV�XVHG�WR�DVVHVV� WKH�

UHDGL�HVV�RI�WKH�<HPH�L�FRPSD�LHV�WR�LPSOHPH�W�WKH�FR�FHSW�RI�&(��WKDW�

DVVLVW�L��RYHUFRPL�J� WKH�FR�VWUXFWLR�� L�GXVWU��V�SRRU�SURGXFWLYLW��D�G�

SHUIRUPD�FH����VWXG��DVVHVVL�J�&(�LPSOHPH�WDWLR��UHDGL�HVV�ZLOO�KHOS�

WR�SURPRWH�VXFFHVVIXO�&(� LPSOHPH�WDWLR��L�� WKH�FR�VWUXFWLR��L�GXVWU��

and�enhance�the�ef�ciency�of�construction�companies.�The�results�show�

WKDW�PRVW�RI� WKH�FR�VWUXFWLR��FRPSD�LHV�L��WKH�<HPH��DUH��RW�UHDG��WR�

LPSOHPH�W�&(��7KH�PDL��UHDVR�� LV� WKDW� WKH�H�WHUSULVHV�UHO��KHDYLO��R��
traditional�management�methods,�and�need�to�improve� the�organization�

D�G�PD�DJHPH�W�WHFK�RORJ���7KH�UHVHDUFK�UHVXOWV�FD��SURYLGH�WKHRUHWLFDO�

VXSSRUW�IRU�FR�VWUXFWLR��FRPSD�LHV��HVSHFLDOO��<HPH��FRPSD�LHV��WR�HV�

WDEOLVK�EDVLV�L��LPSOHPH�WL�J�D��DSSURSULDWH�&(�DSSURDFK�IRU�LPSURYL�J�

SHUIRUPD�FH��D�G�DOVR�KHOS�L�WHU�DWLR�DO�FR�VWUXFWLR��FRPSD�LHV�H�WHUL�J�

WKH�<HPH��FR�VWUXFWLR��PDUNHW�WR�FRRSHUDWH�D�G�LPSOHPH�W�&(�

.H�ZRU�V�

&R�FXUUH�W�H�JL�HHUL�J��&(�

&R�VWUXFWLR��L�GXVWU�

%(�&21�PRGHO

<HPH��FR�VWUXFWLR��H�WHUSULVHV�

��RUUHV�RQ�LQJ���WKRU�

�KRQJI���L�

�H�DUWPHQW�RI��RQVWU�FWLRQ�0DQDJHPHQW���D�LDQ�8QLYHUVLW��RI�7HFKQR�RJ����D�LDQ����������KLQD�

(PDL����L�KRQJI�����W�H���FQ��������

)�Q��3URMHFW

7KLV��D�HU�ZDV��DUW�RI�D�UHVHDUFK�ZRUN�V�RQVRUH��E��WKH�1DWLRQD��7KLUWHHQWK�)LYH��HDU�5HVHDUFK�3URJUDP�RI��KLQD�
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���,QWURG�FWLRQ

&
(�DSSURDFK�LV�D�NL�G�RI�L�WHJUDWHG�GHVLJ��IRU��HZ�

SURGXFWV�� 3URFHHGL�J� IURP� WKH�SHUVSHFWLYH�RI�

WKH�ZKROH�OLIH�F�FOH�� LW�SXWV�WKH�NH��LVVXHV�L�� WKH�

GRZ�VWUHDP�VWDJH�RI�FR�VWUXFWLR��SURMHFWV�L�WR�WKH�GHVLJ��

VWDJH� ����@��7KH�PDL��REMHFWLYH�RI�WKH�&(�FR�FHSW� LV�WR�UH�

duce�or�avoid�con�icts�between�different�professions�that�

PD��RFFXU�GXUL�J�FR�VWUXFWLR��D�G�H�KD�FH�SURIHVVLR�DO�

synergy�and�work�ef�ciency� �����@��,W�LV��HFHVVDU��WR�DVVHVV�

WKH�SUHSDUDWLR��RI�WKH�FR�VWUXFWLR��H�WHUSULVHV�EHIRUH�WKH�

LPSOHPH�WDWLR��RI�&(�RZL�J�WR�IXUWKHU� LPSURYH�WKH�FR��

struction�ef�ciency�������@��

The�real�expected�bene�ts�of�CE�implementation�in�the�

FR�VWUXFWLR��L�GXVWU��FD��R�O��EH�DFKLHYHG�WKURXJK�SUDFWL�

FDO�HYDOXDWLR���SOD��L�J��D�G�LPSURYHPH�W�EDVHG�R��SUR�

FHGXUHV��7KH�IRFXV�LV�R��GHOLYHUL�J�WKH�EHVW�SHUIRUPD�FH�

WKURXJKRXW� WKH� VXSSO��FKDL���L��WHUPV�RI�FULWLFDO�VXFFHVV�

factors.�BEACON�allows�participants�in�this��eld�to�eval�

XDWH�D�G�EH�FKPDUN�WKHLU�SURMHFW�GHOLYHULHV�D�G�LGH�WLI��

DUHDV�WKDW� UHTXLUH� LPSURYHPH�W�RU�FKD�JH�D�G�ZRUN�WR�

JHWKHU�L��D��DFWLYH�EXVL�HVV�SDUW�HU� WR�DFKLHYH�UHDO��PHD�

VXUDEOH�VXFFHVV����@��

�W�SUHVH�W��VRPH�VFKRODUV�KDYH�VWXGLHG�WKH�UHODWHG�DS�

SOLFDWLR�V�RI�&(�L��WKH�FR�VWUXFWLR��L�GXVWU���7KH��EHOLHYH�

WKDW�WKH�SUHSDUDWLR��RI�WKH�&(�LPSOHPH�WDWLR��D�G�WKH�FRU�

porate�culture�signi�cantly�affect� the�implementation�re�

VXOWV�RI�WKH�&(�������@��D�G�WKH�FR�VWUXFWLR��H�WHUSULVHV��HHG�

WR�KDYH�D�VXIILFLH�W�OHYHO�RI�H[SHUWLVH�WR�H�VXUH�WKDW�&(�

LV�HIIHFWLYHO��LPSOHPH�WHG��,��WKLV�UHJDUG�� WKH�8�LYHUVLW��

RI�/RXJKERURXJK��,��RYDWLR��%XLOGL�J�(�JL�HHUL�J�&H��

WHU��&,&(��SURSRVHG�D�PRGHO�WR�HYDOXDWH�WKH�SUHSDUDWLR��

RI�SDUDOOHO�SURMHFWV� IRU� FR�VWUXFWLR��FRPSD�LHV���DPHO��

WKH�%(�&21�PRGHO��ZKLFK�FD��EH�XVHG� WR�VXSSRUW� WKH�

DVVHVVPH�W�RI� WKH�SUHSDUDWLR��ZRUN�L��WKH�FR�VWUXFWLR��

L�GXVWU���D�G�FD��REMHFWLYHO��PHDVXUH� WKH� UHDGL�HVV�RI�

&(��D�G�SHUIRUPD�FH�L��WKH�FR�VWUXFWLR��H�WHUSULVHV� ���@��

.KDOID��D�G���XPED�XVHG�%ULWLVK�FR�VWUXFWLR��FRPSD�LHV�

DV�D��H[DPSOH�WR�HYDOXDWH�WKH�LPSOHPH�WDWLR��RI�&(�XVL�J�

WKH�%(�&21�PRGHO��+RZHYHU��WKH�UHVHDUFK�REMHFW�LV�UHO�

DWLYHO��VLPSOH��WKH�VDPSOH�W�SH�LV��RW�FRPSUHKH�VLYH��D�G�

WKH�UHVHDUFK��HHGV�WR�EH�IXUWKHU�LPSURYHG����@�

7KH�FR�VWUXFWLR��SHULRG�RI�<HPH��V�FR�VWUXFWLR��SURM�

HFWV�LV� OR�J��PRVWO��XVL�J�EDFNZDUG�WUDGLWLR�DO�FDVW�L��

SODFH�SURGXFWLR��PHWKRGV� ������@��%HFDXVH�RI�WKH�LPSURYH�

ment�in�the�quality�and�ef�ciency�of�construction�projects�

E��FR�FXUUH�W�SURMHFWV��PD���<HPH�L�FR�VWUXFWLR��FRPSD�

�LHV�KDYH�EHJX��WR�LPSOHPH�W�SDUDOOHO�SURMHFWV��+RZHYHU��

to�achieve�the�expected�bene�ts�through�the�implementa�

tion�of�CE,�it�is�necessary��rst� to�assess�the�capacity�and�

UHDGL�HVV�RI�WKH�FR�VWUXFWLR��H�WHUSULVH�WR�H�VXUH�WKDW�WKH�

FRUUHVSR�GL�J�FDSDELOLWLHV�RI�WKH�FR�VWUXFWLR��H�WHUSULVH�

KDYH�UHDFKHG�WKH�OHYHO�UHTXLUHG�IRU�WKH�LPSOHPH�WDWLR��RI�

&(��,��WKLV�SDSHU��WKH�<HPH�L�FR�VWUXFWLR��H�WHUSULVHV�DUH�

WDNH��DV�D��H[DPSOH� WR�GLVFXVV�WKH�HYDOXDWLR��RI�&(�LP�

SOHPH�WDWLR��L��WKH�FR�VWUXFWLR��L�GXVWU���D�G�WKH�SUHSD�

UDWLR��RI�H�WHUSULVHV�WR�LPSOHPH�W�&(�EDVHG�R��WKH�%(��

&21�PRGHO�D�G�LWV�TXHVWLR��DLUH�����RYHO�DSSOLFDWLR��RI�

%(�&21�PRGHO�DSSURDFK�WR�HYDOXDWH�WKH�LPSOHPH�WDWLR��

SUHSDUDWLR��IRU�&(�D�G�HVWDEOLVK�EDVLV�IRU�LPSURYL�J�<H�

PH�L�FR�VWUXFWLR��H�WHUSULVHV�SHUIRUPD�FH��D�G�DOVR�KHOS�

L�WHU�DWLR�DO�FR�VWUXFWLR��FRPSD�LHV�H�WHUL�J�WKH�<HPH��

FR�VWUXFWLR��PDUNHW� WR�FRRSHUDWH�D�G� LPSOHPH�W�&(� LV�

SUHVH�WHG��7KHUHIRUH�� WKLV�SDSHU�WDNHV�VRPH�GLIIHUH�W�<H�

PH�L�FR�VWUXFWLR��H�WHUSULVHV��DV�FR�WUDFWRU�� VXEFR�WUDF�

WRU��VXSSOLHU��FOLH�W��D�G�FR�VXOWD�WV��DV�D��H[DPSOH�WR�GLV�

FXVV�DVVHVV�WKH�LPSOHPH�WDWLR��RI�&(�L��WKH�FR�VWUXFWLR��

L�GXVWU���,��WKLV�VWXG���XVL�J�WKH�%(�&21�PRGHO�D�G�LWV�

TXHVWLR��DLUH�� WKH�SUHSDUDWLR��DELOLW��RI�GLIIHUH�W�W�SHV�RI�

FR�VWUXFWLR��H�WHUSULVHV��FOLH�WV��FR�VXOWD�WV�� FR�WUDFWRUV��

VXE�FR�WUDFWRUV�D�G�VXSSOLHUV�� LV�HYDOXDWHG��DFFRUGL�J� WR�

the��ve�levels�of�maturity.

7KH�VWUXFWXUH�RI� WKLV�SDSHU� LV� DV� IROORZV��6HFWLR����

UHYLHZV� WKH��HHG� IRU�&(� LPSOHPH�WDWLR��SUHSDUDWLR���

6HFWLR����GHVFULEHV� WKH�RYHUYLHZ�RI�WKH�%(�&21�PRG�

HO�D�G�SHUIRUPD�FH�PHWULFV��6HFWLR���� LOOXVWUDWHV�PDMRU�

results��ndings�of�this�study;�and�the�last�section�sets�out�

WKH�PRVW�UHOHYD�W�GLVFXVVLR��D�G�FR�FOXVLR�V�ZLWK�IXWXUH�

ZRUN�RI�WKH�VWXG��

����VVHVVLQJ�WKH�1HHG�IRU��(�,PSOHPHQWDWLRQ�
3UHSDUDWLRQ

7KH�XVH�RI�&(�E��FR�VWUXFWLR��FRPSD�LHV�FD��VKRUWH��

WKH�GHYHORSPH�W� WLPH� D�G� WLPH�WR�PDUNHW�RI�EXLOGL�J�

SURGXFWV�� UHGXFH�H�JL�HHUL�J�FKD�JHV��UHZRUN�D�G�FRVWV��

D�G� WKXV� LPSURYH� WKH�TXDOLW��RI�EXLOGL�J�SURGXFWV�D�G�

FRUSRUDWH�SURILWV� ����@��7KH�LPSOHPH�WDWLR��RI�&(�PDL�O��

needs�to�meet�two�essential�elements:�the��rst�is�personnel�

D�G�PD�DJHPH�W�� L�FOXGL�J�PD�DJHPH�W� V�VWHP�� WHDP�

development,�leadership,�and�organizational�philosophy;�

WKH�VHFR�G�LV�WHFK�LFDO�DVSHFWV��L�FOXGL�J�GHVLJ���FRPPX�

�LFDWLR��� FRRUGL�DWLR��� VWD�GDUG�VHWWL�J��7HFK�RORJ���HWF��
������@���W�WKH�VDPH�WLPH��FR�VWUXFWLR��FRPSD�LHV�VKRXOG�EH�

able�to�achieve�a�suf�cient�level�of�capability�in�these�two�

DVSHFWV�WR�EHWWHU�VXSSRUW�WKH�LPSOHPH�WDWLR��RI�FR�FXUUH�W�

projects,�an�insuf�cient�level�of�ability�will�make�it�chal�

OH�JL�J�WR�DFKLHYH� WKH�H[SHFWHG� UHVXOWV��ZKLFK�UHTXLUHV�

DVVHVVL�J� WKH�UHDGL�HVV�WR� LPSOHPH�W�&(��*H�HUDOO��� WKH�

organizational�implementation�steps�of�CE�as�proposed�by�

.DU�L�JVLK�HW�DO�����@��VHH�)LJXUH����

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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)LJ�UH����&(�LPSOHPH�WDWLR��VWHSV�

���2YHUYLHZ�RI�WKH�%(��21�0RGHO

7KHUH�DUH�PD��� WRROV�D�G�PRGHOV��ZKLFK�DUH�XVHG�WR�DV�

VHVV�WKH�UHDGL�HVV�RI�H�WHUSULVHV�L��WKH�PD�XIDFWXUL�J�L��

GXVWU��IRU�&(��7KH�PRVW�FRPPR��DUH�������@�

����5�&(��7KLV�WRRO�ZDV�GHYHORSHG�E��.DUD�GLNDU�HW�

DO��,�LWLDOO��WKLV�WRRO�ZDV�XVHG�L��WKH�86�GHIH�VH�L�GXVWU���

5�&(�PRGHO�HVVH�WLDOO��VKRZV�D� V�DSVKRW�RI�ZKHUH�D�

FRPSD���LV�R��WKH�URDG�WR�&(�E��DVNL�J�TXHVWLR�V�DERXW�

ZKHUH� WKH�FRPSD���SUHVH�WO��LV��DV�RSSRVHG� WR�ZKHUH�LW�

ZD�WV�WR�EH��7KH�D�VZHUV�DUH�PDSSHG�D�G�D�JDS�D�DO�VLV�

is�carried�out.�Now,�this�model�often�used�in�the��elds�of�

VRIWZDUH�H�JL�HHUL�J��DXWRPRWLYH�D�G�HOHFWUR�LF�L�GXV�

WULHV�� ,W� LV�SRVVLEOH� WR�PRGLI�� WKH�FKDUDFWHULVWLFV�RI� WKLV�

PRGHO�D�G�PDNH�LW�UHDVR�DEO��VXLWDEOH�IRU�XVH�DV�D�WRRO�L��

ERWK� WKH�FR�VWUXFWLR��L�GXVWU��D�G�RWKHU�L�GXVWULHV��7KH�

5�&(�PRGHO�FR�VLVWV�L��WHUPV�RI�WZR�PDL��FRPSR�H�WV��

organizational�processes�for�product�development,�and�in�

IRUPDWLR��WHFK�RORJ��WR�VXSSRUW�WKH�SURGXFW�GHYHORSPH�W�

SURFHVV�

����302�� WKH�PRGHO� LV�XVHIXO� L�� WKH�DZDUH�HVV�D�G�

UHDGL�HVV�VWDJHV�RI�WKH�LPSURYHPH�W�F�FOH�RI�WKH�SURGXFW�

GHYHORSPH�W�SURFHVV����@�

����302�5�&(��302�5�&(� LV� WKH� L�WHJUDWLR��RI�

ERWK�PRGHOV��302�D�G�5�&(��

�OWKRXJK�WKHUH�DUH�PD���HYDOXDWLR��PRGHOV�IRU�WKH�LP�

SOHPH�WDWLR��RI�&(��DOO�WKHVH�PRGHOV�PRVWO��L�WH�GHG�IRU�

PD�XIDFWXUL�J��DXWRPRELOH��SURJUDPPL�J��D�G�HOHFWUR�LF�

L�GXVWULHV��ZKHUH�WKHUH�LV��R�VSHFLDO�PRGHO�VXLWDEOH�IRU�WKH�

HYDOXDWLR��RI�&(�L��WKH�FR�VWUXFWLR��L�GXVWU���%(�&21�LV�

the��rst�model�to�assess�the�readiness�of�CE�to�implement�

&(�������@�

%(�&21�L��&R�VWUXFWLR��PHWKRGRORJ��PHDVXUHV�WKH�

UHDGL�HVV�D�G�VXEVHTXH�W�SHUIRUPD�FH�RI�WKH�SDUWLFLSD�WV�

L�� WKH� L�IUDVWUXFWXUH�D�G�FR�VWUXFWLR�� VXSSO��FKDL��� ,W�

LV�EXLOW�R��WKH�SUL�FLSOHV�RI�&(��XVHG�VR� VXFFHVVIXOO��L��

PDMRU�PD�XIDFWXUL�J�D�G�WHFK�RORJ��EXVL�HVVHV� ���@��7KH�

%(�&21�PRGHO� LFR�� LV� VKRZ��L��)LJXUH����7KH�NH�� WR�

WKH�%(�&21�PRGHO� LV� WKDW� LW� L�FOXGHV� WHFK�RORJ��D�G�

3URFHVV� IDFWRUV�RI�RWKHU�&(�DVVHVVPH�W� WRROV�ZLWK� WKH�

H[WUD�HVVH�WLDO�HOHPH�WV�RI�KXPD�V�D�G�3URMHFW�SUHVH�W�L��

signi�cant�infrastructure�developments� ���@��0HDVXUHPH�W�

RI�WKRVH�IRXU�IDFWRUV�WDUJHWV�DUH�IROORZL�J��VHH�WDEOH���������

������@�

����3URFHVV��IDFWRUV�WR�DVVHVV�WKH�SURFHVV�PDWXULW��OHYHO�

of�a�construction�organization� -�Management�structures,�

Process�Focus,�Organizational�Framework,�Strategy�De�

SOR�PH�W���JLOLW��

����3HRSOH��IDFWRUV�WR�DVVHVV�WKH�WHDP�OHYHO�LVVXHV�ZLWK�

in�the�organization-Teams�in�an�Organization,�Discipline,�

7HDP�/HDGHUVKLS��D�G�0D�DJHPH�W��7HDP�)RUPDWLR���D�G�

'HYHORSPH�W�

����3URMHFW�� IDFWRUV� WR�DVVHVV�WKH�FOLH�W�V�UHTXLUHPH�WV�

and�design-related�issues�Facility�Design,�Quality�Assur�

D�FH��&OLH�W�)RFXV�

(4)�Technology:�factors�to�characterize�the�introduction�

and�utilization�of�advanced�tools�and�technology�within�

the�organization�-�Communication�Support,�Coordination�

6XSSRUW��,�IRUPDWLR��6KDUL�J��,�WHJUDWLR��6XSSRUW��7DVN�

6XSSRUW�

7DEOH����6HFR�GDU��HOHPH�WV�RI�WKH�%(�&21�PRGHO

6HFRQGDU��(OHPHQW �HVFULSWLRQ

0D�DJHPH�W�V�VWHP
Design�the�project�management�organization�meeting�the�requirements�of�CE,�establish�and�improve�the�man�
DJHPH�W�V�VWHP�

3URFHVV�)RFXV
9HULI��WKDW� WKH�SURMHFW�GHYHORSPH�W�SURFHVV�KDV� VXIILFLH�W�GRFXPH�WDWLR��D�G� IOH[LELOLW��WR�DFFRPPRGDWH�
FKD�JHV�L��FXVWRPHU��HHGV��SHUVR��HO�HWF��(�VXUH�WKDW�SURFHVVHV�DUH�UHJXODUO��HYDOXDWHG�D�G�LPSURYHG�E��D�D�
lyzing�past�decisions�and�reusing�past�processes.

Organizational�Framework
Identify�organized�policies�that�help�control�and�monitor�the�project�development�process�and�support�teams�in�
resource�allocation,�con�ict�resolution,�and�improve�individual�and�team�performance.

6WUDWHJ��'HSOR�PH�W
(�VXUH�WKDW�EXVL�HVV�VWUDWHJLHV�DUH�FOHDU�D�G�FR�VLVWH�W��ZLWK�D�IRFXV�R��LPSURYL�J�WKH�SURMHFW�GHYHORSPH�W�
SURFHVV��,W�DOVR�H�VXUHV�WKDW�WHDPV�DUH�VHW�XS�WR�KD�GOH�FXVWRPHU�UHTXHVWV��D�G�LGH�WLI��D�G�SUHYH�W�IXWXUH�SURE�
OHPV�

�JLOLW�
Ensure�that� the�project�organization�has�the��exibility�to�respond�to�changes�in�the�project�development�pro�
FHVV�
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)RU� WKHVH� IRXU�IDFWRUV�D�G� WKHLU� UHOHYD�W�FULWLFDO�HOH�

ments,��ve�different�levels�of�performance�indicators�as�

VHVV�WKH�OHYHO�RI�SURMHFW�SOD��L�J�D�G�SHUIRUPD�FH�ZLWKL��

WKH�SURMHFW� WHDP�D�G�VXSSO��FKDL��� IURP�DG�KRF�DW� WKH�

most�basic�level�to�optimizing�at�the�best�level.�BEACON�

REMHFWLYHO��PHDVXUHV�&(�UHDGL�HVV�D�G�SHUIRUPD�FH�L��WKH�

FR�VWUXFWLR��H�WHUSULVHV��7KLV�UHVHDUFK�ZRUN�LV�X�GHUWDN�

en�in��ve�segments�of� the�construction� industry:�clients,�

FR�VXOWD�WV��FR�WUDFWRUV��VXE�FR�WUDFWRUV�D�G�VXSSOLHUV�DV�

SUHVH�WHG�L��7DEOH����

)LJ�UH����%(�&21�PRGHO�LFR�

7KH�%(�&21�PRGHO��HHGV� WR�HYDOXDWH� WKH� OHYHO�RI�

SUHSDUDWLR��RI�WKH�YDULRXV�FDSDELOLWLHV��HOHPH�WV��L�FOXGHG�

L��WKH�PRGHO�WKURXJK�TXHVWLR��DLUHV��5HVSR�GH�WV��HHG�WR�

MXGJH� WKH�SHUIRUPD�FH�RI�WKH�FRUUHVSR�GL�J�DELOLW��OHYHO�
L��WKH�UHOHYD�W�WH[WXDO�VLWXDWLR���7KH�DVVHVVPH�W�VFDOH�KDV�

�ve�choices�and�represents�different�scores�(expressed�as�

6HFRQGDU��(OHPHQW �HVFULSWLRQ

7HDP�)RUPDWLR��D�G�'HYHORSPH�W
Identify�whether�the�organization�has�a�strategy�for�team�formation�and�development.�Evaluate�the�sense�of�
UHVSR�VLELOLW���FRRSHUDWLR��D�G�DELOLW��RI�PHPEHUV�RI�WKH�WHDP�D�G�VXE�WHDPV�

7HDP�/HDGHUVKLS�D�G�0D�DJHPH�W (�VXUL�J�WKH�VHOHFWLR��D�G�DSSRL�WPH�W�RI�WHDP�OHDGHUV�LV�EDVHG�R��WHFK�LFDO�D�G�PD�DJHULDO�FDSDELOLWLHV�

'LVFLSOL�H
7HDP�PHPEHUV�FD��ZRUN�WRJHWKHU�WR�DFKLHYH�WKH�WHDP�V�JRDOV��D�G�PHPEHUV�RI�GLIIHUH�W�DUFKLWHFWXUDO�GLVFL�
plines�can�make�the�most�of�their�roles�and�work�together�ef�ciently.

Teams�in�an�Organization
(�VXUH�WKDW� WKH�WHDP�KDV�WKH�ULJKW�WR�ZRUN�D�G�FRPPX�LFDWH�VPRRWKO���GHYHORS�SROLFLHV� WKDW�PHDVXUH�WHDP�
SHUIRUPD�FH��SOD��L�J��D�G�SHHU�UHYLHZ�ZLWKL��WKH�WHDP�

&OLH�W�)RFXV
Ensuring�that�the�customer�is�part�of�the�project�development�team.�That�also�can�prioritize�all�project�deci�
VLR�V�EDVHG�R��WKH�FXVWRPHU�V��HHGV��D�G�DOO�PHPEHUV�RI�WKH�WHDP�X�GHUVWD�G�WKH�FXVWRPHU�V��HHGV�

Quality�Assurance
Con�rm�that�project�standards�management�and�quality�assurance�activities�have�been�adopted�and�continued�
GXUL�J�WKH�SURFHVV�IURP�GHVLJ��WR�FR�VWUXFWLR��

)DFLOLW��'HVLJ�
7KDW�YHULI��WKDW�WKH�SUHOLPL�DU��GHVLJ��RI�WKH�IDFLOLW��KDV�EHH��SUHSDUHG�D�G�GLVFXVVHG�SULRU�WR�H�WHUL�J�WKH�
�nal�design�and�construction�phase.

&RPPX�LFDWLR��6XSSRUW
(�VXUH�WKDW� WHDP�PHPEHUV�FRPPX�LFDWH�ZLWK�HDFK�RWKHU�RYHU�WKH��HWZRUN�D�G�XVH�WKH�,�WHU�HW�WR�H[FKD�JH�
GDWD�D�G�YLUWXDO�PHHWL�JV�

&RRUGL�DWLR��6XSSRUW
Coordinate�the�work�of�team�members�to�support�project�tracking,�con�ict�identi�cation�and�resolution,�nego�
WLDWLR���HWF�

,�IRUPDWLR��6KDUL�J
7KH�L�IRUPDWLR��UHTXLUHG�IRU�SURMHFW�GHYHORSPH�W�FD��EH�DFFHVVHG�HOHFWUR�LFDOO��D�G�PD�DJHG�E��D��DSSURSUL�
DWH�GDWDEDVH�PD�DJHPH�W�V�VWHP�

,�WHJUDWLR��6XSSRUW
That�con�rm�that�all�team�members�are�integrated�through�a�shared,�integrated�information�model,�and�that�all�
WHDP�PHPEHUV�XVH�D�FRPPR��RSHUDWL�J�V�VWHP�

7DVN�6XSSRUW
(�VXUH�WKDW�&�'��VLPXODWLR��WRROV��D�G�SDVW�GHVLJ��L�IRUPDWLR��DUH�HIIHFWLYHO��XVHG�IRU�IDFLOLW��GHVLJ��D�G�WR�
DVVHVV�WKH�LPSDFW�RI�PD�DJHPH�W�WRROV�R��WKH�SURMHFW�

7DEOH����%(�&21�PRGHO�PDWXULW�

0DW�ULW��
OHYHO

�HVFULSWLRQ

�G�KRF

This�level�is�characterized�by�unclear�procedures�and�con�
WUROV�� WHDP�FR�IXVLR��D�G�GLVRUGHU�� WHDP�PHPEHUV�GR��RW�
X�GHUVWD�G� WKHLU�WDVNV��D�G�GR��RW�N�RZ�KRZ� WR�RSHUDWH�
HIIHFWLYHO���SURMHFW�PD�DJHPH�W�WHFK�LTXHV�DUH��RW� IXOO��
DSSOLHG��PRGHU��FR�VWUXFWLR�� WRROV�D�G�L�IRUPDWLR��WHFK�
�RORJ��XVHOHVV�

5HSHDWDEOH

Standardization�methods�are�applied�in�the�monitoring�of�
SURMHFW�GHYHORSPH�W�SURFHVVHV�� WKH�SUHGLFWLR��RI�GHPD�G�
FKD�JHV��D�G�WKH� HVWLPDWLR��RI�FRVWV��KRZHYHU��FRPPX�L�
FDWLR��EDUULHUV�H[LVW�ZLWKL��WKH�SURMHFW�GHYHORSPH�W�WHDP��
D�G�L�IRUPDWLR��WHFK�RORJ��D�G�WRROV�DUH�OHVV�XVHG�

&KDUDFWHU�
ized

,�� WKH� SURFHVV�RI�SURMHFW�GHYHORSPH�W�� LW�VKRZV�JRRG�
FKDUDFWHULVWLFV��7KH�FRPSD���LPSOHPH�WV�D�SDUW�RI�WKH�RU�
ganization�and�process�improvement� and�uses�the�proven�
technology�to�improve�team�ef�ciency.�Most�people�know�
WKH�FXVWRPHU�V�UHTXLUHPH�WV�YHU��ZHOO��EXW�WKH�FXVWRPHU�LV�
�RW�L�YROYHG�L��WKH�SURMHFW�FR�VWUXFWLR��SURFHVV�

0D�DJHG

1RW�R�O��GRHV�WKH�SURMHFW�GHYHORSPH�W�SURFHVV�VKRZ�JRRG�
features,�but�they�can�also�be�quanti�ed�and�controlled;�in�
IRUPDWLR��WHFK�RORJ��D�G�WRROV�DUH�XVHG�WR�FR�WURO�D�G�LP�
SURYH�WKH�SURMHFW�SURFHVV��UHGXFL�J�WKH�X�FHUWDL�W��RI�WKH�
SURMHFW�SURFHVV��WKH�SURMHFW�GHYHORSPH�W�WHDP�GRHV�PRVW�RI�
the�work�and�resolves�con�icts.�The�customer�participated�
L��WKH�SURMHFW�FR�VWUXFWLR��SURFHVV�

Optimizing

�GRSW�EHWWHU�PD�DJHPH�W�WHFK�LTXHV�L��WKH�SURMHFW�GHYHO�
RSPH�W�SURFHVV��SD��DWWH�WLR�� WR�WKH�FR�WL�XRXV�LPSURYH�
PH�W�RI�WKH�SURMHFW��PHDVXUH�WHDP�SHUIRUPD�FH�UHJXODUO���
FXVWRPHUV�EHFRPH�SDUW�RI� WKH�SURMHFW�GHYHORSPH�W�WHDP�
from�the�beginning,�and�all�project�decisions�are�prioritized�
DFFRUGL�J�WR�FXVWRPHU��HHGV�
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D�SHUFH�WDJH���DOZD�V� ���PRVW�RI�WKH�WLPH� ���VRPHWLPHV�

 ���UDUHO�� ����HYHU� ���7KH�IRUP�RI�WKH�TXHVWLR��DLUH�

used�in�the�study�shown�in�Table�3.�After�summarizing�the�

YDOLG�TXHVWLR��DLUH�UHVXOWV��WKH�DYHUDJH�RI� WKH�HYDOXDWLR��

scores�of�each�secondary�element�took�as�the��nal�evalua�

WLR��UHVXOW�

�V�IDU�DV�DJJUHJDWL�J�DOO�VFRUHV�LV�FR�FHU�HG�� L��RUGHU�

WR�FDOFXODWH� WKH�SHUFH�WDJH�RI�HDFK�FULWLFDO� IDFWRU�D�G�WR�

SORW�LW�R��WKH�%(�&21�PRGHO�FKDUW��WKH�DFWXDO�UHVXOW�IRU�

HDFK�TXHVWLR��ZDV�WDNH��IURP�WKH�FULWLFDO�IDFWRUV��)RU�H[�

ample,� the�results�of�integration�support� are�summarized�

L����TXHVWLR�V�WR�UHFHLYH�D�WRWDO�VFRUH�RI����XVL�J�WKH�UHVXOW�

IRU�HDFK�TXHVWLR���,I�DOO�WKH�D�VZHUV�DUH��DOZD�V��IRU�HDFK�

TXHVWLR��RU�GDWD��WKH��WKH�RYHUDOO�VFRUH�ZLOO�EH�����7KHUH�

IRUH��IRU�L�WHJUDWLR��VXSSRUW��WKLV�ZLOO�UHVXOW�L��D���������

�������[������SHUFH�WDJH�RXW�RI������SRVVLEOH��7KLV�SHU�

FH�WDJH� LV�WKH��GUDZ��WR�WKH�PRGHO�L�VLGH�WKH��0D�DJHG�

/HYHO���0RVW�UHVXOWV�ZHUH�GHYHORSHG�PD�XDOO�����@�

7KH�DVVHVVPH�W�VFRUH��HHGV� WR�EH�WUD�VODWHG� L�WR�WKH�

corresponding�level�of�maturity�to�determine� the�speci�c�

VLWXDWLR��RI�WKH�FXUUH�W�FDSDFLW��OHYHO�RI�WKH�FR�VWUXFWLR��

H�WHUSULVH��*H�HUDOO���ZKH�� WKH�HOHPH�W� VFRUH� LV� L�� WKH�

UD�JH�RI�������� WKH��G�KRF� OHYHO�FRUUHVSR�GL�J�WR�WKH�

maturity�level,� the�score�is� in� the��eld�of�20%-40%�cor�

responding�to�the�repeatable�level,�the�score�is�in�the��eld�

of�40%-60%�corresponding�to�the�characterized�level,�and�

WKH�VFRUH�LV�L��WKH���������L�WHUYDO�FRUUHVSR�GL�J�WR�WKH�

PD�DJHG�OHYHO��D�G�WKH�VFRUH�LV�L��WKH����������L�WHUYDO�

corresponding�to�the�optimizing�level.

���5HV�OWV

7ZH�W�� FRPSD�LHV� L�� HDFK� FDWHJRU��ZHUH� UD�GRPO��

chosen,�with�at�least��ve�expected�to�respond.�The�ques�

WLR��DLUHV�ZHUH�VH�W�ZLWK�D�FRYHU�OHWWHU�WR�DOO�WKH�VHOHFWHG�

FRPSD�LHV��3ULRU� WR�VXEPLWWL�J�WKH�TXHVWLR��DLUHV��HDFK�

FRPSD���ZDV�FR�WDFWHG�D�G�WKH�PRVW�DSSURSULDWH�SHUVR��

was�identi�ed,�either�from�the�upper�or�middle�manage�

PH�W�OHYHO��ZKR�KDYH�N�RZOHGJH�RI�WKH�FRPSD���D�G�ZKR�

FD��FRPSOHWH�WKH�TXHVWLR��DLUH�DSSURSULDWHO�����VXPPDU��

RI�WKH�HYDOXDWLR�� IL�GL�JV� LV�FRPSLOHG�D�G�SUHVH�WHG�L��

7DEOH����ZKLFK�VKRZV�WKH�DYHUDJH�SHUFH�WDJHV�RI�DOO�HOH�

PH�WV�ZLWKL��HDFK�FDWHJRU����YHUDJH�SHUFH�WDJHV�IRU�HDFK�

IDFWRU�ZLWKL��WKH�HOHPH�WV�ZHUH�FDOFXODWHG�DIWHU�DVVHVVL�J�

WKH�TXHVWLR��DLUH�D�VZHUV�IRU�HDFK�FDWHJRU�����EULHI��DU�

UDWLR��RI�DOO�FDVH�VWXGLHV�ZLWKL��HDFK�FDWHJRU��LV�SUHVH�WHG�

in�the�following�sub-sections,�with�the�results�de�ned�in�

WKH�%(�&21�0RGHO�'LDJUDP�IRU�HDFK�L�GXVWU��VHFWRU�

����4�HVWLRQQDLUH��QDO�VLV

%HFDXVH�RI�WKH�DEVROXWH�GLIIHUH�FH�EHWZHH��WKH�FR�VWUXF�

WLR��L�GXVWU��D�G�RWKHU�L�GXVWULHV��HVSHFLDOO��WKH�FR�VWUXF�

WLR��D�G�FR�VWUXFWLR��SURFHVV�RI�FR�VWUXFWLR��SURGXFWV�L��

YROYHV�PXOWLSOH�SDUWLFLSD�WV�L��GLIIHUH�W�SDUWV�RI�WKH�VXSSO��

FKDL���7KH�UHVRXUFHV�UHTXLUHG�IRU�SURGXFWLR��D�G�FR�VWUXF�

WLR��ZLOO�HYH�WXDOO��EH�FR�FH�WUDWHG�R�� WKH�FR�VWUXFWLR��

VLWH��ZKLOH�WKH�FR�VWUXFWLR��SURGXFWV�DUH�VL�JOH�SLHFH��7KH�

FKDUDFWHULVWLFV�RI�IL[HG�HVV�D�G�ODUJH�YROXPH��WKH�LPSOH�

PH�WDWLR��RI�&(�L��WKH�FR�VWUXFWLR��L�GXVWU��UHTXLUHV�WKH�

MRL�W�HIIRUWV�RI�DOO�H�WHUSULVHV�L��WKH�VXSSO��FKDL��WR�H�VXUH�

that�the�enterprises�in�different�links�have�suf�cient�imple�

PH�WDWLR��FDSDFLW���VR�WKH�H�WHUSULVH�GHSDUWPH�WV�RI�HDFK�

OL�N�VKRXOG�FR�GXFW�D�TXHVWLR��DLUH�VXUYH��WRJHWKHU�

7KH� W�SLFDO� FR�VWUXFWLR�� VXSSO��FKDL�� L�FOXGHV� ILYH�

types�of�organizations:�customers,�consultants,�contrac�

WRUV��VXEFR�WUDFWRUV�� D�G�VXSSOLHUV� ���@��7KLV�SDSHU�FRP�

EL�HV�UHOHYD�W�OLWHUDWXUH�UHVHDUFK�D�G�H�JL�HHUL�J�SUDFWLFH�

WR�IXUWKHU�VHOHFW�GLIIHUH�W�W�SHV�RI�FXVWRPHUV��FR�VXOWD�WV��

contractors,�subcontractors�and�supplier�organizations�for�

WKH�FR�VWUXFWLR�� L�GXVWU�� L��<HPH���7KH�TXHVWLR��DLUH�

ZDV�LVVXHG�IURP�1RYHPEHU������WR��SULO���������WRWDO�RI�

����TXHVWLR��DLUHV�ZHUH�GLVWULEXWHG�WR�WKH�FR�VWUXFWLR��L��

GXVWU��VXSSO��FKDL��SDUWLFLSD�WV�L��<HPH���ZLWK�D��HIIHF�

WLYH�FROOHFWLR��RI�����5HVSR�GH�WV�DUH�PRVWO��KLJK�OHYHO�

or�middle-level�managers�of�organizations,�who�have�an�

RYHUDOO�X�GHUVWD�GL�J�D�G�JUDVS�RI�WKH�SUHSDUDWLR�V�IRU�WKH�

LPSOHPH�WDWLR��RI�FR�FXUUH�W�SURMHFWV�

7DEOH����%(�&21�PRGHO�TXHVWLR��DLUH�H[DPSOH

'����&RPPX�LFDWLR��VXSSRUW DOZD�V
PRVW�RI�WKH�

WLPH
VRPHWLPHV UDUHO� �HYHU

���:KH��ZRUNL�J�L��WKH�VDPH�SURMHFW��DOO�PHPEHUV�RI�WKH�
WHDP�DUH�FR��HFWHG�WR�HDFK�RWKHU�L��WKH��HWZRUN

���(YHU�R�H�XVHV�HPDLO�WR�FRPPX�LFDWH

����OO�PHPEHUV�D�G�VXE�WHDPV�RI�WKH�SURMHFW�GHYHORSPH�W�
WHDP�H[FKD�JH�SURMHFW�GDWD�RYHU�WKH��HWZRUN

���7HDP�PHPEHUV�FD��VKDUH�SURMHFW�UHODWHG�DSSOLFDWLR�V�RYHU�
WKH��HWZRUN

��
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�����RQWUDFWRU�2UJDQL�DWLRQ

�IWHU�WKH�HYDOXDWLR��VFRUHV�RI�WKH�LPSOHPH�WDWLR��SUHSD�

UDWLR�V�PDWFKHG�ZLWK�WKH�PDWXULW��� WKH�OHYHO�RI�UHDGL�HVV�

of�contractors'�organizations�in�the�Yemeni�construction�

L�GXVWU��WR�LPSOHPH�W�&(�REWDL�HG��D�G�WKH�UHVXOWV�ZHUH�

summarized�as� shown� in�Figure�3.�The� survey� results�

of� the�contracting�organizations�show�that�most�of� the�

UHVSR�GH�WV�FR�VLGHUHG�WKDW�WKH�SUHSDUDWLR��RI�SHRSOH�HO�

HPH�W�LV�WKH�PRVW�LPSRUWD�W��7KH��DOVR�EHOLHYH�WKDW�WHDP�

OHDGHUVKLS��PD�DJHPH�W�� D�G�SURIHVVLR�DO� L�WHUIDFH�DUH�

WKH�PRVW�LPSRUWD�W�HOHPH�WV�ZLWKL��SHRSOH�V�HOHPH�WV���W�

WKH�VDPH�WLPH��PRVW�RI� WKHP�UD�NL�J�WKH�SHRSOH�HOHPH�W�

L��WKH�FR�VWUXFWLR��ILHOG�LV� WKH�PRVW� LPSRUWD�W�� D�G�WKH�

WHFK�RORJ��HOHPH�W�LV�WKH�OHDVW�LPSRUWD�W�

7KH�VXUYH��UHVXOWV�VKRZ�WKDW�PRVW�RI�WKH�FULWLFDO�IDFWRUV�

�PDL�O��SURFHVVHV��SURMHFWV��D�G�WHFK�LFDO�HOHPH�WV��DUH�DW�

the�characterized�level,�and�only�some�of�the�factors�are�at�

WKH�PD�DJHG�OHYHO�� L�GLFDWL�J�WKDW�WKH�<HPH�L�FR�WUDFWL�J�

organizations�are�not�ready�to�adopt�CE.�The�main�reason�

as:�(1)� the�contracting�organizations�do�not�know�much�

about�the�customer's�needs.�(2)�The�contracting�organiza�

WLR��LV��RW�L�YROYHG�L��WKH�GHVLJ��SKDVH�LV�OLNHO��WR�OHDG�WR�

GHVLJ��FKD�JH�RU�UHZRUN�GXUL�J�WKH�FR�VWUXFWLR��SKDVH������

7KHUH� LV�D� ODFN�RI�HIIHFWLYH�FRPPX�LFDWLR��EHWZHH�� WKH�

different�departments.�The�contracting�organizations�should�

adopt�a�more�ef�cient�way�of�information�communication,�

DFWLYHO��SDUWLFLSDWH�L�� WKH�ZKROH�SURFHVV�RI� WKH�SURMHFW��

RSH��XS�FR�WDFWV�ZLWK�FXVWRPHUV�D�G�GHVLJ���D�G�VWUH�JWKH��

WKH�FRPPX�LFDWLR��EHWZHH��GLIIHUH�W�GHSDUWPH�WV�

)LJ�UH����(YDOXDWLR��RI�WKH�UHDGL�HVV�PDWXULW��RI�FR�WUDF�
tor’s�organization�to�implement�CE

����6�E�FRQWUDFWRU�2UJDQL�DWLRQ

�IWHU�WKH�HYDOXDWLR��VFRUHV�RI�WKH�LPSOHPH�WDWLR��SUHSDUD�

WLR�V�PDWFKHG�ZLWK�WKH�PDWXULW���WKH�OHYHO�RI�UHDGL�HVV�RI�

subcontracting�organizations�in�the�Yemeni�construction�

L�GXVWU��WR�LPSOHPH�W�&(�REWDL�HG��D�G�WKH�UHVXOWV�ZHUH�

summarized�as�shown�in�Figure�4.

7DEOH����3UHSDUDWLR��UHVXOWV�RI�WKH�&(�RI�<HPH�L�FR�VWUXFWLR��H�WHUSULVH

(OHPHQWV
6HULDO�
Q�PEHU

6HFRQGDU��HOHPHQW
�RQVWU�FWLRQ�V�SSO��FKDLQ�SDUWLFLSDQWV����

�RQWUDFWRU� 6�EFRQWUDFWRU� 6�SSOLHU� �OLHQW� �RQV�OWDQWV�

3URFHVV�HOH�
PH�W

'�� 0D�DJHPH�W�6�VWHPV ����� ����� ����� �� �����

'�� 3URFHVV�)RFXV ����� ����� �� ����� ����

'�� Organizational�Framework �� �� �� ����� ����

'�� 6WUDWHJ��'HSOR�PH�W ���� ���� ����� ����� ����

'�� �JLOLW� �� �� ����� ���� ��

3HRSOH�HOH�
PH�W�7HDP

'�� )RUPDWLR��D�G�'HYHORSPH�W �� �� �� ����� ��

'�� 7HDP�/HDGHUVKLS�D�G�0D�DJHPH�W �� ����� ����� ����� ��

'�� 'LVFLSOL�H �� �� ����� ����� ����

'�� Teams�in�an�Organization ����� ����� ���� ����� �����

3URMHFW�HOH�
PH�W

'�� &OLH�W�)RFXV �� ����� ����� ����� �����

'�� Quality�Assurance ����� �� �� ����� ��

'�� )DFLOLW��'HVLJ� ����� ����� ����� ����� �����

7HFK�RORJ��
HOHPH�W

'�� &RPPX�LFDWLR��6XSSRUW ����� �� �� ����� ����

'�� &R�RUGL�DWLR��6XSSRUW �� �� ����� �� ��

'�� ,�IRUPDWLR��6KDUL�J ����� �� ����� �� �����

'�� ,�WHJUDWLR��6XSSRUW ����� �� ����� ���� ��

'�� 7DVN�6XSSRUW ����� �� �� ���� �����
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)LJ�UH����(YDOXDWLR��RI�WKH�UHDGL�HVV�PDWXULW��RI�VXEFR��
tractor’s�organization�to�implement�CE.

The�survey�of�subcontracting�organizations�in�this�pa�

SHU�VKRZV�WKDW� WKH�PDMRULW��RI� UHVSR�GH�WV�L�GLFDWHG�WKDW�

WKH�SUHSDUDWLR��RI�SHRSOH�HOHPH�W�LV�EHWWHU��D�G�WKH�WHFK�L�

FDO�HOHPH�WV�DUH�WKH�ZRUVW���OVR��PRVW�RI�WKH�UHVSR�GH�WV�

FRPPH�WHG�WKDW�WKH�SHRSOH�HOHPH�W�LV�WKH�PRVW�LPSRUWD�W�

L��WKH�FR�VWUXFWLR��ILHOG�� D�G� WKH� WHFK�RORJ��HOHPH�W�LV�

the�least�important�in�this��eld.�Most�of�the�critical�factors�

DUH�DW� WKH�PD�DJHG� OHYHO�D�G�GR��RW� UHTXLUH� VLJ�LILFD�W�

LPSURYHPH�WV��+RZHYHU�� VRPH�RI� WKH� IDFWRUV� �VWUDWHJLF�

deployment,� flexibility,� team�organization,� information�

VKDUL�J��D�G�ZRUN�VXSSRUW��DUH��RW�DW�WKLV�OHYHO��EXW�DW�WKH�

levels�of�repeatable�and�characterized,�and� these� factors�

�HHG�WR�EH�LPSURYHG��,��JH�HUDO��<HPH��V�VXEFR�WUDFWL�J�

organizations�are�not�ready�to�adopt�CE.

,�� UHVSR�VH� WR� WKH�DVVHVVPH�W�RI�FULWLFDO� IDFWRUV�� WKH�

subcontracting�organization�needs�to�improve� the�work�

�ow�and�content�of�its�participation�in�the�project�process�

WR�H�VXUH�D�FOHDU�EXVL�HVV� VWUDWHJ��� ,�� WHUPV�RI�SHRSOH�

elements,�an�ef�cient�team�is�established�to�identify�bet�

WHU�D�G�SUHYH�W� IXWXUH�SUREOHPV���W�WKH�VDPH�WLPH��LW� LV�

necessary� to�enhance�the�ability�of�the� team�to�organize�

L��GLIIHUH�W�SURIHVVLR�DO�ILHOGV�� VWUH�JWKH��SURIHVVLR�DO�

FRRUGL�DWLR���D�G�HIIHFWLYHO��GHDO�ZLWK�WKH�FR�WUDGLFWLR�V�

EHWZHH��SURIHVVLR�V��&R�FHU�L�J�WHFK�RORJ��FD��EH�VXP�

marized�as�follows:

���'HYHORSL�J�FRPPX�LFDWLR��EHWZHH��GLIIHUH�W�GLVFL�

plines�within�the�organization�as�well�as�with�other�orga�

nizations�(client,�supporters,�etc.).

���,�WHJUDWH�L�IRUPDWLR���IDFLOLWDWH� LWV�VKDUL�J��D�G�DF�

FHVV�E��DOO�VWDNHKROGHUV�

����6�SSOLHU�2UJDQL�DWLRQ

�IWHU� WKH� HYDOXDWLR�� VFRUHV� RI� WKH� LPSOHPH�WDWLR��

SUHSDUDWLR�V�PDWFKHG�ZLWK�WKH�PDWXULW���WKH�OHYHO�RI�UHDG�

iness�of�supplier�organizations�in�the�Yemeni�construction�

L�GXVWU��WR�LPSOHPH�W�&(�REWDL�HG��D�G�WKH�UHVXOWV�ZHUH�

summarized�as�shown�in�Figure�5.

A�survey�of�supplier�organizations�(including�material�

VXSSOLHUV�D�G�PD�XIDFWXUHUV��L�� WKLV�SDSHU�VKRZV�WKDW�WKH�

UHVSR�GH�WV�L�GLFDWHG�WKDW�SHRSOH�D�G�WHFK�RORJ��HOHPH�WV�

DUH�EHWWHU�SUHSDUHG�D�G�WKDW�WKH�SURFHVV�HOHPH�WV�DUH�WKH�

ZRUVW���OVR��PRVW�RI�WKH�UHVSR�GH�WV�FRPPH�WHG�WKDW� WKH�

SHRSOH�HOHPH�W� LV�WKH�PRVW�LPSRUWD�W�L��WKH�FR�VWUXFWLR��

�eld,�and�the�technology�element�is�the�least�important�in�

this��eld.��Process�focus�and�agility�factors�in�the�supplier's�

process�elements�are�at� the�managed�level,�organization�

IUDPHZRUN�D�G�VWUDWHJLF�GHSOR�PH�W�DUH�DW� WKH�FKDUDFWHU�

ized�level,�and�management�systems�are�only�at�the�repeat�

DEOH�OHYHO��)RU�WKH�SHRSOH�HOHPH�W�� WKH�WZR�IDFWRUV�RI�WHDP�

OHDGHUVKLS�D�G�PD�DJHPH�W��D�G� IRUPDWLR��D�G�GHYHORS�

PH�W�DUH�DW�WKH�PD�DJHG�OHYHO��D�G�WKH�UHPDL�L�J�HOHPH�WV�

are�at�the�level�of�optimizing�and�characterized.�For�project�

elements,� the�overall� level�is�at� the�optimizing�level,�and�

R�O��WKH�TXDOLW��DVVXUD�FH�IDFWRU� LV�DW�WKH�PD�DJHG�OHYHO��

)RU�WHFK�LFDO�HOHPH�WV��PRVW�RI�WKH�IDFWRUV�DUH�DW�WKH�PD��

aged�and�characterized� levels,�and�only�communication�

support�is�at�the�optimizing�level.

)LJ�UH����(YDOXDWLR��RI�WKH�UHDGL�HVV�PDWXULW��RI�VXSSOLHU�
organization�to�implement�CE.

7KH�HYDOXDWLR�� UHVXOWV�VKRZ�WKDW� WKH�FXUUH�W�<HPH�L�

supplier�organizations�have�not�adequately�prepared�for�

WKH�LPSOHPH�WDWLR��RI�FR�FXUUH�W�SURMHFWV�� D�G��HHGV�WR�

IRFXV�R��WKH�LPSURYHPH�W�RI�SURFHVV�D�G�WHFK�RORJ��HOH�

PH�WV�

������VWRPHU�2UJDQL�DWLRQ

�IWHU� WKH� HYDOXDWLR�� VFRUHV� RI� WKH� LPSOHPH�WDWLR��

SUHSDUDWLR�V�PDWFKHG�ZLWK�WKH�PDWXULW���WKH�OHYHO�RI�UHDGL�

ness�of�customer�organizations�in�the�Yemeni�construction�

L�GXVWU��WR�LPSOHPH�W�&(�REWDL�HG��D�G�WKH�UHVXOWV�ZHUH�

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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summarized�as�shown�in�Figure�6.

7KLV�VWXG��UHFHLYHG�YDOLG�UHVSR�VHV�IURP�HLJKW�GLIIHU�

ent�types�of�customer�organizations�(including�hospitals,�

X�LYHUVLWLHV��KRWHOV��HWF����5HVSR�GH�WV�L��FXVWRPHU�RUJD�

nizations�indicated�that�the�preparation�of�people�element�

ZDV�WKH�EHVW��D�G�WKH� WHFK�RORJ��HOHPH�W�ZDV�WKH�ZRUVW��

�OVR��PRVW�RI�WKH�UHVSR�GH�WV�FRPPH�WHG�WKDW�WKH�SHRSOH�

HOHPH�W� LV� WKH�PRVW�LPSRUWD�W�L��WKH�FR�VWUXFWLR��ILHOG��

D�G�WKH�WHFK�RORJ��HOHPH�W�LV�WKH�OHDVW� LPSRUWD�W�L��WKLV�

�eld.�From�the�evaluation�results,�most�of�the�factors�ex�

cept�the�facility�design,�team�in�an�organization,�and�team�

OHDGHUVKLS�D�G�PD�DJHPH�W�UHDFK�WKH�PD�DJHG�OHYHO��D�G�

PRVW�RI�WKH�RWKHU�IDFWRUV�IOXFWXDWH�DURX�G�WKH�FKDUDFWHU�

ized�level.�This�indicates�that�the�level�of�competence�of�

Yemeni�customer�organizations�is�at�the�characterized�lev�

HO�RI�&(�SUHSDUDWLR���D�G�LW�LV�IDU�IURP�WKH�LPSOHPH�WDWLR��

FR�GLWLR�V�RI�&(��5HOHYD�W�H�WHUSULVHV�VKRXOG�VWUH�JWKH��

WKH�HPSKDVLV�R��WHFK�RORJ��HOHPH�WV�D�G�RWKHU�HOHPH�WV�

ZLWK�ORZHU�HYDOXDWLR��OHYHOV�D�G�PDNH�EHWWHU�SUHSDUDWLR�V�

IRU�WKH�DGRSWLR��RI�&(�

)LJ�UH����(YDOXDWLR��RI�WKH�UHDGL�HVV�PDWXULW��RI�FXVWRP�
er�organization�to�implement�CE.

�����RQV�OWLQJ�2UJDQL�DWLRQ

�IWHU�WKH�HYDOXDWLR��VFRUHV�RI�WKH�LPSOHPH�WDWLR��SUHSD�

UDWLR�V�PDWFKHG�ZLWK�WKH�PDWXULW��� WKH�OHYHO�RI�UHDGL�HVV�

of�consulting�organizations� in� the�Yemeni�construction�

L�GXVWU��WR�LPSOHPH�W�&(�REWDL�HG��D�G�WKH�UHVXOWV�ZHUH�

summarized�as�shown� in�Figure�7.�Most�of� the�respon�

GH�WV�DOVR�FRPPH�WHG�WKDW�WKH�SHRSOH�HOHPH�W�LV�WKH�PRVW�

LPSRUWD�W�L��WKH�FR�VWUXFWLR�� ILHOG�� D�G�WKH� WHFK�RORJ��

element�is�the�least�important�in�this��eld.

The�evaluation�results�of�consulting�organizations�(in�

FOXGL�J�DUFKLWHFWV�� VWUXFWXUDO�GHVLJ�HUV�� FRVW�FR�VXOWL�J��

SURMHFW�PD�DJHPH�W�FR�VXOWL�J�� FR�VWUXFWLR�� VHUYLFHV�

FR�VXOWL�J��HWF���VKRZ�WKDW�PRVW�RI�WKH�IDFWRUV�DUH�DW� WKH�

UHSHDWDEOH�OHYHO�H[FHSW�WKDW�WKH�FRPPX�LFDWLR��VXSSRUW�L��

WKH�WHFK�RORJ��HOHPH�W�LV�DW�WKH��G�KRF�OHYHO���OVR��VWUDWH�

JLF�GHSOR�PH�W�D�G�GLVFLSOL�H�IDFWRUV�KDYH�UHDFKHG�D��RS�

timizing�level.�Overall,�Yemen’s�consulting�organizations�

DUH��RW��HW� UHDG�� WR�DGRSW�&(�D�G��HHG�WR�PDNH�ODUJH�

VFDOH�LPSURYHPH�WV�WR�PRVW�RI�WKH�FRPSHWH�F��IDFWRUV�

)LJ�UH����(YDOXDWLR��RI�WKH�UHDGL�HVV�PDWXULW��RI�FR�VXOW�
ing�organization�to�implement�CE.

����LVF�VVLRQ�DQG��RQFO�VLRQV

After�analyzing�the� results�of�the� readiness�assessment�

FDVH� VWXG��RI� WKH�SDUWLFLSDWL�J�FRPSD�LHV�ZLWKL��HDFK�

FDWHJRU��� LW�FRXOG�EH�VHH��WKDW�WKH�SHRSOH�HOHPH�W�LV�FR��

VLGHUHG�WKH�PRVW�LPSRUWD�W�HOHPH�W�D�G� WKH�WHFK�RORJ��

HOHPH�W� WKH� OHDVW� LPSRUWD�W�HOHPH�W� IURP�PRVW�RI� WKH�

FRPSD���V�SRL�W�RI�YLHZ� L��DOO�FDWHJRULHV��0RVW�<HPH�L�

FR�VWUXFWLR��FRPSD�LHV�DUH��RW�UHDG��WR� LPSOHPH�W�&(�

D�G�PRVW�RI�WKH�FULWLFDO�IDFWRUV�L��HDFK�HOHPH�W�DUH�ZLWKL��

the�“characterized� level"�of�CE� readiness�and�need�im�

SURYHPH�W��7KH�FULWLFDO�DUHDV�FRYHUHG�X�GHU�WKH�WHFK�RO�

RJ��HOHPH�W��HHG�PRUH�DWWH�WLR��D�G�FR�VLGHUDWLR��E��DOO�

VHFWRUV���OO�FR�VWUXFWLR��FRPSD�LHV�L��<HPH��DUH�L���HHG�

RI�PDMRU� LPSURYHPH�WV�L��DOO�DUHDV�X�GHU� WKLV�HOHPH�W��

7KH�ZHDNHVW�GHWHUPL�D�W�RI�DOO� VHFWRUV� LV� FRRUGL�DWLR��

VXSSRUW�D�G�,�IRUPDWLR��6KDUL�J�

7KH� UHVXOWV� L�WHUSUHW� WKDW�WKH�PRVW�FR�VWUXFWLR��H�WHU�

SULVHV�L��<HPH��DUH��RW�UHDG��WR� LPSOHPH�W�&(�PDL�O��

EHFDXVH�RI�WKHLU�GHSH�GH�FH�R�� WUDGLWLR�DO�PD�DJHPH�W�

PHWKRGV��0RUH�LPSURYHPH�WV�UHTXLUHG�L��ILHOGV�VXFK�DV�

corporate�culture,�employee�organization,�and�technolog�

LFDO�EDVH��7KH�UHVHDUFK�UHVXOWV�FD��SURYLGH�UHIHUH�FHV�IRU�

FR�VWUXFWLR��H�WHUSULVHV�WR�LPSOHPH�W�&(�D�G�SURPRWH�

ef�ciency�in�the�construction�industry.�The�overall�results�

VKRZ�WKDW�WKH�FR�VWUXFWLR��L�GXVWU���DV�D�ZKROH�VWLOO��HHGV�

LPSURYHPH�WV� L��PRVW�RI� WKH�FULWLFDO� DUHDV� L��RUGHU� WR�

DGRSW�&(�HIIHFWLYHO���6HFWRUV��ZKLFK�VHHP�WR�EH�UHDG��IRU�

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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&(�DGRSWLR���DUH�WKRVH��ZKLFK�DUH�FOLH�W�IRFXVHG��KDYH�D�

JUHDWHU�IRFXV�R��PR�LWRUL�J�D�G�FR�WUROOL�J�RI�WKHLU�SURM�

HFW�GHYHORSPH�W�SURFHVV��D�G�DUH�FR�WL�XDOO��LPSURYL�J�

WKHLU�GHYHORSPH�W�SURFHVVHV�D�G�RSHUDWLR�V��,��JH�HUDO��

WKH�RXWFRPHV�VKRZ� WKDW� WKH�FR�VWUXFWLR��H�WHUSULVH�VWLOO�

ZLVKHV�WR�VXSSO���LPSURYHPH�W�L��PRVW�RI�WKH�FULWLFDO�DU�

HDV��KLJKHU�JURXS�ZRUNL�J�D�G�EXVL�HVV�L�WHJUDWLR���6HJ�

PH�WV�WKDW�DSSHDU�SUHSDUHG�IRU�&(�DGRSWLR��DUH�WKH�R�HV�

ZKLFK��DUH�FOLH�W�WDUJHWHG��PR�LWRU�D�G�FR�WURO�WKH�SURMHFW�

GHYHORSPH�W�SURFHVV�D�G�FR�WL�XDO� WDUJHW�LPSURYHPH�W�

RI�WKHLU�SURFHVVHV�D�G�RSHUDWLR�V��,W� LV�L�GLFDWHG�WKDW�WKH�

EHWWHU�SHUIRUPHUV�DUH�OLNHO�� WR�EH�PDMRU�FR�WUDFWRUV�D�G�

VSHFLDOLVW� VXE�FR�WUDFWRUV��ZKHUHDV�FOLH�WV��FR�VXOWD�WV��

VXSSOLHUV�D�G�PD�XIDFWXUHUV��HHGHG�WR�LPSURYH�WKHLU�SRVL�

WLR��

7KLV�SDSHU� WDNHV�VRPH�GLIIHUH�W�W�SH�RI� FR�VWUXFWLR��

H�WHUSULVHV� �DV�D� FR�WUDFWRU��VXEFR�WUDFWRU��VXSSOLHU�� FOL�

H�W��D�G�FR�VXOWD�WV�� L��<HPH��DV�D��H[DPSOH�WR�GLVFXVV�

WKH�LPSOHPH�WDWLR��RI�&(� L��WKH�FR�VWUXFWLR��L�GXVWU���

D�G�HYDOXDWHV�WKH�SUHSDUDWLR��FDSDELOLWLHV�RI�GLIIHUH�W�OL�NV�

D�G�GLIIHUH�W�W�SHV�RI�FR�VWUXFWLR��H�WHUSULVHV�WKURXJK�WKH�

%(�&21�PRGHO��%DVHG�R��WKH�UHVXOWV�RI� WKH�LPSOHPH��

WDWLR��SUHSDUDWLR��DVVHVVPH�W�RI�GLIIHUH�W�FR�VWUXFWLR��

FRPSD�LHV�L��<HPH���WKH�OHYHO�RI�SUHSDUDWLR��RI�7HFK�RO�

RJ��IDFWRUV�LV�JH�HUDOO��ORZ��PRVW�FR�VWUXFWLR��FRPSD�LHV�

DUH��RW�SUHSDUHG� WR�LPSOHPH�W�FR�FXUUH�W�SURMHFWV� �&(���

DOWKRXJK�VRPH�RI� WKH�FDSDFLW��IDFWRUV�KDYH�UHDFKHG�WKH�

level�of�management�and�optimization,�but�some�factors�

also�only�reach�the�characterization�level,�and�even�some�

IDFWRUV�DUH�EHORZ�WKH�UHSHDWDELOLW��OHYHO��7KH�PDL��SURE�

OHP�OLHV�L��WKH�IDFW� WKDW� WKH�PD�DJHPH�W�RI�<HPH�L�FR��

VWUXFWLR��H�WHUSULVHV�VWLOO�UHOLHV�R��WUDGLWLR�DO�PD�DJHPH�W�

PHWKRGV��D�G�WKH�PD�DJHPH�W�OHYHO�ODJV�EHKL�G��7KH��GR�

�RW�X�GHUVWD�G� WKH�LPSRUWD�FH�RI�DGYD�FHG�PD�DJHPH�W�

WRROV�D�G�L�IRUPDWLR��WHFK�RORJ��L��PRGHU��PD�DJHPH�W��

<HPH�L�FR�VWUXFWLR��FRPSD�LHV��HHG� WR�SD��DWWH�WLR��WR�

DGYD�FHG�PD�DJHPH�W� WRROV�� L�WURGXFH�D�G�DSSO���HZ�

L�IRUPDWLR�� WHFK�RORJLHV� VXFK�DV�%,0�WHFK�RORJ���D�G�

VWUH�JWKH�� L�IRUPDWLR��FRPPX�LFDWLR���VKDUL�J�D�G�FRO�

ODERUDWLR��

7KH�UHVHDUFK�UHVXOWV�DUH�FR�GXFLYH�WR�WKH�PD�DJHPH�W�

LPSURYHPH�W�RI�<HPH�L�FR�VWUXFWLR��H�WHUSULVHV��D�G�DOVR�

KHOS�,�WHU�DWLR�DO�FR�VWUXFWLR��H�WHUSULVHV�WR�X�GHUVWD�G�

WKH�FRUUHVSR�GL�J�FDSDELOLWLHV�RI�<HPH�L�FR�VWUXFWLR��H��

WHUSULVHV��,�WHU�DWLR�DO�FR�VWUXFWLR��FRPSD�LHV�H�WHUL�J�WKH�

<HPH��PDUNHW�XVXDOO��KDYH�JUHDWHU�VWUH�JWK��7KH��FD��JLYH�

JXLGD�FH�D�G�DGYLFH�WR�<HPH��FR�VWUXFWLR��FRPSD�LHV�L��

terms�of�personnel�organization�and�management,�and�help�

ORFDO�SRZHUIXO�FRRSHUDWLYH�H�WHUSULVHV�WR�FDUU��RXW�WUDL�L�J�

R��EXLOGL�J�L�IRUPDWLR��PD�DJHPH�W�SHUVR��HO��LPSURYHV�

FRUSRUDWH�PD�DJHPH�W�FDSDELOLWLHV�D�G�KHOS�

��WKRU��RQWULE�WLRQV

Conceptualization,�S.D.�and�Z.L.;�Formal�analysis,�S.D.�

D�G�0�����)X�GL�J�DFTXLVLWLR���=�/���,�YHVWLJDWLR���6�'��

=�/�� D�G�0�����0HWKRGRORJ���6�'���6RIWZDUH��6�'���9DO�

LGDWLR���6�'��D�G�0�����:ULWL�J���RULJL�DO�GUDIW��6�'���

:ULWL�J���UHYLHZ���HGLWL�J��0���

�FNQRZOHGJPHQWV

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKD�N�WKH�D�R��PRXV�UHYLHZHUV�

IRU�WKHLU�YDOXDEOH�FRPPH�WV�D�G�VXJJHVWLR�V�WR� LPSURYH�

WKH�TXDOLW��RI�WKH�SDSHU��7KH��DOVR�JUDWHIXOO��DFN�RZOHGJH�

the�Public�Works�Of�ce� in�Yemen�for�facilitating�during�

WKH�GDWD�FROOHFWLR��VWDJH�

5HIHUHQFHV

��@�6DIGDUL��)��&R�FXUUH�W�(�JL�HHUL�J�L��&R�VWUXFWLR��

3URMHFWV�/HVVR��OHDU�HG�IURP�WKH�RLO�D�G�JDV�L�GXV�

WU���*RWKH�EXUJ��&KDOPHUV�8�LYHUVLW��RI�7HFK�RORJ���

�����

��@�=LGD�H��<RXFHI�-�7��HW�DO���%DUULHUV�D�G�FKDOOH�JHV�L��

HPSOR�L�J�RI�FR�FXUUH�W�H�JL�HHUL�J�ZLWKL��WKH�1RU�

ZHJLD��FR�VWUXFWLR��SURMHFWV���3URFHGLD�(FR�RPLFV�

D�G�)L�D�FH��������������������

��@�'DKPDV��6���/L��=���6KD��/��6ROYL�J� WKH�'LIILFXOWLHV�

D�G�&KDOOH�JHV�)DFL�J�&R�VWUXFWLR��%DVHG�R��&R��
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