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The improvement of management processes in construction could be seen as one 

of the important keys to project success in which material management should be 

appropriately taken into consideration. Although many previous research studies have 

examined the components of construction material management, the relationship of factors 

influencing material management effectiveness has not been explored. This study was 

carried out to identify influential factors on material management effectiveness and develop 

a model to explain the relationships between these factors and the effectiveness of material 

management based on practical projects. The research method included the collection of 

contractors’ opinions in building projects regarding the evaluation of factors and items in 

material management effectiveness, which have been reviewed and sorted into different 

groups from journal articles and conference papers. The survey questionnaire was gathered 

within two months during October and November 2018 in Vietnam. Lastly, 223 

respondents were gathered in which only 200 samples were judged as valid for factor 

analysis and structural equation modeling (SEM). 

The statistical results from confirmatory factor analysis presented nine major 

groups of factors affecting the effectiveness of material management with their 

standardized coefficients. The findings of this study enable a greater understanding of 

influential factors on material management effectiveness in particular, hence it will help 

construction players to avoid their occurrence in real practice as well as minimize their 

negative impacts on the overall performance of construction projects in general. On the 

other hand, the constitution of this practical model could be used for evaluating the 

effectiveness of material management for contractors in the future. 
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Chapter 1 

Introduction of Research 

1.1 Significance of research  

In irecent iyears, ithe iVietnamese iconstruction iindustry iin igeneral iand ibuilding 

iconstruction iprojects iin iparticular ihave ibeen iincreasingly ideveloped. iBoth ilocal iand 

iforeign iconstruction icompanies ihave ialways ifound ithe isolution ito iadvance itheir 

iworking iperformance ito icompete iin ithe imarket. iOwing ito ieconomic irecovery, 

icoupled iwith igovernment iinvestment iin iinfrastructure iand iresidential iconstruction, 

iand ithe iincreased iissuance iof ibuilding ipermits; ithe iVietnamese iconstruction iindustry 

ihas iachieved ithe ihighest irevenue iin ithe ipast i10 iyears iwith icontinuous iincrease iin 

isales ifrom iUS i$1.2 ibillion iin i2007 ito iUS i$12.8 ibillion iin i2017 i(FDI news, 2018). iIt iis 

iexpected ito iexpand iover ithe inext ifew iyears, iaccording ito iexperts iand ibusinesses. 

iThat iis ito isay, isome iprojects iin iVietnam icould ihave ia ipartial iimpact ion ithe igrowth 

irate iof iconstruction isector. 

 

 

 

 

 

 

 

 

 

Figure 1.1 Vietnam’s economic structure 2017 

Source: iOnline iNewspaper iof ithe iGovernment i(VGP News, 2017) 

The management of construction projects could be seen as the essential element 

to ensure the project success. A iconstruction iproject idepends iupon ihaving ithe iright 

ipeople iwith iright iskills iand iequipment ithat iare iable ito ideliver ithe iproject ion itime iand 

ion ibudget. iHaving ithe iright imaterials iin ithe iright iplace iat ithe iright itime iis iequally 

iimportant, iand ihaving ithe icash iflow iand icapital ito iprocure ithe ilabour iand imaterials iis 

ialso iimportant. In other words, some main management processes included in any 

construction projects are related to labour, material, equipment and cost. It is 

noteworthy that the materials ion ia iproject ican irepresent ianything ifrom i30% ito i70% iof 

ithe iproject icost (Patel and Vyas, 2011) and have ibeen iidentified ias ione iof ithe imore 

iprominent iareas iwhere isignificant iimprovements iand isavings ican ibe imade i(Vorster 
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and Lucko, 2002); ihowever, imaterial imanagement ihas ireceived iless iattention ifrom 

iresearchers i(Donyavi and Flanagan, 2009). iHence, ithe iimprovement iof imanagement 

iprocesses iis ione iof ithe iimportant ikeys ito isuccess iof iconstruction iprojects iin iwhich 

ithe imaterial imanagement ishould ibe iappropriately itaken iinto iconsideration. 

The term of material management has been designed by previous researches that 

refer to many procedures. For instance, Donyavi  and Flanagan (2009) idivided imaterial 

imanagement iinto ifive icategories inamely, imeasurement iand ispecification; 

iprocurement iand ipurchasing iprocess iwhere ithe iorder iis itransmitted ito ithe isupplier; 

idelivery ito isite iand ilogistics iof ichecking ithe iorder, ioffloading, iand istoring ion isite; 

iadministrative iand ifinancial iprocess iof ipayment; iusing ithe imaterials iin iproduction ion 

ithe ijob isite iand iremoving ithe iwaste. In addition, Kanimozhi and Latha (2014) defined 

material imanagement ias ia iprocess ifor iplanning, iexecuting iand icontrolling ifield iand 

ioffice iactivities iin iconstruction. Zeb et al. (2015) also defined management ias ia 

iprocedure ifor iexecuting, iplanning, iand icontrolling isite iactivities iin ithe iconstruction 

iproject(s). iConsequently, imaterial imanagement iin ithis iresearch iis ibasically 

icharacterized ias ia iprocess iincluding iplanning, iprocurement, itransportation, istoring 

iand imaterial iinstallation. 

The imaterial imanagement icould iaffect iconstruction iproject iperformance iin isome 

iaspects, isuch ias iquality, ischedule iand icost. iThe iavailability iand iquality iof imaterials 

idelivered ito isite iare iidentified ias ione iof ithe imost icritical ifactors ithat ihave ian iimpact 

ion iquality iin ibuilding iconstruction iprojects i(Oyedele et al., 2015). iBesides, iDurdyev 

et al. (2017) irevealed ithat ithe ishortage iof imaterials ion isite iand ilate idelivery iof 

imaterial iwhich iare imain icauses iof iproject idelays ishould ibe ireduced. iIn iaddition, 

iother istudies iagain iindicated ishortage iof imaterials ior iunavailable imaterials iwhen 

ineeded iis iamong ithe imost isignificant ifactors icontributing ito idelays iof iconstruction 

iprojects i(Rivas et al., 2010; Doloi et al., 2012; Safa et al., 2014). Moreover, lack of 

material management or poor material imanagement ican ialso iresult iin ilarge iand 

iavoidable icosts iduring iconstruction. iFor iexample, iif imaterials iare ipurchased iearly; 

icapital imay ibe itied iup iand iinterest icharges iincurred ion ithe iexcess iinventory iof 

imaterials, imaterials imay ieven ideteriorate iduring istorage ior ibe istolen iunless ispecial 

icare iis itaken i(Formoso et al., 2002). iAlso, idelays iand iextra iexpenses imay ibe iincurred 

iif imaterials irequired ifor iparticular iactivities iare inot iavailable (Rahman et al., 2017). 

iThus, ithe imanagement iof iconstruction imaterial ito iensure ia itimely iflow iis ia 

isubstantial iconcern iof iproject imanagers ito imake ithe iproject imanagement ibecome 

isuccessful ialthough ithe icomponents iin ithis iprocess iare iquite icomplicated. 

In isummary, imaterial imanagement iis irecognized ias iextremely icrucial ito iproject 

iperformance; iin iother iwords, iineffective imaterial imanagement icould iaffect ischedule, 

icost, iquality iand isafety iof ientire iconstruction iprojects. iAdditionally, imany iresearches 

ihave ibeen icarried iout ito iexplore ithe imethods ifor iincreasing ithe iefficiency iof imaterial 

imanagement iin iconstruction isite. iHowever, ithere iare istill imany iissues ioccuring 
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ieveryday iin ievery icountry iregarding imaterial imanagement, iit imeans ithat ithe ifuture 

istudy iof imaterial imanagement iis istill ineeded. iTherefore, iit iis iimportant iand iurgent ito 

iimprove ithe ieffectiveness iof imaterial imanagement ias iwell ias imitigate iits inegative 

iimpacts ion iconstruction isites iin icase iprojects iare inot iwell-managed. iFurthermore, 

iinvestigation iinto iproblems iin ipractice ishould ibe idone iin iorder ito ihelp ithe iproject 

imanagers icompletely iunderstand ihow itheir icurrent iwork isituation iis iand iwhere ito ibe 

iimproved ior ienhanced iin ithe iprocess iof imaterial imanagement ias iwell ias iprojects. 

1.2 Research problems  

In ithe ipast, ithe iissue iof iproject iperformance iand imaterial imanagement iin 

iconstruction ihave ibeen idiscussed iby iprevious iauthors. iThey iare ipossibly icategorized 

iinto iapplied, idescriptive ior iquantitative iresearches. iEach iof ithese iresearch itypes ihas 

iits iown istrengths ias iwell ias ilimitations iand iall iaim ito iget iexpected ioutcomes. 

Firstly, iwith ireference ito iother istudies, ithe iissue iof iproject iperformance i– ia 

iprimary iconcern iin iconstruction iprojects, ihas ibeen ireviewed ito iseek ifor iapproaches 

ito iminimize. To be more precise, using ia ilarge inumber iof iperformance iindicators 

irelated ito ivarious idimensions i(groups) isuch ias itime, icost, iquality, iclient isatisfaction, 

iclient ichanges, ibusiness iperformance, ihealth iand isafety that could be used to imeasure 

iand ievaluate iproject iperformance ias iwell ias iproject isuccess i(Cheung iet ial., i2004). 

iHowever, itime, icost iand iquality iare ithe i3 ipredominant idimensions ifor iperformance 

ievaluation. iBesides, iPheng iand iChuan i(2006) iproposed ianother iinteresting iway iof 

ievaluating iproject iperformance ithrough i2 icommon sets iof iindicators. iThe ifirst iset 

iincludes ithe iowner, iusers, istakeholders, iand ithe igeneral ipublic iwho iwill ilook iat 

iproject iperformance ifrom ithe imacro iviewpoint. iThe iother iwill ilook iat iproject 

iperformance ifrom ithe imicro iviewpoint ithat icomprises ithe ideveloper iand ithe 

icontractor.  

It iis iobvious ithat iperformance idimensions icould ihave ione ior imore iindicators, iand 

icould ibe iinfluenced iby idifferent icharacteristics. iFor iexample, ithe iappropriateness iof 

iproject itime imanagement ican ibe iseen ias ia irelevant iindicator ithat icould ibe iused ito 

iassess icontractors’ ieffectiveness iand icapability ito isucceed ion ithe icompletion iof ia 

iproject ias iwell ias ito ievaluate icontractors’ iperformance i(Solis et al., 2009). iAccording 

ito  Long  et  al. (2007), poor isite imanagement iand isupervision, ipoor iproject 

imanagement iassistance, ifinancial idifficulties iof iowner, ifinancial idifficulties iof 

icontractor iand idesign ichanges iare ifound ias imajor icauses iof idelay iand icost ioverruns 

iin iVietnam ilarge iconstruction iprojects. iIn iaddition, Dissanayaka and Kumaraswamy 

(1999)iconcluded ithat iproject itime iand icost iperformances iget iinfluenced iby iproject 

icharacteristics, iprocurement isystem, iproject iteam iperformance, iclient irepresentation's 

icharacteristics, icontractor icharacteristics, idesign iteam icharacteristics, iand iexternal 

iconditions. iMore iinterestingly, Love  et  al. (2005) iexamined iproject itime-cost 

iperformance irelationship, iand itheir iresults iindicated ithat icost iis ia ipoor ipredictor iof 

itime iperformance. iOn ithe iother ihand, Iyer and Jha (2005) iidentified icritical isuccess 
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ifactors ion iproject iquality iperformance iincluding iproject imanager’s icompetence; itop 

imanagement’s isupport; imonitoring iand ifeedback iby iproject iparticipants; iinteraction 

iamong iproject iparticipants; iand iowners’ icompetence. Durdyev et al. (2017) ifound ifive 

ikey ifactors iaffecting iconstruction isafety iperformance iin ideveloping icountries; 

inamely, imanagement iand iorganisation, iresources, isite imanagement, icosmetic iand 

iworkforce. iMoreover, ia iperformance ievaluation imodel ifor iconstruction icompanies 

iwas ialso iintroduced iin iorder ito iprovide ia iproper itool ifor ithe icompany's iowners, 

ishareholders iand ifunding iagencies ito ievaluate ithe iperformance iof iconstruction 

icompanies iin iEgypt i(Elyamany et al., 2007). iIn igeneral, ithe iabove iexamples 

idemonstrate ithat ithere iis ia icomprehensive ilist iof ifactors iwith ithe ipotential ito iaffect 

ithe idifferent idimensions iof iproject iperformance iamong idifferent icountries. 

Secondly, ithere ihave ialso ibeen isome istudies iaccomplished ito ifigure iout isome 

iproblems iassociated iwith imaterial imanagement iprocess iin iconstruction iprojects. iIn 

iparticular, ithe imost isevere iproblem imilitating iagainst imaterial imanagement ion 

ibuilding iprojects iin iOndo-State, iNigeria iwas ilack iof iproper iwork iplanning iand 

ischeduling iwhile iother iproblems iincluded iinadequate icash iflow ito icontractors idue ito 

idelayed ipayments, iburglary, itheft iand ivandalism i(Arijeloye and Akinradewo, 2016). 

iBesides, Donyavi and Flanagan (2009) iobserved ithat icommon iproblems iassociated 

iwith imaterial imanagement ion iconstruction isite iincluded ifailure ito iorder ion itime, 

idelivery iat ithe iwrong itime, over iordering, iwrong imaterials ior ierrors iin idirection iof 

imaterials, itheft iand idouble ihandling iof imaterials. iIn iaddition, igeneral iproblems 

iarising iin imaterial imanagement iof iMaldives iconstruction iindustry iwere 

iunavailability iof ilocal iconstruction imaterials, ifew isuppliers iin imarket iand ilack iof 

istorage ispace i(Zaha, 2017). iGenerally, iproblems ifound iin ithe iprocess iof imaterial 

imanagement ibecome ipopular iand iagain idifferent iamong ithe icountries iowing ito ithe 

idistinct icharacteristics iof ieach iconstruction iindustry. 

Moreover, iin itechnical iperspective, ia inumber iof iother iresearches ithat itried ito 

iestablish ior ipropose imethods ito iimprove isome ispecific istages iin ithe iprocess iof 

imaterial imanagement. iBeginning iwith imaterial iprocurement, Hadikusumo  et  al. 

(2005) ideveloped ia idecentralized idatabase isystem iequipped iwith ielectronic iagents ito 

iassist ihuman ipurchasers ito icarry iout isolicitation iin iidentifying isuppliers, isearching 

imaterials, iand ipreparing ipurchase iorders. iThe imaterial iprocurement ifor ishort-term 

iproject idynamic ischedule iwas ipaid imore iattention ito ithe ie-commerce ienvironment, 

iwhich iis iused ito isupport ilean imaterial idelivery ifor ilean iconstruction, iand ian iagent-

based imulti-issue iautomated inegotiation iframework iwas ialso igiven ito iimprove 

inegotiation iefficiency iand ieffectiveness, iwhere ia icontractor inegotiates iwith imany 

isuppliers iindividually iin ia ibilateral ifashion i(Zhong  et  al., 2007). iBased ion ithe iidea iof 

ilean iconstruction, iSun and Zhang (2013) ianalyzed ithe iadvantages iof iconstruction 

iprocurement ioutsourcing, icategorized ithe iitems ito ibe iprocured, ielaborated ion ithe 

iitems isuitable ifor iprocurement ioutsourcing iand iproposed ithe ioperation imode ifor ithe 
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icooperation ibetween icustomer iand isupplier. iWith iregard ito imaterial ilogistics,  Mao 

and Cheng (2010) iproposed ia ishipment itracking-based iapproach ibased ion ilean 

iconstruction ito iprovide iiinventory iitransparency iiand iia iipro-active iidelivery iiapproach 

iifor iiefficient iimaterial iideliveries. iBesides, ia inew ilean imodel ifor iconstruction ion-site 

imaterial ilogistics iis iproposed iby Seppanen and Peltokorpi (2016): ifrom ilocal 

ioptimization iof ilogistics itowards iglobal ioptimization iof ion-site iproduction isystem, 

iwhich iis ivaluable ifor iacademics iwith iresearch iinterests iin iconstruction ilogistics ior 

iproductivity iareas iand ifor ipractitioners iseeking iproductivity iimprovements. Yu et al. 

(2016) ipresented ithe idevelopment iof ia iBIM-based idynamic imodel ifor isite imaterial 

isupply imanagement ithat iis icapable iof iidentifying ioptimal idynamic ischeme ifor ithe 

isolution iof iproblems i– iwhat i(material), ihow imany, iwhen, iand iwhere. iIn iaddition, ia 

istructural iequation imodel iwas iused ito iidentify ibest ipractice irelating ito ithe ieffective 

imaterial ilogistics iin ian iurban, iconfined iconstruction isite i(Spillane  and  Oyedele,  

2017). On the whole, the majority of these research works seem to concentrate on a 

typical phase of material management to suggest techniques for solving the problems 

that are being independently encountered. Meanwhile, the process of material 

management includes various elements, so its improvement should start from being 

thoroughly familiar with the theory of the most common influential issues. 

To isummarise, imany ipast istudies ihave itried ito isearch ifor ifactors iaffecting iproject 

iperformance iwhile iothers ihave iattempted ito ifind iout iproblems ithat ipossibly ioccur iin 

imaterial imanagement ior idevelop iapproaches ithat ican iimprove isome itypical istages iin 

ithe iprocess iof imaterial imanagement, isuch ias iprocurement iand ilogistics. iFrom ithat 

ipoint, iit ican ibe iconcluded ithat ithe ioutput iof ithat iresearch iworks iis istill iquite igeneral 

iand idistinct. Additionally, the factors affecting the material management are mostly 

determined in a discrete way with different results from previous research works, but 

istill have been ilacking iof idetailed idiscussion iabout iassessing how the extent of their 

influence on the effectiveness of material management is in real projects. A study iof 

iJusoh  and  Kasim  (2017) ifurther indicated ithat imaterial imanagement icould iaffect ifive 

icriteria iof iproject iperformance inamely; itime, icost, iquality, iproductivity iand iwaste. 

Thus, the issue of synthesizing and verifying the relationship of these influential 

factors has become more important than ever, especially in the construction 

environment which exists many challenges and potential risks as in Vietnam. 

Moreover, it has been so hard to find any studies that use the SEM technique to 

explain the relationship between these factors and material management effectiveness 

most comprehensively although this application has been proven to be quite 

successful in elucidating research issues of such similar nature.  

Based on the iabove discussion, iadequate iconsideration iabout imaterial imanagement 

ieffectiveness imust ibe igiven ito iVietnamese iconstruction iprojects iso ithat isome 

proposed isolutions ifor isituations iarising icould ibe iappropriately iapplied ithen. iIn iorder 

ito igain ia igreater iunderstanding iof ithis iissue, iit iis idefinitely iessential ito isearch ifor 
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idetails ior ia idevelopment imodel iof iinfluential ifactors ion imaterial imanagement 

ieffectiveness. Referring to that proposed analysis model, managers are able to know 

the main groups of factors along with their significance level on different dimensions 

of material management effectiveness, from which priorities for activities in their plan 

have to be examined to suitably adjust. Accordingly, ithe iquestion inow iarises ias ito 

what ifactors iand ihow ithey iaffect imaterial imanagement ieffectiveness iof iconstruction 

iprojects iin iVietnam. 

1.3 Research objectives  

From the above research problems, following research objectives will be then 

addressed: 

Identify ifactors iaffecting imaterial imanagement ieffectiveness iin iconstruction 

iprojects. 

Establish ia imodel ifor iexplaining ithe irelationship ibetween ithese ifactors iand 

imaterial imanagement ieffectiveness iin iconstruction iprojects.  

1.4 Scope of research  

The iresearch iwill ibe iimplemented iin ithe iconstruction iphase iof ibuilding iprojects 

iin iHo iChi iMinh iCity, iVietnam. i 

The itarget iparticipants iwho iinvolved iin ithis isurvey iresearch iused ito ihave iworking 

iexperience irelating ito imaterial imanagement iprocess. 

The imaterial imanagement iprocess ihas ithe imain ilife icycle ifrom iplanning, 

iprocurement, itransportation, istock icontrol iand imaterial iinstallation. 

1.5 Research methodology  

The iresearch iapproach iinvolving ithe iquantitative iand iqualitative imethodology 

iwill ibe iadopted iin ithis iresearch. iThis iresearch ihas ithe iadvantage iof iobtaining ia 

istronger iresearch idesign iand iachieving imore ivalid iand ireliable ifindings. iAs isuch, ia 

iquestionnaire isurvey iand iliterature ireviews iwill ibe ithe imethodologies iconducted ito 

imeet ithe iobjectives iof ithe iresearch. iAccordingly, iit iis ibelieved ithat ia ideeper iand 

imore idetailed iquality iof iinformation ican ibe iobtained iwith iinterviews iopted ias ithe 

imethodology iinstrument iwhereas iquestionnaire isurvey ican icover ia ibroad irange iof ithe 

istudy iin ifulfilling iother iobjectives. i 

1.6 Research output 

Critical ifactors iaffecting imaterial imanagement ieffectiveness iof building 

iconstruction iprojects iin iVietnam. 
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Chapter 2 

Literature Review 

This ichapter iaims ito iprovide ia icomprehensive iliterature ireview iand irelevant 

itheories iof isome iimportant istudies ithat ihave iconducted ion imaterial imanagement 

iprocess iand ieffectiveness imeasurement iin iconstruction ifield. iFirst iof iall, iit idescribes 

ithe idefinition iof imaterial imanagement iand ithe iprocess iof imaterial imanagement. 

iNext, iit igives ia icurrent ioverview iof imanagement ipractice iin iVietnam iand ithe 

iinfluence iof imaterial imanagement ion iproject iperformance. iAfter ithat, iconsideration 

iabout ifactors iaffecting imaterial imanagement ieffectiveness iin iconstruction iprojects iis 

ialso iimplemented iand isome iprevious iresearches irelated ito ieffectiveness imeasurement 

iare ithen idiscussed. iThe ilast isection iwill ipresent ia iframework ifor ithis iresearch.  

2.1 Material management process  

This isection idefines imaterial imanagement iand ireviews imaterial imanagement 

iprocess iin iconstruction iprojects.  

2.1.1 Definition of material management 

 There iare idifferent idefinitions ithat iare iprovided iby idifferent iresearchers ifor 

imaterial imanagement ithroughout ithe iyears. iAccording ito Bell and Stukhart (1986), 

imaterial imanagement iis iconsidered ias iactivities ithat iinclude i"material irequirement 

iplanning iand imaterial itake ioff, ivendor ievaluation iand iselection, ipurchasing, 

iexpenditure, ishipping, imaterial ireceiving, iwarehousing iand iinventory, iand imaterial 

idistribution". Pellicer et al. (2013) istated ithat imaterial imanagement iinvolves istorage, 

iidentification, iretrieval, itransport iand iconstruction imethods. Bailey and Farmer (2009) 

idefine imaterial imanagement ias ia iconcept iconcerned iwith ithe imanagement iof 

imaterials iuntil ithe imaterials ihave ibeen iused iand iconverted iinto ithe ifinal iproduct; iand 

iactivities iinclude icooperation iwith idesigners, ipurchasing, ireceiving, istorage, iquality 

icontrol, iinventory icontrol, iand imaterial icontrol. iBesides, imaterial imanagement iis ialso 

idefined ias ia iprocess ito iensure ithe iright iquality iand iquantity iof imaterials iand iinstalled 

iequipment iare iappropriately ispecified iin ia itimely imanner, iobtained iat ireasonable icost 

iand iare iavailable iwhen ineeded i(Donyavi and Flanagan, 2009). 

  Basically, imaterial imanagement iis iconcerned iwith ithe iplanning, iidentification, 

iprocuring, istorage, ireceiving iand idistribution iof imaterials. iThe ipurpose iof imaterial 

imanagement iis ito iassure ithat ithe iright imaterials iare iin ithe iright iplace, iin ithe iright 

iquantities iwhen ineeded. iThe iresponsibility iof ione idepartment i(i.e. imaterial 

imanagement idepartment) ifor ithe iflow iof imaterials ifrom ithe itime ithe imaterials iare 

iordered, ireceived, iand istored iuntil ithey iare iused iis ithe ibasis iof imaterial imanagement. 
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2.1.2 Material management in construction projects 

 Material imanagement ibecomes ione iof icritical iconcerns idue ito ithe inature iof 

iconstruction iprojects. Clough et al. (2000) indicated that construction iis ithe iprocess 

iof iphysically ierecting ithe iproject iand iputting iconstruction iequipment, imaterials, 

isupplies, isupervision, iand imanagement inecessary ito iaccomplish ithe iwork. iAlso, iit iis 

iobvious ito isay ithat iconstruction iprojects iare iquite icomplex iwith imany iorganisations 

iinvolved, isuch ias iclients ior iowners, iarchitects, iengineers, icontractors, isuppliers iand 

ivendors. iMaterial imanagement iis iespecially iproblematic ifor ilarge iand icomplicated 

iprojects iwhere isophisticated itools iand itechniques iare inecessary ito iensure imaterials 

iare idelivered ion itime, istock ilevels iare iwell-managed, ithe iconstruction ischedule iis inot 

icompromised iand ithe iwastage iis iminimised i(Narimah, 2008). iIt ican ibe iconcluded ithe 

imanagement iof imaterials iin iconstruction iprojects ineeds iadequate iconsideration 

iowing ito ithe ivarious ielements iinvolved iand ithe isignificant icontribution ito ithe isuccess 

iof iprojects. i 

 Material management is an important function from ithe idesign istage ito ithe 

iconstruction istage iof iprojects ias ipoor imanagement iof iconstruction imaterials ican ihave 

ia imajor ieffect ion ithe ioverall iperformance iof iconstruction iprojects iin iterms iof itime, 

ibudget i(cost), iquality iand iproductivity. iThe iresult iof iinappropriate imanaging 

imaterials ion isite iduring iconstruction iprocess iwill iinfluence ithe itotal iproject icost, itime 

iand iquality i(Che Wan Putra et al.,1999). Dey (2000) istated idelays iin imaterial isupply 

ihave ibeen ifound ito ibe ia imajor icause iof itime ioverrun. iThe iimproper imanagement iof 

imaterials iin iconstruction isites ihas ithe ipotential ito iseverely ihamper iproject 

iperformance, in other words, it is regarded as one of the key reasons for project 

delays (Ogunlana et al., 1996). In addition, Dey (2001) iindicated ithat ialmost i60% iof 

ithe itotal iworking icapital iof iany iindustrial iorganisation iconsists iof imaterial icosts. iThe 

iwastage iof imaterials ialso ishould ibe iminimized iduring iconstruction iin iorder ito iavoid 

iloss iof iprofit ifor iconstruction icompanies (Kasim et al., 2005). John and Itodo (2013) 

observed that ithe irelevance iof imaterial imanagement ito ithe itotal iproduction ioperation 

icannot ibe ioverestimated; imaterial imanagement iactivities iactually istart ibefore ithe 

iproduction ibegins iby iproviding ioptimum imaterials irequired ifor iproduction iand iits 

isupply iat ithe ivarious iproduction istages. Therefore, ian ieffective imaterial imanagement 

iis irequired iin iorder ito iavoid iunexpected iproblems iin iconstruction iprojects. iTo ibe 

imore iprecise, isome iissues iwhich icontribute ito ipoor imaterial imanagement iin 

iconstruction iprojects iwill ibe idiscussed iin ithe ifollowing isections.  

2.1.3 The process of material management 

 The components associated with the process of material management have 

been proposed by some former authors. Each study has shown different perspectives 

in material management.  According to Patil and Pataskar (2013), for example, 

material management comprises a iseries iof iprocesses ithat ineed ito ibe iintegrated, 
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icoordinated iand isynchronized iwell ito iensure ithat ithe imaterials iare iavailable iat ithe 

itime ithey iwant. iIt ibegins iwith ithe ineed igenerated ifrom isite, ithen ithis iinformation iwill 

ibe iconveyed ito ithe istore idepartment to establish an order and the indent is created 

later. The next step is vender selection carried out for choosing the best items from the 

approved list. Materials are lastly inspected and received at the store department. This 

process can be described by the flow chart below: 

Figure 2.1 Material management process (Patil and Pataskar, 2013) 

Daniel and Ronald (1998) istated ithe imaterial ilife icycle iis idepicted iwith ifour imain 

iphases iincluding iorder, iapproval iprocess, ifabrication iand idelivery iprocess iand 

iinstallation iprocess. iMaterial imanagement ipractice iin ibuilding iprojects iis icategorized 

iinto ifive istages, iincluding iplanning, ipurchasing, itransportation, ihandling iand iwaste 

icontrol i(Gulghane and Khandve, 2015). iBy isynthesizing ifrom isome iprior iresearches, 

imaterial imanagement iprocess igenerally iinvolves ithe iplanning, itesting, iprocurement, 

ilogistics, ihandling iand istock icontrol isurrounding iimaterials iiin iiconstruction iiprojects. 

iiA iigood iimaterial iimanagement iienvironment iienables iiproper iimaterial iihandling iiin 

iiconstruction iisites. iiTo ibe imore ispecific, ieach iof istage iin imaterial imanagement 

iprocess iwill ibe idiscussed ibelow. 

Figure 2.2 Vietnam’s general steps in material management process 

2.1.3.1 Planning 

Construction companies may consist of two imajor ilevels iin iplanning ithat iare 

imicro iand imacro ilevel. iTime, icost, imaterial iand ilabor iare ifour imajor itypes iof 

iplanning iundertaken ion isites. iThe iplanning ishould ibe irevised ias ifrequently ias 

ipossible iin iorder ito imonitor iwhether ithe iwork iis ion iprogress. iDuring ithe time for 

price planning, idetailing ithe iproject iin iterms iof iits ioutcome, iteam imembers’ 

iresponsibilities, ischedules, iresources, iscope iand icosts iis ineeded. iAt ithe iend iof ithis 

iphase, ia iproject imanagement iplan iis iproduced ias ia idocument ithat idetails ihow iyour 

iproject iwill ibe iexecuted, imonitored iand iclosed. 

In case iof imaterials, ithere iis ia ineed ifor ian iappropriate iplanning, iwhich imust 

ibe idone iconcurrently iwith iengineering, iconstruction, iand iother iproject iplans. 

iMaterial iplanning is known as an initial step ithat ineeds ito ibe icarried iout iaccurately 

iso ias ito iprovide iguides ifor iall ithe isubsequent iactivities iand ipossibly ihave ia igreat 

iimpact ion ithe iproject iplan. iAccording ito Gulghane and Khandve (2015), imaterial 

iplanning iincludes iquantifying, iordering iand ischeduling. iThe imaterial iplanning 
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iprocess icovers ithe iset iup iand imaintenance iof irecords, idetermines ithe itarget iinventory 

ilevels iand idelivery ifrequency. iAdopting ia igood imaterial imanagement iplan ican 

iincrease ithe iproductivity iand iprofit iof ithe icompany, iand ifacilitate ithe itimely 

icompletion iof iconstruction iprojects. iHence, iit ican igive ia ibetter iservice iand iincrease 

ithe isuccess iof iproject idelivery i(Kasim, et al., 2005).  

2.1.3.2 Testing 

Quality iis ia imain ifactor ito imeasure ithe iperformance iof ia iproject. iQuality 

iassurance iof ibuilding imaterials iis ivital iin iorder ito icreate istrong idurable iand icost-

effective istructures i(Savitha, n.d.). iEach iconstruction iproject ihas ia idifferent iset iof 

ispecifications iand irequirements. iThe icontractors iare irequired ito iselect iand iprocure 

isuitable iconstruction imaterials iso ithat ithey ican imeet ithe icontract ispecification. 

iUnless ia ispecific ibrand iand imodel inumber iis istated, iit iis iadvisable ito iconduct 

ithorough istudy iand ianalysis iof ithe idifferent imaterial iproperties ito icheck ifor iits 

icompatibility iin idifferent izones iof ithe ibuilding. iThe imaterials iare ionly iordered iafter 

ireceiving ian iapproval i(Low and Ong, 2014). iThe iproper iassessment iof ivarious 

imaterials iis iso iimportant ito iensure ithe iquality iand idurability iof ithe ifinal iproduct. 

2.1.3.3 Procurement 

The iprocurement ifunction iis iso icritical ito imaterial imanagement. iActivities 

iincluded iin ithe iprocurement iprocess irange ifrom ipurchasing iof iequipment, imaterials, 

ilabour iand iservices irequired ifor iconstruction iand iimplementation iof ia iproject 

(Kasim, et al., 2005). iProcurement iis inot ionly iabout iappointing icontractors iand 

ipreparing icontract ibut iis ialso ia iremarkable istarting ipoint iin ithe iprocess iof idelivery 

(Mead and Gruneberg, 2013). iAnother iauthor ihas idefined iprocurement ias iidentifying 

iand ianalysing iuser irequirements iand itype iof ipurchase, iselecting isuppliers, 

inegotiating icontracts, iacting ias ia iliaison ibetween ithe isupplier iand ithe iuser, iand 

ievaluating iand iforging istrategic ialliances iwith isuppliers.  

Purchasing imaterials ifrom ithe ibest isource, iat ithe iright iprice iand iwith itimely 

idelivery iare ichallenges iof imany iconstruction icompanies. iTherefore, ia icontrol 

istrategy iis ineeded iduring imaterial iprocurement ito iachieve ithe itargeted iobjectives. iAll 

irequests ifor iquotations iand ipurchases imust ibe iinitiated ithrough ia iproperly iauthorised 

irequisitioning iprocedure inormally icontrolled iby ia iproject imanager ito iensure ithat ithe 

ipurchasing iof imaterials ifollows ithe istandard irequirement, itime iand iquality. iMany 

iauthors ihave isuggested ithat ichoosing ithe ibest ioption iof iprocurement ican ihelp ito 

ireduce ithe iimpact iof iuncertainties isuch ias ilate ideliveries, isubstandard iraw imaterial 

iqualities, iresource iconstraints iand iso ion i(Morris and Pinto, 2007). iThey ialso imention 

ithat ifor imany iorganizations, imaterials iand icomponents ipurchased ifrom ioutside 

ivendors irepresent ia isubstantial iportion iof ithe icost iof ithe iend iproduct, iand ihence 

ieffective iprocurement ican isignificantly ienhance ithe icompetitive iadvantage iof ia 

iproject. iTo isuccessfully ideliver ia iproject, iit iis inot iabout iadopting ia iprocurement 
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isystem iwith ithe ibest ipractice itactic ito ifix iall iproblems, ibut ito iembrace ian iapproach 

ithat ihas ithe ibest-fit itactic ithat igets ithe ijob idone imost iefficiently i(Keith, et al., 2016). 

2.1.3.4 Logistics 

Logistic iis idefined ias ia iconcept ithat iincludes imovement iand iencompasses 

iplanning, iimplementing iand icontrolling ithe iflow iand istorage iof iall igoods ifrom iraw 

imaterials ito ithe ifinished iproduct ito imeet icustomer irequirements i(Kasim, et al., 2005). 

iGood ilogistics iinvolved ithe iuse iof ia iminimum iof imaterials ion isite iawaiting 

iassembly, ias iwell ias ibeing igood ifor icash iflow, ithis imakes iit ieasier ito ikeep ithe isite 

iclean iand itidy iand ireduces iopportunities ifor islips itrips iand ifalls, ian ieffective ilogistics 

iteam iwill ialso ipay iattention ito ithe imaintenance iof iplant iand iequipment. iThe iprimary 

ifocus iof ithe ilogistics iconcept iin iconstruction iprojects iis ito iimprove icoordination iand 

icommunication ibetween iproject iparticipants iduring ithe idesign iand iconstruction 

iphases, iparticularly iin ithe imaterial iflow icontrol iprocess i(Agapiou et al., 1998). 

The irouting iof imaterials iis ione iof ithe imain icauses iwhich iaffect icost iand itime 

iduring iconstruction iproject. iFor ismoothly ihandling ithe imaterials, space needs ito ibe 

icarefully iallocated ifor imaterial ihandling iequipment, iaccess iroads, iwarehouses, 

iworkshop, iand ilay idown imaterials iin iconstruction isite i(Pellicer, et al., 2013). iPlanning 

ithese itasks iprecisely ican ihelp ito iformulate ian iefficient iconstruction isite ilayout ithat 

ican iprovide ian ieasy iaccess iand irouting iof imaterials iwithin ithe iconstruction isite. 

iBesides, ithe iwall ior ifence isetup ican ibe ialso iconsidered ias ia irequirement ifor ithe 

iconstruction isite ito icontrol iaccess iand iincrease ithe isecurity iof ithe isite. Optimum 

iforecasting ifor imaterial imovement i(Mahdjoubi and Yang, 2001) iand iplanning iof 

iaccess iand irouting iof imaterials iwithin iconstruction isite i(Olusegun et al., 1998) iare 

ifactors ithat ineed ito ibe itaken iconsideration iduring ithe ilogistics iprocess ifor ieffective 

imaterial imanagement. 

2.1.3.5 Handling 

Various imaterials ihave idifferent ifeatures iand iproperties iwhich imakes ithe 

ihandling iof imaterials icritical. iEffective imaterial ihandling iinvolves ihandling, istoring 

iand icontrolling iof iconstruction imaterial i(Kasim, et al., 2005). Therefore, imaterials 

ihandling iprovides imovement ito iensure ithat imaterials iare ilocated iand ithat ia 

isystematic iapproach iis irequired iin idesigning ithe isystem. iHandling iof imaterials iis ithe 

iflow icomponent ithat iprovides ifor itheir imovement iand iplacement. iThe iimportance iof 

iappropriate ihandling iof imaterials iis ihighlighted iby ithe ifact ithat ithey iare iexpensive 

iand irelated ito icritical idecisions. iDue ito ithe ifrequency iof ihandling imaterials, ithere iare 

iquality iconsiderations iwhen idesigning ia imaterial ihandling isystem. Chan  (2002) 

iasserts ithat ithe iselection iof imaterial ihandling iequipment iis ian iimportant ifunction 

isince iit ican ienhance ithe iproduction iprocess, iprovide ieffective iutilization iof 

imanpower, iincrease iproduction iand iimprove isystem iflexibility.  
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2.1.3.6 Stock control 

The iEuropean iConstruction iInstitute's iTotal iProductivity iManagement ireport 

i(ECI, 1994) istates ithat i"materials idelivery ito isite iis ia icritical, iproductivity-related 

iaspect iwhich idemands ithe iintroduction iof ia icarefully ideveloped isystem iof 

imonitoring iand icontrol ias iearly ias ipossible". iIt iis iof igreat iimportance ithat ithe ibulk iof 

iconstruction imaterials idelivery irequires iproper imanagement iof istock icontrol. iStock 

icontrol iis iclassified ias ia itechnique idevised ito icover iand iensure iall iitems iare iavailable 

iwhen irequired. iStock icontrol ican iinclude iraw imaterials, iprocessed imaterials, iand 

icomponents ifor iassembly, iconsumable istores, igeneral istores, imaintenance imaterials 

iand ispares, iwork iin iprogress iand ifinished iproducts i(Prabu  and  Baker, 1986).  

Proper iprotection iduring istorage iis ioften iignored iwhich ipossibly iresults iin 

ipoor imaterial iquality ior ieven imaterial ideterioration. iMoreover, ithe istorage iarea ineeds 

ito ibe ienclosed, iclean iand idry iwith igood iair icirculation iand isome ikinds iof imaterials 

ineed ito ibe istacked ion ipallets, inot iexceed ia icertain isafe iheight ito iprevent idampness 

iand iso ion i(Low and Ong, 2014). iBy iadopting iproper imaterial istorage, iit iwill ihelp ito 

ikeep ithe imaterial iintact iand iin igood iquality. iAnd ithe iloss iof iprofit, therefore, will be 

reduced due ito itheft, idamage iand iwastage ias iwell ias irunning iout iof istock i(Kasim, et 

al., 2005). iAs ia iresult, ithe irequirements iof istoring ispace ishould ibe itaken iinto 

iconsideration ifrom ithe iinitial istage iof ithe iconstruction iprocess. 

 However, in order to gain an easy understanding, material management of 

construction projects in this study will consist of integrated processes and functions 

that are project planning, procurement, transportation, stock control and installation. 

Figure 2.3 Main processes in material management (Daniel and Ronald, 1998) 

2.2 Current practice of material management in Vietnam 

Vietnam is gradually integrating into the international market in many aspects; 

therefore, in terms of material management in particular, the local contractors are 

trying to find development strategies applied to compete with foreign contractors. 

According to Luan and Van (2011), some unique icharacteristics iof ithe iconstruction 

iindustry iwhich ican iaffect ithe imanagement iof imaterials ican ibe idescribed isuch ias: i(1) 

ithe iwork iis imostly iperformed ioutdoor iand istrongly iinfluenced iby iweather iand iother 

inatural ifactors; i(2) ithe inumerous itransportation i(including imaterial iand isemi-finished 

iproducts); i(3) imost iof ithe iconstruction ienterprises iare ismall iand imedium; i(4) 

iconstruction iproducts iare idiverse iand icomplex, ibut inormally isingle iunits; i(5) ithe 
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imost iinfluential iand iconsequential ifactor ifrom iother icharacteristics iis ithe iinequality 

iof iinputs i(manpower, imaterial, iequipment) iwhile iit ineeds imore ilabors, iexpensive 

iequipment, iwhich iconstitutes ihard iand ichallenging iproblems. 

In this study, a pilot company will be investigated to understand the process of 

material management in construction. For the sake of some specific characteristics 

compared to other forms of manufacturing industry, the management of materials on 

site in Vietnam is also quite distinct. The material sources of company may be 

provided by suppliers, manufacturers or domestic and foreign partners. Materials in 

the construction company are provided with the norms of each item of small or large 

projects. Besides, the construction company has to manage a variety of materials such 

as concrete, brick, sand, stone, cement, iron, steel, tole, formwork, purlins, etc. The 

basic activities of the material management include putting materials in the 

warehouse, supplying materials for the items in the norm sheet, reporting the amount 

of output and inventory monthly. Moreover, the management of materials in the 

construction company is a clear hierarchy, in which the material management 

department has a responsibility for the material import and export involving domestic 

material, foreign material, procurement and storekeeper. The structure of this 

department is figured as follows: 

Figure 2.4 The structure of material management department (Luan and Van, 2011) 

The fundamental function of the material department is to ensure the timely 

material supply with competitive prices and appropriate quality, specifically as: 

- Strategy and planning administration; 

- Tender; 

- Supplying materials, equipment and services; 

- Project management and implementation; 

- Risk management; 

- Accountant; 

- Human resource management; 

- Administrative services; 

- Management of internal information and media systems; 

- Legislation; 

- Quality management; 
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The loss of materials and the person for who is responsible can be easily detected 

thanks to the obvious assignment. In addition, the material carried in the construction 

site must abide by some elementary processes that the company has set to make sure 

that materials are provided on schedule, meet the requirements without deficiency and 

supplies from the owner are properly controlled at that time. However, some problems 

found from that management system resulting in delays on construction projects are 

naturally unavoidable and still going on. To better understand, the procedures most of 

the major contractors in Vietnam are currently using for the material management on 

the site are likely depicted below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5 General flowchart for material management process 
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Figure 2.6 Flowchart for material supply 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7 Flowchart for material purchasing 
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2.3 Material management affecting project performance 

As many previous papers mentioned, ineffective material management could be 

seen as one of the key causes that result in negative effects on iproject iperformance 

isuch ias itime, icost, iquality ior isafety.  

Ameh and Osegbo (2011) recommended proper management of material 

resources could guarantee to save projects from time overrun. Gulghane and Khandve 

(2015) stated that one iof ithe imajor iproblems iin idelaying iconstruction iprojects iis ipoor 

imaterial imanagement. iThe imanagement iof iprocuring imaterials iis icritical ias iany 

imaterial isurpluses ior ishortages iwill idelay ithe iproject iand iput iit iat irisk. Similarly, a 

ireview iof iconstruction imaterials imanagement ion imajor icapital iprojects idemonstrates 

ithat ithe iabsence iof imaterials ion-site iis ione iof ithe imost icommonly iexperienced icauses 

iof idelays (Safa et al., 2014; Enshassi et al., 2009).  

Applying ithe iright imaterial ihandling imethodology iin iconstruction iprojects iwould 

iresult iin ireal isavings iin ithe iproject itime iand icost (Alanjari et al., 2014; Ren et al., 2011). 

iProject iactivities iare iusually iinterrelated, ishortage iof imaterial iavailability ifor ia 

iparticular iactivity icould iaffect iother iproject iactivities, for example,  cost overrun and 

time delays are recognized ias ia iresult iof imaterial ishortages (Hughes and Thorpe, 

2014). In like manner, ineffective material management could influence completion 

time and cost of construction projects (Patil and Pataskar, 2013; Meng, 2012; 

Sardroud, 2012; Thomas et al., 2005).  

Next, the overall schedule, icost iand iquality iof iconstruction iprojects icould ibe 

impacted by late material deliverables (Barry et al., 2014); reliable and precise 

materials-locating process (Kasim and Ern, 2010; Caldas et al., 2014). Besides, 

Rustom and Amer (2003) identified availability of construction materials is one of the 

most significant ifactors iaffecting iquality iin ibuilding iconstruction iprojects iin iGaza 

istrip. In addition, Kumar et al. (2015) also asserted that the major cause of accidents 

at iconstruction isites iis iin iterms iof imaterial ihandling iequipment. iLack iof iprotection iin 

imaterial itransportation icould ihave ian ieffect ion iconstruction safety performance 

according to Durdyev et al. (2017).   

2.4 Factors affecting material management effectiveness 

In iorder ito iimprove ithe iperformance iof iconstruction iprojects, iit iis inecessary ito 

iidentify ithe ifactors iinfluencing imaterial imanagement ieffectiveness. There is no doubt 

that several former authors have identified the effect factors under numerous topics. 

There iare imany iproblems ithat icontribute ito ipoor imaterial imanagement iin 

iconstruction iprojects, ifor iexample, ia istudy icarried iout iby  Dey (2001) iemphasized ithat 

ithe icommon iissues iregarding imaterial imanagement iare ias ifollows: i 

- iReceiving imaterials ibefore ithey iare irequired iwhich imay iincrease iinventory icost 

iand imay iincrease ithe ichance iof ideterioration iin iquality; 

- iNot ireceiving imaterials iduring ithe itime iof irequirement icausing ito idecrease 

imotivation ias iwell ias iproductivity; 
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- iIncorrect imaterials itake-off ifrom idesign iand idrawing idocuments; 

- iConstant idesign ichanges; 

- iTheft ior iloss iof iitem; 

- iChoice iof itype iof icontract ifor ispecific imaterial iprocurement; 

- iVendor ievaluation icriteria; 

- iPiling iup iof iinventory iand icontrolling iof ithe isame; iand 

- iManagement iof isurplus imaterial. 

Besides, Donyavi and Flanagan (2009) stated the common issues in material 

management are as follows: 

- Failure ito iorder ion itime iwhich imay icause idelay iin ithe iprojects; 

- iDelivery iat ithe iwrong itime iwhich imay iinterrupt ithe iwork ischedule; 

- iOver iordering; 

- iWrong imaterials ior iwrong iin idirection iof imaterials irequiring ire-work; 

- iTheft iof imaterials ifrom idelivery iinto iproduction; 

- iDouble ihandling iof imaterials ibecause iof iinadequate imaterial. 

A study done in Australia by Hughes and Thorpe (2014) revealed factors that 

contributed to lack of materials were shortage of funds, iinadequate iplanning, 

iexcessive ipaperwork, iimproper imaterial iusage iwith irespect ito ispecifications, 

ifluctuation iin imaterial iavailability, iwaste idue ito inegligence/sabotage, iimproper 

imaterials istorage, ipoor idelivery iof imaterials ito isite, ion-site itransportation idifficulties, 

iand imaterial ihandling ion isite. Similarly, the factors associated with adverse material 

management conditions in Turkey were fluctuations in material prices, iextensive 

imultiple-handling iof imaterials, iimproperly isorted ior imarked imaterials iwhich imade 

ithem idifficult ito idefine, iwrong/damaged imaterials ifrom ithe ispecification, poor 

quality because of production errors, unsystematic flow of materials, improper 

material iplanning iand iusage, idesign ichange ileaving imanagement iwith ilittle itime ito 

iorder ithe inecessary imaterials, on-site transportation and congested site (Kazaz et al., 

2008). 

Overall, to specifically understand the popular factors relating to the effectiveness 

of material management process, the important data (influential factors) were 

summarized ifrom iprevious istudies iand ishown iin ithe iTable i2.1 ibelow. iAll ithe ifactors 

imust irelate ito ithe iprocess iand ifunction iof imaterial imanagement, ii.e. iplanning, 

procurement, transportation, stock and installation. 
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2.5 The issue of effectiveness measurement in construction sector  

According to Rose (1995), iperformance imeasurement iis idefined ias ia iprocess iof 

ievaluating iperformance irelative ito ia idefined igoal. iIt iprovides ia isense iof iwhere iwe iare 

iand, imore iimportantly, iwhere iwe iare igoing. iRose ialso istated ithat imeasurementican 

iguide isteady iadvancement itoward iestablished igoals iand iidentify ishortfalls ior 

istagnation. Afterthat, the importance of measuring performance continued to be 

asserted by Willis (1996) ibecause iit iwill iindicate istatus iand idirection iof ia iproject.  

In iterms iof iproject iscale, iproject iperformance ican ibe idefined ias ithe iproject 

icharacteristics ithat iinterest istakeholders isuch ias iowners/clients, icontractors iand 

iproject imanagers. iThese icharacteristics iare iusually iindicated iby idifferent ifactors, 

imeasures ior iindicators. iTo ibegin iwith, iit iis iwidely iaccepted iview ithat, iat ia iminimum, 

iperformance imeasures iof ia iproject iare ibased ion itime, icost iand iquality i(Barkley and 

Saylor, 1994). iNext, Atkinson (1999) inoted ithat ithese ithree icomponents iof iproject 

iperformance ias ithe i“iron itriangle”. iNonetheless, Kumaraswamy and Thorpe (1999) 

iindicated imeasuring ia iproject icould ibe iassociated iwith ia ivariety iof icriteria iwhich iare 

imeeting ibudget, ischedule, ithe iquality iof iworkmanship, istakeholder’s isatisfaction, 

itransfer iof itechnology, iand ihealth iand isafety. Chan  and  Tam  (2000) isubsequently 

inoted ithat iother ikey icomponents iare ialso iused ifor iproject iperformance imeasurement 

isuch ias ihealth iand isafety, ienvironmental iperformance, iuser iexpectation/satisfaction, 

iactor’s isatisfaction iand icommercial ivalue. iOverall, idifferent iconstruction iprojects 

imay iuse idifferent ifactors ito imeasure iperformance, ifor iexample, icost, itime, iquality, 

isafety, iclient isatisfaction, ienvironment, iprofitability, icommunication iand iso ion (Chan 

iand iChan, i2004; iLuu iet ial., i2008; iSkibniewski iand iGhosh, i2009; iDawood, i2010; 

iToor iand iOgunlana, i2010; iCha iand iKim, i2011; iAlmahmoud iet ial., i2012; iIkediashi iet 

ial., i2012; iYeung iet ial., i2009, i2013). These ifactors ihelp istakeholders imeasure ithe 

iperformance ilevel iof ithe iproject ifor iimprovement, iwhich iis ioften irelated ito iproject 

iobjectives ior ithree imost isuggested ifactors isuch ias itime, icost iand iquality. iIt iis 

inoticeable ithese ifactors ivary ifrom icountry ito icountry; ifrom iproject ito iproject; 

ifurthermore, ithere iis ino iconsensus ion ihow ito imeasure ithe iperformance iof imega 

iprojects i(Toor  and  Ogunlana, 2010).  

Comparing with construction project performance, measuring material 

management effectiveness in this study, therefore, has been likely iindicated iby ifour 

icriteria: itime, icost, iquality, iand isafety. iThis iproposition irenders ianother ibasis ifor 

ideveloping ithe iconceptual iSEM. 
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2.5.1 Time aspect 

It iis ivery iimportant ifor iconstruction iprojects ito ibe icompleted ion itime, ias ithe 

iclients, iusers, istakeholders iand ithe igeneral ipublic iusually ilooks iat iproject isuccess 

ifrom ithe imacro iview iwhere itheir ifirst icriterion ifor iproject isuccess iappeared ito ibe ithe 

icompletion itime i(Lim and Mohamed, 2000). Salter and Torbett (2003) iand Odeh and 

Battaineh (2002) imentioned ithat itime ivariance iis ione iof ithe itechniques ifor iassessing 

iproject iperformance iin iconstruction iprojects. iThe ielement iof itime icould iindicate ito 

iproject imanagers ithat ithe iproject iwas inot irunning ias ismoothly ias ischeduled. 

iFurthermore, Latham Report in 1994 isuggested ithat iensuring itimely idelivery iof 

iprojects iis ione iof ithe iimportant ineeds iof iclients iof ithe iconstruction iindustry. iHence, 

iconstruction itime ican ibe iregarded ias ithe ielapsed iperiod ifrom ithe icommencement iof 

isite iworks ito ithe icompletion iand ihandover iof ia ibuilding ito ithe iclient. iThe 

iconstruction itime iof ia ibuilding iis iusually ispecified ibefore ithe icommencement iof 

iconstruction iand iit iis ian iessence iof ia iconstruction icontract. iConstruction itime ican 

ialso ibe ideduced ifrom ithe iclient’s ibrief ior iderived iby ithe iconstruction iplanner ifrom 

iavailable iproject iinformation. 

2.5.2 Cost aspect 

Cost iis ione iof ithe imajor iconsideration iin ientire icycle iof iconstruction iprojects. 

iCost iis idefined ias ithe idegree ito iwhich ithe igeneral iconditions ipromote ithe icompletion 

iof ia iproject iwithin ithe iestimated ibudget i(Bubshait and Almohawis, 1994). Salter and 

Torbett (2003) iindicated ithat icost ivariance iwas ithe imost icommon itechnique iused ito 

imeasure idesign iperformance. iIt iis inot ionly iconfined ito ithe itender isum, ibut ithe ioverall 

icost ithat ia iproject iincurs ifrom iinception ito icompletion, iwhich iincludes iany icosts 

iarise ifrom ivariations, imodification iduring iperiod iand ithe icost iarising ifrom ithe ilegal 

iclaims, isuch ias ilitigation iand iarbitration. iCost ican ibe imeasured iin iterms iof iunit icost, 

ipercentage iof inet ivariation iover ifinal icost (Chan and Tam, 2000). iCost ivariance iis ia 

ivery iimportant ifactor iin imeasuring iproject iperformance ibecause iit iindicates ihow 

imuch ithe iproject iis iover ior iunder ibudget. iTypically,  Andi and Minato (2003) iused 

icost ivariance ito imeasure iproject iperformance icaused iby idefective idesign iin iJapan’s 

iconstruction iindustry. iAfterwards, Georgy et al. (2005) isuggested ithe ielement iof icost 

ito imeasure ithe iperformance iof iengineering iprojects. 

2.5.3 Quality aspect 

Quality iis ianother icritical imeasure. iHowever, ithe iassessment iof iquality iis 

irather isubjective. iIn ithe iconstruction iindustry, iquality iis idefined ias ithe itotality iof 

ifeatures irequired iby ia iproduct ior iservices ito isatisfy ia igiven ineed, ior ifitness ifor 

ipurpose i(Parfitt and Sanvido, 1993). iIn iother iwords, ithe iemphasis iof iquality iin 

iconstruction iindustry iis ion ithe iability ito iconform ito iestablished irequirements. 

iRequirements iare ithe iestablished icharacteristics iof ia iproduct, iprocess ior iservice ias 

ispecified iin ithe icontractual iagreement iand ia icharacteristic iis iany ispecification ior 
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iproperty ithat idefines ithe inature iof ithose iproducts, iprocesses ior iservices, iwhich iare 

idetermined iinitially iby ithe iclient. iIn iorder ito iachieve ia icompleted iproject ithat imeets 

ithe iowner’s iquality iexpectations, iall iparties ito ia iproject imust iacquire ian 

iunderstanding iof ithose iexpectations, iincorporate ithem iinto ithe icontract iprice iand 

iother icontract idocuments ito ithe iextend ipossible, iand icommit iin igood ifaith ito icarry 

ithem iout i(Ganaway, 2006). 

2.5.4 Safety aspect 

Safety iis ianother icriterion ithat iis irepeatedly icited iby iprevious iresearchers. 

iHealth iand isafety iare idefined ias ithe idegrees ito iwhich ithe igeneral iconditions ipromote 

ithe icompletion iof ia iproject iwithout imajor iaccidents ior iinjuries i(Bubshait and 

Almohawis, 1994). iThe imeasurement iof isafety iis imainly ifocused ion ithe iconstruction 

iperiod ias imost iaccidents ioccur iduring ithis istage. iThroughout ithe iworld, iconstruction 

iindustry iis iknown ias ione iof ithe imost ihazardous iactivities. Construction workers 

worldwide have ithree itimes imore ichances iof idying iand itwo itimes iof igetting iinjured 

ithan iany iworker iof iother ieconomic iactivity i(Sousa  and  Teixeira, 2004). iTraditionally, 

ithe isafety iaspect iis imeasured ithrough iinjury istatistic. iThe imain ipurpose iof imeasuring 

isafety icriterion iis ito iprovide iinformation ion ithe iprogress iand icurrent istatus iof ithe 

istrategies, iprocesses iand iactivities iemployed ito icontrol isafety irisks. iEffective 

imeasurement inot ionly iprovides iinformation ion iwhat ithe ilevels iare ibut ialso iwhy ithey 

iare iat ithis ilevel, iso ithat icorrective iaction ican ibe itaken. 
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2.6 Proposed model 

From previous literature review, the material management should be increasingly 

improved at construction site. Although several research studies mentioned about the 

importance of material management, few research studies focused on factors 

influencing material management effectiveness. So, this research aims to develop 

models to explain the relationships between factors influencing material management 

effectiveness based on their own perception and practice. A proposed model of factors 

affecting material management effectiveness is developed base on literature review 

and shown in Figure 2.8 below. 

 

 

 

 

 

 

 

 

 

 

Figure 2.8 Proposed model of factors influencing material imanagement effectiveness 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 26 

Chapter 3 

Research Methodology 

This ichapter idescribes ithe iresearch imethodology iadopted ithroughout ithe 

iresearch project. Each step in the research consists of a main purpose, the research 

technique and the research process. It starts with iresearch itypes, iresearch idesign iand 

ithen ijustifies ithe iselection iof ithe iresearch imethodology. iFinally, iit iexplains ithe 

ipreliminary istages ito icollect iand ianalyze idata. iAs imentioned iin iChapter i1, ithe 

iliterature ireview iand iquestionnaire isurvey iwere adopted as the two main tools used to 

identify factors affecting material management effectiveness in Vietnamese 

construction projects. 

3.1 Research Types  

Figure 3.1 Types of research 

Types iof iresearch ican ibe ilooked iat ifrom ithree idifferent iperspectives i(Kumar, 2011) 

ithat iare ishown iin iFigure i3.1: 

1. iapplications iof ithe ifindings iof ithe iresearch istudy; 

2. iobjectives iof ithe istudy; 

3. imode iof ienquiry iused iin iconducting ithe istudy. 

 The iclassification iof ithe itypes iof ia istudy ion ithe ibasis iof ithese iperspectives iis inot 

imutually iexclusive: ithat iis, ia iresearch istudy iclassified ifrom ithe iviewpoint iof 

i‘application’ ican ialso ibe iclassified ifrom ithe iperspectives iof i‘objectives’ iand i‘enquiry 

imode’ iemployed. iFor iexample, ia iresearch iproject imay ibe iclassified ias ipure ior 

iapplied iresearch i(from ithe iperspective iof iapplication), ias idescriptive, icorrelational, 

iexplanatory ior iexploratory i(from ithe iperspective iof iobjectives) iand ias iqualitative ior 

iquantitative i(from ithe iperspective iof ithe ienquiry imode iemployed). 
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3.1.1 Application perspective 

   To iexamine ia iresearch iendeavour ifrom ithe iperspective iof iits iapplication, ithere 

iare itwo ibroad icategories: ipure iresearch iand iapplied iresearch. i 

  Pure iresearch ior iotherwise icalled ias ibasic ior ifundamental iresearch, iis ione ithat 

ifocuses ion iadvancing iscientific iknowledge ifor ithe icomplete iunderstanding iof ia itopic 

ior icertain inatural iphenomenon, iprimarily iin inatural isciences. iIn ia inutshell, iwhen 

iknowledge iis iacquired ifor ithe isake iof iknowledge iit iis icalled ibasic iresearch. iPure 

iresearch iis icompletely itheoretical, ithat ifocuses ion ibasic iprinciples iand itesting 

itheories. iIt itends ito iunderstand ithe ibasic ilaw. iPure iresearch ideals iwith igeneralization 

iand iformulation iof itheory iabout ihuman ibehaviour. iIt iis ialigned itowards icollecting 

iinformation ithat ihas iuniversal iapplicability. iTherefore, ipure iresearch ihelps iin iadding 

inew iknowledge ito ithe ialready iexisting iknowledge. 

  Applied iresearch ican ibe idefined ias iresearch ithat iencompasses ireal ilife 

iapplication iof ithe inatural iscience. iIt iis idirected itowards iproviding ia isolution ito ithe 

ispecific ipractical iproblems iand idevelop iinnovative itechnology. iIn iother iwords, iit iis 

ithe iresearch ithat ican ibe iapplied ito ireal-life isituations. iIt istudies ia iparticular iset iof 

icircumstances, iso ias ito irelate ithe iresults ito iits icorresponding icircumstances. iApplied 

iresearch iincludes iresearch ithat ifocuses ion icertain iconclusions iexperiencing ia 

ibusiness iproblem. iMoreover, iresearch ithat iis ialigned itowards iascertaining isocial, 

ieconomic ior ipolitical itrends iare ialso itermed ias iapplied iresearch. 

Table 3.1 Comparison chart (Surbhi S, 2017) 

Basis ifor 

icomparison 
Pure iresearch Applied iresearch 

Meaning 

Pure iresearch irefers ito ithe istudy 

ithat iis iaimed iat iexpanding ithe 

iexisting ibase iof iscientific 

iknowledge. 

Applied iresearch iis ithe iresearch 

ithat iis idesigned ito isolve 

ispecific ipractical iproblems ior 

ianswer icertain iquestions. 

Nature Theoretical Practical 

Utility Universal Limited 

Concerned iwith 
Developing iscientific iknowledge 

iand ipredictions 

Development iof itechnology iand 

itechnique 

Goal 
To iadd isome iknowledge ito ithe 

iexisting ione. 

To ifind iout isolution ifor ithe 

iproblem iat ihand. 

 

3.1.2 Objectives perspective 

  In iorder ito iexamine ia iresearch istudy ifrom ithe iperspective iof iits iobjectives, 

ibroadly ia iresearch iendeavour ican ibe iclassified ias idescriptive, icorrelational, 

iexplanatory ior iexploratory. 
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3.1.2.1 Descriptive research 

  A iresearch istudy iclassified ias ia idescriptive istudy iattempts ito idescribe ivarious 

iaspects iof ithe iphenomenon. iIn iits ipopular iformat, idescriptive iresearch iis iused ito 

idescribe icharacteristics iand/or ibehaviour iof isample ipopulation. iAn iimportant 

icharacteristic iof idescriptive iresearch irelates ito ithe ifact ithat iwhile idescriptive iresearch 

ican iemploy ia inumber iof ivariables, ionly ione ivariable iis irequired ito iconduct ia 

idescriptive istudy. iThree imain ipurposes iof idescriptive istudies ican ibe iexplained ias 

idescribing, iexplaining iand ivalidating iresearch ifindings. iDescriptive istudies iare 

iclosely iassociated iwith iobservational istudies, ibut ithey iare inot ilimited iwith 

iobservation idata icollection imethod. iCase istudies iand isurveys ican ialso ibe ispecified ias 

ipopular idata icollection imethods iused iwith idescriptive istudies. 

Advantages iof idescriptive iresearch: 

I The ipeople iindividual istudied iare iunaware iso ithey iact inaturally ior ias ithey iusually 

ido iin ieveryday isituation; 

  It iis iless iexpensive iand itime iconsuming ithan iquantitative iexperiments; 

 Collects ia ilarge iamount iof inotes ifor idetailed istudying; 

 As iit iis iused ito idescribe iand inot imake iany iconclusions iit iis ito istart ithe iresearch 

iwith iit. 

 i i i i i i Disadvantages iof idescriptive iresearch: 

  Descriptive iresearch irequires imore iskills; 

I Does inot iidentify icause ibehind ia iphenomenon; 

  Response irate iis ilow iin ithis iresearch; 

  Results iof ithis iresearch ican ichange iover ithe iperiod iof itime. 

3.1.2.2 Correlational research 

  The main emphasis in a correlational study refers ito ithe isystematic 

iinvestigation ior istatistical istudy iof irelationships iamong itwo ior imore ivariables 

iwithout inecessarily idetermining icause iand ieffect. iIt iseeks ito idiscover ior iestablish ia 

irelationship/association/interdependence ibetween itwo ior imore ivariables ithat ido inot 

ireadily ilend ithemselves ito iexperimental imanipulation. 

 Advantages of correlational research: 

Can icollect imuch iinformation ifrom imany isubjects iat ione itime; 

Can istudy ia iwide irange iof ivariables iand itheir iinterrelations; 

Study ivariables ithat iare inot ieasily iproduced iin ithe ilaboratory. 

Disadvantages iof icorrelational iresearch: 

       iCorrelation idoes inot iindicate icausation i(cause iand ieffect); 

 I      Problems iwith iself-report imethod. 

 

 

https://research-methodology.net/descriptive-research/
https://research-methodology.net/descriptive-research/
https://research-methodology.net/descriptive-research/
https://research-methodology.net/descriptive-research/
http://research-methodology.net/research-methods/qualitative-research/observation/
https://research-methodology.net/research-methods/qualitative-research/case-studies/
http://research-methodology.net/research-methods/survey-method/
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3.1.2.3 Explanatory research 

  Explanatory iresearch, ialso iknown ias icausal iresearch iis iconducted iin iorder ito 

iidentify ithe iextent iand inature iof icause-and-effect irelationships. iCausal iresearch ican 

ibe iconducted iin iorder ito iassess iimpacts iof ispecific ichanges ion iexisting inorms, 

ivarious iprocesses ietc. iCausal istudies ifocus ion ian ianalysis iof ia isituation ior ia ispecific 

iproblem ito iexplain ithe ipatterns iof irelationships ibetween ivariables. Experiments iare 

ithe imost ipopular iprimary idata icollection imethods iin istudies iwith icausal iresearch 

idesign. i 

Advantages iof iexplanatory iresearch: 

           May iplay ian iinstrumental irole iin iterms iof iidentifying ireasons ibehind ia iwide irange 

iof iprocesses, ias iwell ias, iassessing ithe iimpacts iof ichanges ion iexisting inorms, 

iprocesses ietc.; 

      Usually ioffer ithe iadvantages iof ireplication iif inecessity iarises; 

      Associated iwith igreater ilevels iof iinternal ivalidity idue ito isystematic iselection iof 

isubjects. 

Disadvantages iof iexplanatory iresearch: 

      Coincidences iin ievents imay ibe iperceived ias icause-and-effect irelationships; 

      It ican ibe idifficult ito ireach iappropriate iconclusions ion ithe ibasis iof icausal iresearch 

ifindings. iThis iis idue ito ithe iimpact iof ia iwide irange iof ifactors iand ivariables iin isocial 

ienvironment. iIn iother iwords, iwhile icasualty ican ibe iinferred, iit icannot ibe iproved iwith 

ia ihigh ilevel iof icertainty; 

      iIn icertain icases, iwhile icorrelation ibetween itwo ivariables ican ibe ieffectively 

iestablished; iidentifying iwhich ivariable iis ia icause iand iwhich ione iis ithe iimpact ican ibe 

ia idifficult itask ito iaccomplish. 

3.1.2.4 Exploratory research 

Exploratory iresearch iis ia itype iof iresearch iconducted ifor ia iproblem ithat ihas 

inot ibeen iclearly idefined. iExploratory iresearch ihelps idetermine ithe ibest iresearch 

idesign, idata icollection imethod iand iselection iof isubjects. iThe iresults iof iexploratory 

iresearch iare inot iusually iuseful ifor idecision-making iby ithemselves, ibut ithey ican 

iprovide isignificant iinsight iinto ia igiven isituation. Exploratory research is not typically 

generalizable to the population at large. iExploratory iresearch ican ibe iquite iinformal, 

irelying ion isecondary iresearch isuch ias ireviewing iavailable iliterature iand/or idata, ior 

iqualitative iapproaches isuch ias iinformal idiscussions iwith iconsumers, iemployees, 

imanagement ior icompetitors, iand imore iformal iapproaches ithrough iin-depth 

iinterviews, ifocus igroups, iprojective imethods, icase istudies ior ipilot istudies. i 

Advantages iof iexploratory iresearch: 

      Flexibility iand iadaptability ito ichange; 

      Effective iin ilaying ithe igroundwork ithat iwill ilead ito ifuture istudies; 

      Can ipotentially isave itime iand iother iresources iby idetermining iat ithe iearlier istages 

ithe itypes iof iresearch ithat iare iworth ipursuing. 

https://research-methodology.net/causal-research/
https://research-methodology.net/causal-research/
https://research-methodology.net/causal-research/
http://research-methodology.net/research-methods/experiments/
https://research-methodology.net/causal-research/
https://research-methodology.net/causal-research/
https://research-methodology.net/research-methodology/research-design/exploratory-research/
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i i i i i i Disadvantages iof iexploratory iresearch: 

      Generate iqualitative iinformation iand iinterpretation iof isuch itype iof iinformation iis 

isubject ito ibias; 

I            Usually imake iuse iof ia imodest inumber iof isamples ithat imay inot iadequately 

irepresent ithe itarget ipopulation. iAccordingly, ifindings iof iexploratory iresearch icannot 

ibe igeneralized ito ia iwider ipopulation. 

       Findings iof ithese istudies iare inot iusually iuseful iin idecision imaking iin ia ipractical 

ilevel. 

3.1.3 Mode of enquiry perspective 

On mode of enquiry iperspective, iall iresearches ican ibe iclassified iinto itwo 

igroups: iqualitative iand iquantitative iresearch. 

Qualitative iresearch iis ione iwhich iprovides iinsights iand iunderstanding iof ithe 

iproblem isetting. iIt iis ian iunstructured, iexploratory iresearch imethod ithat istudies ihighly 

icomplex iphenomena ithat iare iimpossible ito ielucidate iwith ithe iquantitative iresearch. 

iAlthough, iit igenerates iideas ior ihypothesis ifor ilater iquantitative iresearch. iQualitative 

iresearch iis iused ito igain ian iin-depth iunderstanding iof ihuman ibehaviour, iexperience, 

iattitudes, iintentions, iand imotivations, ion ithe ibasis iof iobservation iand iinterpretation, 

ito ifind iout ithe iway ipeople ithink iand ifeel. iIt iis ia iform iof iresearch iin iwhich ithe 

iresearcher igives imore iweight ito ithe iviews iof ithe iparticipants. iCase istudy, igrounded 

itheory, iethnography, ihistorical iand iphenomenology iare ithe itypes iof iqualitative 

iresearch. 

Quantitative iresearch iis ia iform iof iresearch ithat irelies ion ithe imethods iof 

inatural isciences, iwhich iproduces inumerical idata iand ihard ifacts. iIt iaims iat 

iestablishing icause iand ieffect irelationship ibetween itwo ivariables iby iusing 

imathematical, icomputational iand istatistical imethods. iThe iresearch iis ialso iknown ias 

iempirical iresearch ias iit ican ibe iaccurately iand iprecisely imeasured. iThe idata icollected 

iby ithe iresearcher ican ibe idivided iinto icategories ior iput iinto irank, ior iit ican ibe 

imeasured iin iterms iof iunits iof imeasurement. iGraphs iand itables iof iraw idata ican ibe 

iconstructed iwith ithe ihelp iquantitative iresearch, imaking iit ieasier ifor ithe researcher to 

analyse the results. 
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Table 3.2 Comparison chart (Surbhi S, 2016) 

Basis ifor 

icomparison 
Qualitative iresearch Quantitative iresearch 

Meaning 

Qualitative iresearch iis ia imethod iof 

iinquiry ithat idevelops iunderstanding 

ion ihuman iand isocial isciences, ito 

ifind ithe iway ipeople ithink iand ifeel. 

Quantitative iresearch iis ia iresearch 

imethod ithat iis iused ito igenerate 

inumerical idata iand ihard ifacts, iby 

iemploying istatistical, ilogical iand 

imathematical itechnique. 

Nature Holistic Particularistic 

Approach Subjective Objective 

Research itype Exploratory Conclusive 

Reasoning Inductive Deductive 

Sampling Purposive Random 

Data Verbal Measurable 

Inquiry Process-oriented Result-oriented 

Hypothesis Generated Tested 

Elements iof 

ianalysis 

Words, ipictures iand iobjects Numerical idata 

Objective 
To iexplore iand idiscover iideas iused 

iin ithe iongoing iprocesses. 

To iexamine icause iand ieffect 

irelationship ibetween ivariables. 

Methods 

Non-structured itechniques ilike iIn-

depth iinterviews, igroup idiscussions 

ietc. 

Structured itechniques isuch ias 

isurveys, iquestionnaires iand 

iobservations. 

Result Develops iinitial iunderstanding Recommends ifinal icourse iof iaction 

As mentioned in the first chapter, ithe imain iobjective iof ithis iresearch iare ito 

iidentify ifactors iaffecting imaterial imanagement ieffectiveness iin iVietnamese 

iconstruction iprojects, ithen iexplain ithe irelationship ibetween ithese ifactors iand 

ieffectiveness iof imaterial imanagement. Afterthat, a case study with problems in real 

practice will be elucidated. Therefore, from the application perspective, our research 

will be categorized into an applied research, an exploratory research iin iterms iof 

iobjectives, iand icombination iof iquantitative iand iqualitative iresearch ibased ion imode 

iof ienquiry iaspect.  

3.2 Research Design 

The iresearch iprocess iwas idesigned ito ipursue ithe iaim iof ithis iresearch, iwhich iis ito 

ihave ia iprofound iunderstanding iabout ithe irelationship iof iinfluential ifactors ion 

imaterial imanagement ieffectiveness iin iVietnamese iconstruction iprojects. iIn iorder ito 

iachieve ithe ipurpose iof ithis iresearch, ithe ioverall iresearch iprocess iwas ideveloped ias 

iillustrated iin iFigure i3.2.  

First iof iall, ia iliterature isearch iwas imade ito ifully ireview preliminary ifactors 

iaffecting imaterial imanagement ithat ican ibe idetected iin idifferent istages iof imaterial 

imanagement iprocess iin iconstruction iprojects. iNext, ia iquestionnaire idesign iwas 

iframed ithanks ito iusing iprevious iresearches ithat iwere iperformed iin iliterature ireview 
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iso ias ito iachieve ithe iresearch iobjective. iIt would be completed after a pilot survey. 

The imost icritical istep iin ithis iresearch idesign iwas idata icollection ithat iwas iemployed 

iafter iquestionnaires iwere isent ito itargeted irespondents ito iget ithe iresults. 

iSubsequently, ithe idata iwere ianalyzed ito iobtain imain iissues in which the first phase is 

to compare respondents’ perception and the actual practice of material management 

through descriptive analysis, the following phase is to verify the structure of factors  

iinfluencing ithe ieffectiveness iof imaterial management through undertaking 

confirmatory factor analysis and the third one is to explain the model with SEM 

technique.iFinally, ithe iconclusion iwere imade ito ishow ithe iuseful ifindings iof ithis istudy 

and some limitations were also shown afterwards. 

 

 

 

 

 

 

 

Figure 3.2 Overall research process 

The research methodology process in Figure 3.2 is a master plan of procedures 

that we should follow to achieve the research objectives.  
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Brief idescriptions iof ithe iresearch imethodology iused iin ithis iresearch iwere 

ipresented iin ithe ifirst ichapter, iand ithe ifollowing isections iwill iprovide ifurther idetails 

iof ithese iprocedures. 

3.2.1 Review Literature 

The iaim iof ithe iliterature ireview iis ito iexamine iprevious iresearches iand iidentify 

ithe igaps iin icurrent iknowledge. iThis ireview idetermined ithe icontext iof ithe iresearch 

istudy iand ipositioned ithis iwork irelative ito iprevious istudies. iIt ialso iassisted iin ithe 

iconceptualisation iof ithe iresearch iareas isufficiently ito idevelop ithe imain ifocus iof ithe 

iresearch, iinfluence ithe iresearch idesign iand igenerate ispecific ihypotheses ito ibe itested. i 

It iwas iparticularly ishown iin ichapter i2 iwith isome iactivities iincluded iin ithis 

istage iare: 

Develop ia iclear iunderstanding iof ithe iresearch iproblem ibeing istudied; 

Consolidate iand iextract iinformation ifrom ia ipreliminary iliterature ireview ifor 

ithe imain iareas iof iinvestigation iincluding ifactors iaffecting imaterial imanagement iin 

iconstruction iprojects; 

Formulate iand icreate ia idescription iof ithe iresearch iquestions iand iobjectives 

iidentified. iThe isources iof iinformation ifor icollection iof idata ifor ithis iactivity iare ifrom 

ijournal ipublications, ibooks iand imagazine iarticles; i 

Develop ithe imethodology ifor ithe iresearch. 

3.2.2 Questionnaire Design 

Questionnaire iis ian iefficient iinstrument ifor idata icollection. iIt icontains ia ilist iof 

iquestions irelated ito ithe iresearch iobjectives ithat irequires irespondents ito iprovide itheir 

ianswers. iA igreat ideal iof icare iis inecessary ito iwrite ithe ibest iquestion ifor ia isurvey, 

iresearchers ihave ito iknow iexactly iwhat itheir ipurposes iof ieach iquestion iand ithe iscale 

ito imeasure ithe ivariables. iWith ian iefficient iquestionnaire, iresearcher ican iachieve itheir 

iresearch iobjective ifaster iand icheaper ithat iother imechanism. iHowever, iit iis inot ieasy 

ito iget ia igood iquestionnaire. 

There iare ithree isteps iin idesigning ia iquestionnaire, inamely: 

Constructing iquestions ito iask iincludes idefining ithe iresearch iobjectives iand 

iquestion iwording. 

Responses ito iquestions icontents icategorized, iscaled iand icoded iresponses ifor 

ianalyzing iafter icollected. 

Finalizing ithe iquestionnaire iincludes iformatting ithe iquestionnaire iand irefining 

iquestions ifor imore iattractive iand iprofessional. 

The imain iaim iof ithis iresearch iis ito ianalyze ithe irelationship iof iinfluential 

ifactors ion imaterial imanagement ieffectivenessiin iVietnamese iconstruction iprojects. 

iTo ibegin iwith, idifferent ifactors iaffecting imaterial imanagement ieffectiveness 

iidentified iin iother icountries iwere igathered iin ithe iliterature ireview. With 42 factors 

that were synthesized from 28 reference journals in the extensive literature review, 
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asking for experts’ consultation was then carried out to reveal the existing practice in 

Vietnam. A group of professionals who got wide experience in material management 

was invited to consider, select the appropriate factors from the preliminary list and 

likely give supplementary ideas about other factors as their practical knowledge. The 

list of influential factors might be revised from then on.  

Thereafter, a questionnaire survey was designed based on refined factors and 

used as a main tool to collect data. It was certain that structured questions might help 

ito iminimize iflexibility iand ivariation iwhile istandardization iwas imaximized iwith ithe 

ilimitation iof ithe ishort ispan iof itime ifor ithis iresearch i(Punch, 2014); ihence, iseries iof 

ipre-established iquestions iwith ipre-set iresponse icategories iwere icarefully iformulated. 

The structure of questionnaire was basically divided into 4 parts that helped to meet 

the objective of study. The first part was established to collect the respondents’ 

background information. iThe isecond isection iconsisted iof iquestions ito iassess ithe 

iimportance ilevel iof ifactors ithat imay iinfluence imaterial imanagement ieffectiveness. 

The third section or the main content will evaluate factors affecting material 

management effectiveness in practice. The final one was developed to measure the 

effectiveness of material management.  

Section 1: Background Information – this part is designed to obtain data 

involving target respondents’ general information. 

Section 2:  Factors affecting material management effectiveness 

Through ithe iquestionnaire, irespondents iwere iasked ito iexpress itheir iperception 

iwith istatements iin iwhich ithey ihad ibeen idirectly iinvolved. iThey iwill iindicate ithe 

istrength iof iimportance iaccording ito ia ifive-point iLikert iscale i(1 i= iNot iat iall; i2 i= iLow; 

i3 i= iModerate; i4 i= iHigh; iand i5 i= iVery ihigh).  

Section 3: Evaluating factors affecting material management effectiveness 

(actual practice) – For each statement, respondents were required to evaluate the 

influential factors according to scale description from 1 to 5. It would represent 

different levels  depending on each question. 

Section 4:  Measurement of material management effectiveness 

The research questions were developed with the intent of evaluating material 

management effectiveness at construction sites. The effectiveness of material 

management could be measured through four criteria: time, cost, quality and safety 

(Samee and Pongpeng, 2015). In each of criteria, there will be some indicators used to 

describe the effectiveness. The measurement scale is rated from 0 to 10 which 

represents for different levels, starting from “unacceptable” to “exceptional” 

(Performance evaluation procedure – Northumberland County, 2017). 
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Table 3.3 Indicators for measurement of material management effectiveness 

Factors References 

Regarding time criterion:  

Sjøbakk et al. (2015) 

Sjøbakk et al. (2015) 

Sjøbakk et al. (2015) 

Sjøbakk et al. (2015) 

Procurement Performance Indicators 

Guide (2013) 

On time delivery 

Procurement ilead itime 

Bid/Evaluate/Commit i(BEC) ilead itime 

Purchase iorder ito imaterial ireceipt iduration 

Payment iprocessing itime 

 

Regarding cost criterion:  

Samee and Pongpeng (2015) 

Performance evaluation procedure – 

Northumberland County (2017) 

Supplier performance scorecard – 

Government of Victoria 

Plemmons et al. (1995) 

Enshassi et al. (2009) 

Workforce cost for material management 

Compliance with original contract price 

 

Complete and correct volume/quantity 

 

Freight cost percent 

Cost control system 

Regarding quality criterion:  

Supplier performance scorecard – 

Government of Victoria 

Supplier performance scorecard – 

Government of Victoria 

Supplier performance scorecard – 

Government of Victoria 

Enshassi et al. (2009) 

Compliant to specification 

 

Fit for purpose 

 

Secure/No damage 

 

Quality assessment system 

Regarding safety criterion:  

Adherence to health and safety act 

 

Number of accidents 

Number of injuries and casualties 

Cost of accidents 

Time loss from accidents 

Performance evaluation procedure – 

Northumberland County (2017) 

Samee and Pongpeng (2015) 

Samee and Pongpeng (2015) 

Samee and Pongpeng (2015) 

Samee and Pongpeng (2015) 

 

It should be noted that before collecting project data, ia ipilot istudy iwas 

iconducted iwith iprofessionals ito isolicit icomments ion ithe ireadability, 

icomprehensiveness, iand iaccuracy iof ithe iquestionnaire. iAs ia iresult, iit icould ihelp ito 

iminimize ior iexclude ithe ipossibility iof imissing iany iinformation inecessary ifor ithis 

istudy. 
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3.2.3 Data collection 

The iweight iand iauthenticity iof ithe iresearch irely igreatly ion ithe ivalidity iand 

ireliability iof ithe icollected idata. iData iare ioften ithought ias i“the ifacts” i– ithe ithings ithat 

iare iknown ito ibe itrue; ihowever, ithe itruth iis ithat idata iare isocial iproducts. i“The irecords 

icreated iare inot ireality iitself; irather ithey iare ia iresult iof iresearchers”, iwhich iattempts 

ito iobserve ior imeasure itraces ior ievidence iof iphenomena isituated iwithin ia icomplex 

isystem” (Byrne, 2002). 

Pilot survey 

Collection of data through questionnaires was the main method of this study. 

Before using this method, a “pilot study” (pilot survey) was implemented in order to 

iensure ithat ithe idata iconstructed ienabled ithe iresearcher ito iaddress ithe iobjectives iof 

iwhich ithe iresearch iwas iundertaken. iThe ipilot isurvey iwas iconducted in Vietnam 

where the questionnaire was distributed to experts (about 10 people) in material 

management in Ho Chi Minh city. Subsequently, it intended ito iget ifeedbacks ithat 

icould ihelp ithe iresearcher iimprove ithe idata icollection istrategy, imeasure ithe itime 

irequired ito icomplete iall iquestions iand iidentify iany iother iproblematic iissues iwith ithe 

isurvey’s iformat. From that point, the questionnaire is easily comprehensible to the 

respondents and accordingly get better responses from them. 

Population/Sampling 

The participants who were purposely selected to engage in this survey used to 

have working experience or skills relating to material management process in civil 

and industrial iprojects iin iHo iChi iMinh icity, iVietnam. iThis icould ihelp ito iprovide 

ifruitful iinformation iand iinsight ifor ithis iresearch. The target population expected to 

give the responses were project managers, site managers, site/office senior engineers 

(QS), warehouse managers. The sampling frame comprised about 30 building projects 

that could be classified into idifferent itypes iof iprojects isuch ias iresidential/housing, 

ihospital, ioffice, iand ihotel.  

There iare itwo imain itechniques iof isampling ifrom ia itarget ipopulation: 

iprobability isampling iand inon-probability isampling i(Cozby, 2007; Hair, Black et al., 

2010). iIn iprobability isampling, ieach imember iof ithe ipopulation ihas ia ispecifiable 

iprobability iof ibeing ichosen. iIn iother iwords, ithe ilist imember iof ipopulation iis 

idetermined ibefore isampling. iIn inon-probability isampling, iwe idon’t iknow ithe 

iprobability iof iany iparticular imember iof ithe ipopulation. iNon-probability isampling 

itechnique iis iquite iarbitrary, idifficult ito iensure ithat ithe isample iaccurately irepresents 

ithe ipopulation. iHowever, iit iis icheap iand iconvenient icomparing iwith iprobability 

isampling. iHence, iit iis iquite icommon iand iuseful iin imany icircumstances. iIn ithis istudy, 

ithe isampling iunits iare imostly imanagers iwho iare icurrently iworking iat iconstruction 

isites, iso iit iis idifficult ito iget ia icomplete ilist iof itarget ipopulation. iBesides, icontacting 

iand ientering iconstruction isites ito iinterview imanagers iare ivery icomplex iwithout 
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ipersonal irelations. iIn iaddition, ithis iresearch iis iperformed iin ia ilimited itime iand 

ibudget. iFrom ithese ireasons, ipurposive isampling i– ia itechnique iof inon-probability 

isampling iis iselected ias ia isuitable itool ifor ithis iresearch. iA inumber iof iavailable 

iconstruction isites iat iHo iChi iMinh icity iare ilisted iand icontacted ifor iinterview 

ipermission ibefore iconducting ithe isurvey. 

Receiving data 

The iquestionnaires iconsisted iof ia inumber iof iquestions ityped iin ia idefinite 

iorder ion ia iform. iThey iwere ithen iemailed ito itarget irespondents iwho iare iexpected ito 

iread iand iunderstand ithe iquestions iand iwrite idown ithe ireply iin ithe ispace imeant ifor 

ithe ipurpose iin ithe iquestionnaire iitself. iAfter ifilling ithe iform, ithe ifinished 

iquestionnaires iwere ireturned ito ithe iresearchers ivia iemail. iAlso, ifor ithe iease iof ithe 

irespondents, ithe iquestionnaires iwere itransformed iinto ia iGoogle iform iwhere ithey ican 

ifill iin ithe iform idirectly. iAt ithe isame itime, ithe idata iwere iconveniently igathered iin ia 

iGoogle ispreadsheet, iso ithey ineeded inot ito isend ithe iemail iback. iMoreover, iin-person 

imeetings iwere ialso iarranged iin iaccordance iwith ithe irespondents’ iconvenience. 

iProviding ithis iflexibility ifor ithe irespondents imade ithe iprocedure iof idata icollection 

ibecome ieffortless ifor iboth iparties. iOnly iquestionnaires ithat iwere ifully icompleted 

iwere iaccepted iwhile ithe ipartially ifilled ionce iwere idiscarded. 

3.2.4 Data Analysis 

A iseries iof istatistical itest iand ianalytical istudy iwas icarried iout ito ifind ithe 

irelationship iof iinfluential ifactors ion imaterial imanagement ieffectiveness iin 

iconstruction iprojects.  

The idata icollected ifrom ithe iquestionnaire isurveys iwill ibe ianalysed iby iusing 

ian iarray iof idescriptive iand iinferential istatistical ianalyses, ifacilitated iby iMicrosoft 

iExcel, iAmos iVersion i20. The ianalysis iincludes: idescriptive ianalysis, iconfirmatory 

factor ianalysis iand istructural iequation imodeling i(SEM). 

Descriptive istatistics iis ithe ifirst itechnique iapplied. iIt iis iused ito idescribe ithe 

icharacteristics iof irespondent isample, icheck ivariables ifor iany iviolation iof ithe 

iassumptions iunderlying ithe istatistical itechniques ithat iwill ibe iperformed iand iaddress 

ispecific iresearch iquestions i(Pallant, 2004). iDescriptive istatistics ican ibe iobtained ia 

inumber iof idifferent iways, iusing iFrequencies, iDescriptive ior iExplore. iDifferent 

iprocedures idepended ion icategorical ior icontinuous ivariables. 

 I Confirmatory factor ianalysis (CFA) iis ithe isecond itechnique iapplied. It iis ia 

multivariate istatistical iprocedure ithat iis iused ito itest ihow iwell ithe imeasured (observed) 

ivariables irepresent ithe inumber iof iconstructs i(Statistics iSolutions, i2013). iIn 

confirmatory ifactor ianalysis i(CFA), iresearchers ican ispecify ithe inumber iof ifactors 

irequired iin ithe idata iand iwhich imeasured ivariable iis irelated ito iwhich ilatent iconstruct 

i(factor). In this study, Amos – a statistical software is used for confirmatory factor 

analysis. The objective iof iresearch iis ito identify ifactors iinfluencing imaterial 
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imanagement effectiveness, iso ithis factor ianalysis iwill ibe icarried iout iat ithe ifirst istep. 

iInitial i42 iitems imay iinfluence imaterial imanagement iwill ibe igrouped iin ia ismaller iset 

iof ifactors ibefore ifurther ianalyzing. 
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Figure 3.3 Description about CFA structure 

Besides, prior ito iconducting ian ianalysis ibased ion ithe iresults iobtained ifrom ithe 

iquestionnaire, iCronbach ianalysis iwill ibe icarried iout ito iascertain ithe iinternal 

iconsistency iof ithe iquestions iusing ithe iLikert iscale.  

Cronbach’s alpha test 

According to Mohsen and Reg (2011), Cronbach’s ialpha, iα i(or icoefficient 

ialpha), developed iby iLee iCronbach iin i1951, imeasures ireliability, ior iinternal 

iconsistency. i“Reliability” iis ihow iwell ia itest imeasures iwhat iit ishould. iCronbach’s 

ialpha itests ito isee iif imultiple-question iLikert iscale isurveys iare ireliable. iThese 

iquestions imeasure ilatent ivariables i– ihidden ior iunobservable ivariables ithat iare ivery 

idifficult ito iperform iin ireal ilife. iCronbach’s ialpha iwill itell ius iif ithe itest iwe ihave 

idesigned iis iaccurately imeasuring ithe ivariable iof iinterest. 

Cronbach’s ialpha ican ibe iwritten ias ia ifunction iof ithe inumber iof itest iitems iand 

ithe iaverage iinter-correlation iamong ithe iitems. The iformula ifor ithe istandardized 

iCronbach’s ialpha is: 

Nc

v (N 1)c
 =

+ −
 

Where: 

N i= ithe inumber iof iitems. 

c̄ i= ithe iaverage icovariance ibetween iitem-pairs. 

v̄ i= ithe iaverage ivariance. 

One ican isee ifrom ithis iformula ithat iif iwe iincrease ithe inumber iof iitems, 

iCronbach’s ialpha iwill ibe iincreased. iAdditionally, iif ithe iaverage iinter-item icorrelation 

iis ilow, ialpha iwill ibe ilow. iAs ithe iaverage iinter-item icorrelation iincreases, iCronbach’s 

ialpha iincreases ias iwell i(holding ithe inumber iof iitems iconstant). iA irule iof ithumb ifor 

iinterpreting ialpha ifor iLikert iscale iquestions iis: 
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Table 3.4 Rule of thumb about cronbach’s alpha coefficient sizes 

Cronbach’s ialpha Internal iconsistency 

  i0.9 Excellent 

0.9 i> i  i0.8 Good 

0.8 i> i  i0.7 Acceptable 

0.7 i> i  i0.6 Questionable 

0.6 i> i  i0.5 Poor 

0.5 i> i Unacceptable 

 

In general, a score of more than 0.7 is acceptable.  

Structural iequation imodel i(SEM) iwas ialternative itechnique ifor iexploring ithe 

iinterrelationship iamong ifactors iin imultiple ilayers iof ilinkages ibetween ivariables. 

iSEM iproves ieffective istatistical itechnique iin idevelop ithe icausal imodel ifor iexplaining 

ia idependent ivariable iwith ia ihigh iquality iinformation i(Tabachnick and  Fidell,  2006;  

Hair, Black et al., 2010). iTherefore, iSEM iis iselected iin ideveloping imodels ifor 

iexplaining imaterial imanagement ieffectiveness.  

After getting the result in connection with important factors, interviews with 

experts will be again conducted to focus on problems that may occur in current 

practice of material management. From then, material management effectiveness 

could be well-improved.   

3.2.5 Conclusion 

This ichapter ihas idiscussed ithe iresearch imethods iadopted iand iused iin ithis 

istudy. iIt ipresented ia iguideline ior ia iresearch idesign ithat ihighlighted iresearch 

iapproaches iand itechniques. iQuantitative iand iqualitative iresearch iwere ialso idiscussed. 

iThe iselection iof iresearch imethodology iwas iconsidered ithrough imain isections: 

iliterature ireview, isurvey iquestionnaire iand iface-to-face iinterviews. 
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Chapter 4 

Identification of factors influencing  

material management effectiveness 

  This chapter aims to explore influential factors that have already appeared or 

could happen in construction projects done in Vietnam. The list of 42 factors that was 

collected from 28 previous research works. To begin with, each of factor is verified 

by a pilot expert group in section 4.1 and aggregated data for large scale study is then 

given in section 4.2. Subsequently, section 4.3 will show the general survey data that 

may be used to analyze for the next chapter. Next, the characteristics of participants 

and independent samples t-test are also presented in section 4.4 and 4.5 respectively. 

The significant influential factors on material management effectiveness are 

illustrated in section 4.6. Last but not least, section 4.7 will demonstrate the 

effectiveness of material management through evaluation criteria of projects.  

4.1  Pilot study 

A ipilot istudy iis iconducted ito ireview ithe itest iresponses ito ithe isurvey, ilooking ifor 

iany iinconsistencies ior iunexpected ianswers ifor iimproving iafterwards. It is done with a 

small sample similar to target population as designed before. The questionnaire is 

assessed in aspects of question objectives, wording and format to make sure its 

simplicity, clarity and understandability for respondents. 

4.1.1 Questionnaire and Sampling 

In pilot study, each participant is interviewed face-to-face carefully and required 

to answer questionnaire. Interviews not only focus on the meaning of the responses 

but also gather their suggestions for each component of questionnaire and their 

difficulties as answering questionnaire. The subject in this study was managers 

working on construction site at Ho Chi Minh city. The pilot study was undertaken in 

September 2018. It is conducted to collect data from 51 people who are currently 

working at thirteen construction sites (48 managers from twelve construction sites 

described as 4 persons per site – project manager, site manager, senior engineers/QS, 

warehouse manager and 3 office managers). iThe iduration ifor ieach iinterview iis 

iapproximately ifrom i30 iminutes ito i45 iminutes, idepending ion ithe iamount iof 

iinformation ithat irespondents iwant ito iprovide iand icooperate. 

The iquestionnaire isurvey ifor ipilot itesting iissued ito ithe irespondents iis ishown iin 

Appendix A2 iin iVietnamese iversion. iThe iquestionnaire isurvey icontained ifour 

isections. iThe ifirst isection iexamined igeneral iinformation iof irespondents, isuch ias, 

their working place and position, years of experience in civil field and so on. This 

section was included to ensure that information was received from valid sources. The 

second section required respondents provide their perception about the importance 
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level of factors affecting material management effectiveness. From five-point Likert 

scale, forty-two existing factors were checked whether they are influential factors or 

not. iIn iaddition, irespondents iwere iasked ito iadd imore ifactors ithat imay icause 

iinfluence. iThe ithird iand ithe ifourth isection iwere ipretested iabout ithe iappropriateness 

iof iscale imeasure, iclarity, iunderstandability iand isimplicity iwhich icould ibe ianswered 

iby irespondents. iIt ishould ibe inoted ithat ithe iquestionnaire iwas itranslated iinto 

iVietnamese ito iensure ithat iall iquestionnaire iitems iwould ibe iproperly iunderstood. 

4.1.2 Results 

First of all, the pretest survey is carried out with 10 managers who are currently 

involving in nine construction sites (8 site managers, 1 project manager) and one 

company office (1 department manger of material). It is expected to correct wording 

as well as contents used for delivering questionnaires later.  

And then a pilot study is conducted to collect data from 51 people who are 

currently working in thirteen construction sites. However, there are 30 respondents (1 

project manager, 8 site managers, 10 senior engineers/QS, 9 warehouse managers and 

2 office managers) who are willing to participate in this survey and sufficiently 

complete, producing a usable response rate of 59 % for the pilot study.  Of these 

participants, all of them were male (100%), have been working for large contractors 

in Vietnam and had experience in material management in construction site from 6 to 

15 years. 

The ipilot istudy ihelped ito itest ithe iappropriateness iof idata icollection iin ipreparation 

ifor ithe ilarge iscale istudy. iIt iis ialso icrucial ito itest iwhether ithe istudy iinstrument(s), iis 

iasking ithe iintended iquestions, iwhether ithe iformat iis icomprehensible iand iwhether ithe 

iselected ivalidated itool iis iappropriate ifor ithe itarget ipopulation. iThe iprimary iconcern 

iis ito iobtain ipreliminary idata ifor ithe iprimary ioutcome imeasure, iin iorder ito icalculate ia 

irequired isample isize. iFrom ithe iresults iof ipilot istudy, isome iconclusions iare idiscussed 

ibelow. 

 iFor ithe ifirst isection iin iquestionnaire, ithe iquestions iwere icommented iclear iand 

ieasy ito iunderstand. iHowever, isome iquestions ishould ibe associated with available 

choices to take less time for respondents. Besides, the question related to the age was 

flexibly combined with question talking about respondent’s experience. Detail of 

revised questionnaire is shown in Appendix A1 and A2 for both English and 

Vietnamese.  

For the second section in questionnaire, the majority of respondents agreed the 

importance of forty-two existing factors influencing material management 

effectiveness. Table 4.1 will show the mean value of them which were higher than 3. 

Additionally, five-point Likert scale was reliable for these questions providing 

iCronbach’s ialpha iwas i0.966, ihigher ithan i0.6 i– ithe ithreshold ivalue. iFrom 
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irespondents, iall iforty-two iquestions iin ithis isection iare iquite iclear iand ieasy-to-

understand. iHowever, ithey ialso igave isome isuggestions iabout reducing as well as 

adding some items that may affect material management effectiveness in their 

perception. To be more specific, eleven factors were reduced as follow: 

- Manufacturing status 

- Availability of competent suppliers 

- Storing methods 

- The adequacy of material specification 

- Checking the accuracy of order 

- Distance between working area and material storage 

- Attitude of suppliers 

- Custom clearance for imported materials 

- Communication between main office and site office 

- Control of material usage 

- On-site transportation conditions 

Instead, eleven additional items were included: 

- Construction schedule 

- Supplier/manufacturer selection 

- Delivery plan/schedule of manufacturer 

- Material price stipulation 

- Payment and inspection conditions 

- Material receiving and placement condition on site 

- Checking, reception of material quality on site 

- Checking, reception of material quantity on site 

- Certificate of material origin and quality (CO/CQ) 

- Regulations about material using and installation 

- Contract with security company 

Besides, some factors were also recommended to change into contents matching 

with questions’ context. To illustrate this point, “The adequacy of material planning” 

was changed to “Material supply plan”. Similarly, “Loss prevention of material” was 

renamed “Site security system”. “Supervision capacity” became “Material supervision 

and control capacity”. “Material status during transportation” was replaced by 

“Material status as arriving to the site”. “Protection during unloading” was turned to 

“Material protection plan during construction”. In the same way, “Suitability of site 

storage” was known as “Storage location for transportation, loading/unloading”. Next, 

“Material labelling” was changed to “Label, source, quality certification of material”. 

Likewise, “Demand fluctuation” was replaced by “Adjustment about material 

demand”, “Material price fluctuation” was renamed “Adjustment about material 

price” and “Quality of material” became “Product quality of manufacturer”. “Changes 

of material specification during construction” was turned to “Adjustment of material 

specification during construction” and “Effectiveness in delivery of materials to site” 
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became “Delivery of materials to site and install on site”. Lastly, “Communication in 

construction sites” was renamed “Co-ordination in construction sites”, “Progress in 

forwarding information of materials to be used” was specified with “Progress in 

forwarding information on sizes of materials to be used” and “Documentation 

preparation” was changed to “Documentation storage and organization”.  

For the third section in questionnaire, it was suggested that the measuring scale 

should be converted into the same description to support respondents in easily  

evaluating factors affecting material management effectiveness. To be more precise, 

all of answers were designed based on five-point Likert scale (1 = Poor; 2 = Fair; 3 = 

Good; 4 = Very good; 5 = Excellent) except some answers related to frequency (1 = 

Hardly ever; 2 = Occasionally; 3 = Sometimes; 4 = Frequently; 5 = Always).  

For the fourth section in questionnaire, most of previous researches applied the 

percentage scale to measure material management effectiveness through each specific 

item of activities which should be collected at the time projects finish. In this study, 

the indicators for evaluation were designed based on general stages of material 

management process with the satisfaction scale in which the projects used for data 

collection are on construction phase. All of interviewee agreed that four criteria 

including Time – Cost – Quality – Safety were a good representative to measure the 

effectiveness of material management. Some of them said that “material management 

should be evaluated through these main items to know exactly what they should 

improve to reinforce its effectiveness afterwards”; however, they also mentioned 

“performing all of them is quite difficult and subjective because of limited 

observation in some aspects”. As a result, the elements in evaluation criteria were 

then modified to simple statements proposed by respondents’ advices. For example, 

some indicators were used to evaluate “Time” criterion included: 

- Material supply plan 

- Contract signing plan for material procurement 

- Material receiving plan 

- Material payment plan 

- Material installation plan 

- Material inspection and handover plan 

For “Cost” criterion, it encompassed some items as follow: 

- Material unit price comparing to budget 

- Construction material quantity comparing to loss ratio of project 

- Commitment contract to keep material price according to construction progress 

- Cost control system of material management process 

Regarding “Quality” criterion, two indicators observed from suggestions were: 

- Inspection of material specifications compliant to the quality and standard of project  

- Evaluation and control system of material quality from procurement till using 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 44 

Concerning “Safety” criterion, it is worth noting to three following items: 

- Transportation, loading/unloading of material comply with safety and health 

regulations 

- Security on site related to material storage 

- Work safety procedures regarding material installation 

 In terms of rating scale, it is hard for respondents to think about “Excellent” and 

“Good” level; therefore, the score rating in this part was changed from six classes to 

five main classes described as: (0-2)/ Unacceptable; (3-4)/ Not Satisfactory; (5-6)/ 

Cautionary; (7-8)/ Satisfactory; (9-10)/ Good. 

The last revised iquestionnaire iwhich iwas iused ifor ilarge iscale istudy iis ishown iin 

Appendix  A1 iin iEnglish iversion iand iA2 iin iVietnamese iversion. 

Table 4.1 Descriptive of factors influencing material management effectiveness  

(Pilot Study, N = 30) 

Item N Minimum Maximum Mean Std. Deviation 

PL1 30 2 5 4.07 0.740 

PL2 30 3 5 4.23 0.679 

PL3 30 3 5 3.77 0.679 

PL4 30 3 5 3.80 0.610 

PL5 30 2 5 3.37 0.765 

PL6 30 2 5 3.83 0.791 

PI1 30 3 5 3.87 0.629 

PI2 30 2 5 3.73 0.740 

PI3 30 2 5 3.50 0.731 

PI4 30 2 5 3.83 0.834 

PI5 30 3 5 3.77 0.728 

PI6 30 2 5 3.43 0.817 

PI7 30 2 5 3.47 0.860 

PI8 30 2 5 3.23 0.817 

PI9 30 3 5 3.83 0.747 

PI10 30 2 5 3.87 0.819 

PI11 30 2 5 3.73 0.740 

PI12 30 1 5 3.73 0.944 

IE1 30 2 5 3.90 0.803 

IE2 30 3 5 4.07 0.691 

IE3 30 2 5 3.83 0.699 

IE4 30 2 5 3.53 0.776 

IE5 30 3 5 3.67 0.711 

TR1 30 2 5 3.50 0.731 

TR2 30 2 5 3.70 0.837 

SU1 30 2 5 3.80 0.761 

SU2 30 2 5 3.93 0.740 

SU3 30 3 5 4.03 0.615 
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Item N Minimum Maximum Mean Std. Deviation 

CT1 30 2 5 3.87 0.860 

CT2 30 2 5 3.93 0.785 

CT3 30 2 5 3.63 0.850 

SI1 30 2 5 3.50 0.820 

SI2 30 2 5 3.40 0.724 

SI3 30 2 5 3.37 0.718 

SI4 30 2 5 3.63 0.850 

SI5 30 2 5 3.73 0.785 

SI6 30 2 5 3.40 0.968 

QC1 30 3 5 4.10 0.712 

QC2 30 2 5 3.70 0.837 

QC3 30 2 5 3.63 0.890 

SE1 30 2 5 3.57 0.935 

SE2 30 2 5 3.57 0.898 

Valid N (listwise) 30         

4.2  Large scale study 

The objective of this part was to collect enough valid and reliability data to 

achieve research goals. 

4.2.1 Questionnaire for large scale study 

   The questionnaire in this section was ideveloped ibased ion iliterature ireview, 

ilessons ifrom ithe ipilot istudy iand iconsultation iwith iexperts ispecializing iin imaterial 

imanagement. iIn iparticular, ithe ipilot istudy ihelped ito imodify iand irefine ithe 

iquestionnaire ilayout, iplan ifor idata icollection iand igain ian iinitial iidea iabout ithe 

ivalidity iand ireliability iof modelling influential factors. 

  The large scale study questionnaire comprises four main sections. Section 1 

included 15 questions related to respondents’ background. In this section, they were 

required to state about their position, experience, information of projects they have 

been working and so forth. Section 2 consisted of 42 questions asking about 

respondents’ perception associated with importance level of influential factors on 

material management effectiveness – five point Likert scale. Likewise, section 3 

encompassed 42 questions used for evaluating factors affecting material management 

effectiveness in practice. The answers were mostly designed in accordance with five-

point Likert scale starting from “Poor” to “Excellent”. Section 4 included 4 main 

criteria with 15 indicators used to measure the effectiveness of material management. 

Participants iwere iasked ito irate ieach iitem iaccording ito scoring scale from 0 to 10. It is 

noted that all questionnaires used for large scale study are shown in Appendix A1 in 

English version and A2 in Vietnamese version. 
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4.2.2 Sampling Technique and Sample Size 

  iDuring iOctober i– iNovember i2018, idata icollection ifor ithis istudy iwas iundertaken 

iwith iconstruction iprofessionals iat iHo iChi iMinh icity iin iVietnamese iconstruction isites.  

One iof ithe imain iobjectives iin ithis iresearch iwas ito iexplore ifactors iinfluencing ithe i 

effectiveness iof imaterial imanagement. As we know, material management is a 

specific study, so it is difficult to convince construction company to participate in an 

investigation. Also, due to lack of cooperation between construction companies and 

researchers and some special rules in costruction site, they rarely allow people to 

conduct survey without individual relationship. To overcome that obstacles, a certain 

number of construction sites have shown their contacts to readily access. As a result, 

convenience sampling is selected as a suitable tool for this research. A number of 

available construction sites at Ho Chi Minh city are listed first and then contacted to 

get permission before conducting the survey. 

The isample isize iwill idepend ion ithe iaccuracy irequired iand ithe ilikely ivariation iof 

ipopulation icharacteristics iinvestigated ias iwell ias ithe itype iof ianalysis iconducted ion 

ithe idata. iThe ilarger ia isample isize ibecomes, ithe ismaller ithe iimpact ion iaccuracy iis, iso 

ithere iis ia icut-off ipoint ibeyond iwhich ithe iincreased icosts iare inot ijustified iby ithe 

i(small) iimprovement iin iaccuracy; itypically, ia isample isize iof i1,000 iis ioften ireferred 

ias ia icut-off ipoint ibeyond iwhich ithe irate iof iimprovement iin iaccuracy islows. This 

study will use factor analysis to explore factors influencing material management 

effectiveness and structural equation modeling (SEM) to develop model for 

explaining influential factors, so with 42 independent variables, the sample size has to 

exceed 630 for this study. From the recommendation of SEM technique, the ratio 

should reach at least 15 samples for each independent variable (Bacon, 2001).  

On principles, the necessary actual sample is calculated by dividing the 

determined sample size (630) by the acceptable response rate (50%); or in other 

words, the total sample should be 1260. However, for the sake of selective 

respondents, time and budget limitation; questionnaires were just issued to 500 

respondents.  

 Within 500 questionnaires distributed, only 223 respondents were collected with 

45% in the response rate. Other 277 questionnaires were not finished yet because they 

refused to provide information. There were many underlying causes making them 

declined to cooperate, the common reason could be explained they are too busy in 

their work to perform the questionnaire survey or the material management at 

construction site has been still normal, so they need not to care about it and so forth. 

For the large scale survey, it is observed that 223 questionnaires fulfilled with 

highly cooperation from 36 construction projects (180 managers from construction 

sites, averaging 5 persons per site; and other 43 managers at the company office).  
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4.3  Descriptive Survey Data 

4.3.1 General Survey Details  

The research questions were developed with the intent of achieving research 

objectives. The questionnaire icomprised ifour imain isections ias idiscussed iabove, 

irespondents iwere iasked ito icomplete iat ithe isame itime. iIt itook iabout i2 imonths ito 

icollect idata iat iHo iChi iMinh icity, ione iof ithe imost ideveloping icities iin iVietnam. Each 

respondent was interviewed in person or via email to complete questionnaire. After 

distributing 500 questionnaires to managers who have been working at 36 

construction sites and office, there were only 223 responses supposed to be finished.  

Data iwere ithen iscreened iusing ithe icomplete isample i(N i= i223) iprior ito imain 

ianalyses ito iexamine ithe iaccuracy iof ientry idata, imissing ivalues ias iwell ias ifit ibetween 

distributions and assumptions of appropriate analytical tools. After removing unusable 

cases, only 200 responses out of 223 were counted valid for prospective analysis. 

4.3.2 Data Screening  

Before using the usable sample (N = 200) for analyses, it is so necessary to check 

for mistake initially. Hence, idata iwere iexamined ifor ithe iaccuracy iof ientry idata iand 

imissing ivalues. iThe iscreening iprocess iinvolves ia inumber iof isteps iincluding ichecking 

ifor ithe ierror ifirst, ithen ifinding ithe ierror iin ithe idata ifile iand icorrecting ithem ilastly. 

iThe iaccuracy iof ithe idata ifile iwas ichecked iby iproofreading ia irandom isample iof i100 

iof ithe ioriginal idata iagainst ia icomputerized ilist. iAdditionally, ithe iFrequencies iand 

iDescriptive iStatistic icommand iin iSPSS iVersion i22 iwas iused ito idetect iany iout iof 

irange ivalues. Finally, it was informed “None were found”. 

4.4  Respondent Profile 

4.4.1 Company 

The prestige of contractors may reflect some extent related to ithe iquality iof 

iconstruction iprojects. iIn ithis istudy, imost iof irespondents iwere from various 

construction enterprises including top contractors in Vietnam such as COTECCONS, 

HOA BINH, COFICO, CC1 and so forth. Here are some overviews about these large 

companies. 

-  COTECCONS (COTECCONS CONSTRUCTION JOINT STOCK COMPANY): 

       Coteccons is Vietnam’s leading private contractor in the construction of high-

rises, commercial complexes, high-tech factories, hotels, and resorts. It has managed 

to overcome the slump in Vietnam’s real estate industry thanks to its healthy balance 

sheet (cash and equivalents making up about 31% of total assets; no interest-bearing 

debt). Coteccons is constructing Landmark 81, which will rank among the world’s 

eight tallest buildings when complete; this project also makes Coteccons the first 

Vietnamese contractor to develop a building higher than 60 stories. As of 2017, 
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Coteccons’ backlog stood at around 44 million VND, promising strong growth in both 

revenue and profit. 

- HOA iBINH i(HOA BINH CONSTRUCTION i& iREAL ESTATE CORPORATION) 

Hoa iBinh iis iwell iknown iin iVietnam ifor iits iyoung, iprofessional iand ihighly-skilled 

imanagement iteam ithat iis iconstantly ichallenging iitself ito ido ibetter. The company’s 

ijunior iand isenior imanagement iteam iincludes iyoung ipeople iwho ihave iprofessional 

iqualifications, ipassion ifor itheir icareer iand imany iexperiences iat idifferent ipositions 

ibefore ibeing ipromoted ito ithe iroles iof iproject imanagers iand idepartment iheads. iIn 

ibusiness ifor i30 iyears, ithe icompany ihas imore ithan i6,000 iemployees iand i20,000 

isubcontractors iworking iat imore ithan i70 iprojects iin ithe icountry. iThe ifirm ihas iwon 

inumerous iawards iand iis ithe ionly icontractor iin ithe icountry ihonoured iby ithe 

igovernment iorganised iVietnam iValue, iwhich ihighlights ithe icountry’s istrongest 

ibrands. iAdditionally, ithe iUK’s iBrand iFinance iConsulting iCompany ivoted ithe ifirm ias 

ione iof iVietnam’s itop i50 ibrands i(2015). iAmbition, imission, iand ia iforward-thinking 

ibusiness iphilosophy iare ijust ia ifew iof ithe iqualities ithat imake iHoa iBinh ithe iBest 

iConstruction iCompany iVietnam iat ithe iDot iProperty iVietnam iAwards i2017. iThese 

itraits ican ibe iseen iin iall iof ithe ifirm’s iprojects ias iwell ias iits iindustry-leading ibusiness 

ipractises. 

- COFICO (CONSTRUCTION JOINT STOCK COMPANY NO. 1) 

With ithe ihistory iof iover i35 iyears iof iestablishment iand idevelopment, iCOFICO 

ihas ibeen isuccessfully icollaborated iwith istrategic ilocal iand iinternational ipartners ito 

idevelop ivarious iprojects imarking iCOFICO’s isignature iin idifferent idevelopment 

imilestones iof ithe icountry. Its official transformation recently to a joint stock 

company is a convincing evidence of its strategic development and professional 

competence. The equalization will help the company to make the best of all of its 

available resources, to seize new opportunities and to integrate into the development 

trends of the market.  

- CC1 (CONSTRUCTION JOINT STOCK COMPANY NO. 1) 

In iits idevelopment istrategy, iexecuting ithe iconstruction iworks iis iCC1’s itraditional 

ibusiness iline ias iwell ias istrong ipoint. iInitially iworking ipurely ias ia iconstruction 

icontractor, iover ithe ipast i39 iyears iof iconstruction iand idevelopment, inow iCC1 iis 

ialways ithe ifirst ichoice ifor imajor iprojects iof inational iimportance iin iall iforms iof ibeing 

imain icontractor, iEPC iContractor, iBOT, iBT, iBOO. iCC1 ihas iundertaken iconstruction 

iworks iof icivil, iindustrial, itransport iinfrastructure iand ienergy iinfrastructure isectors 

inationwide. iUsing isuitable iconstruction itechnology iand iequipment iand ia ihighly 

iskilled iworkforce, iCC1 ihas iparticipated iwith ian iaccurate iexecution ischedule iin ithe 

isuccessful iimplementation iof ikey inational iconstruction iprojects, iwhile iproducing ia 

ihigh iquality iconstruction ioutcome. iThus, iCC1 ihas irecently ibecome ian iinvestor iin 

imajor iprojects, iproving iitself ia istrong ibrand iin ithe iconstruction imarket iof iVietnam.  

In this study, the data were collected with total 15 contractor companies. The 

iresults iare ishown iin iTable i4.2 iand iFigure i4.1. The data illustrated that 30 people, 
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accounted for 15% of the total respondents were from COTECCONS, similarly, 27 

people or 13.5% have worked for COFICO, 25 people or 12.5% from HOA BINH, 22 

people from CC1 and 96 others from other contractors. Notably, almost all 

construction companies surveyed have large investment, so they could be chosen to 

collect data for measuring material management effectiveness. 

Table 4.2 Respondents’ surveyed contruction companies (N=200) 

Construction company Frequency Percentage Cumulative Percentage 

COTECCONS 30 15.0 15.0 

HOA BINH 25 12.5 27.5 

COFICO 27 13.5 41.0 

CC1 22 11.0 52.0 

AN PHONG 18 9.0 61.0 

THUAN VIET 19 9.5 70.5 

HA DO 8 4.0 74.5 

CONINCO 6 3.0 77.5 

VIET NHAT 16 8.0 85.5 

HUNG LONG PHAT 6 3.0 88.5 

HANDONG 4 2.0 90.5 

CAT LINH 5 2.5 93.0 

PHU MY HUNG 5 2.5 95.5 

TAY HO 4 2.0 97.5 

KHAI HOAN LAND 5 2.5 100.0 

Total 200 100.0   
 

 

 

 

 

 

 

 

 

 

Figure 4.1 Respondents’ surveyed contruction companies (N=200) 
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4.4.2 Current working position 

In fact, construction area involves in different specific fields in which material 

management is an example. Therefore, it is necessary to know as well as select 

appropriate people for data collection so that they could give the best comments. In 

this section, the participants observed have been working for eleven major positions. 

The results are shown in Table 4.3 and Figure 4.2. 

  Table 4.3 Respondents’ working position (N=200) 

Construction company Frequency Percentage Cumulative Percentage 

Project manager 5 2.5 2.5 

Deputy project manager 5 2.5 5.0 

Site manager 20 10.0 15.0 

Deputy site manager 20 10.0 25.0 

Senior engineer (QS) 25 12.5 37.5 

Cost control specialist 22 11.0 48.5 

QA/QC manager 24 12.0 60.5 

Warehouse manager 18 9.0 69.5 

Chief supervisor 18 9.0 78.5 

Material manager (Office) 21 10.5 89.0 

Manager for project  

coordination (Office) 22 11.0 100.0 

Total 200 100.0   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Respondents’ working position (N=200) 
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As we could see from the chart, the respondents aimed in this reseacrh have been 

mainly working as site manager, deputy site manager, senior engineer (QS), cost 

control specialist, QA/QC manager, material manager (office), manager for project, 

coordination (office); all are greater or equal 10% (20 persons). Next are chief 

supervisor and warehouse manager accounting for 9% each or 18 persons. The 

remaining 5% or 5 people is collected from project manager and deputy project 

manager who are always busy to arrange an appointment.  

4.4.3 Type of building project 

Types of construction projects could be sorted into many categories, but there are 

four primary groups (based on purpose of use) which correspond to another four main 

groups (based on number of stories) gathered in this survey. The results are shown in 

Table 4.4 and Figure 4.3. 

Table 4.4 Building project type (N=200) 

Type Frequency Percentage Cumulative Percentage 

Residential/Housing        107 53.5 53.5 

Hospital     45 22.5 76 

Office  21 10.5 86.5 

Commercial, service      27 13.5 100 

Total 200 100.0   

 

Type Frequency Percentage Cumulative Percentage 

9 – 16 floors         79 39.5 39.5 

17 – 25 floors 48 24 63.5 

26 – 40 floors               66 33 96.5 

> 40 floors    7 3.5 100 

Total 200 100.0   

 

 

 

 

 

 

 

 

 

Figure 4.3 Building project type (N=200)  
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Figure 4.3 Building project type (N=200) (Cont.) 

According to purpose of use, 53.5% responses are noted as resiential/housing,  

22.5% responses are mentioned as hospital, 13.5% for commercial, service and the 

remaining 10.5% for office. Regarding to number of stories, the majorty observed are 

projects with 9 – 16 floors accounting for 39.5%, then are projects with 26 – 40 floors 

making up about 33%, 24% for projects with 17 – 25 floors and the other 3.5% for 

projects with more than 40 floors.  

4.4.3 Project duration and cost of project 

Project completion time is classified to four major milestones starting from under 

2 years until over 5 years. Besides, cost of project is similarly divided into five 

imperative levels starting from under 50 billion VND till more than 1000 billion 

VND. The results are shown in Table 4.5 and Figure 4.4. 

Table 4.5 Project duration and cost of project (N=200) 

Project duration Frequency Percentage Cumulative Percentage 

< 2 years 86 43 43 

2 – 3 years 103 51.5 94.5 

4 – 5 years        8 4 98.5 

> 5 years 3 1.5 100 

Total 200 100.0   

 

Cost of project Frequency Percentage Cumulative Percentage 

< 50 billion 10 5 5 

50 – under 100 billion 14 7 12 

100 – under 500 billion 38 19 31 

500 – 1000 billion        38 19 50 

> 1000 billion               100 50 100 

Total 200 100.0   
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Figure 4.4 Project duration and cost of project (N=200) 

Regarding to project duration, 51.5% number of projects are constructed within 2 

– 3 years, 43% less than 2 years, 4% and 1.5% in turn are summarized as 4 – 5 years 

and more than 5 years. Meanwhile, projects invested more than 1000 billion account 

for 50% in total, next are 100 – under 500 billion and 500 – 1000 billion with 19% 

each, projects cost under 50 billion and 50 – under 100 billion holding roughly 5% 

and 7% in turn. 

4.4.4 Working experience 

Working experience iis ione iof iimportant ifactors ithat imay iinfluence the 

effectiveness of material management. Personal experiences generally will help us 

understand about our workplace in which we are working to avoid any problems 

happening. To clearly understand about respondent’s profile, this section will discuss 

in both sides including working experience in civil field and in material management 
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on site. In this research, the answers are organized into five main groups and shown in 

Table 4.6 and Figure 4.5.  

Related to civil engineering field, 39.5% of respondents has from 1 to 5 years of 

working experience, next making up 33% is from 6 toi10 iyears iof iworking iexperience 

iwhile ithe inumber iof irespondents ihas ifrom i11 ito i15 iyears iof iworking iexperience, 

iaccounting ifor i14%, i5% iis ifrom i16 ito i20 iyears iof iworking iexperience iand ithe 

iremaining i8.5% ibelongs ito ipeople ihaving imore ithan i20 iyears iof iworking iexperience. 

iIn iarea iof imaterial imanagement, isimilarly i67% iof irespondents ihas ifrom i1 ito i5 iyears 

iof iworking iexperience, inext imaking iup i17% iis ifrom i6 ito i10 iyears iof iworking 

iexperience iwhile ithe inumber iof irespondents ihas ifrom i11 ito i15 iyears iof iworking 

iexperience, iaccounting ifor ionly i5%, i7% iis ifrom i16 ito i20 iyears iof iworking 

iexperience iand ithe iremaining i4% ibelongs ito ipeople ihaving imore ithan i20 iyears iof 

iworking iexperience. In general, working experience may present the population of 

respondents at construction site. Therefore, sampling data is available for further 

analysis. 

Table 4.6 Working experience in civil field and material management (N=200) 

Civil Field Frequency Percentage Cumulative Percentage 

1 – 5 years 79 39.5 39.5 

6 – 10 years 66 33 72.5 

11 – 15 years 28 14 86.5 

16 – 20 years        10 5 91.5 

> 20 years 17 8.5 100 

Total 200 100.0   

 

Material management Frequency Percentage Cumulative Percentage 

1 – 5 years 134 67 67 

6 – 10 years 34 17 84 

11 – 15 years 10 5 89 

16 – 20 years        14 7 96 

> 20 years 8 4 100 

Total 200 100.0   

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 Working experience in civil field and material management (N=200) 

4.4.5 Other relevant information 

In this part, some questions were designed to investigate some information 

involving material management at construction site. 

To begin with, type of material are mostly bought in respondents’ project, most of 

them indicated that iron & steel are always crucial accounting for 21.3%, next was 

cement at the second rank with 19.2%, then was sand & brick making up 17.9% each, 

following is stone with 17.0% and the remaining 6.8% were other materials such as 

ME materials, finishing materials and so on. The data all are shown in Table 4.7 and 

Figure 4.6. 
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 Table 4.7 Type of material are mostly bought (N=200) 

Material type Frequency Percentage Cumulative Percentage 

Iron and steel 172 21.3 21.3 

Cement 155 19.2 40.4 

Sand 145 17.9 58.3 

Brick 145 17.9 76.2 

Stone 138 17.0 93.2 

Others 55 6.8 100.0 

Total 810 100.0   

 

 

 

 

 

 

Figure 4.6 Type of material are mostly bought (N=200) 

Next are questions that asked about ordering material, it was said that materials in 

their project were mainly ordered through company office, making up about 73.1% of 

respondents, 26.9% of them answered materials were directly ordered at construction 

site. The data are shown in Table 4.8 and Figure 4.7. 

 Table 4.8 Material ordering (N=200) 

Material Ordering from Frequency Percentage Cumulative Percentage 

Company office 169 73.1 73.1 

Construction site 62 26.9 100.0 

Total 231 100.0   

 

 

 

 

 

 

  

 

Figure 4.7 Material ordering (N=200) 
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In the same way, regarding material transportation, the majority of materials were 

transported by suppliers with a very high response rate – 87.6%, hiring from company 

sometimes happens with the rate 12.4%. The data are shown in Table 4.9 and Figure 

4.8.  

 Table 4.9 Material transportation (N=200) 

Material Transport by Frequency Percentage Cumulative Percentage 

Supplier 197 87.6 87.6 

Hiring from company 28 12.4 100.0 

Total 225 100.0   

 

 

 

 

 

 

 

 

 

Figure 4.8 Material transportation (N=200) 

Besides, there were about 162 interviewee in 200 describing that their company 

has been had material control system to support their work, accounting for 81%; the 

others with 19% corresponding to 38 people said no. Also, 121 respondents in 200 

answered that there were additional storages besides the storage at site, making up 

about 60.5% while the others with 39.5% in proportion to 79 people said no.  

Moreover, when asked about how many percent the materials commonly cover 

the project cost, approximately two-thirds of participants said that materials may 

represent from 30 – 70% of the project cost and the others commented it depends on 

types of projects. It proves that the survey data gave the number being pretty much the 

same with reference papers. On the other hand, working in material procurement 

department, most of respondents provided that it needs only from 1 to 2 staffs on 

construction site while about 4 or 5 staffs in office are enough.  

4.5  Independent Samples T Test 

The iindependent-samples it-test i(or iindependent it-test, iin ishort) icompares ithe 

imeans ibetween itwo iunrelated igroups ion ithe isame icontinuous, idependent ivariable. In 

this study, it was found that there are 43 surveyed participants working at company 

office and 157 remaining people working at construction sites. Thus, an independent 

t-test was conducted to determine whether ithere iis ia idifference iin irespondents’ 

ianswers ibased ion itheir iwork iplace i(i.e., ithe idependent ivariable iwould ibe i"answers 
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i(items)" iand ithe iindependent ivariable iwould ibe i"work iplace", iwhich ihas itwo igroups: 

i"construction isite" iand "company office"). 

In sum, after analyzing the differences among the answers of both groups in three 

sections of questionnaire, it was found that there are two cases considered to be 

various in rating the effectiveness of material management among respondents who 

work in two separated places in the fourth part of questionnaire, namely C8 – 

“Construction material quantity comparing to loss ratio of project” and C10 – “Cost 

control system of material management process”. To be more precise, pertaining to 

the item C8, there was a significant difference in the scores for construction site 

(M=3.73, SD=0.756) and company office (M=4.02, SD=0.636) groups; t(77.719) = -

2.602, p = 0.011. Similarly, participants from company office group (M=4.14, 

SD=0.639) scored higher on the item C10 than others from construction site (M=3.83, 

SD=0.732); t(198) = -2.484, p = 0.014. The data for these two cases are also shown in 

Table 4.10. These results might prove that managers in company office performed 

quite well with their jobs regarding the cost aspect of material management 

effectiveness. 

 Table 4.10 Independent Samples T Test – item C8 and C10 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 59 

4.6  Influential factors on material management effectiveness  

4.6.1 Data preparation  

This section aims to identify influential factors on material management 

effectiveness based on respondents’ perception which were illustrated from the 

second part of questionnaire in the survey. It consisted of questions to indicate the 

strength of importance according to a five-point Likert scale (1 = not at all; 2 = low; 3 

= moderate; 4 = high; and 5 = very high). Then, the third part was also built to 

evaluate the influential factors in actual practice according to a scale description from 

1 to 5 (poor; fair; good; very good; excellent) or (hardly ever; occasionally; 

sometimes; frequently; always). From this point, it could be seen the difference 

between thoughts and practical situations.  

Questionnaires were distributed and then completed by 223 respondents. Some 

were excluded due to negligent and inappropriate data. After processing data 

cleaning,  the sample size was dropped down to 200. This number was used to 

represent and analyze the effectiveness of material management, producing a usable 

response rate of 40% of total distributed questionnaires. It was a low ratio because 

some respondents thought that any questions related to their projects were private, 

they felt afraid to answer them. Furthermore, four sections of questionnaire all were 

implemented at the same time, thus it easily made respondents be tired and lazy to 

fulfil carefully. Therefore, 200 valid responses which were carefully completed with 

high cooperation would be employed in this part.  

Of these 200 respondents, all of them were male (100%) and had worked as 

managers in material management starting from less than 5 until imore ithan i20 iyears 

iof iworking iexperience, 6.08 iyears iof iworking iexperience iin iaverage. iThe data 

showed that 77% of the respondents were site manager, deputy site manager, senior 

engineer (QS), cost control specialist, QA/QC manager, material manager (office), 

manager for project, coordination (office), 18% were chief supervisor and warehouse 

manager and only 5% were project manager and deputy project manager. The 

characteristics of respondents met all conditions as expected, so they could afford to 

evaluate for the designed questions.  

4.6.2 Descriptive Factors 

iTo iensure ithat icriteria icontain iitems iwith ireliable iscales, iCronbach’s ialpha 

icoefficient iof iinternal iconsistency iwas icalculated ifor iscale. Comparing iwith ithe 

iacceptable ivalue iof iCronbach ialpha iof i0.60, ithe result iwas iconsidered ias ireliable iwith 

ithe iCronbach ialpha ivalue iof  0.824 (see in Appendix B). 

 The ivarious ifactors itogether iwith itheir imeans iand istandard ideviations iwere 

ishown iin iTable i4.11 ibelow, then it was also briefly described in Figure 4.9. iThese 

idescriptive istatistics iwere icalculated iusing iSPSS iVersion i22. iThe iimportance ilevel iof 

i42 ifactors iwere iall imeasured iusing ia i5-point iscale. iAll iof imean iresponses ito these 
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factors were quite high, exceeding 3.0. It suggested that they all have considerable 

impact on the effectiveness of material management. However, the variance was high 

for all of these factors, above 0.70, showing that the number of respondents either 

agree or disagree was in the same portion. The highest responses pertained to the third 

and eighth factor, “Industrial environments” and “Quality control”, asserted that all of 

managers remarked the strong influence from these factors on their material 

management. Mean responses of seven remaining factors were not too high but above 

threshold of average 3.0. It proved that these seven factors also affected material 

management effectiveness from their opinions. Besides, the importance level of each 

item in each factor corresponding with its actual practice was also presented in Table 

4.11.  

 Table 4.11 Description about the importance level of factors (N=200)  
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Table 4.11 Description about the importance level of factors (N=200) (Cont.) 

In the first four groups of influential factors, it was found that “Planning and 

handling on site” and “Transportation in and out site” were thought as fairly 

significant and the result in practice was quite the same in which the item PL5 – 

Equipment selection for unloading should be raised awareness of more importance. 

Besides, we could see that “Procurement issues” and “Industrial environments” were 

considered as highly significant while there was a disproportion in their real 

evaluation. This indicated that some practical approaches need to be additionally 

improved.   

Regarding the last five groups of influential factors, it was clearly seen that only 

“Contractual issues” was nearly similar in both cases whereas there was a significant 

disparity between respondents’ thinking and practical results with the others, such as 

“Suppliers and manufacturers’ issues”, “Site conditions”, “Quality control” and 

“Security on site”. It also implied that there have been still some gaps in relation with 

material management in construction projects. 
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Frequency of Material supply plan, item #1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 Descriptive factors between perception and actual practice (mean values) 

From the figure shown above, it was quite interesting when influential factors 

were differently considered between respondents’ perception and practice. Obviously, 

a group of three factors PL5 – Equipment selection for unloading,  PI8 – 

Documentation storage and organization and SI6 – Weather conditions, was thought 

as moderately important and the real practice was well controlled. In addition, the 

factor QC1 – Certificate of material origin and quality (CO/CQ) was assumed as 

highly important while the result of practice was just at good level, so it needs to be 

further deliberate in management. On the other hand, it was observed that other 

factors, such as IE2 – Label, source, quality certification of material, IE5 – 

Adjustment about material price, SU2 – Delivery plan/schedule of manufacturer, SI3 

– Material receiving and placement condition on site and so on, were highly important  
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while their real status did not reach at excellent level. Thus, there were still some 

works that need to be more improved. 

4.7  Analysis of measurement of material management effectiveness  

This section depicts the process of data preparation for measuring the 

effectiveness of material management which could be seen from the fourth section of 

questionnaire in the survey. As discussed before, material management effectiveness 

is measured by scoring the items from 0 to 10 in four main criteria of projects such as 

time, cost, quality and safety. Through respondents’ evaluation, we could understand 

how the effectiveness of material management in their projects was. 

4.7.1 Reliability Analysis of Scale 

Table 4.12 Cronbach’s alpha for scale of material management effectiveness (N= 200) 

Cronbach's Alpha = 0.731 

N of Items = 15 

Cronbach's Alpha 

if Item Deleted 

Material supply plan 0.713 

Contract signing plan for material procurement 0.710 

Material receiving plan 0.714 

Material payment plan 0.725 

Material installation plan 0.720 

Material inspection and handover plan 0.713 

Material unit price comparing to budget 0.722 

Construction material quantity comparing to loss ratio of 

project 0.718 

Commitment contract to keep material price according to 

construction progress 0.721 

Cost control system of material management process 0.717 

Inspection of material specifications compliant to the quality 

and standard of project 0.713 

Evaluation and control system of material quality from 

procurement till using 0.719 

Transportation, loading/unloading of material comply with 

safety and health regulations 0.728 

Security on site related to material storage 0.707 

Work safety procedures regarding material installation 0.721 

Again, ithe ifourth isection iof iquestionnaire iwas ideveloped iwith ithe iintent iof 

imeasuring ithe effectiveness of imaterial imanagement. iAnd ithe imeasurment icriteria 

iwere iillustrated iby ifour iprimary iitems iincluding itime, icost, iquality iand isafety. iTo 

iensure ithat icriteria icontain iitems iwith ireliable iscales, iCronbach’s ialpha icoefficient iof 

iinternal iconsistency iwas icalculated ifor ieach iscale. iThe iresults iwere ishown iin iTable 

i4.12 iabove. iComparing iwith ithe iacceptable ivalue iof iCronbach ialpha iof i0.60 (Hair, 

Black  et  al., 2010), ithis iscale iwas iconsidered ias ireliable iwith ithe iCronbach ialpha 
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ivalue iof 0.731. iReferring ito ithe icolumn i“Alpha iif iitem ideleted” iin iTable i4.12, iit iwas 

isuggested ithat iall iof ithese 15 iitems iprovided ithe imost ireliable iscale ifor imeasuring 

imaterial imanagement effectiveness of iprojects. iSo iwe iwould inot iremove iany iitems iof 

ithis iscale ifor ifurther ianalysis.  

4.7.2 Material management effectiveness 

In this case, irespondents iwere iasked ito ievaluate ithe ieffectiveness iof imaterial 

imanagement iby iusing ithe irating iscale i(from i0 ito i10 ipoints). iFor ieach imeasurement 

ielement iin ieach icriterion, ithe inumbers iselected iwere iscores iof imaterial imanagement 

effectiveness. iThe iaverage iscore iof ieach iitem iwas idemontrated iin iTable i4.13. iThe 

itotal iscore iof iall iitems iwould iindicate ithe ieffectiveness iof imaterial imanagement iin 

iconstruction iprojects. iResults iof idescriptive ianalysis iare ishown iin idetail ibelow and 

the mean score was categorized into intervals as follows: (0.00 – 2.99) Unacceptable; 

(3.00 – 4.99) Not Satisfactory; (5.00 – 6.99) Cautionary; (7.00 – 8.99) Satisfactory; 

(9.00 – 10.00) Good. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10 Frequency of Material supply plan, item #1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11 Frequency of Contract signing plan for material procurement, item #2 
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Figure 4.12 Frequency of Material receiving plan, item #3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13 Frequency of Material payment plan, item #4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.14 Frequency of Material installation plan, item #5 
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Figure 4.15 Frequency of Material inspection and handover plan, item #6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.16 Frequency of Material unit price comparing to budget, item #7 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.17 Frequency of Construction material quantity comparing to loss ratio of 

project, item #8 
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Figure 4.18 Frequency of Commitment contract to keep material price according to 

construction progress, item #9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.19 Frequency of Cost control system of material management process, item 

#10 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.20 Frequency of Inspection of material specifications compliant to the      

quality and standard of project, item #11 
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Figure 4.21 Frequency of Evaluation and control system of material quality from 

procurement till using, item #12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.22 Frequency of Transportation, loading/unloading of material comply with 

safety and health regulations, item #13 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.23 Frequency of Security on site related to material storage, item #14 
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Figure 4.24 Frequency of Work safety procedures regarding material installation, 

item #15 

According to descriptive results in Table 4.13, the analysis of material 

management effectiveness can be grouped into four groups. In general, they all are 

around the average level and the average score of each item ranges from 6.35 to 7.39, 

indicating the effectiveness of material management as well. In addition, the standard 

deviation among them also dispersed widely (SD=1.314 – 1.917).  

The first group includes evaluation criteria related to time of project. It could be 

seen that some items such as T1 – Material supply plan, T4 – Material payment plan, 

T5 – Material installation plan, T6 – Material inspection and handover plan were at 

cautionary level as their mean scores were less than 7.0. In case of T2 – Contract 

signing plan for material procurement and T3 – Material  receiving plan with more 

than 7.0 in mean scores in which T3 had the highest score observed from total 15 

items. So, they got a better trend which showed that these issues were evaluated as 

satisfactory. Next, the second group is known as evaluation criteria related to cost of 

project. This group achieved quite good results because three-fourth of them were 

considered as satisfactory in which 7.11 was the lowest mean score. They were C9 – 

Commitment contract to keep material price according to construction progress, C7 – 

Material unit price comparing to budget and C10 – Cost control system of material 

management process in turn. So, the only remaining item named C8 – Construction 

material quantity comparing to loss ratio of project should be paid more attention due 

to its low mean score. Regarding evaluation criteria of quality of project or the third 

group, their results are obviously divided into two directions. To be more precise, Q11 

– Inspection of material specifications compliant to the quality and standard of project 

was rated with a high mean score of 7.32 or at satisfactory level while the other Q12 – 

Evaluation and control system of material quality from procurement till using was a 

bit less than the value of 7.0, it meant that it was still categorized into cautionary 

level. The last group similarly consists of evaluation criteria related to project safety. 

It was found that the most cautionary item we should care about was S14 – Security 

on site related to material storage though its mean score was approximately 7.0. In 
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other words, this might tell that the security problem should be always the first 

priority on site. Equally important, two remaining issues were S13 – Transportation, 

loading/ unloading of material comply with safety and health regulations and S15 – 

Work safety procedures regarding material installation, with mean scores of 7.04 and 

7.05 respectively, so they also needed to be developed for further projects. 

Table 4.13 Average score of each item related to material management effectiveness 

(N=200) 

Item Minimum Maximum Mean SD. Rating 

Time      
T1 4 9 6.43 1.583 Cautionary 

T2 3 9 7.05 1.387 Satisfactory 

T3 3 10 7.39 1.616 Satisfactory 

T4 4 9 6.35 1.594 Cautionary 

T5 4 10 6.74 1.783 Cautionary 

T6 3 9 6.93 1.465 Cautionary 

Cost      
C7 5 10 7.24 1.442 Satisfactory 

C8 3 10 6.74 1.901 Cautionary 

C9 3 10 7.11 1.836 Satisfactory 

C10 0 10 7.32 1.661 Satisfactory 

Quality      
Q11 3 10 7.32 1.624 Satisfactory 

Q12 1 10 6.93 1.869 Cautionary 

Safety      
S13 4 10 7.04 1.880 Satisfactory 

S14 4 9 6.96 1.314 Cautionary 

S15 4 10 7.05 1.917 Satisfactory 

4.8  Summary  

This chapter has discussed about data collection in detail together with description 

of respondent profile. The result of pilot study and preparation for large scale study 

have been firstly given. Then they all were screened to check the appropriateness of 

proposed analysis tool. Afterthat, the illustration turned to descriptive statistics 

regarding influential factors on material management effectiveness of construction 

projects. The outcome indicated some important items in evaluation criteria which 

need more attention or should be more developed. Typically, the worst issue of 

effectiveness fell into time for making a payment plan while other items such as time 

for contract signing plan; transportation, loading/unloading of material comply with 

safety and health regulations and work safety procedures regarding material 

installation had to be gradually improved to achieve better ratings.  
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Chapter 5 

Explaining model for influential factors on  

material management effectiveness 

This chapter explains the statistical analysis of data which were obtained from 

targeted participants’ survey. Also, it aims to explore groups of factors influencing 

material management effectiveness of construction projects. To begin with, section 

5.1  intend to give an overview of data collected and employed for this chapter. Next 

will be the process of factor analysis to verify influential factors on material 

management effectiveness which iis iexplained iin idetail iin section 5.2. Section 5.3 will 

ultimately establish a model to explain how these factors influence material 

management effectiveness by using structural equation modeling. It is quite necessary 

to emphasize that all of information conducted in this chapter are based on 

respondents’ evaluation with their own experience about practical issues as well as 

indexes of material management. 

5.1 Descriptive Statistics for Factor Analysis 

5.1.1 General Survey Details 

The research questions were developed with the intent of exploring influential 

factors on material management effectiveness. The list of variables was presented in 

the second section among four sections of questionnaire (see in Appendix A). It 

comprised forty-two statements, which are considered as factors that affect material 

management effectiveness.  

Data iwere ithen iscreened iusing ithe icomplete isample i(N i= i223) iprior ito imain 

ianalyses ito iexamine ithe iaccuracy iof ientry idata, imissing ivalues ias iwell ias ifit ibetween 

idistributions iand iassumptions iof iappropriate ianalytical itools. iAfter ideleting iunusable 

icases, ionly i200 iresponses iout iof i223 iwere iused ifor ifactor ianalysis. iThe ireliability 

ianalysis i(Cronbach’s ialpha) iwas iprimarily idone ion ithe iitems ito itest ithe iinternal 

iconsistency iof ithe iscales. iFollowing ithat, iconfirmatory ifactor ianalysis iwould ibe 

iemployed ito iexamine ithe iconstruct ivalidity iof iquestionnaire.  

5.1.2 Data Screening 

Prior ito iusing ithe iusable isample i(N i= i200) ifor ianalyses, iit iis iso inecessary ito 

icheck ifor imistake ifirst. iSo, idata iwere iexamined ifor ithe iaccuracy iof ientry idata iand 

imissing ivalues. iThe iscreening iprocess iinvolves ia inumber iof isteps iincluding ichecking 

ifor ithe ierror iinitially, ithen ifinding ithe ierror iin ithe idata ifile iand icorrecting ithem ilastly. 

iThe iaccuracy iof ithe idata ifile iwas ichecked iby iproofreading ia irandom isample iof i100 

iof ithe ioriginal idata iagainst ia icomputerized ilist. iIn iaddition, ithe iFrequencies iand 

iDescriptive iStatistic icommand iin iSPSS iVersion i22 iwas iused ito idetect iany iout iof 

irange ivalues. iFinally, iit iwas iinformed i“None iwere ifound”. 
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5.1.3 Respondent Profile 

The details of respondent profile were clearly featured in section 4.4 Respondent 

Profile of Chapter 4. In summary, of those targeted participants, they all are 100% 

male and have experience as engineers or managers in the field of material 

management starting from 1 to more than 20 years of working experience, average 

6.08 years of working experience. The data illustrated that 77% of them have been 

working as site manager, deputy site manager, senior engineer (QS), cost control 

specialist, QA/QC manager, material manager (office), manager for project, 

coordination (office); 18% are chief supervisor and warehouse manager; and  the 

remaining 5% are project manager and deputy project manager. The characteristics of 

respondents possibly meet all conditions as expected, so they are capable of giving the 

answers that are in harmony with study’s goals.  

5.2 Factor Analysis 

As ian iearly istep iin idata ianalysis, iall ireceived iresponses ihad ito ibe ichecked ito 

iensure icompleteness iand ireadability ibefore iprocessing ithe idata iby iiusing iithe 

iiStatistical iiPackage iifor iithe iiSocial iiSciences ii(SPSS) iiversion ii22. iiThe iiquestionnaire 

i(Appendix A) iencompassed i42 ivariables idealing iwith iinfluential ifactors ion imaterial 

imanagement effectiveness. iThe idata iwere igathered ifor ifactor ianalysis iin iorder ito 

iexamine ithe iinterrelationships iamong i42 ivariables iand iconfirm ithe inumber iof ithese 

ioriginal ivariables iinto ia ismaller iset iof ifactors. iIt iis iimportant ito iinform ithis ifactor 

ianalysis iis ibased ion iactual iconditions iof iconstruction iprojects. i 

The iconstruct ivalidity iof iscales iin ithe isample i(N i= i200) iwas iinvestigated iby 

confirmatory factor ianalysis iof iitems iusing iAmos program. iThough istructural 

iequation imodeling iwould ibe ilater iused, ifactor ianalysis iwas iimplemented ito ihelp 

irefine ithe imeasurement imodel. 

5.2.1 Overview 

Factor ianalysis, ia imultivariate istatistical itechnique, iinvolves igrouping isimilar 

ivariables iinto idimensions. iThis iprocess iis iused ito iidentify ilatent ivariables ior 

iconstructs. i iThe iapplication iof ithis itechnique iis ito ireduce imany iindividual iitems iinto 

ia ifewer inumber iof idimensions ior ieven icreate inew ivariables ias ireplacements ifor ithe 

ioriginal ivariables iwhile istill iretaining itheir ioriginal icharacteristics i(Pallant, 2004).  

5.2.2 Reliability Analysis 

Internal iconsistency ireliability iis itypically iestimated iusing ia istatistic icalled 

iCronbach’s ialpha, iwhich iis ithe iaverage icorrelation iamong iall ipossible ipairs iof iitems, 

iadjusting ifor ithe inumber iof iitems. It ivaries ibetween izero iand ione. iThe icloser ialpha iis 

ito ione, ithe igreater ithe iinternal iconsistency iof ithe iitems iin ithe iquestionnaire. 
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Table 5.1 Cronbach’s Alpha for each factor scale (N = 200) 

Label Items of Scale 
Cronbach's  

Alpha 

Corrected 

Item-Total 

Correlation 

Cronbach

's Alpha  

if Item 

Deleted 

PL Planning and handling on site  0.718   
PL1 Construction schedule  0.573 0.643 

PL2 Material supply plan  0.575 0.642 

PL3 Material protection during construction   0.221 0.741 

PL4 Material handling on site  0.519 0.659 

PL5 Equipment selection for unloading  0.282 0.739 

PL6 Readiness of design documents  0.592 0.635 

PI Procurement issues 0.881   

PI1 Material budget management  0.591 0.871 

PI2 Material quantity takeoff  0.697 0.865 

PI3 Awareness of material types  0.256 0.891 

PI4 
Material supervision and control 

capacity  
0.651 0.868 

PI5 Progress of material procurement  0.669 0.867 

PI6 
Progress in forwarding information on 

sizes of materials to be used  
0.693 0.865 

PI7 
Paperwork preparation for material 

requisition  
0.653 0.868 

PI8 Documentation storage and organization  0.298 0.889 

PI9 
Co-ordination between main office and 

site office  
0.658 0.867 

PI10 Co-ordination in construction sites  0.587 0.871 

PI11 Experience and qualification of staff  0.662 0.867 

PI12 Timing in decision making  0.603 0.871 

IE Industrial environments 0.778   

IE1 Material status as arriving to the site  0.311 0.816 

IE2 
Label, source, quality certification of 

material  
0.603 0.720 

IE3 Availability of material in market  0.634 0.709 

IE4 Adjustment about material demand  0.620 0.714 

IE5 Adjustment about material price  0.620 0.713 

TR Transportation in and out site 0.841   

TR1 
Delivery of materials to site and install 

on site  
0.727 - 

TR2 Delivery date estimation  0.727 - 
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Table 5.1 Cronbach’s Alpha for each factor scale (N = 200) (Cont.) 

Label Items of Scale 
Cronbach's  

Alpha 

Corrected 

Item-Total 

Correlation 

Cronbach

's Alpha  

if Item 

Deleted 

SU Suppliers and manufacturers' issues 0.723   
SU1 Supplier/manufacturer selection  0.550 0.628 

SU2 Delivery plan/schedule of manufacturer  0.553 0.624 

SU3 Product quality of manufacturer  0.529 0.655 

CT Contractual issues 0.868   

CT1 Material price stipulation  0.759 0.805 

CT2 Payment and inspection conditions  0.808 0.760 

CT3 
Adjustment of material specification 

during construction  
0.682 0.874 

SI Site conditions 0.786   

SI1 
Storage location for transportation, 

loading/unloading  
0.560 0.748 

SI2 Area for material storage space  0.606 0.737 

SI3 
Material receiving and placement 

condition on site  
0.585 0.743 

SI4 
Checking, reception of material quality 

on site  
0.632 0.732 

SI5 
Checking, reception of material 

quantity on site  
0.608 0.736 

SI6 Weather conditions  0.285 0.821 

QC Quality control 0.730   

QC1 
Certificate of material origin and 

quality (CO/CQ)  
0.530 0.669 

QC2 
Regulations about material 

procurement  
0.529 0.670 

QC3 
Regulations about material using and 

installation  
0.599 0.586 

SE Security on site 0.844   

SE1 Contract with security company  0.730 - 

SE2 Site security system   0.730 - 

As iwe ican isee ifrom iTable i5.1 iabove, the iCronbach’s ialpha icoefficient iranged 

ifrom i0.718 ito i0.881, iwhich iare ihigher ithan ithe iideal ivalue iof i0.70, iindicating 

iadequate iinternal iconsistency ior ithe iquestionnaire iis ireliable i(Pallant, 2004; Hair, 

Black et al., 2010). iIn iaddition, iwe ialso ishould itake ia ilook iat itwo ilast icolumns ito 

iknow iany iitems ineed ito ibe iremoved. i 

First, ithe ivalues iin ithe icolumn ilabelled iCorrected iItem i- iTotal iCorrelation itell ius 

ihow imuch ieach iitem icorrelates iwith ithe ioverall iquestionnaire iscore. iSo, iwe iare 

ilooking ifor iitems ithat ido inot icorrelate iwith ithe ioverall iscore ifrom ithe iscale: iif iany iof 

ithese ivalues iare iless ithan iaround i0.30, iit iindicates ithat ia iparticular iitem imay inot 
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ibelong ion ithe iscale. iItems iwith ilow icorrelations imay ihave ito ibe idropped (Andy 

Field, 2006). Considering this criterion, all of items have iitem-total icorrelations 

approximately 0.30, iwhich iis encouraging. i 

Second, iand imore iimportantly, iwe iare iinterested iin ithe ifinal icolumn iin ithe itable 

Cronbach’s iAlpha iif iItem iDeleted. iAs ithe iname isuggests, ithis icolumn ireflect ithe 

ichange iin iCronbach’s ialpha ithat iwould ibe iseen iif ia iparticular iitem iwere ideleted. iIn 

iother iwords, ithey igive ius ithe iCronbach’s ialpha iscore iwe iwould iget iif iwe iremoved 

ieach iitem ifrom ithe iquestionnaire i(Andy Field, 2006). iFor iexample, ideleting ithe iitem 

iPL3 iwould iincrease iour iCronbach’s ialpha iscore ito i 0.741 = ; however, ithis iincrease 

iis inot idramatic which is similar to other cases. Hence, all of items would be retained. 

     Finally, a ireliability ianalysis iwas icarried iout ion ithe iperceived itask ivalues iscale 

icomprising i42 iitems. iCronbach’s ialpha ishowed ithe iquestionnaire ito ireach iacceptable 

ireliability iwas ialmost iabove i0.70. iThey all iappeared ito ibe iworthy iof iretention. 

5.2.3 Prerequisites for Factor Analysis 

Collected data are required to check whether it suits with performing factor 

analysis. Data testing includes three primary steps involving in checking the adequacy 

of sample size, assessing ithe ifactorability iof ithe icorrelation imatrix, iand iexamining 

ithe ianti-image icorrelation imatrix i(see  Appendix  B). 

 iTo start iwith ichecking ithe iadequacy iof isample isize, ifactor ianalysis iprefers 

isample isize ilarger ithan i100 iand iat ileast ifive itimes iof iobservations i(Hair,  Black  et  al.,  

2010). iIn ithis istudy, ithe isample isize iof iobserved irespondents iis i200, iwith ithe iratio iof 

4.76 icases ito i1 ivariable i(approximately  5.0) iand ifor ithe isake iof itime iconstraints, iit 

icould ibe iacceptable iaccording ito ithe ispecified ilimit. i 

The inext iphase iis iassessing ithe ifactorability iof iobservations ivia ithe icorrelation 

imatrix iof isurvey. iIt iis isuggested ithe ivalues iof icorrelations ishould ibe igreater ithan i0.30 

iin ifactor ianalysis i(Hair,  Black  et  al.,  2010). iResults ifrom ithe icorrelation imatrix 

iamong i42 iobservations iin ithis iresearch ipoint iout imore ithan i20 ipercent iof icorrelations 

iare ihigher ithan i0.30 iat ia isignificance ilevel iof i0.01. 

The ilast istep iis iknown ias iexamining ithe ianti-image icorrelation imatrix. iIt iis isaid 

ithat ithe idiagonals ion ithat ispecific imatrix ishould ihave ian ioverall iMeasure iof 

iSampling iAdequacy i(MSA) iof i0.50 ior iabove i(Hair, Black et al., 2010). iBesides, ithe 

isame icriterion iof iMSA iapplies ito ithe ivalues iof iindividual ivariables, iwhich ishould ibe 

iconsidered ifor ielimination ifrom ifurther ianalysis iif ithey iare ilow ion ithis imeasure 

i(Hair, Black et al., 2010). iAfter iexcluding ithe iabove ivariables, ithe iMSA itest iis 

iconducted iagain ito icheck ithe irevised ivalues ifor ioverall iand iindividual iMSA. iThe iset 

iof ivariables igave isatisfactory ivalues iabove  0.50 iand iwere itherefore ideemed ifit ifor 

ifurther ianalysis. Besides, the test iof isphericity ialso reached iat istatistical isignificance 

iwith iChi-square 1068.692, idegree iof ifreedom i783 iand ia isignificance ilevel iof  0.000. 

iAccordingly, ifactor ianalysis iwas isupposed ito ibe irelevant. I 
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5.2.4 Confirmatory Factor Analysis Process 

As a first step, it is necessary to explain the structure of factors conceived from 

previous researches before carrying out CFA. There are nine groups of factors 

together with the number of items loaded on each factor that need to be examined and 

verified here. It was shown with more details in Figure 5.1 and Table 5.2 below. 

Component 1: including variables PI1, PI2, PI3, PI4, PI5, PI6, PI7, PI8, PI9, 

PI10, PI11 and PI12 → known as “Procurement issues” 

Component 2: including variables CT1, CT2 and CT3 → known as “Contractual 

issues” 

Component 3: including variables IE1, IE2, IE3, IE4 and IE5 → known as 

“Industrial environments” 

Component 4: including variables TR1 and TR2 → known as “Transportation in 

and out site” 

Component 5: including variables SI1, SI2, SI3, SI4, SI5 and SI6 → known as 

“Site conditions” 

Component 6: including variables SE1 and SE2 → known as “Security on site” 

Component 7: including variables QC1, QC2 and QC3 → known as “Quality 

control” 

Component 8: including variables PL1, PL2, PL3, PL4, PL5 and PL6 → known 

as “Planning and handling on site” 

Component 9: including variables SU1, SU2 and SU3 → known as “Suppliers 

and manufacturers’ issues” 
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Figure 5.1 Structure of influential factors on material management effectiveness – 

Preliminary result 
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Table 5.2 Standardized Regression Weights explained for factors influencing material 

management effectiveness (N =200) – Preliminary result   

Item PI SI PL IE CT QC SU TR SE 

PI2 0.746              
PI6 0.737         
PI7 0.721         
PI11 0.717         
PI4 0.707         
PI5 0.701         
PI9 0.680         
PI1 0.644         
PI12 0.639         
PI10 0.629         
SI3  0.721        
SI4  0.694        
SI1  0.693        
SI2  0.684        
SI5  0.663        
PL2    0.745       
PL6   0.710       
PL1   0.690       
PL4   0.594       
IE4    0.743      
IE2    0.747      
IE3    0.707      
IE5    0.702      
CT2        0.932         

CT1     0.835     
CT3         0.723         

QC3      0.787    
QC2      0.701    
QC1           0.555       

SU1            0.719    
SU2       0.690   
SU3             0.638     

TR2             0.863   

TR1               0.843   

SE2               0.854 

SE1                 0.854 
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In addition, it is necessary to find out criteria to cut off some items due to 

inappropriate factor loadings in factor analysis. iFactor iloadings iare ipart iof ithe 

ioutcome ifrom ifactor ianalysis, iwhich iserves ias ia idata ireduction imethod idesigned ito 

iexplain ithe icorrelations ibetween iobserved ivariables iusing ia ismaller inumber iof 

ifactors. iAccording ito  Hair,  Black  et  al.  (2010), i 

Factors iloadings iin ithe irange iof i±0.30 ito i±0.40 i– iminimal ilevel ifor iinterpretation 

iof istructure. 

Factors iloadings iaround i±0.50 ior ihigher i– ipractically isignificant. 

Additionally, ithe istandard ivalue iof ithe ifactor iloadings ishould idepend ion ithe 

isample isize. iFor idifferent isample isizes, ithe iweighting ifactor ifor iobservable ivariables 

iis istatistically isignificant. iMore idetail, iwe icould ilook iat ithe itable ibelow: 

Table 5.3 Guidelines for identifying factor loadings based on sample size 

Factor loading Sample size needed for significancea 

0.30 350 

0.35 250 

0.40 200 

0.45 150 

0.50 120 

0.55 100 

0.60 85 

0.65 70 

0.70 60 

0.75 50 
aSignificance is based on a 0.05 significance level (), a power level of 80 

percent, and standard errors assumed to be twice those of conventional 

correlation coefficients 

However, it seems to be quite difficult to remember factor loadings for each 

sample size. Thus, it is often assumed that the factor loading is 0.45 or 0.5 as standard 

value with the sample size of 120 to 350 and 0.3 with the sample size of 350 or more. 

In this study, the value of 0.4 would be selected as the loading that makes the 

correlations between observed variables and factors more significant. It is observed 

that most of factors already comply with the criteria for factor loadings given above, 

reaching satisfactory value – 0.4, except six items such as PI3, PI8, SI6, PL3, PL5 and 

IE1 (see in Appendix B). It also means that the total number of 42 items right now 

would be reduced into 36 and kept going on the next run. Afterthat, the whole items 

were evidently retained with considerable values of factor loadings, almost higher 

than 0.60. The final iresults iof ifactor ianalysis iare ishown iin idetail iin Figure 5.2 and 

iTable i5.4 ibelow. 
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Figure 5.2 Structure of influential factors on material management effectiveness – 

Final result 
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Table 5.4 Standardized Regression Weights explained for factors influencing material 

management effectiveness (N =200) – Final result 

Item PI SI PL IE CT QC SU TR SE 

PI2 0.746              
PI6 0.737         
PI7 0.721         
PI11 0.717         
PI4 0.707         
PI5 0.701         
PI9 0.680         
PI1 0.644         
PI12 0.639         
PI10 0.629         
SI3  0.721        
SI4  0.694        
SI1  0.693        
SI2  0.684        
SI5  0.663        
PL2    0.745       
PL6   0.710       
PL1   0.690       
PL4   0.594       
IE4    0.743      
IE2    0.747      
IE3    0.707      
IE5    0.702      
CT2        0.932         

CT1     0.835     
CT3         0.723         

QC3      0.787    
QC2      0.701    
QC1           0.555       

SU1            0.719    
SU2       0.690   
SU3             0.638     

TR2             0.863   

TR1               0.843   

SE2               0.854 

SE1                 0.854 
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Besides, the correlation matrix of factor is also displayed in Table 5.5. The results 

showed the strength of the relationship among 9 factors is not high; mostly the 

correlation did not exceed 0.30.  

Table 5.5 Component Correlation Matrix 

Factors PI SI PL IE CT QC SU TR SE 

PI 1.000         
SI 0.164 1.000        
PL 0.236 0.204 1.000       
IE 0.222 0.302 0.153 1.000      
CT 0.291 0.229 0.162 0.824 1.000     
QC 0.326 0.296 0.241 0.258 0.151 1.000    
SU 0.144 0.386 0.242 0.098 0.146 0.352 1.000   
TR 0.002 0.838 0.293 0.098 0.073 0.161 0.283 1.000  
SE 0.293 0.229 0.244 0.173 0.102 0.826 0.205 0.145 1.000 

5.2.5 Factor Interpretation 

From confirmatory factor analysis presented above, there are nine groups of 

factors that could influence material management in their construction projects. Each 

of them contains some items which have a strong correlation with their features. They 

are already named in accordance with the meaning of all items that they can represent. 

The following section will discuss about the meaning of each factor. 

The first factor, “Procurement issues”, comprises ten items. It includes Material 

budget management, Material quantity takeoff, Material supervision and control 

capacity, Progress of material procurement, Progress iin iforwarding iinformation on 

sizes iof imaterials ito ibe iused, Paperwork preparation for material requisition, Co-

ordination between main office and site office, Co-ordination in construction sites, 

Experience and qualification of staff and Timing in decision making. It indicates the 

degree of manager’s concern about management simply because it strongly affects the 

effectiveness of their project aspects. The majority of items are very impressive with 

high factor loadings (≥ 0.60). With such figures, however, recommend that the item 

“Co-ordination in construction sites” is relatively weak connected with this factor. It 

is an interesting result as normally the good co-ordination could influence quite highly 

their management. Besides, the highest factor loading item is “Material quantity 

takeoff” showing that the important role of quantity takeoff stage initially. They 

recognized quantity takeoff as an association with management which has to be 

accurately estimated. This result also stresses the role of quantity takeoff task in 

creating any achievements in material management. In other words, this finding partly 

contributes further support to previous researches on material or other fields about the 

role of management. In addition, project budget need to be carefully managed to 

ensure for future payments; paperwork preparation for material requisition should be 

well supervised. This research gives additional evidence about the way that material 
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management could have an indirect impact on certain aspects of projects while 

managers’ activities  would directly affect their work performance. 

The isecond ifactor, i“Site conditions”, icontains ifive iitems. This in turn includes 

Material receiving and placement condition on site; Checking, reception of material 

quality on site; Storage location for transportation, loading/unloading; Area for 

material storage space and Checking, reception of material quantity on site. These are 

associated with conditions on site that are quite significant to ensure the quality and 

quantity of materials or make materials undamaged. Inspite of the fact that 

unexpected conditions are difficult to anticipate, some particular preventive measures 

to cope with some of the bad situations can minimize material deterioration. Further, 

tests always need to be employed at the time for receiving, this doing not only helps 

to avoid changes later but also advance the safety or quality of entire construction 

projects.  

The ithird ifactor, i“Planning iand ihandling ion isite”, icomprises ifour iitems. It 

includes Construction schedule, Material supply plan, Readiness of design documents 

and Material handling on site. As we know, material  iplanning iincludes iplanning 

ipurchasing iwork, isupply iplanning, iand ihow imaterial ihandling ishould ibe icarried iout 

iat ithe iconstruction isite. iThe iplanning iis ia ivery iimportant iprocess ito iincrease ithe 

iproductivity, iprofit, iand iassisting ithe itime ito icomplete ithe iconstruction iprojects. iThe 

iproductivity iof ithe iconstruction iproject iwill ibe ihanged iif ithe imaterial iplanning 

iprocess iis inot iperformed iproperly. Hence, there is no doubt about planning’s role 

during construction in which material supply plan as well as current construction 

schedule should be carefully paid attention. This is seriously shown in analysis 

outcome with factor loadings of more than 0.70. Besides, if design documents are 

occasionally not ready, it is hard to proceed the next tasks or project delays will 

happen. Disorganized materials on site also could make us waste a lot of time in 

selection and control process of material types for use in future. Therefore, good and 

proper material planning and preparation ican iimprove ithe iefficiency iand ieven ithe 

isafety iof ithe iconstruction ioperation iwhich imay ilead ito ithe isuccess iof ia iproject 

iincluding ithe iquality iand itime iconsumed iin icompleting ithe iproject. iTo iachieve ia ihigh 

iperformance, ithe istep iof imaterial iplanning ican inot ibe ieliminated ior iskipped iin iorder 

ito isave ithe iconstruction itime iand imoney.  

The fourth ifactor, i“Industrial environments”, icontains ifour iitems. This includes 

Adjustment about material demand; Availability of material in market; Label, source, 

quality certification of material and Adjustment about material price that are related to 

properties of project material. First, we should look at “Adjustment about material 

demand” and “Label, source, quality certification of material”.Sometimes, the amount 

of necessary materials could vary depending on performing tasks at the construction 

sites and it is noted that material’s label, source and quality should be  confirmed 

when going to the site so that construction progress is ensured as well as not 

interrupted. The next two items, “Availability of material in market” and “Adjustment 

about material price” are observed to be greatly associated with these factors, also 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 84 

showing high factor loadings in this group. It is important to make sure about material 

availability in market; otherwise, iit iwill ihave ia istrong ieffect on the project schedule, 

managers should be remarked and aware of all such cases. This may express a 

significant impact on material management effectiveness in practice.  

The ififth ifactor, i“Contractual iissues”, icontains ithree iitems. This includes 

Payment and inspection conditions; Material price stipulation and Adjustment of 

material specification during construction, pertaining to properties of project contract. 

Generally, this group of items demonstrates the characteristics as well as conditions in 

material contract that possibly affect material management effectiveness. All of items 

get relatively large factor loadings (> 0.70). The first and the second rank are 

“Payment and inspection conditions” and “Material price stipulation”. The late 

payment and unclear provisions of material price maybe restrict the project 

completion. Clearly, both are highly correlated and there are various unexplained and 

external reasons relating to payment and clauses of material price. They themselves 

are also under the pressure to ensure the payment on time more than ever. Next, 

“Adjustment of material specification during construction” may happen due to some 

changes regarding some items in contruction process to adapt with unexpected real 

situations, so everything should be correctly implemented at that time.  

The sixth factor, “Quality control”, includes three items. It includes Regulations 

about material using and installation; Regulations about material procurement and 

Certificate of material origin and quality (CO/CQ). This is one of the most influential 

factors on material management effectiveness. The first two subfactors with high 

factor loadings are in connection with rules, it demonstrates a moderate perception of 

managers about the importance level of icompliance iwith istate iregulations ion ithe iuse 

iand iinstallation iof iconstruction imaterials. Materials need to be purchased and used in 

accordance with the proposed goals and procedures in order to improve fairness in the 

market as well as the quality of the whole project. More importantly, materials also 

must be certified in both origin and quality so that material management can be 

carried out smoothly and quickly.  

The seventh factor, “Suppliers and manufacturers’ issues”, combines again three 

items which are Product quality of manufacturer, Delivery plan/schedule of 

manufacturer and Supplier/manufacturer selection. All of them have relatively high 

factor loadings (> 0.60). In the construction industry, material suppliers, distributors 

or manufacturers refer to organisations contracted as part of the delivery of material. 

As a rule, manufacturers ican ipositively ior inegatively iaffect ithe iquality of our 

building materials which is the most concern in material management, so we should 

be smart in selecting them based on their prestige and relationship got in the 

construction market. Additionally, we also need to care about their timely deliveries 

simply because it could represent their reliability level or maybe considered as ia ikey 

ito iminimize iour iinventory, iwhich iin iturn itranslates ito iless irisk iof iinventory 

iobsolescence iand ilower icash ineeds.   
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The eighth factor, “Transportation in and out site”, encompases two major items. 

They make up quite highly in factor loadings, namely Delivery of materials to site and 

install on site and Delivery date estimation. Both are obviously in very close 

relationship, if we make wrong estimation about delivery date of material, material 

delivery to site is affected by some problems on the path or inappropriate division of 

materials to install on site, it could cause a bad chain effect to our project planning.  

The ninth or the last factor, “Security on site”, similarly consists of two items. It 

includes Site security system and Contract with security company. According to 

experts’ opinions, insurers usually see a particularly large number of claims relating 

to the theft of materials from construction sites. If imaterials ihave ito ibe iordered iin 

ibulk, ithese ishould ibe istored iin ia isecurity icompound ior ian iarea iwhere itheft iwill not ibe 

inoticed iquickly. Surprisingly, they are also proved by getting very high factor 

loadings – over 0.80. Managers should invest in advanced tools that can closely 

monitor all activities happening on the site, assisting for future investigation of 

potential frauds. Thus, site security issues are always put on top priorities. 

5.3 Structural Equation Modeling (SEM) – AMOS 

Structural iequation imodeling i(SEM) iis iperformed ito iestablish ia imodel ifor 

iexplaining imaterial imanagement effectiveness. iThis itechnique iis iapplied iby iusing 

iAMOS i20 isoftware. Nine independent variables which are Procurement issues; Site 

conditions; Planning and handling on site; Industrial environments; Contractual 

issues; Quality control; Suppliers and manufacturers’ issues; Transportation in and out 

site; Security on site are explored in turn to know their influence on material 

management effectiveness as discussed in Chapter 4. With SEM technique, 

researchers also can ifind iout ithe icomplex irelationship iamong iseveral idependent 

ivariables iand iindependent ivariables iin imulti-layer iof ilinkage iat ithe isame itime. This 

research expected to develop a model for explaining complicated relationship between 

infuential factors and the effectiveness of material management, so SEM is considered 

as an appropriate tool to apply.  

Sample size is a strict requirement in SEM so as to achieve a stability and 

reliability of the parameter estimates. In SEM, sample size has to exceed fifteen cases 

per measured variable (Bacon, 2001). iReplication iwith imultiple isamples iwould 

idemonstrate ithe istability iof ithe iresults, ibut imany itimes ithis iis inot ifeasible. iFor ione 

isample ianalysis, ithere iis ino iexact irule ifor ithe inumber iof iparticipants ineeded; ibut 

ififteen icases iper iestimated iparameter iappear ito ibe ithe igeneral iconsensus i(Bacon, 

2001). iBecause ifactor ianalysis icould idetermine ithe inumber iof ivariables ito inine 

factors, icombined iwith imeasured ivariables iof imaterial imanagement effectiveness, ia 

isatisfactory iratio iof i15:1 icases iper imeasured ivariable iwas iachieved. iMoreover, ithe 

ideveloped imodel ialso ineeds ito isatisfy iconditions ifor ia inumber iof istatistic icriteria. iIt i 

iis ishown iclearly iin iTable i5.6 iand iSection i5.3.1 ifor ia icomplete idescription iof ithese 

iand itheir ithreshold iacceptance ilevels. 
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5.3.1 Goodness-of-fit Measures 

Researcher typically uses the following criteria to obtain the statistical significant 

and substantive meaning of developed model. Table 5.6 iprovides ia isummary ion ithe 

imost icommon iSEM imodel ifit iindexes. iIn iadherence ito imodel ifit, inumerous 

igoodness-of-fit iindicators iwere iused ito iassess ithe imodel i(Tabachnick and Fidell, 

2007; Hair, Black  et  al.,  2010). iThe imore icriteria ia imodel isatisfies, ithe ibetter iits ifit. 

Table 5.6 Cutoff criteria for several fit indexes  

 

Indexes 
Short-

hand 
General irule ifor iacceptable ifit Recommend 

Absolute/predictive ifit 

iChi-square 
2  Ratio iof i

2  i ito idf 2  ior i3, iuseful ifor inested 

imodels/model itrimming 

Used 

Akaike iinformation 

icriterion 

AIC Smaller ithe ibetter; igood ifor imodel 

icomparison i(nonnested), inot ia isingle imodel 

 

Browne-Cudeck 

icriterion 

BCC Smaller ithe ibetter; igood ifor imodel 

icomparison i(nonnested), inot ia isingle imodel 

 

Bayes iinformation 

icriterion 

BIC Smaller ithe ibetter; igood ifor imodel 

icomparison i(nonnested), inot ia isingle imodel 

 

Consistent iAIC CAIC Smaller ithe ibetter; igood ifor imodel 

icomparison i(nonnested), inot ia isingle imodel 

 

Expected icross-

validation iindex 

ECVI Smaller ithe ibetter; igood ifor imodel 

icomparison i(nonnested), inot ia isingle imodel 

 

Comparative ifit 
 

Comparison ito ia ibaseline 

(independence) ior iother imodel  

Normal ifit iindex NFI >0.95 i(Good); i> i0.9 i(Acceptable) Used 

Incremental ifit iindex IFI >0.95 i(Good); i> i0.9 i(Acceptable)  

Tucker-Lewis iindex TLI >0.95 i(Good); i> i0.9 i(Acceptable) Used 

Comparative ifit iindex CFI >0.95 i(Good); i> i0.9 i(Acceptable) Used 

Relative inoncentrality 

fit iindex 

RNI Similar ito iCFI ibut ican ibe inegative, 

therefore iCFI ibetter ichoice 

 

Parsimonious ifit    

Parsimony-adjusted 

NFI 

PNFI Very isensitive ito imodel isize  

Parsimony-adjusted 

CFI 

PCFI Sensitive ito imodel isize  

Parsimony-adjusted 

GFI 

PGFI Closer ito i1 ithe ibetter, ithough 

typically ilower ithan iother iindexes 

and isensitive ito imodel isize 
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Table  5.6 Cutoff criteria for several fit indexes (Cont.) 

Some icommon ifit iindexes, ithe iNormed iFit iIndex i(NFI), iNon-Normed iFit iIndex 

i(NNFI, ialso iknown ias iTLI), iIncremental iFit iIndex i(IFI), iComparative iFit iIndex 

i(CFI), iand iroot imean isquare ierror iof iapproximation i(RMSEA), iwill ibe iused. iThe 

ifollowing isection iwill ireport ithe ifit iindexes ichosen ifor ithis istudy itogether iwith ithe 

ijustification ifor ichoosing ithose iindexes. 

The iχ2 istatistic. iThis istatistic iis ian iabsolute ifit iindex iindicating ihow iwell ian 

ianalysis isucceeded iin iminimizing ithe idiscrepancy ibetween ithe ihypothesized 

icovariance imatrix iand ithe isample icovariance imatrix. iThe ismaller ithe ivalue iof iχ2 ithe 

ibetter ithe ifit, iwith izero iindicating iperfect ifit iand ia ivalue iwith ian iassociated 

iprobability igreater ithan i0.05 iindicating iacceptable ifit  (Tabachnick  and  Fidell,  2007). 

iHowever, ia inumber iof iwriters ihave iraised iconcern iabout ithe iuse iof ithis istatistic ias ia 

itest iof imodel ifit ibecause iof iits isensitivity ito idata ithat iare inot imulti-variate inormally 

idistributed iand iits itendency ito iindicate imisfit ias isample isize iincreases i(because iof 

ipower). iDespite ithese ireservations, iit ihas ibeen iused ihere ias iit iallows ifor icomparisons 

ibetween imodels, iwith ithe iχ2 istatistic ifor ithe ihypothesized imodel iproviding ia ibaseline 

ivalue iagainst iwhich iall isubsequent itests iof iinvariance ican ibe icompared. iMoreover, iin 

icross-validation ianalysis, ithe iχ2- idifference itest ican ibe iused iwhereby ia inon-

significant idifference ibetween ithe iχ2 ifor ithe icalibration isample iand ithe iχ2 ifor ithe 

ivalidation isample iindicates ino idifference ibetween ithe itwo imodels.  

The iχ2 i/DF iratio. iResearchers ihave iaddressed isome iof ithe ilimitations iof ithe iχ2 

istatistic iby ideveloping ia inumber iof ialternative igoodness-of-fit iindices i(Bacon,  2001; 

Tabachnick  and  Fidell,  2007). iOne iof ithese iindices iis ithe iχ2 i/degrees iof ifreedom iratio 

i(reported ias iCMIN/DF), ian iindex ithat iis idesigned ito icompensate ifor ithe itendency iof 

Indexes 
Short-

hand 
General irule ifor iacceptable ifit Recommend 

Others    

Goodness-of-fit iindex GFI >0.95 i(Good); i> i0.9 i(Adequate) Used 

Adjusted iGFI AGFI >0.95 iPerformance ipoor iin 

simulation istudies 

Used 

Hoelter i.05 iindex  Critical iN ilargest isample isize ifor 

accepting ithat imodel iis icorrect 

 

Hoelter i.01 iindex  Hoelter isuggestion, iN i= i200, ibetter 

for isatisfactory ifit 

 

Root imean isquare 

residual 

RMR Smaller, ithe ibetter; i0 iindicates 

perfect ifit 

 

Standardized iRMR SRMR <0.08  

Weighted iroot imean 

residual 

WRMR <0.9  

Root imean isquare 

ierror iof approximation 

RMSEA < i0.06 ito i0.08 iwith iconfidence 

interval 

Used 
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ithe iχ2 itest ito ireject imodels iwhen isample isizes iare ilarge. iAs iwith ithe iχ2 istatistic, ithis 

iratio iprovides ian iindication iof ithe iefficiency iof ithe ihypothetical imodel iin 

ireproducing ithe isample idata. iValues iof i2 ior iless irepresent ia igood ifit i(Schreiber,  Nora  

et  al.,  2006). 

The iRoot iMean-Square iError iof iApproximation iIndex i(RMSEA). iThe iRMSEA 

itakes iinto iaccount ithe ierror iof iapproximation iin ithe ipopulation iand iirelaxes iithe 

iistringent iirequirement iion iiχ2 iithat iithe iimodel iiholds iiexactly iiin iithe iipopulation. 

iValues iof i0.05 ior iless iindicate ithe ihypothetical imodel iis ia iclose ifit ito ithe isample idata 

i(Schreiber, Nora et al., 2006). iHowever, isome iauthors isuggest ithat imodels iwith 

iRMSEA ivalues iof i0.08 ior iless ican ibe iaccepted i(Tabachnick  and  Fidell, 2007;  Hair, 

Black  et  al.,  2010). 

The iTucker-Lewis iIndex i(TLI). iThis iindex iis ian iincremental i(or icomparative) ifit 

iindex iwhich iprovides ia imeasure iof iimprovement iin ifit iwhen ithe ihypothesized imodel 

iis icompared iwith ia imore irestricted ibaseline imodel. iTLI iis irecommended iwhen ithe 

imaximum ilikelihood iestimation imethod iis iused ias iwas ithe icase iin ithis istudy. iTLI 

ishould ibe igreater ithan i0.95 ialthough ivalues igreater ithan i0.9 iindicate ireasonable ifit 

i(Schreiber, Nora et al., 2006). iThis iindex ican iexceed ia ivalue iof i1 i(i.e., iit iis ia inon-

normed ifit iindex), ihowever, ithis iindicates ia ilack iof iparsimony. 

The iConfirmatory iFit iIndex i(CFI). iThe iCFI iis ialso ian iincremental ifit iindex iand iis 

recommended iwhen idata iare inot imultivariate inormally idistributed, ias ithe iCFI ishows 

iminimum iestimation ibias iwhen ithis iis ithe icase. iThis iindex iis inormed iwith ivalues 

iconstrained ito ifall ibetween i0 iand i1. iCFI ishould ibe igreater ithan i0.95 ialthough ivalues i 

greater ithan i0.9 iindicate ireasonable ifit (Schreiber, Nora et al., 2006; Hair, Black et al., 

2010). 

The iGoodness-of-fit iindex i(GFI). iThe iGFI iis ithe igoodness iof ifit iindex, iwhich 

iindicates ithe iproportion iof ithe iobserved icovariances iexplained iby ithe imodel-implied 

icovariances. iGFI ivaries ifrom i0 ito i1, ibut itheoretically ican iyield imeaningless inegative 

ivalues. iBy iconvention, iGFI ishould ibe iequal ito ior igreater ithan i0.90 ito iaccept ithe 

imodel (Schreiber,  Nora  et  al.,  2006). 

The iAdjusted iGFI i(AGFI). iThe iAGFI iis ithe iadjusted igoodness iof ifit iindex. iThis 

adjustment iis ito icater ifor ithe iphenomenon iof iSEM, iwhereby imore icomplex imodels 

ifit ithe isame idata ibetter ithan isimpler imodels. iThe iAGFI itakes ithis iaccommodation 

iinto iaccount iby iadjusting ithe iGFI ivalue idownwards ias ithe inumber iof imodel 

iparameters iincreases. iAGFI ivaries ifrom i0 ito i1, ibut itheoretically ican iyield 

imeaningless inegative ivalues. iAGFI ishould ibe iat ileast i0.9 ito iaccept ithe imodel 

(Schreiber, Nora et al., 2006). 

      iThe iNormed ifit iindex i(NFI). iThe iNFI iindicates ithe iproportion iof iimprovement iof 

ithe imodel irelative ito ia inull imodel ithat iassumes ithe ivariables iare iuncorrelated. iNFI 

iranges ifrom i0 ito i1, iwith ivalue iover i0.9 iindicative iof ian iacceptable ifit iof ithe imodel ito 

ithe idata, iand ivalues iclose ito i1 iindicating iperfect ifit (Schreiber, Nora et al., 2006). 
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5.3.2 Structural Equation Model for Material Management Effectiveness Based 

on Practical Projects 

To iprepare ifor irunning iSEM imodel, iit iis inecessary ito icheck ithe ireliability iscale 

iand ithen icarry iout ifactor ianalysis iof iitems ithat iwould ibe iused ifor ithe imeasurement iof 

imaterial imanagement effectiveness iin iconstruction iprojects. iIt iwas ishown iin isection i4 

iof iquestionnaire. iRegarding irating iscale iin ithis ipart, ithe iresearcher iused i10-point 

irefered ifrom ipractical ievaluation iof iconstruction iprojects ito irepresent ithe 

effectiveness of imaterial imanagement. iTheory ias iwell ias icriteria ifor ianalyses iwere 

iclearly igiven iin iSection i5.2. iHowever, iin iorder ito ieasily ianalyze ithe igathered idata, 

ithe irating iscale iwas iconverted iinto ifive-point iLikert iscale ithat iwas idescribed ias 

ifollows: 

Rating score  Converted scale Description 

0.00 – 2.00  1 Unacceptable 

3.00 – 4.00  2 Not Satisfactory 

5.00 – 6.00 3 Cautionary 

7.00 – 8.00  4 Satisfactory 

9.00 – 10.00  5 Good 

❖  Reliability Analysis 

Table 5.7 Cronbach’s Alpha for factor scale 

measuring material managemet effectiveness (N = 15) 

Label Items of Scale 
Cronbach's  

Alpha 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha  

if Item 

Deleted 

T TIME 0.846   
T1 Material supply plan  0.582 0.829 

T2 Contract signing plan for material 

procurement  
0.671 0.812 

T3 Material receiving plan  0.646 0.817 

T4 Material payment plan  0.640 0.817 

T5 Material installation plan  0.648 0.816 

T6 Material inspection and handover plan  0.571 0.831 

C COST 0.763   

C7 Material unit price comparing to 

budget 
 0.520 0.729 

C8 Construction material quantity 

comparing to loss ratio of project  
0.649 0.658 

C9 Commitment contract to keep 

material price according to 

construction progress  

0.541 0.719 

C10 Cost control system of material 

management process  
0.542 0.719 
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Label Items of Scale 
Cronbach's  

Alpha 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha  

if Item 

Deleted 

Q QUALITY 0.743   
Q11 Inspection of material specifications 

compliant to the quality and standard 

of project  

0.591 - 

Q12 Evaluation and control system of 

material quality from procurement till 

using  

0.591 - 

S SAFETY 0.803   

S13 Transportation, loading/unloading of 

material comply with safety and 

health regulations 

 0.598 0.793 

S14 Security on site related to material 

storage  
0.666 0.718 

S15 Work safety procedures regarding 

material installation  
0.694 0.682 

As iwe ican isee ifrom iTable i5.7 iabove, ithe iCronbach’s ialpha icoefficients irange 

ifrom i0.743 ito i0.846, iwhich iare ihigher ithan ithe iideal ivalue iof i0.70. iTherefore, iall iof 

ithese iitems iwould ibe iretained. i i 

❖ i iFactor iAnalysis 

The itested idata iset iof i15 ivariables iresulted iin ia iKaiser-Meyer-Olkin i(KMO) 

imeasure iof isampling iadequacy iof  0.873, iwhich iis iconsidered ias ia ivery igood isign. 

iAnother imode iof idetermining ithe iappropriateness iof ifactor ianalysis iis ithe iBartlett 

itest iof isphericity. iThe ianalysis iof iBartlett itest iof isphericity ireached iat istatistical 

isignificance iwith iChi-square  1098.052, idegree iof ifreedom i105 iand ia isignificance 

ilevel iof  0.000. iIn iaddition, ithe iresult ialso idemonstrated ia icumulative ipercentage iof 

ivariance iof i64%. iAccordingly, ifactor ianalysis iwas isupposed ito ibe itotally irelevant. i 

Next, ithe iwhole iitems iwere iobviously iretained iwith iconsiderable ivalues iof ifactor 

iloadings, ihigher ithan i0.50. iThe ifinal iresults iof ifactor ianalysis iare ishown iin idetail iin 

iTable i5.9 ibelow. Moreover, ithe icorrelation imatrix iof ifactor iwas ialso idisplayed iin 

iTable i5.8. iThe iresults ishowed ithe istrength iof ithe irelationship iamong i4 ifactors iwas 

iextremely ihigh; imost iof ithem iexceeded ithe ivalue iof i0.30. iThus, ithe iassumption 

iunderlying ithe iuse iof ivarimax irotation iis isatisfied. 

Table 5.8 Factor Correlation Matrix of measurement 

Factor 1 2 3 4 

1 1.000    
2 0.258 1.000   
3 -0.453 -0.324 1.000  
4 0.315 0.240 -0.323 1.000 

Extraction Method: Principal Component Analysis.   

Rotation Method: Oblimin with Kaiser Normalization. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 91 

Table 5.9 Pattern Matrix, Eigenvalues, Percentage of Variance explained for factors 

measuring material managemet effectiveness (N = 15) 

Item 1 2 3 4 

T4 0.762    
T2 0.745    
T5 0.738    
T3 0.727    
T1 0.686    
T6 0.624       

C8   0.766    

C7  0.719   

C9  0.684   
C10   0.651    

S15     0.866   

S14   0.828  
S13   0.761  
Q12       0.843 

Q11       0.796 

Eigenvalues 5.477 1.835 1.227 1.066 

Percentage of Variance Explained 36.513 12.235 8.179 7.104 

  Extraction Method: Principal Component Factoring.  

  Rotation Method: Oblimin with Kaiser Normalization. 

❖  Structural Equation Model 

Structural imodel iwas iundertaken iusing ithe iSEM itechnique ito iuncover ithe 

isignificant iinter-relationships ibetween ithe ifactors iretained ifrom iEFA iin iSection i5.2. 

iThe iconceptual imodel iwas idescribed iin iFigure i5.3. iNine iconstructs irelated ito 

iinfluential ifactors ion imaterial imanagement effectiveness iwhich iwere iexplored ifrom 

ifactor analysis, iand ianother ifour iconstructs irepresented ifor imaterial imanagement 

effectiveness iwere iillustrated iin ithis imodel. iThe idetails iof ieach iobserved iindicators 

iwere idepicted iin iTable i5.10. i 

iIn iorder ito iachieve ia ihigher iGoodness-of-Fit imodel, isome ilinks ibetween ierrors 

iwere isequentially iadded ibased ion ithe iresult ifrom iModification iIndices i(MI). iThe 

ifinal inotable model iwhich iwas idescribed iin iFigure i5.4 iwas ithe ioptimum imodel ithat 

iachieved imost iof icriteria ifor iseveral ifit iindexes iwithout itoo icomplicated irelationship. 
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5.3.3 Assessment and Results of SEM 

From the analysis, it was found that “Procurement issues”s influence on cost and 

safety criteria; “Site conditions”s influence on time criterion; “Planning and handling 

on site”s influence on quality and safety criteria; “Industrial environments” and 

“Contractual issues”s influence on time, quality and safety criteria; “Quality control”s 

influence on time and cost criteria; “Suppliers and manufacturers’ issues”s influence 

on safety criterion; “Transportation in and out site”s influence on cost criterion and 

“Security on site”s influence on quality criterion did not appear in the final model. It 

did not conflict with the result of CFA and was not hard to understand. Even though 

these nine factors existed as important factors but they did not have significant 

statistics due to large p-value (> 0.05) indicated from SEM results. The remaining 

factors had significant influence on the effectiveness of material management as 

shown in Figure 5.4. iIn iaddition, iscatter iplots ibetween ithe inine groups of factors 

iwere iconducted ito iensure ithat ia ilinear itrend iwould ibest irepresent i(i.e. ithe ihighest iR2 

ifit) ifor itheir irelationship. iThis imodel ihas ithe ifollowing ifit icoefficients: iCMIN/DF i= 

i1.377; iRMSEA i= i0.044; iGFI i= i0.781; iAGFI i= i0.752; iNFI i= i0.724; iCFI i= i0.903; iand 

iTLI i= i0.894, icomparing iwith ithe icritical ivalue iare ishown iin iTable i5.11. iThe ifinal 

imodel isatisfied imore ithan i50% iof icritical istandards iand iabove ithe ithreshold iof 

ialmost iimportant istandards. iTherefore, iit icould ibe iconcluded ithat ithe imodel ihas ibeen 

isuitable iand icould icontinue ito ianalyze ithe ioutcome iof ithe icausal ieffects. 

Figure i5.4 iprovided ithe iresults iof itesting ithe istructural ilinks iof ithe iproposed 

iresearch imodel iusing iAMOS iprogram. iThe iestimated ipath icoefficients i(standardized) 

iwere igiven. iAll ipath icoefficients icould ibe iconsidered ias ivalid iat ithe i95% isignificance 

ilevel iproviding ithe isupport ifor itwenty irelationships. iThese iresults irepresented iwere 

iexplaining ifactors’ iinfluence ion ithe effectiveness of imaterial imanagement. iThe 

ieffects iof icriteria iin imaterial imanagement effectiveness iand inine iexisting groups of 

ifactors i(Procurement issues, Site conditions, Planning and handling on site, Industrial 

environments, Contractual issues, Quality control, Suppliers and manufacturers’ 

issues, Transportation in and out site, Security on site)  iaccounted ifor i33% of ithe 

ivariance iin ieach ivariable iof imaterial imanagement effectiveness. iThis iis ian iindication 

iof ithe igood iexplanatory ipower iof ithe imodel ito imeasure ithe effectiveness of imaterial 

imanagement. 

In itotal, istructural iequations iexplained ithe itwenty icausal irelationships i(paths) 

iwhich iexisted ibetween ithe inine ienablers iand ifour outcome ifactors, ishown iin iFigure 

i5.5. A isummary iof ithe ideveloped istructural iequations, ipath icoefficients iand 

isignificance ilevels iwas iprovided iin iTable i5.12, ifor imore idetails, iauthors 

idemonstrated iin iAppendix  C. iThe ifollowing isection iwill idiscuss iabout ithe ipractical 

iimplications iof ieach istructural iequation iand iits’ iassociated ipredictor ivariables. 
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Table 5.11 Goodness of Fit Indexes for Practical Model 

Indexes General irule ifor iacceptable ifit Final iModel Comment 

2 / df  
Ratio iof i

2  ito idf i i2 ior i3, iuseful ifor inested i 

Models/model itrimming 
1.377 Good 

NFI >0.95 i(Good); i> i0.9 i(Acceptable) 0.724 Not iAcceptable 

TLI >0.95 i(Good); i> i0.9 i(Acceptable) 0.894 i  i0.9 Acceptable 

CFI >0.95 i(Good); i> i0.9 i(Acceptable) 0.903 i  i0.9 Acceptable 

GFI >0.95 i(Good); i> i0.9 i(Acceptable) 0.781 Not iAcceptable 

AGFI 
>0.95 iPerformance ipoor iin isimulation 

studies 
0.752 Not iAcceptable 

RMSEA  i< i0.06 ito i0.08 iwith iconfidence iinterval  i0.044  iGood iFit 

 

Table 5.12 Path coefficients and structural equations 

Path  
Estimate  

Standardized  

Estimate  

Un-stand 
S.E C.R. P 

PL→TIME 0.283 0.186 0.052 3.604 *** 

TR→TIME 0.303 0.150 0.036 4.191 *** 

SU→TIME 0.289 0.189 0.053 3.596 *** 

PI→TIME 0.254 0.147 0.040 3.654 *** 

SE→TIME 0.194 0.096 0.034 2.840 ** 

IE→COST 0.200 0.147 0.118 1.243 0.014 

CT→COST 0.463 0.279 0.093 2.991 ** 

SU→COST 0.221 0.191 0.076 2.500 0.012 

PL→COST 0.239 0.207 0.068 3.023 ** 

SE→COST 0.270 0.176 0.049 3.604 *** 

SI→COST 0.263 0.211 0.067 3.137 ** 

PI→QUALITY 0.344 0.270 0.073 3.725 *** 

SU→QUALITY 0.258 0.231 0.091 2.533 0.011 

QC→QUALITY 0.221 0.161 0.068 2.347 0.019 

SI→QUALITY 0.037 0.031 0.188 0.163 0.047 

TR→QUALITY 0.252 0.170 0.142 1.200 0.023 

TR→SAFETY 0.320 0.255 0.161 1.582 0.014 

SI→SAFETY 0.280 0.210 0.137 0.154 0.038 

SE→SAFETY 0.209 0.190 0.194 0.982 0.026 

QC→SAFETY 0.073 0.054 0.150 0.362 0.017 

                                                                           (***) P < 0.001; (**) P < 0.01 
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Figure 5.5 Path practice model for explaining influential factors 

on material management effectiveness 
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Figure 5.5 Path practice model for explaining influential factors 

on material management effectiveness (Cont.) 

As we can see from the SEM results in Table 5.12 and the path practice model in 

Figure 5.5, each of project criteria had been positively affected by various factors 

with different levels which has been in line with forecasts. In general, statistical report 

is totally expressing the result less than 95% at a significant level. It helps to achieve a 

fairly accurate view about influential factors on material management effectiveness.   
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Firstly, in terms of time aspect, this criterion seems to be quite sensitive in 

construction as all survey factors have an effect on it. For instance, “Transportation in 

and out site” has the most influence on the time criterion ( 0.303,p 0.000 = = ). 

Delayed receipt of materials will result in wastage of the time required to complete 

the project. Another mistake involves in estimating the wrong date of material 

receiving, which can be caused by inexperienced people or simply being negligent in 

their work. Next, “Suppliers and manufacturers’ issues” and “Planning and handling 

on site” are observed at the second and third rank about the influence level (

0.289,p 0.000 = =  and 0.283,p 0.004 = = , respectively). It could be explained 

that the duration of projects may be affected by the supplier or manufacturer because 

sometimes we really need that type of material but in fact it is unavailable or 

reversely, their distribution is delayed in some bad situations. In addition, as 

mentioned before, the construction schedule should ibe irevised ias ifrequently ias 

ipossible iin iorder ito imonitor iwhether iwork iis iprogressing ias iplanned. In other words, 

it is absolutely pivotal to keep accurate track of the materials needs of the project. 

Furthermore, some other fators also observed to have an actual impact on the time 

criterion are associated with “Procurement issues” and “Security on site” (in turn, 

0.254,p 0.000 = = ; 0.194,p 0.005 = = ). It is clear that if the investment budget 

for the material purchase is lost, coordination among stakeholders is inconsistent, 

poor working experience or delays in making important decisions in work can make 

the progress of project affected. Besides, loss of materials due to poor security system 

sometimes also impede the project time to finish. 

 Secondly, project success is possibly decided by how well the project cost has 

been handled in the project and material plays an imperative role in that. In this study, 

regarding cost aspect, there are six major influential factors in which “Contractual 

issues” is the most noticeable factor ( 0.463,p 0.003 = = ). The stipulation of 

material prices need to be transparent between two parties and the adjustment of 

material technical specifications must go hand in hand with a reasonable 

consideration of material prices. Next, “Security on site” and “Site conditions” also 

affect the cost criterion but in a slightly lesser level (in turn, 0.270,p 0.000 = =  and 

0.263,p 0.002 = = ). These two groups are quite similar. Materials should be stored 

attentively on site; otherwise, when they were lost and then we have to spend a 

considerable amount of money to repeat the procurement process to ensure that the 

project progress is still on schedule. Besides, the location of materials should be 

appropriately arranged and when iarriving ito ithe isite, ithey ishould ibe istrictly ichecked 

iin ithe iquantity iand iquality ito iavoid ispending ito imaster iundesired idamages. Factors 

with minor influence but no less important matter to take into consideration are 

“Planning and handling on site” ( 0.239,p 0.003 = = ) and “Suppliers and 

manufacturers’ issues” ( 0.221,p 0.012 = = ). This shows that planning the right 

materials in each item along with a clear construction schedule can help to estimate 

the project cost more smoothly and accurately. In addition, the selection of a reputable 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 101 

material supplier or manufacturer, which has a long-term relationship with reasonable 

price, will greatly contribute to the reduction of unexpected costs. The factor found to 

have the least influence is “Industrial environments” ( 0.200,p 0.014 = = ). As we 

know, changes in demand as well as market prices of materials are unavoidable in 

order to ensure the suitability during construction. As a result, the calculation and 

estimation of necessary expenses for the project should be carefully carried out in 

order to avoid potential risks.  

Thirdly, ithe iquality iaspect iof imaterial management linked iwith iproper iquality 

imanagement iin iall ithe iphases iof iproject ilife icycle iis ione iof ithe icritical ifactors iin 

imeasuring ithe isuccess iof iconstruction iprojects. In here, it is found that “Procurement 

issues” ( 0.344,p 0.000 = = ) and “Suppliers and manufacturers’ issues” (

0.258,p 0.011 = = ) are respectively considered as the first and second rank about 

the influence level on the quality criterion. Management commitment and leadership 

in construction organizations must be followed as poor imanagement ipractices imay 

idirectly iand iindirectly ilead ito ithe idecline iof iconstruction iproductivity iand iultimately 

iaffect iproject iquality. It is agreed that experienced managers are very intelligent and 

conscious of making the best and wisest decisions in bad situations and so, they can 

supervise and control well materials on site. Further, iin ithe iconstruction iphase, iextent 

iof iteamwork iamong iparties iparticipating iin ithe iconstruction iprocess ishould ibe ialso 

iappreciated ito iachieve ithe itargets iquickly iand iefficiently. More importantly, the 

quality of project materials always accompanies with the popularity and trust in 

suppliers or manufacturers. The following factors with a quite modest level of 

influence are “Transportation in and out site” ( 0.252,p 0.014 = = ).i It could be 

understood that material quality iof iconstruction iprojects ican ibe iregarded ias ithe 

ifulfillment iof iexpectations iof ithe iproject iparticipants iby ioptimizing itheir isatisfaction; 

ihence, iexamining ithe itransportation iconditions to secure the packages iis itruly an 

important istage. The next one that continue to be concerned is “Quality control” (

0.221,p 0.019 = = ). As we know, materials need to be verified and proven clearly 

before being put into use, then complying with regulations for material installation in 

the right order also can maximize their function. The remaining item that receives less 

attention is “Site conditions” ( 0.037,p 0.047 = = ).i Doing ia icomprehensive icheck 

iof imaterial iquality iprior ito ireceiving iis iso icritical. iUnless ithe iquality ioutcomes iof ithe 

iproject imaterials iare iadherence iwith irequired istandards, ifaulty iconstruction or errors 

may take place and it will result in being costly for rework of defective.  

Last but not least, isafety iin iconstruction iindustry iis inot ia imatter ito ibe itaken 

ilightly isince iit iis iprone ito imany ihazards iand iaccidents ipotential. iIn ifact, ithe imain 

itypes iof iaccidents iwhich icause ideath ior iserious iinjury ion iconstruction isites iinclude 

ifalls, iincidents iwith isite ivehicles, icollapsing imaterials iand icontact iwith ioverhead 

ipower ilines. In this research, “Transportation in and out site” ( 0.320,p 0.014 = = ) 

and “Site conditions” ( 0.280,p 0.038 = = ) are indicated as the most two influential 

factor on the safety criterion.  It is not difficult to explain because this result is close 
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to the fact that high rise buildings remain predominant in big cities, the transportation 

of large quantities of materials is always considered as risky with frequent and high 

danger rate if we do not comply with the regulations on occupational safety. One 

more thing, a untidy site or space iconstraints, iparticularly iin iurban iwork isites imaybe 

ithe iunderlying icause iof iother iaccidents, ifor iexample, itripping, islipping ior ifalling iover 

imaterials iwhich ihave ibeen ileft ilying iaround. Besides, another interesting result is 

observed that “Security on site” and “Quality control” ( 0.209,p 0.026 = =  and 

0.073,p 0.017 = =  in turn) also have a certain effect on the safety aspect although 

the direct influence from these factors can not be distinctly seen. It seems to be 

unpredictable what risks will happen if we do not follow the regulations to use and 

install materials on site or materials fail to meet quality standards as well as have 

undetermined origin. Additionally, the security system on site also needs to be closely 

managed and coordinated to achieve a higher quality.   

5.4 Summary 

This chapter aims to explore influential factors on the effectiveness of material 

management in order to get more understanding about how to improve their current 

works. Factor analysis indicates nine main igroups iof ifactors ithat ihave ithe isignificant 

iimpact ion ithe ieffectiveness iof material management such as “Procurement issues”, 

“Site conditions”, “Planning and handling on site”, “Industrial environments” 

“Contractual issues”, “Quality control”, “Suppliers and manufacturers’ issues”, 

“Transportation in and out site”, “Security on site”. Generally, material management  

can be influenced through several stages including planning, procurement, 

transportation and storing. Some highlights related to planning given were 

construction scheduling, material arrangement and supply on site. In addition, the 

output also pointed out the strong influence from material supervision and control 

capacity as an imperative factor in management system. Further, material payment 

employed on time and origin of materials fully verified will prevent the project 

performance from unworthy risks. 

According to SEM model, the relationship among these factors has been carefully 

explored. They all are definitely illustrated as their positive effects on four criteria of 

material management – itime, icost, iquality iand isafety. It is expected that having a 

profound understanding of various factors in the current result can enormously 

contribute to changing or improving the performance approach at construction site. 
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Chapter 6 

Discussions and Conclusions  

Based ion idata ianalysis iand ifindings, ithis ifinal ichapter iwill ifirst idiscuss iabout 

iresearch iconclusion. iNext, ithe iimplication ifor iresearch iand ithe iimplication ifor 

ipractice iwill ibe iexplained, ifollowed ithen iby iresearch ilimitations iand isuggestions ifor 

ithe ifuture iresearch. 

6.1 Research Conclusions 

6.1.1 Consideration of criteria to measure material management effectiveness 

According to the statistical results, it is obvious that four representative icriteria 

isuch ias itime, icost, iquality iand isafety iare iconsidered ito itake ia iwell-performing irole iin 

ievaluating iquite iadequately ithe ieffectiveness iof imaterial imanagement iof imost 

iprojects.  

In terms of time, the majority of criteria got scores above the average while few 

projects achieve a perfect number. This shows that material managers have not nearly 

utilized their maximum capacity. As we know, in order to operate a process well, the 

first thing is to plan thoroughly the materials needed for the project along with 

working out a backup plan to minimize losses. Those plans, of course, require those 

with good thinking and experience to know how to allocate resources appropriately. 

In spite of being aware of this, in some cases too hasty to get the job done or simply 

not get mutual support in their work, it may result in the fact that these plans 

presented are sketchy or just meet formal requirements. Therefore, it is really difficult 

to control the risks arising afterwards. Also, negligence in detailing the provisions of 

the material supply contract as well as some unspecified contents will be very time-

consuming in resolving disputes later on because the legal system is extremely 

complicated. iAs ia iresult, iit iis inecessary ito iconsider iand iclarify ithe iregulations ibefore 

iofficially isigning ithe icontract. iIn iaddition, ithe imaterials ireceived iin iaccordance iwith 

ithe iplan iare ivery iimportant in ensuring the progress of projects. Sometimes, due to 

some objective reasons, the plan of receiving materials encountered some problems, 

the manager should be very calm and wise to make temporary and appropriate 

solutions to such situations. Besides, the payment of materials procurement costs in 

the contract should be implemented in accordance with the proposed plan. Pertaining 

to the survey, the ineffective management of costs in some projects has led to 

payment delays or even inability in this clause, the supplier thereby may suspend their 

material supply, from which project progress is also affected. After receiving 

materials, installation plan of materials is also equally important, materials should be 

arranged to comply with each item and use purposes in order to avoid having to repeat 

unnecessary works, causing time waste to complete the project. This is clearly visible 

in the fact that most of the projects have satisfactorily completed this stage, with very 
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few serious cases reported. Furthermore, one of the criteria ifor iassessing ithe 

ieffectiveness iof imaterial imanagement ito iguarantee ithe iproject ischedule iis imaterial 

iinspection iand ihandover iplan. iThis ishould ibe iseriously iand icarefully iemployed iso ias 

ito idetect iand iinvestigate iearly iany iserious ierrors irelated ito ithe imaterials iused, iwhich 

icould isuggest icorrective imeasures ion ithe ibasis iof itime ioptimization ito icomplete ithe 

iproject. iAnd iit iseems ithat imanagers iare iwell iaware iof ithe iimportance iof ithis ipart, iso 

ithe irecorded idata idemonstrate iprojects’ isuccessful ifulfilment. 

Considering the cost factor, based on data analysis, the evaluation criteria have a 

great variation in scores, the majority of projects assess management effectiveness of 

this factor at the satisfactory level while the remaining projects at the cautionary level 

are also quite significant. As a result, managers need to look more carefully at 

solutions to improve the efficiency of this category. The matter experts first 

concerned when evaluating this criterion was the compliance of material unit price 

with the project budget. The material volume should be reasonably calculated and 

considered to choose materials whose prices match the existing financial possibilities. 

This is now reported to be quite good from projects.  Next, the volume of construction 

materials must be guaranteed to meet the loss ratio of project, which we need to 

reserve in advance, otherwise it will make the project spend an additional significant 

cost for purchasing supplementary materials, not to mention the labor hiring cost. In 

practice, it is hard to control perfectly this clause simply because it is only an 

estimated volume of materials that is sometimes entirely inaccurate. Also, it is very 

important to have a contractual commitment to keep the material price during the 

construction process. If the material price has large fluctuations in the market but for 

some unexpected reasons, the project is in need of extra materials and then of course, 

the project cost will be again adjusted and this can help to limit the negative impact 

caused by this effect at that time. In this category, most projects are rated above the 

satisfactory level. Additionally, each project of different contractors should also have 

a consistent system of cost control in handling emerging issues quickly and flexibly, 

which can be attributed to the support of technical management softwares. And it is 

clear that in the majority of projects surveyed, managers are well understanding and 

applied this management system in parallel with improving and developing it further 

in the future. 

Regarding the quality factor, the observed data are very positive as most of the 

projects are evaluated with impressive scores. As usual, materials need to be strictly 

adhered to the quality standards of project, so it is preferably purchased from 

reputable manufacturers. At the time of material receiving, managers should also 

conduct rigorous tests of the input criteria to ensure the quality of the entire project. In 

fact, this work is well accomplished at high levels of satisfaction while still a small 

number of projects are just classified as a cautionary level. Moreover, the quality 

control and evaluation system in the project also have to be transparent and clear for 
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each item, constantly open to new ideas and timely detect errors in order to enhance 

the productivity. Similarly, this criterion shows that projects are performing very well. 

Pertaining to safety factor, the occurrence frequency of accidents involving the 

construction materials in the projects is quite low. Although training programs about 

safety are regularly deployed at construction sites, it still remains some sporadic cases 

concerning material collapse and handling on site, which may be due to poor sense of 

workers. To assess this criterion, there are three primary parts to bear in mind, firstly 

the transportation and loading of materials must conform to occupational safety and 

health disciplines. Nobody could anticipate what risks will come to us, so raising our 

self-awareness and being careful in any cases would be better. Next, the construction 

security system must be safeguarded to prevent or warn some excessive behaviors that 

may affect health as well as threaten the safety of those working there. One more 

thing, workplace safety procedures also need to be eternally updated and ready to 

approve creative thoughts to simplify complicated processes so that workers can feel 

catchy and easy to manipulate. 

In short, the weaknesses of the project managers are occasionally lacking the 

patience leading to unproductive decisions, or doing everything to catch up with the 

work schedule without balancing other aspects of project. In order to reinforce the 

effectiveness of material management, it is greatly necessary to spend a precious 

period of time analyzing and investigating deep causes of failure and then, we can 

find out the next directions accordingly. Most importantly, sharing each other’s 

experiences, especially the high spirit of cooperation in working groups should be 

aggressively promoted to maximize the productivity of work. 

6.1.2 Influential factors on material management effectiveness 

The results of this study indicated highly significant level of variables influencing 

the effectiveness of material management in construction projects. These factors were  

Procurement issues, Site conditions, Planning and handling on site, Material 

condition, Contractual issues, Quality control, Suppliers and manufacturers’ issues, 

Transportation in and out site, Security on site. In the item point of view, material 

management effectiveness is affected from Material supply plan,  Material supervision 

and control capacity, Payment and inspection conditions, Certificate of material origin 

and quality (CO/CQ) and Construction schedule. These five items are the top rankings 

among thirty-six items surveyed in this research. 

In general, material management effectiveness could be influenced by several 

levels of factor from planning until installation stage. This may be conceived in 

different levels of intensity and the following section will discuss more closely about 

these effects.  

In iterms iof itime iaspect, ithe ianalysis iresults discovered and featured the influence 

from all nine main factor groups as stated above. It is quite interestingly observed that 

“Contract signing plan for material procurement” is the most prominent item to 
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measure the time criterion as the provisions as well as commitments of execution time 

can be obviously referred in the contract. There is no doubt about the role of planning 

and material handling on site in which material supply plan has a great impact on the 

whole process. Design documents should be prepared in time together with suitable 

material placement on site can help the project progress be implemented as outlined 

plan. Besides, we also should consider site condition and transportation. This takes 

precedence over all and in order to keep the materials uninterrupted during use and 

installation, the estimated delivery date must be roughly accurate. Material receiving 

schedule must be systematically implemented and materials should be stored in a 

convenient place so that they can be easily transported when needed, thereby saving 

time. Next, the selection of reliable suppliers or manufacturers also greatly affect the 

project fulfillment which no contractors expects their jobs on site to be suspended just 

for the sake of late material delivery. Following that, management and organization 

factors are also evaluated with a noteworthy influence level. Experienced people, of 

course, will manage their work better and imaginably make timely decisions. Instead 

of spending too much time for preparing papers to request material supply, we should 

focus on how to effectively work or coordinate between the site and the office. 

Another surprising outcome is found that “Quality control” and “Security on site” 

similarly have an effect on time aspect but may not seem significant.  Contractors 

have to abide by governmental regulations so as to avoid a halt in using materials, 

causing time wastes in vain. 

Regarding cost criterion, the results emphasized the influence of all factor groups 

except “Procurement issues”, “Quality control” and “Transportation in and out site” in 

which the compatibility of material unit price with the project budget is demonstrated 

as the most critical criterion in evaluating this category. As we can see evidently from 

the first thing that the scarcity of materials in market, fluctuations in both material 

demand and prices or variations in technical specifications of materials during 

construction will have a great influence to the adjustment of cost criterion at that time. 

As a result, it should also be added that the plan related to the volume of materials 

supplied and used need to be clearly calculated and outlined from the outset in order 

to avoid major losses or changes in the future. Once again, the selection of material 

suppliers or manufacturers having a long-term relationship and being capable of 

providing products with reasonable prices may help contractors worry less about 

spending on this feature. Also, theft or loss of materials frequently occurring on the 

site are recognized as being associated with many different causes. It can be regarded 

as an alarm bell for contractors who have to strengthen training, self-consciousness 

education for workers about asset protection on the construction site and strictly 

handle the cases detected. And more importantly, it is necessary to promote the 

cooperation efficiency between the site and professional security companies. 

Moreover, the volume of materials should be checked and ensured the right quantity 

as soon as they are received. At the same time, the space for material storage need to 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 107 

meet the established standards so as to avoid generating additional costs for damaged 

materials. 

In association with quality aspect, the results pointed out that the factor groups 

except “Planning and handling on site”, “Industrial environments”, “Contractual 

issues” or “Security on site”, have different scope of influence on the material quality 

of projects. In general, materials must conform to the project’s quality standards and 

be continuously evaluated, updated in a flexible and effective management system. 

“Procurement issues” is still found as the most important factor in which managers 

should have intensive experience and ability to coordinate well in work. Since then, 

they could control and acknowledge what kind of materials will be suitable for the 

project along with thinking and making opportune decisions. Additionally, it is also 

quite interesting to know that the appropriate handling and allocation of materials on 

construction sites can significantly affect material quality. But certainly, the storage 

space of materials as well as the convenient location for transportation will be of great 

concern to managers after completing the necessary quality inspection procedures for 

material receiving. Specifically, characteristics related to materials such as labels, 

origin as well as quality certification need to be transparent and universally 

recognized in the market. Last but not least, the image of material quality can be 

vividly reflected in collaboration with reputable brands or material suppliers in the 

construction industry. This was explicitly discussed in previous sections. 

Referring to the safety aspect, everyone definitely have to concern when working 

in the construction environment. Also, it will not be too surprised that the safety 

procedures are listed by construction projects as top priority criteria whenever 

evaluating management effectiveness in this side. According to data analysis, there 

are totally four key elements related to material management which potentially affect 

occupational safety issues on the site including “Transportation in and out site”, “Site 

conditions”, “Security on site” and “Quality control”. As we all know that material 

transportation on the road always faces with risks or accidents, so we must constantly 

raise awareness, be careful at all times even during the phase of material loading and 

unloading. Further, compliance with the regulations in the use and installation of each 

type of material should also be minded in a certain extent, especially materials 

considered special or the worse case regarding a unclear origin would be more 

concerned. And it is recommended that the construction site  should have timely 

alarm systems when any behaviors are identified as highly dangerous and likely 

threaten the safety of people around. One more thing, materials should be neatly 

organized, in accordance with the layout on the site to hinder the appearance of bad 

problems and simultaneously optimize  the conformity with occupational safety 

procedures of individuals performing their works there. 

All in all, by profoundly understanding these groups of factors, managers may 

conceive what strengths their current project has along with which constraints need to 

be overcome. iBesides, ia idetailed ipresentation iabout ithe iinfluence ilevel iof ithese 
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ifactors ito ithe iaspects iof imaterial imanagement effectiveness ican ibe iviewed ias credible 

references for managers who can promptly give accurate directions in building up and 

perfecting the management system as well as proposing training programs consistent 

with the current context. 

6.1.3 Suggestions of experts in improving material management effectiveness 

In terms of planning:  

-  Need to put forward appropriate suppliers and source of materials first.  

-  Coordinate and prepare site works well.  

- Construction progress must be regularly monitored weekly or monthly to be 

adjusted according to reality. 

With regards to procurement issues:  

-  The volume of materials should be fully calculated from initial steps.  

- Select suppliers or manufacturers that have financial capacity and quality 

certification, supply schedule should be mastered in order to match construction 

progress.  

-  Delivery and receiving of materials should be tested and measured with the 

right quality and quantity.  

-   It is necessary to frequently organize training programs, update new knowledge 

for relevant working positions, from which inexperienced people will be guided by 

their predecessors. 

In association with industrial environments and contracts:  

-   Contract to keep material prices is needed to avoid market price slippage. 

-   Need to negotiate material prices with various qualified suppliers to choose the 

best price.  

-  Need to update the market price fluctuation aiming to achieve a database in 

order to prevent arising cases in relation to the material volume afterwards.  

Talking about site conditions and transportation:  

-  The transportation should be noted about using proper equipments, machinery 

or forklifts to avoid breakage, ensuring no loss of materials.  

-  Arrange the site so that the road between the vehicle location and the aggregate 

is short and convenient. In addition, the gathering place should have a roof or a silver 

cover to avoid wind and rain during loading.  

-  Receiving plan has to restrict a long wait while the vehicle comes in and out the 

site as this may incur additional costs for vehicles waiting to drop off and park.  

- Allocate sufficient staff (storekeepers, QA/QC) to icheck ithe iquality iand iquantity 

iof imaterials iclearly ibefore ireceiving. 

Related to suppliers and manufacturers:  

-  Find out preliminary information about suppliers before signing the contract, 

suppliers evaluation should be periodically taken place until the end of project.  
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-  Clearly stipulate the penalties in the contract when materials were late in 

delivery, poor quality, and in case of material return.  

- Warranty conditions of materials should be corresponded to the project warranty 

of investors.  

In connection with quality control:  

- Materials must conform to the standards prescribed by the Ministry of 

Construction and have a full quality certification as well.  

-  Fences on site need to be ensured in quality and security gates should be 

equipped with cameras. 

-   Select reputable and highly reliable security companies. 

In addition, it is critical to totally exploit the utility of material management 

softwares at present, such as data management for suppliers’ catalog; contract 

management; data updates relating to purchasing invoices; transportation and supply 

management and so forth. Data are stored most effectively only when the information 

technology is applied. The entire volume of materials will be synthesized from the 

majority of suppliers, and from there will know how much materials are allocated to 

all construction projects. The selection or report searching will accordingly be 

implemented very fast and beneficially rather than the raw typing. Further, the 

inventory will be easily viewed and counted, limiting the shortage of materials when 

conducting manual calculations. Moreover, managers can also refer to how the 

average price of materials at that time (monthly) is, which is intended to clarify, 

assume responsibility as well as the work schedule of departments and construction 

sites, from that may urge their performance. 

6.2 Contribution to Research 

As iwe ihave iseen, ione iof icritical icomponents ito ioperate ia iconstruction ibusiness iis 

iconstruction imaterial imanagement. iThis icomponent iis icommonly iknown ias ia iisystem 

iifor iiplanning iiand iicontrolling iiall iithe iinecessary iiresources iito iiensure iithat iithe iicorrect 

iiquality iiand iiquantity iiof iimaterials iiare iiproperly iispecified iiin iia iitimely iimanner, 

iiachieved iiat iia iireasonable iicost iiand iimost iiimportantly, iiavailable iiat iithe iipoint iiof iiuse 

iiwhen iineeded. iIn iother iwords, ithis icomponent isignificantly iaffects ithe iproject 

iperformance iof icontractors iand iis ilikened ito ia ikey ito isuccess iof iconstruction iprojects 

iaccordingly. iMany iresearchers ihave iexamined itechniques iin iconstruction imaterial 

imanagement i iand igeneral icauses iaffecting ithe iproject iperformance. iHowever, inone 

ihave idiscovered ithe icausal irelationship ibetween itwo icomponents, iindicating ia igap iin 

ithe iknowledge iof ithis ifield. iThus, ithis istudy iaimed ito iilluminate ithis iconnection ivia 

iSEM. iThe iCFA iwas ithen iperformed ito iconfirm ithe istructure iof ithese icomponents 

ibefore iSEM iwas iused ito idetermine itheir ieffect. i 

This iresearch ihas iseveral iimplications ifor itheory, imethodology iand ipractice 

irelated ito imaterial imanagement iat iconstruction isite. iThe iresults iof ithe icurrent istudy i 

iuphold ithis iviewpoint iand ireveal ithat iit iwould ibe imore ifavorable ifor imaterial 
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iresearchers ito iengage iin irestructuring ithe iorganizational isystem. iIn ifact, ithe 

isignificance iof ithis iinvestigation iis ilargely ito ifeature iprominent iinfluential ifactors iin 

iassociation iwith imaterial imanagement iso ithat iconstruction imanagers icould iavoid ithe 

ioccurrence iof ithose icases iand imitigate irisks ion ithe ioverall iperformance iof 

iconstruction iprojects. iTherefore, ithis istudy icould ihave ibeen iregarded ias ia isupplement 

iin iseries iof imaterial imanagement iresearches.  

Besides, this research established a new model to clarify specific effects of factors 

on each actual aspect of material management effectiveness at construction site.  iThe 

ipractice imodel iin ithis istudy, itherefore, ifurther icontributed ito iprevious iauthors ion ithe 

idetailed iand iunambiguous iinterpretation iof iinfluential ifactors ion ithe ieffectiveness iof 

imaterial imanagement. iTo ibe iprecise, ithe irole iof iprocurement issues iwas iemphasized 

iwith isignificant iimpact ion itime iand iquality criteria. Next, the importance of planning 

and material handling on site; site conditions; transportation in and out site; industrial 

environments; contractual issues and quality control were also reminded from the 

results in accordance with all four main criteria of material management effectiveness. 

Moreover, another supplementary key factor in current research was found as security 

on site which has a great effect on time, cost and safety aspects of material 

management and projects as well while suppliers and manufacturers’ issues were 

similarly described about its iimpact ion itime, icost iand iquality iitem.   

It is concluded that the practice model helps contractors well perceive the real 

situation of material management in their construction projects and it correspondingly 

contributes to the improvement of performance approaches at construction site. By 

thoroughly understanding such important factors, managers can change and fulfill 

their policies or operating systems which positively influence on the effectiveness of 

material management. From that point, in order for material management to achieve a 

maximum efficiency as well as reduce the high rate of risks, the results indicated the 

material supply plan needs to be clearly prepared, the volume of materials should be 

attentively and precisely determined, the project budget could be guaranteed in order 

for payment proposal and material receiving to be implemented in the allotted time. 

At the same time, it is necessary to be smart in selecting trustworthy suppliers or 

manufacturers who can commit to the quality and price of materials to fit in the 

construction market, together with material transportation not to be regularly delayed 

and match with the construction progress of project. Also, the plan for material using 

and installation on site must abide by occupational safety regulations and the contract 

with security company in protecting materials during construction should be deployed 

effectively to alleviate unwanted losses. And above all, training programs could be 

periodically organized to share experiences with each other, foster the essential skills 

and newfound knowledge for employees in perceiving and well coordinating in work.  

Soon as errors are detected in material management, it is advised to remain alert 

and patient to find out the fundamental reasons of those bad results. Clearly 

understanding the factors affecting the effectiveness of material management may 
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assist iproject imanagers iin imaking ilucid idecisions isoon iand ithen ilikely ichanging itheir 

situation in a very leveraged way. The intensity and directions of these impacts in 

improving the effectiveness of material management has been presented in detail in 

this research by elucidating the model from the parameters observed in practice. In  

other words, this practical model could reflect on the existing picture of how much 

real issues have the effect on material management effectiveness. From these results, 

top managers can get to know their company’s current management system, which 

potentials brought to the benefits could be promoted and which barriers attached to 

negative effects could be modified and eliminated. From the significance of each of 

those influential factors, accordingly, company can consider to improve their  

management approaches based on their available resources at present. Everything 

could be simply construed as a rule that the stronger positive effects, the more  

attention and priority they will get. 

6.3 Limitations and Directions for Future Research 

Even ithough ibest iefforts ihave ibeen iput iin ithis iresearch iand ifindings ido imake ia 

isignificant icontribution ifor iindustry, ithis istudy ihas isome ilimitations. iTo ibegin iwith, 

ithe isample isize iof i200 iis iconsidered ito ibe ion ithe ismall iside ifor istatistical ianalysis, 

instead, it will be more relevant if more than 630 valid responses are collected. For 

the sake of time limitation, the samples gathered in this study consisted of participants 

working in the field of material management from various sites of Ho Chi Minh city 

in Vietnam only. Lack of data from respondents in other countries may have some 

effects on the final results. Hence, it is greatly recommended for furture research in 

this context ithat ithe isample iof idata icollection ishould ibe iexpanded ito ihave ia imore 

iaccurate iview iof iinfluential ifactors ion imaterial imanagement isystem.  

The next limitation is the method used to evaluate the effectiveness of material 

management. This study used indirect observation including interviews, distributing 

questionnaires based on predefined rating scales to obtain information related to 

material management in construction projects. iThe iuse iof iself-report imeasures ifor iall 

ivariables iis ialso ia imethodology iissue iin ithis istudy ibecause ithese itechniques imay inot 

icorrespond ito ithe itarget iof iperformance itactics. iFor iinstance, iself-reported ierrors imay 

inot ireflect ithe iactual inumber iof imistakes iin ithe iworkplace. The answers also heavily 

rely on respondents’ current memories and emotions. In addition, those who provide 

information probably do not report accurately all the arising cases. Thus, the direct 

observation method should also be recommended in the future which aims to bring 

more realistic and profound assessments. 

In the meantime, the biggest challenge for the authors in this study is the 

development of criteria and scales that have to be simple and understandable in order 

for readers to easily answer and from then, preliminary evaluation of material 

management effectiveness can be considered reliable in several fundamental aspects. 

In fact, as well as references from many different sources, it is uncommon to find any 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 112 

construction projects available with a specific evaluation process for material 

management; therefore, the assessment criteria set up here are largely based on the 

management experience of leading experts. Anyway, the recorded reviews are of the 

sensory nature of interviewees, the answered scores are indeed difficult to absolutely 

mirror the reality of the whole project. iNot ito imention irespondents iare inot ievenly 

idistributed iamong itheir iprofessional iroles, iwhich ipotentially itrigger isome 

idiscrepancies iin iresponses. iAs ia iresult, ithe imodel iestablished ican ibe ifurther ihoned 

ibased ion idetailed idiscussions iand isuggestions ifrom iindustry iexperts. iThe irelationship 

ibetween iinfluential ifactors iand iits iimpact ion ithe ioverall effectiveness iof imaterial 

imanagement iin iconstruction iprojects ihas ito ibe ifurther idetailed, iwhich iis iintended ito 

ibe ifuture iwork. 

In essence, other factors affecting the effectiveness of material management may 

have some still. In other words, the further verification and expansion of this research 

model may not include factors examined here. The determination of these limitations 

may suggest upcoming directions that this research can be developed and highly 

applicable but still does not lessen the importance of goals set out by a series of 

research papers pertaining to this field before. 
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SURVEY QUESTIONNAIRE 
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A1. QUESTIONNAIRE (English) 

Dear Sir/Madam, 

My ifull iname iis iPham iVan iBao, iI iam inow istudying iMaster iprogram iin ithe ifield 

iof iConstruction iEngineering iand iManagement iin iChulalongkorn iUniversity, 

iThailand. At the present, I am working on the thesis entitled “Analyzing the 

relationship of influential factors on material management effectiveness in building 

construction projects: Case study in Vietnam”.  

The imain ipurpose iof ithis isurvey iis ito ianalyze ithe irelationship iof iinfluential 

ifactors ion imaterial imanagement effectiveness in Vietnamese construction projects. 

Since then, some suggestions could be given to enhance and improve the 

effectiveness of material management. Therefore, I hope you can spend some 

precious time to share your experience through answering  the questions listed below 

carefully. I assure that all information you provide will be kept secret and only used 

for research.  

I am really looking forward to your kind consideration and help. Thank you so much!  

Yours faithfully, 

Should iyou ihave iany iquestions ior icomments, iplease ido inot ihesitate ito icontact ime: 

Pham Van Bao – Phone number: 01678 169 101 – Email: baopham170@gmail.com 

-------------------------------- 

PART I: BACKGROUND INFORMATION 

Please fill in or tick in the check box that corresponds with your suitable answers: 

1. Company: ...................................................................................................................  

2. Current position: ........................................................................................................  

3. Type of your building project (based on purpose of use): 

      ☐ Residential/Housing          ☐ Hospital                                 ☐ Office  

      ☐ Commercial, service          ☐ Other: .....................................................................  

4. Type of your building project (based on number of stories): 

      ☐ 9 – 16 floors    ☐ 17 – 25 floors     ☐ 26 – 40 floors     ☐ > 40 floors    

5. What is the project duration? 

☐ < 2 years  ☐ 2 – 3 years  

☐ 4 – 5 years         ☐ > 5 years 

6. How much is the cost of project (VND)? 

☐ < 50 billion  ☐ 50 – under 100 billion       ☐ 100 – under 500 billion 

☐ 500 – 1000 billion         ☐ > 1000 billion               

7. How long have you been working in construction area? 

☐ 1 – 5 years  ☐ 6 – 10 years  ☐ 11 – 15 years 

☐ 16 – 20 years         ☐ > 20 years 

8. How long have you been involved in material management for construction project? 

☐ 1 – 5 years  ☐ 6 – 10 years  ☐ 11 – 15 years 
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☐ 16 – 20 years         ☐ > 20 years 

9. Type of material are mostly bought in your project: 

☐ Iron, steel ☐ Sand ☐ Stone ☐ Brick ☐ Cement ☐ Other: ..................................  

10. Material in your project is directly ordered from: 

☐ Construction site               ☐ Company office       ☐ Other: ................................  

11. Material in your project is transported by: 

☐ Supplier                    ☐ Hiring from company       ☐ Other: ................................  

12. Do you have a material control system to support your work? 

☐ Yes                                    ☐ No 

13. Beside the storage at site, does your company have any storage else? 

☐ Yes                                    ☐ No 

14. How many percent does material cover the project cost?  ........................................  

15. How many staffs involved in material procurement? ...............................................  

 

If possible, please kindly provide your personal information for convenience contact 

when needed.  

Name:  .............................................................................................................................  

Phone number: .............................................. Email: ......................................................  
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PART II:  

IMPORTANCE LEVEL OF FACTORS AFFECTING  

MATERIAL MANAGEMENT EFFECTIVENESS 

(PERCEPTIONS) 

Please use a check mark () for the appropriate box that best indicates your opinion. 

Not at all Low Moderate High Very high 

1 2 3 4 5 

 

Importance level of factors affecting material management effectiveness 1 2 3 4 5 

Planning and handling on site 

1. Construction schedule           

2. Material supply plan           

3. Material protection during construction            

4. Material handling on site           

5. Equipment selection for unloading      

6. Readiness of design documents           

Procurement issues 

7. Material budget management           

8. Material quantity takeoff           

9. Awareness of material types           

10. Material supervision and control capacity           

11. Progress of material procurement           

12. Progressiin iforwarding iinformation iof imaterials ito ibe iused           

13. Paperwork preparation for material requisition           

14. Documentation storage and organization           

15. Co-ordination between main office and site office           

16. Co-ordination in construction sites           

17. Experience and qualification of staff           

18. Timing in decision making           

Industrial environments 

19. Material status as arriving to the site      

20. Label, source, quality certification of material           

21. Availability of material in market           

22. Adjustment about material demand           

23. Adjustment about material price           

Transportation in and out site 

24. Delivery of materials to site and install on site      

25. Delivery date estimation           
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Importance level of factors affecting material management effectiveness 1 2 3 4 5 

Suppliers and manufacturers' issues 

26. Supplier/manufacturer selection           

27. Delivery plan/schedule of manufacturer           

28. Product quality of manufacturer           

Contractual issues 

29. Material price stipulation           

30. Payment and inspection conditions      

31. Adjustment of material specification during construction           

Site conditions 

32. Storage location for transportation, loading/unloading      

33. Area for material storage space           

34. Material receiving and placement condition on site      

35. Checking, reception of material quality on site           

36. Checking, reception of material quantity on site           

37. Weather conditions           

Quality control 

38. Certificate of material origin and quality (CO/CQ)      

39. Regulations about material procurement      

40. Regulations about material using and installation      

Security on site 

41. Contract with security company      

42. Site security system           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 119 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 120 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 121 

PART IV:  

MEASUREMENT OF MATERIAL MANAGEMENT EFFECTIVENESS 

This section includes 4 main parts used to represent the effectiveness of material 

management. Please rate yourself on each item according to scale described below: 

Rating Description of rating 

 9-10 Good 

 i i iPerformance imeets icontractual irequirements iand iexceeds iin 

isome iarea(s) ito ithe iproject’s ibenefit. iThe icontractual 

iperformance iof ithe ielement ior isubelement ibeing iassessed iwas 

iaccomplished iwith isome iminor iproblems ifor iwhich icorrective 

iactions itaken iby ithe iContractor/Supplier iwere ieffective. 

 7-8 Satisfactory 

 i i iPerformance imeets icontractual irequirements. iThe icontractual 

iperformance iof ithe ielement ior isub-element icontains isome 

iminor iproblems ifor iwhich iproposed icorrective iactions itaken iby 

ithe iContractor/Supplier iappear isatisfactory, ior icompleted 

icorrective iactions iwere isatisfactory. 

 5-6 Cautionary 

 i i iPerformance idid inot iquite imeet icontractual irequirements. 

iThe icontractual iperformance iof ithe ielement ior isub-element 

icontains isome iminor iproblems ifor iwhich iproposed icorrective 

iactions itaken iby ithe iContractor/Supplier iappear ito ibe ia 

icontinued iminor iconcern, ior icompleted icorrective iactions iwere 

islightly ibelow isatisfactory. 

3-4 
Not 

Satisfactory 

 i i iPerformance idoes inot imeet isome icontractual irequirements. 

iThe icontractual iperformance iof ithe ielement ior isub-element 

ibeing iassessed ireflects ia iserious iproblem ifor iwhich ithe 

iContractor/Supplier ihas isubmitted iminimal icorrective iactions, 

iif iany. iThe iContractor/Supplier’s iproposed iactions iappear ionly 

imarginally ieffective ior iwere inot ifully iimplemented. 

 0-2 Unacceptable 

 i i iPerformance idoes inot imeet icontractual irequirements iand/or 

irecovery iis inot ilikely iin ia itimely ior icost ieffective imanner. iThe 

icontractual iperformance iof ithe ielement ior isub-element 

icontains iserious iproblem(s) ifor iwhich ithe iContractor 

/Supplier’s icorrective iactions iappear ito ibe ior iwere iineffective. 
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A2. QUESTIONNAIRE (Vietnamese) 

BẢNG CÂU HỎI KHẢO SÁT 

CÁC YÊU TỐ ẢNH HƯỞNG ĐẾN HIỆU QUẢ TRONG VIỆC 

QUẢN LÝ VẬT TƯ CỦA NHỮNG DỰ ÁN XÂY DỰNG 

TẠI VIỆT NAM 

Kính igửi iQuý iÔng/Bà, i 

Tôi itên iPhạm iVăn iBảo, ilà ihọc iviên icao ihọc ichuyên ingành iCông inghệ ivà iQuản ilý 

ixây idựng icủa iTrường iĐại ihọc iChulalongkorn, iThái iLan. iTôi iđang ithực ihiện iluận ivăn 

itốt inghiệp ivới iđề itài inghiên icứu: iCác iyếu itố iảnh ihưởng iđến ihiệu iquả itrong iviệc iquản 

ilý ivật itư icủa inhững idự ián ixây idựng itại iViệt iNam. iNhững ithông itin imà iÔng/Bà icung 

icấp isẽ irất ibổ iích icho inghiên icứu. 

Mục iđích icủa icuộc ikhảo isát inhằm iđể iphân itích imối iquan ihệ icủa inhững inhân itố 

iảnh ihưởng iđến ihiệu iquả icủa itiến itrình iquản ilí ivật itư itừ ilúc ilên ikế ihoạch icho iđến ikhi 

iđưa ivào isử idụng icủa inhững idự ián ixây idựng itại iViệt iNam, itừ iđó icó ithể iđưa ira imột isố 

iđề ixuất inhằm icải ithiện ivà iquản ilý ivật itư ihiệu iquả. iKính imong iÔng/Bà ivui ilòng idành 

imột iít ithời igian iđể ichia isẻ inhững ikinh inghiệm iquý ibáu icủa iÔng/Bà iqua iviệc itrả ilời 

inhững icâu ihỏi inày. iTôi ixin icam iđoan imọi ithông itin iÔng/Bà icung icấp isẽ iđược igiữ ibí 

imật ivà ichỉ isử idụng icho imục iđích inghiên icứu. iRất imong inhận iđược isự iquan itâm ivà 

igiúp iđỡ icủa iÔng/Bà. 

Xin ichân ithành icảm iơn! 

Mọi ithông itin ivà iý ikiến iđóng igóp, ixin iÔng/Bà ivui ilòng iliên ihệ: 

Phạm iVăn iBảo i– iSố iđiện ithoại: i01678 i169 i101 – Email: baopham170@gmail.com 

-------------------------------- 

PHẦN I: THÔNG TIN CHUNG  

Ông/Bà vui lòng đánh dấu () vào câu trả lời hoặc trả lời trực tiếp cho các câu hỏi sau: 

1. Công ty Ông/Bà đang làm việc: ................................................................................  

2. Vị trí hiện tại của Ông/Bà:.........................................................................................  

3. Loại công trình xây dựng mà Ông/Bà đang làm (theo mục đích sử dụng):                                          

☐ Chung cư                           ☐ Y tế                                        ☐  Văn phòng 

      ☐ Thương mại, dịch vụ        ☐ Khác:  .....................................................................  

4. Công trình xây dựng mà Ông/Bà đang làm cao bao nhiêu tầng: 

☐ 9 – 16 tầng                        ☐ 17 – 25 tầng                           ☐  26 – 40 tầng                 

☐ > 40 tầng 

5. Thời gian thực hiện của dự án mà Ông/Bà đang làm là bao lâu: 

☐ < 2 năm  ☐ 2 – 3 năm  

☐ 4 – 5 năm        ☐ > 5 năm 

6. Dự án Ông/Bà đang làm có tổng vốn đầu tư bao nhiêu (VND)? 

☐ < 50 tỷ  ☐ 50 – dưới 100 tỷ  ☐ 100 – dưới 500 tỷ 

☐ 500 – 1000 tỷ         ☐ > 1000 tỷ 

 

mailto:baopham170@gmail.com
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7. Ông/Bà đã làm việc trong ngành xây dựng được khoảng bao lâu: 

☐ 1 – 5 năm  ☐ 6 – 10 năm  ☐ 11 – 15 năm 

☐ 16 – 20 năm         ☐ > 20 năm 

8. Kinh nghiệm làm việc của Ông/Bà liên quan đến quản lý vật tư xây dựng được 

khoảng bao lâu: 

☐ 1 – 5 năm  ☐ 6 – 10 năm  ☐ 11 – 15 năm 

☐ 16 – 20 năm        ☐ > 20 năm 

9. Loại vật tư xây dựng được mua trong dự án Ông/Bà đang làm đa số là: 

☐ Sắt thép ☐ Cát ☐ Đá  ☐ Gạch ☐ Xi măng ☐ Khác: ........................................ 

10. Vật tư xây dựng trong dự án Ông/Bà đang làm được đặt mua trực tiếp:  

      ☐ Từ phía công trường ☐ Thông qua văn phòng công ty ☐ Khác: ........................ 

11. Vật tư xây dựng trong dự án Ông/Bà đang làm được vận chuyển bởi: 

☐ Nhà cung cấp           ☐ Công ty thuê vận chuyển      ☐ Khác: ............................ 

12. Dự án Ông/Bà đang làm có hệ thống kiểm soát vật tư nào để hỗ trợ hay không: 

      ☐ Có                             ☐ Không                    

13. Ngoài kho lưu trữ vật tư có sẵn tại công trường thì công ty còn có kho nào khác 

không: 

☐ Có                             ☐ Không 

14. Theo Ông/Bà, vật tư xây dựng chiếm khoảng bao nhiêu phần trăm chi phí của dự án:

.................................................................................................................................... 

15. Có khoảng bao nhiêu nhân viên làm việc trong khâu thu mua vật tư: ....................... 

 

Nếu có thể, Ông/Bà vui lòng cung cấp các thông tin cá nhân để tiện liên lạc khi cần 

thiết:   

Họ và tên: ......................................................................................................................... 

Số điện thoại: ................................................   Email:...................................................... 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 125 

PHẦN II:  

MỨC ĐỘ QUAN TRỌNG CỦA CÁC NHÂN TỐ ẢNH HƯỞNG ĐẾN  

HIỆU QUẢ QUẢN LÝ VẬT TƯ 

Ông/Bà ivui ilòng icho ibiết imức iđộ iquan itrọng icủa icác inhân itố iảnh ihưởng iđến ihiệu 

iquả iquản ilý ivật itư ibên idưới ibằng icách iđánh idấu i() ivào imột itrong icác ilựa ichọn itrả 

ilời itheo iquy iước inhư isau: 

Hầu như  

không 

Mức độ  

thấp 

Mức độ  

trung bình 

Mức độ  

cao 

Mức độ  

rất cao 

1 2 3 4 5 

 

Mức độ quan trọng của các nhân tố ảnh hưởng đến hiệu quả quản lý vật tư   1 2 3 4 5 

Lên kế hoạch và sắp xếp vật tư trên công trường 

1. Tiến độ thi công           

2. Việc lên kế hoạch cung cấp vật tư      

3. Sự bảo vệ vật tư trong suốt quá trình xây dựng           

4. Sự sắp xếp vật tư trên công trường           

5. Sự lựa chọn thiết bị phục vụ cho việc dở hàng           

6. Sự sẵn sàng của tài liệu thiết kế           

Vấn đề thu mua 

7. Quản lí ngân sách           

8. Bóc tách khối lượng           

9. Nhận thức về việc sử dụng loại vật liệu           

10. Khả năng giám sát và kiểm soát vât tư           

11. Tiến trình thu mua vật tư           

12. Tiến trình chuyển tiếp thông tin về những loại vật tư được sử dụng           

13. Giấy tờ chuẩn bị cho việc yêu cầu vật tư           

14. Sự chuẩn bị các tài liệu để tra cứu về sau           

15. Sự iphối ihợp igiữa ivăn iphòng icông ity ivà icông itrường           

16. Sự iphối ihợp igiữa icác ibên itrên icông itrường i           

17. Kinh nghiệm và chất lượng của nhân viên           

18. Sự đưa ra quyết định đúng lúc           

Môi trường công nghiệp 

19. Tình trạng vật tư khi chuyển đến công trình      

20. Nhãn mác, nguồn gốc, chứng chỉ chất lượng vật tư           

21. Sự sẵn có của vật tư trên thị trường           

22. Sự điều chỉnh về nhu cầu vật tư           

23. Sự điều chỉnh giá vật tư           

Vận chuyển 

24. Việc vận chuyển vật tư để sử dụng, lắp đặt tại công trường      

25. Sự ước tính thực tế về ngày phân phát vật tư           
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Mức độ quan trọng của các nhân tố ảnh hưởng đến hiệu quả quản lý vật tư   1 2 3 4 5 

Về phía nhà cung cấp và nhà sản xuất 

26. Lựa ichọn inhà icung icấp/nhà isản ixuất           

27. Kế ihoạch igiao ihàng/tiến iđộ icủa inhà isản ixuất      

28. Chất ilượng isản iphẩm icủa inhà isản ixuất           

Hợp đồng 

29. Việc quy định giá vật tư           

30. Điều kiện thanh toán và nghiệm thu      

31. Sự điều chỉnh đặc điểm kỹ thuật vật tư trong khi thi công           

Điều kiện công trường 

32. Vị trí kho bãi cho việc vận chuyển, bốc xếp      

33. Diện tích kho bãi cho mặt bằng chứa vật tư           

34. Kế hoạch nhận hàng trên công trường      

35. Việc kiểm tra, tiếp nhận chất lượng vật tư công trình           

36. Việc kiểm tra, tiếp nhận số lượng vật tư công trình           

37. Điều kiện thời tiết           

Kiểm soát chất lượng 

38. Chứng nhận xuất xưởng và chất lượng của vật tư      

39. Những qui định về thủ tục thu mua vật tư       

40. Những qui định về công tác lắp đặt, sử dụng vật tư      

An ninh công trường 

41. Hợp đồng với công ty bảo vệ      

42. Hệ thống bảo vệ an ninh công trường      
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PHẦN 4:  

ĐÁNH GIÁ HIỆU QUẢ QUẢN LÝ VẬT TƯ 

Phần inày ibao igồm i4 iphần ichính iđược isử idụng iđể iđánh igiá ihiệu iquả icủa iviệc 

iquản ilý ivật itư. iÔng/Bà ivui ilòng iđánh idấu i() ivào imột itrong icác ilựa ichọn itrả ilời 

i(trang isau) iđể iđánh igiá imỗi itiêu ichí itheo ithang iđo iđược imô itả inhư isau: 

Đánh giá Sự mô tả thang đánh giá 

9-10 Tốt 

 i i iViệc ithực ihiện ihiện itại iđáp iứng icác iyêu icầu ivề ihợp iđồng 

ivà ivượt iquá imột isố ikhía icạnh iđể imang ilại ilợi iích icho idự 

ián. iViệc ithực ihiện ihợp iđồng iliên iquan iđến icác ihạng imục 

ichính/phụ iđược iđánh igiá ilà iđã ihoàn ithành ivới imột ivài ivấn iđề 

ikhông iđáng ikể inảy isinh imà itrong iđó icác ihành iđộng ikhắc 

iphục icủa inhà ithầu isau iđó iđã iđược icho ilà ihiệu iquả. 

 7-8 Hài lòng 

 i i iViệc ithực ihiện ihiện itại iđáp iứng icác iyêu icầu ivề ihợp iđồng. 

iViệc ithực ihiện ihợp iđồng iliên iquan iđến icác ihạng imục 

ichính/phụ ibao igồm imột isố ivấn iđề inhỏ imà itrong iđó icác ihành 

iđộng iđược iđề ixuất itừ inhà ithầu icó ivẻ ithỏa iđáng ihoặc icác 

ihành iđộng ikhắc iphục iđó iđã iđược ihoàn ithành imột icách ithỏa 

iđáng. 

5-6 Cảnh báo 

 i i iViệc ithực ihiện iđã ikhông ihoàn itoàn iđáp iứng inhững iyêu 

icầu ivề ihợp iđồng. iViệc ithực ihiện ihợp iđồng iliên iquan iđến icác 

ihạng imục ichính/phụ ibao igồm imột isố ivấn iđề inhỏ imà itrong 

iđó icác ihành iđộng iđược iđề ixuất itừ inhà ithầu icó ivẻ itiếp itục ilà 

imột imối iquan itâm inhỏ ihoặc icác ihành iđộng ikhắc iphục iđó iđã 

iđược ihoàn ithành inhưng ihơi ithấp ihơn imức ithỏa iđáng. i 

3-4 Không hài lòng 

 i i iViệc ithực ihiện ikhông iđạt iđược imột ivài inhững iyêu icầu ivề 

ihợp iđồng. iViệc ithực ihiện ihợp iđồng iliên iquan iđến icác ihạng 

imục ichính/phụ iđược iđánh igiá iphản iánh imột ivấn iđề inghiêm 

itrọng imà itrong iđó iNhà ithầu iđã iđưa ira imột isố ihành iđộng 

ikhắc iphục itối ithiểu, inếu icó ithể. iCác ihành iđộng iđược iđề ixuất 

icủa inhà ithầu ichỉ icó ihiệu iquả iđôi ichút ihoặc ikhông iđược itriển 

ikhai iđầy iđủ. 

0-2 
Không chấp 

nhận được 

 i i i iViệc ithực ihiện ikhông iđạt iđược inhững iyêu icầu ivề ihợp 

iđồng ivà/hoặc ikhông icó ikhả inăng iđược iphục ihồi imột icách 

ikịp ithời ivà ihiệu iquả ivề imặt ichi iphí. iViệc ithực ihiện ihợp iđồng 

iliên iquan iđến icác ihạng imục ichính/phụ ibao igồm imột i(những) 

ivấn iđề inghiêm itrọng imà itrong iđó ihành iđộng ikhắc iphục icủa 

iNhà ithầu ibây igiờ/ itrước iđó icó ivẻ inhư ikhông ihiệu iquả. 
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APPENDIX B 

FACTOR ANALYSIS RESULTS FROM SPSS PROGRAM 
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B1. Cronbach’s alpha for pilot study (N = 30) 

Case Processing Summary 

 N % 

Cases Valid 30 100.0 

Excludeda 0 .0 

Total 30 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.966 43 

B2. Cronbach’s alpha for large scale study (N = 200) 

❖ Reliability analysis for scale of influential factors: 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.718 6 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

PL1 18.67 11.440 .573 .643 

PL2 18.67 11.329 .575 .642 

PL3 18.46 13.747 .221 .741 

PL4 18.66 11.572 .519 .659 

PL5 18.97 12.406 .282 .739 

PL6 18.64 11.136 .592 .635 
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Reliability Statistics 

Cronbach's 

Alpha N of Items 

.881 12 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

PI1 40.40 64.211 .591 .871 

PI2 40.39 62.450 .697 .865 

PI3 40.44 68.861 .256 .891 

PI4 40.41 62.684 .651 .868 

PI5 40.42 62.777 .669 .867 

PI6 40.45 61.726 .693 .865 

PI7 40.40 63.095 .653 .868 

PI8 40.62 67.704 .298 .889 

PI9 40.38 62.487 .658 .867 

PI10 40.33 64.283 .587 .871 

PI11 40.46 60.882 .662 .867 

PI12 40.31 64.034 .603 .871 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.778 5 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

IE1 14.83 11.502 .311 .816 

IE2 14.73 9.997 .603 .720 

IE3 14.83 9.773 .634 .709 

IE4 14.84 9.867 .620 .714 

IE5 14.79 9.677 .620 .713 
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Reliability Statistics 

Cronbach's 

Alpha N of Items 

.868 3 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

CT1 7.49 3.477 .759 .805 

CT2 7.40 3.356 .808 .760 

CT3 7.54 3.677 .682 .874 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.723 3 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

SU1 7.58 2.859 .550 .628 

SU2 7.55 2.842 .553 .624 

SU3 7.47 2.763 .529 .655 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.786 6 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

SI1 18.34 14.184 .560 .748 

SI2 18.26 13.729 .606 .737 

SI3 18.27 14.236 .585 .743 

SI4 18.32 13.815 .632 .732 

SI5 18.31 13.642 .608 .736 

SI6 18.57 15.412 .285 .821 
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Reliability Statistics 

Cronbach's 

Alpha N of Items 

.841 2 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

TR1 3.81 1.056 .727 . 

TR2 3.79 .918 .727 . 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.730 3 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

QC1 7.34 3.190 .530 .669 

QC2 7.18 3.271 .529 .670 

QC3 7.20 3.052 .599 .586 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.844 2 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

SE1 3.77 1.072 .730 . 

SE2 3.71 1.031 .730 . 
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❖ Reliability analysis for scale of material management effectiveness: 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.846 6 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

T1 19.31 7.503 .582 .829 

T2 19.24 7.128 .671 .812 

T3 19.22 7.235 .646 .817 

T4 19.29 7.182 .640 .817 

T5 19.23 6.999 .648 .816 

T6 19.27 7.372 .571 .831 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.763 4 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

C7 11.54 3.044 .520 .729 

C8 11.62 2.620 .649 .658 

C9 11.56 2.931 .541 .719 

C10 11.51 2.874 .542 .719 
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Reliability Statistics 

Cronbach's 

Alpha N of Items 

.743 2 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

Q11 3.89 .611 .591 . 

Q12 3.88 .619 .591 . 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.803 3 

 

Item-Total Statistics 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

S13 7.88 1.939 .598 .793 

S14 7.97 2.155 .666 .718 

S15 7.89 1.968 .694 .682 

B3. Factor analysis for large scale study (N = 200) 

❖ Confirmatory factor analysis for influential factors on material management 

effectiveness – Final result: 

Result (Default model) 

Minimum was achieved 

Chi-square = 1068.692 

Degrees of freedom = 783 

Probability level = .000 

Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 903 

Number of distinct parameters to be estimated: 120 

Degrees of freedom (903 - 120): 783 
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Standardized Regression Weights: (Group number 1 - Default model) 

   Estimate 

PI7 <--- PI .721 

PI6 <--- PI .737 

PI2 <--- PI .746 

PI4 <--- PI .707 

PI11 <--- PI .717 

PI5 <--- PI .701 

PI12 <--- PI .639 

PI1 <--- PI .644 

PI9 <--- PI .680 

PI10 <--- PI .629 

IE4 <--- IE .743 

IE3 <--- IE .707 

IE2 <--- IE .747 

IE5 <--- IE .702 

SI4 <--- SI .694 

SI1 <--- SI .693 

SI2 <--- SI .684 

SI3 <--- SI .721 

SI5 <--- SI .663 

PL1 <--- PL .690 

PL2 <--- PL .745 

PL6 <--- PL .710 

PL4 <--- PL .594 

CT2 <--- CT .932 

CT1 <--- CT .835 

CT3 <--- CT .723 

SU3 <--- SU .638 

SU1 <--- SU .719 

SU2 <--- SU .690 

QC3 <--- QC .787 

QC1 <--- QC .555 

QC2 <--- QC .701 

TR2 <--- TR .863 

TR1 <--- TR .843 

SE2 <--- SE .854 

SE1 <--- SE .854 
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Correlations: (Group number 1 - Default model) 

   Estimate 

PI <--> IE .222 

PI <--> SI .164 

PI <--> PL .236 

PI <--> CT .291 

PI <--> SU .144 

PI <--> QC .326 

PI <--> TR .002 

PI <--> SE .293 

IE <--> SI .302 

IE <--> PL .153 

IE <--> CT .824 

IE <--> SU .098 

IE <--> QC .258 

IE <--> TR .098 

IE <--> SE .173 

SI <--> PL .204 

SI <--> CT .229 

SI <--> SU .386 

SI <--> QC .296 

SI <--> TR .838 

SI <--> SE .229 

PL <--> CT .162 

PL <--> SU .242 

PL <--> QC .241 

PL <--> TR .293 

PL <--> SE .244 

CT <--> SU .146 

CT <--> QC .151 

CT <--> TR .073 

CT <--> SE .102 

SU <--> QC .352 

SU <--> TR .283 

SU <--> SE .205 

QC <--> TR .161 

QC <--> SE .826 

TR <--> SE .145 
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❖ Factor analysis for items to evaluate material management effectiveness: 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .873 

Bartlett's Test of Sphericity Approx. Chi-Square 1098.052 

df 105 

Sig. .000 

 

Communalities 

 Initial Extraction 

T1 1.000 .541 

T2 1.000 .618 

T3 1.000 .596 

T4 1.000 .626 

T5 1.000 .604 

T6 1.000 .509 

C7 1.000 .577 

C8 1.000 .702 

C9 1.000 .574 

C10 1.000 .545 

Q11 1.000 .751 

Q12 1.000 .810 

S13 1.000 .641 

S14 1.000 .729 

S15 1.000 .781 

Extraction Method: Principal 

Component Analysis. 

Total Variance Explained 

Factor 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Rotation 

Sums of 

Squared 

Loadingsa 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% Total 

1 5.477 36.513 36.513 5.477 36.513 36.513 3.384 

2 1.835 12.235 48.748 1.835 12.235 48.748 2.371 

3 1.227 8.179 56.927 1.227 8.179 56.927 2.256 

4 1.066 7.104 64.031 1.066 7.104 64.031 1.594 

Extraction Method: Principal Component Analysis. 
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Rotated Component Matrixa 

 

Component 

1 2 3 4 

T4 .762    

T2 .745    

T5 .738    

T3 .727    

T1 .686    

T6 .624    

C8  .766   

C9  .719   

C7  .684   

C10  .651   

S15   .866  

S14   .828  

S13   .761  

Q12    .843 

Q11    .796 

Extraction Method: Principal Component Analysis.  

 Rotation Method: Varimax with Kaiser Normalization. 

a. Rotation converged in 5 iterations. 
 

Component Correlation Matrix 

Component 1 2 3 4 

1 1.000 .258 -.453 .315 

2 .258 1.000 -.324 .240 

3 -.453 -.324 1.000 -.323 

4 .315 .240 -.323 1.000 

Extraction Method: Principal Component Analysis.   

 Rotation Method: Oblimin with Kaiser Normalization. 

B4. Independent Samples T Test (N = 200) 

❖ Actual practice of influential factors on material management effectiveness: 

Group Statistics 

 
Workplace N Mean Std. Deviation Std. Error Mean 

PL1 Construction site 157 3.76 1.014 .081 

Company office 43 3.67 .919 .140 

PL2 Construction site 157 3.74 1.020 .081 

Company office 43 3.77 .996 .152 
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PL3 Construction site 157 3.91 1.002 .080 

Company office 43 4.12 .823 .125 

PL4 Construction site 157 3.76 1.069 .085 

Company office 43 3.70 .887 .135 

PL5 Construction site 157 3.41 1.261 .101 

Company office 43 3.58 1.006 .153 

PL6 Construction site 157 3.81 1.051 .084 

Company office 43 3.63 .952 .145 

PI1 Construction site 157 3.63 1.076 .086 

Company office 43 3.91 .840 .128 

PI2 Construction site 157 3.66 1.072 .086 

Company office 43 3.86 .941 .143 

PI3 Construction site 157 3.69 1.159 .093 

Company office 43 3.51 1.121 .171 

PI4 Construction site 157 3.70 1.112 .089 

Company office 43 3.63 1.001 .153 

PI5 Construction site 157 3.70 1.077 .086 

Company office 43 3.58 .982 .150 

PI6 Construction site 157 3.61 1.137 .091 

Company office 43 3.77 1.020 .156 

PI7 Construction site 157 3.70 1.077 .086 

Company office 43 3.65 .948 .145 

PI8 Construction site 157 3.46 1.233 .098 

Company office 43 3.49 1.121 .171 

PI9 Construction site 157 3.69 1.130 .090 

Company office 43 3.79 .965 .147 

PI10 Construction site 157 3.80 1.040 .083 

Company office 43 3.60 1.003 .153 

PI11 Construction site 157 3.59 1.261 .101 

Company office 43 3.79 1.103 .168 

PI12 Construction site 157 3.80 1.067 .085 

Company office 43 3.72 .908 .139 

IE1 Construction site 157 3.71 1.099 .088 

Company office 43 3.56 1.119 .171 

IE2 Construction site 157 3.75 1.074 .086 

Company office 43 3.86 .915 .140 

IE3 Construction site 157 3.65 1.073 .086 

Company office 43 3.77 .972 .148 
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IE4 Construction site 157 3.66 1.053 .084 

Company office 43 3.67 1.040 .159 

IE5 Construction site 157 3.69 1.120 .089 

Company office 43 3.81 .958 .146 

CT1 Construction site 157 3.73 1.046 .083 

Company office 43 3.67 .919 .140 

CT2 Construction site 157 3.83 1.055 .084 

Company office 43 3.77 .868 .132 

CT3 Construction site 157 3.67 1.040 .083 

Company office 43 3.70 .964 .147 

SU1 Construction site 157 3.75 1.018 .081 

Company office 43 3.63 .725 .110 

SU2 Construction site 157 3.76 1.015 .081 

Company office 43 3.72 .766 .117 

SU3 Construction site 157 3.82 1.053 .084 

Company office 43 3.84 .871 .133 

SI1 Construction site 157 3.66 1.047 .084 

Company office 43 3.72 .959 .146 

SI2 Construction site 157 3.78 1.066 .085 

Company office 43 3.67 1.017 .155 

SI3 Construction site 157 3.77 1.006 .080 

Company office 43 3.65 .923 .141 

SI4 Construction site 157 3.68 1.038 .083 

Company office 43 3.74 .902 .138 

SI5 Construction site 157 3.68 1.116 .089 

Company office 43 3.79 .861 .131 

SI6 Construction site 157 3.43 1.236 .099 

Company office 43 3.49 1.099 .168 

TR1 Construction site 157 3.85 .955 .076 

Company office 43 3.60 .955 .146 

TR2 Construction site 157 3.86 1.028 .082 

Company office 43 3.65 1.021 .156 

QC1 Construction site 157 3.54 1.059 .085 

Company office 43 3.44 1.031 .157 

QC2 Construction site 157 3.71 1.070 .085 

Company office 43 3.58 .852 .130 

QC3 Construction site 157 3.71 1.032 .082 

Company office 43 3.47 1.032 .157 
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SE1 Construction site 157 3.75 1.017 .081 

Company office 43 3.56 1.007 .154 

SE2 Construction site 157 3.82 1.059 .085 

Company office 43 3.58 .932 .142 

Independent Samples Test 

 

Levene's Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

PL1 Equal variances 

assumed 
1.103 .295 .525 198 .600 .090 .171 -.248 .427 

Equal variances 

not assumed 

  .556 72.511 .580 .090 .162 -.233 .412 

PL2 Equal variances 

assumed 
.245 .621 -.164 198 .870 -.029 .175 -.373 .316 

Equal variances 

not assumed 

  -.166 68.073 .869 -.029 .172 -.372 .315 

PL3 Equal variances 

assumed 
2.830 .094 

-

1.234 
198 .219 -.205 .166 -.534 .123 

Equal variances 

not assumed 

  
-

1.381 
79.569 .171 -.205 .149 -.502 .091 

PL4 Equal variances 

assumed 
4.030 .046 .375 198 .708 .067 .178 -.284 .417 

Equal variances 

not assumed 

  .417 78.682 .678 .067 .160 -.252 .385 

PL5 Equal variances 

assumed 
5.195 .024 -.834 198 .406 -.174 .208 -.585 .237 

Equal variances 

not assumed 

  -.947 81.860 .346 -.174 .183 -.539 .191 

PL6 Equal variances 

assumed 
.795 .374 1.020 198 .309 .181 .177 -.169 .531 

Equal variances 

not assumed 

  1.080 72.550 .284 .181 .168 -.153 .515 

PI1 Equal variances 

assumed 
13.901 .000 

-

1.559 
198 .121 -.276 .177 -.626 .073 
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Equal variances 

not assumed 

  
-

1.792 
83.683 .077 -.276 .154 -.583 .030 

PI2 Equal variances 

assumed 
5.038 .026 

-

1.136 
198 .258 -.204 .180 -.559 .151 

Equal variances 

not assumed 

  
-

1.224 
74.681 .225 -.204 .167 -.537 .128 

PI3 Equal variances 

assumed 
.199 .656 .890 198 .375 .176 .198 -.215 .567 

Equal variances 

not assumed 

  .907 68.648 .368 .176 .194 -.211 .564 

PI4 Equal variances 

assumed 
1.073 .301 .388 198 .699 .073 .188 -.297 .442 

Equal variances 

not assumed 

  .412 72.980 .682 .073 .177 -.279 .425 

PI5 Equal variances 

assumed 
.830 .364 .655 198 .513 .119 .182 -.240 .478 

Equal variances 

not assumed 

  .691 72.149 .492 .119 .173 -.225 .463 

PI6 Equal variances 

assumed 
2.686 .103 -.848 198 .398 -.162 .192 -.540 .215 

Equal variances 

not assumed 

  -.902 73.161 .370 -.162 .180 -.521 .196 

PI7 Equal variances 

assumed 
1.724 .191 .274 198 .785 .049 .181 -.307 .406 

Equal variances 

not assumed 

  .294 74.414 .770 .049 .168 -.286 .385 

PI8 Equal variances 

assumed 
1.171 .280 -.112 198 .911 -.023 .208 -.434 .387 

Equal variances 

not assumed 

  -.119 72.314 .906 -.023 .197 -.416 .370 

PI9 Equal variances 

assumed 
5.375 .021 -.511 198 .610 -.096 .189 -.469 .276 

Equal variances 

not assumed 

  -.559 76.582 .578 -.096 .173 -.440 .247 

PI10 Equal variances 

assumed 
.009 .924 1.113 198 .267 .198 .178 -.153 .548 

Equal variances 

not assumed 

  1.137 68.779 .260 .198 .174 -.149 .545 

PI11 Equal variances 

assumed 
4.613 .033 -.938 198 .350 -.198 .212 -.615 .219 
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Equal variances 

not assumed 

  
-

1.012 
74.835 .315 -.198 .196 -.589 .192 

PI12 Equal variances 

assumed 
1.612 .206 .422 198 .673 .075 .178 -.276 .427 

Equal variances 

not assumed 

  .463 76.768 .645 .075 .163 -.249 .399 

IE1 Equal variances 

assumed 
.009 .924 .784 198 .434 .149 .190 -.226 .523 

Equal variances 

not assumed 

  .776 65.892 .441 .149 .192 -.234 .532 

IE2 Equal variances 

assumed 
4.809 .029 -.643 198 .521 -.115 .179 -.469 .238 

Equal variances 

not assumed 

  -.704 76.709 .484 -.115 .164 -.441 .211 

IE3 Equal variances 

assumed 
1.588 .209 -.650 198 .516 -.118 .181 -.475 .240 

Equal variances 

not assumed 

  -.688 72.567 .494 -.118 .171 -.459 .223 

IE4 Equal variances 

assumed 
.060 .807 -.066 198 .947 -.012 .181 -.369 .345 

Equal variances 

not assumed 

  -.067 67.476 .947 -.012 .180 -.370 .346 

IE5 Equal variances 

assumed 
3.958 .048 -.673 198 .501 -.126 .187 -.495 .243 

Equal variances 

not assumed 

  -.736 76.483 .464 -.126 .171 -.467 .215 

CT1 Equal variances 

assumed 
1.648 .201 .331 198 .741 .058 .176 -.288 .404 

Equal variances 

not assumed 

  .356 74.610 .723 .058 .163 -.267 .383 

CT2 Equal variances 

assumed 
3.525 .062 .382 198 .703 .067 .175 -.279 .413 

Equal variances 

not assumed 

  .427 79.341 .671 .067 .157 -.245 .379 

CT3 Equal variances 

assumed 
.476 .491 -.164 198 .870 -.029 .176 -.377 .319 

Equal variances 

not assumed 

  -.171 71.077 .865 -.029 .169 -.366 .308 

SU1 Equal variances 

assumed 
9.377 .003 .707 198 .480 .117 .166 -.210 .444 
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Equal variances 

not assumed 

  .855 92.470 .395 .117 .137 -.155 .390 

SU2 Equal variances 

assumed 
6.750 .010 .222 198 .824 .037 .167 -.291 .366 

Equal variances 

not assumed 

  .260 86.720 .795 .037 .142 -.246 .320 

SU3 Equal variances 

assumed 
5.387 .021 -.089 198 .929 -.016 .175 -.361 .330 

Equal variances 

not assumed 

  -.099 78.960 .921 -.016 .157 -.328 .297 

SI1 Equal variances 

assumed 
1.317 .253 -.330 198 .742 -.059 .177 -.408 .291 

Equal variances 

not assumed 

  -.347 71.836 .729 -.059 .168 -.394 .277 

SI2 Equal variances 

assumed 
.329 .567 .565 198 .573 .103 .182 -.256 .461 

Equal variances 

not assumed 

  .580 69.375 .564 .103 .177 -.250 .455 

SI3 Equal variances 

assumed 
.348 .556 .703 198 .483 .120 .170 -.216 .455 

Equal variances 

not assumed 

  .738 71.717 .463 .120 .162 -.203 .443 

SI4 Equal variances 

assumed 
2.818 .095 -.360 198 .719 -.063 .174 -.406 .280 

Equal variances 

not assumed 

  -.390 75.308 .698 -.063 .161 -.383 .257 

SI5 Equal variances 

assumed 
9.127 .003 -.629 198 .530 -.116 .184 -.478 .247 

Equal variances 

not assumed 

  -.728 84.775 .468 -.116 .159 -.431 .200 

SI6 Equal variances 

assumed 
3.287 .071 -.296 198 .767 -.062 .208 -.472 .349 

Equal variances 

not assumed 

  -.317 73.758 .752 -.062 .195 -.449 .326 

TR1 Equal variances 

assumed 
.036 .849 1.475 198 .142 .242 .164 -.082 .567 

Equal variances 

not assumed 

  1.476 66.836 .145 .242 .164 -.086 .571 

TR2 Equal variances 

assumed 
.000 .988 1.181 198 .239 .209 .177 -.140 .557 
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Equal variances 

not assumed 

  1.186 67.185 .240 .209 .176 -.143 .560 

QC1 Equal variances 

assumed 
.321 .572 .514 198 .608 .093 .181 -.264 .451 

Equal variances 

not assumed 

  .522 68.287 .603 .093 .178 -.263 .449 

QC2 Equal variances 

assumed 
4.267 .040 .710 198 .478 .126 .177 -.223 .474 

Equal variances 

not assumed 

  .808 82.015 .421 .126 .155 -.184 .435 

QC3 Equal variances 

assumed 
.064 .800 1.398 198 .164 .248 .178 -.102 .598 

Equal variances 

not assumed 

  1.398 66.821 .167 .248 .178 -.106 .603 

SE1 Equal variances 

assumed 
.005 .943 1.108 198 .269 .193 .175 -.151 .538 

Equal variances 

not assumed 

  1.114 67.313 .269 .193 .174 -.153 .540 

SE2 Equal variances 

assumed 
.755 .386 1.351 198 .178 .240 .178 -.111 .591 

Equal variances 

not assumed 

  1.453 74.476 .150 .240 .165 -.089 .570 
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APPENDIX C 

MODEL RESULTS FROM AMOS PROGRAM 
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❖ Final Model Results:  

Regression Weights: (Group number 1 - Default model) 

   Estimate S.E. C.R. P Label 

TIME <--- PL .186 .052 3.604 ***  

TIME <--- TR .15 .036 4.191 ***  

TIME <--- SU .189 .053 3.596 ***  

TIME <--- PI .147 .040 3.654 ***  

TIME <--- SE .096 .034 2.840 .005  

COST <--- IE .147 .118 1.243 .014  

COST <--- CT .279 .093 2.991 .003  

COST <--- SU .191 .076 2.500 .012  

COST <--- PL .207 .068 3.023 .003  

COST <--- SE .176 .049 3.604 ***  

COST <--- SI .211 .067 3.137 .002  

QUALITY <--- PI .27 .073 3.725 ***  

QUALITY <--- SU .231 .091 2.533 .011  

QUALITY <--- QC .161 .068 2.347 .019  

QUALITY <--- SI .031 .188 0.163 .047  

QUALITY <--- TR .17 .142 1.200 .023  

SAFETY <--- TR .255 .161 1.582 .014  

SAFETY <--- SI .21 .137 .154 .038  

SAFETY <--- SE .19 .194 .982 .026  

SAFETY <--- QC .054 .150 .362 .017  

PI7 <--- PI 1.000     

PI6 <--- PI 1.086 .110 9.867 ***  

PI2 <--- PI 1.042 .104 10.057 ***  

PI4 <--- PI 1.022 .108 9.506 ***  

PI11 <--- PI 1.177 .122 9.677 ***  

PI5 <--- PI .989 .104 9.463 ***  

PI12 <--- PI .881 .102 8.622 ***  

PI1 <--- PI .882 .102 8.620 ***  

PI9 <--- PI 1.002 .108 9.245 ***  

PI10 <--- PI .859 .102 8.399 ***  

IE4 <--- IE 1.000     

IE3 <--- IE .963 .102 9.413 ***  

IE2 <--- IE .986 .101 9.735 ***  

IE5 <--- IE .981 .106 9.282 ***  

SI4 <--- SI 1.000     

SI1 <--- SI .933 .113 8.283 ***  

SI2 <--- SI .941 .116 8.146 ***  

SI3 <--- SI 1.021 .109 9.380 ***  
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   Estimate S.E. C.R. P Label 

SI5 <--- SI 1.014 .117 8.684 ***  

PL1 <--- PL 1.000     

PL2 <--- PL 1.120 .139 8.086 ***  

PL6 <--- PL 1.145 .141 8.107 ***  

PL4 <--- PL .960 .135 7.113 ***  

CT2 <--- CT 1.000     

CT1 <--- CT .904 .057 15.994 ***  

CT3 <--- CT .779 .063 12.383 ***  

SU3 <--- SU 1.000     

SU1 <--- SU 1.033 .147 7.027 ***  

SU2 <--- SU .980 .143 6.866 ***  

QC3 <--- QC 1.000     

QC1 <--- QC .733 .099 7.394 ***  

QC2 <--- QC .880 .097 9.094 ***  

TR2 <--- TR 1.000     

TR1 <--- TR .930 .071 13.007 ***  

SE2 <--- SE 1.000     

SE1 <--- SE 1.007 .082 12.242 ***  

T1 <--- TIME 1.000     

T5 <--- TIME 1.214 .146 8.291 ***  

T2 <--- TIME 1.217 .139 8.741 ***  

T3 <--- TIME 1.128 .136 8.311 ***  

T4 <--- TIME 1.148 .139 8.268 ***  

T6 <--- TIME 1.055 .138 7.641 ***  

C8 <--- COST 1.000     

C7 <--- COST .725 .091 7.933 ***  

C9 <--- COST .768 .095 8.075 ***  

C10 <--- COST .859 .098 8.755 ***  

Q12 <--- QUALITY 1.000     

Q11 <--- QUALITY 1.044 .139 7.508 ***  

S15 <--- SAFETY 1.000     

S14 <--- SAFETY .900 .092 9.831 ***  

S13 <--- SAFETY .920 .102 9.043 ***  
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Standardized Regression Weights: (Group number 1 - Default model) 

   Estimate 

TIME <--- PL .283 

TIME <--- TR .303 

TIME <--- SU .289 

TIME <--- PI .254 

TIME <--- SE .194 

COST <--- IE .200 

COST <--- CT .463 

COST <--- SU .221 

COST <--- PL .239 

COST <--- SE .270 

COST <--- SI .263 

QUALITY <--- PI .344 

QUALITY <--- SU .258 

QUALITY <--- QC .221 

QUALITY <--- SI .037 

QUALITY <--- TR .252 

SAFETY <--- TR .320 

SAFETY <--- SI .280 

SAFETY <--- SE .209 

SAFETY <--- QC .073 

PI7 <--- PI .716 

PI6 <--- PI .733 

PI2 <--- PI .747 

PI4 <--- PI .706 

PI11 <--- PI .719 

PI5 <--- PI .703 

PI12 <--- PI .640 

PI1 <--- PI .640 

PI9 <--- PI .686 

PI10 <--- PI .624 

IE4 <--- IE .739 

IE3 <--- IE .709 

IE2 <--- IE .734 

IE5 <--- IE .700 

SI4 <--- SI .706 

SI1 <--- SI .646 

SI2 <--- SI .635 

SI3 <--- SI .736 

SI5 <--- SI .677 

PL1 <--- PL .663 
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   Estimate 

PL2 <--- PL .728 

PL6 <--- PL .731 

PL4 <--- PL .612 

CT2 <--- CT .930 

CT1 <--- CT .839 

CT3 <--- CT .720 

SU3 <--- SU .650 

SU1 <--- SU .708 

SU2 <--- SU .670 

QC3 <--- QC .785 

QC1 <--- QC .566 

QC2 <--- QC .696 

TR2 <--- TR .849 

TR1 <--- TR .847 

SE2 <--- SE .844 

SE1 <--- SE .866 

T1 <--- TIME .641 

T5 <--- TIME .705 

T2 <--- TIME .756 

T3 <--- TIME .707 

T4 <--- TIME .702 

T6 <--- TIME .637 

C8 <--- COST .769 

C7 <--- COST .612 

C9 <--- COST .623 

C10 <--- COST .677 

Q12 <--- QUALITY .755 

Q11 <--- QUALITY .783 

S15 <--- SAFETY .819 

S14 <--- SAFETY .792 

S13 <--- SAFETY .687 
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Covariances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P Label 

PI <--> IE .130 .050 2.608 .009  

PI <--> SI .095 .045 2.099 .036  

PI <--> PL .122 .044 2.778 .005  

PI <--> CT .215 .059 3.629 ***  

PI <--> SU .070 .044 1.583 .114  

PI <--> QC .200 .056 3.556 ***  

PI <--> TR .000 .053 .006 .995  

PI <--> SE .193 .057 3.396 ***  

IE <--> SI .171 .052 3.301 ***  

IE <--> PL .085 .046 1.857 .063  

IE <--> CT .601 .083 7.230 ***  

IE <--> SU .063 .047 1.341 .180  

IE <--> QC .172 .059 2.905 .004  

IE <--> TR .075 .058 1.296 .195  

IE <--> SE .122 .059 2.073 .038  

SI <--> PL .105 .043 2.417 .016  

SI <--> CT .158 .058 2.747 .006  

SI <--> SU .185 .050 3.713 ***  

SI <--> QC .168 .055 3.036 .002  

SI <--> TR .526 .077 6.834 ***  

SI <--> SE .149 .055 2.686 .007  

PL <--> CT .112 .053 2.123 .034  

PL <--> SU .108 .043 2.500 .012  

PL <--> QC .140 .051 2.740 .006  

PL <--> TR .167 .053 3.140 .002  

PL <--> SE .140 .052 2.691 .007  

CT <--> SU .116 .056 2.090 .037  

CT <--> QC .135 .066 2.034 .042  

CT <--> TR .078 .067 1.161 .246  

CT <--> SE .090 .067 1.341 .180  

SU <--> QC .183 .056 3.281 .001  

SU <--> TR .157 .056 2.820 .005  

SU <--> SE .114 .054 2.121 .034  

QC <--> TR .112 .064 1.753 .080  

QC <--> SE .576 .083 6.902 ***  

TR <--> SE .108 .065 1.674 .094  

e19 <--> e20 .188 .054 3.470 ***  
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Correlations: (Group number 1 - Default model) 

   Estimate 

PI <--> IE .225 

PI <--> SI .179 

PI <--> PL .248 

PI <--> CT .304 

PI <--> SU .142 

PI <--> QC .331 

PI <--> TR .000 

PI <--> SE .296 

IE <--> SI .311 

IE <--> PL .167 

IE <--> CT .826 

IE <--> SU .125 

IE <--> QC .274 

IE <--> TR .112 

IE <--> SE .181 

SI <--> PL .225 

SI <--> CT .236 

SI <--> SU .396 

SI <--> QC .292 

SI <--> TR .851 

SI <--> SE .241 

PL <--> CT .182 

PL <--> SU .250 

PL <--> QC .264 

PL <--> TR .293 

PL <--> SE .245 

CT <--> SU .187 

CT <--> QC .177 

CT <--> TR .095 

CT <--> SE .109 

SU <--> QC .344 

SU <--> TR .274 

SU <--> SE .199 

QC <--> TR .159 

QC <--> SE .816 

TR <--> SE .143 

e19 <--> e20 .297 
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Variances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P Label 

PI   .560 .099 5.640 ***  

IE   .597 .104 5.733 ***  

SI   .504 .093 5.398 ***  

PL   .430 .090 4.767 ***  

CT   .888 .107 8.322 ***  

SU   .433 .098 4.403 ***  

QC   .655 .110 5.949 ***  

TR   .758 .109 6.976 ***  

SE   .760 .112 6.770 ***  

z1   .066 .016 4.120 ***  

z2   .121 .028 4.269 ***  

z3   .196 .044 4.456 ***  

z4   .332 .057 5.849 ***  

e1   .534 .060 8.931 ***  

e3   .570 .065 8.822 ***  

e4   .482 .055 8.719 ***  

e5   .590 .066 8.988 ***  

e6   .726 .081 8.913 ***  

e7   .562 .062 9.006 ***  

e9   .627 .067 9.286 ***  

e10   .628 .068 9.287 ***  

e11   .631 .069 9.090 ***  

e12   .649 .069 9.344 ***  

e13   .496 .062 8.053 ***  

e14   .546 .065 8.365 ***  

e15   .496 .061 8.111 ***  

e16   .599 .071 8.455 ***  

e18   .508 .060 8.461 ***  

e19   .611 .069 8.823 ***  

e20   .659 .074 8.883 ***  

e21   .445 .055 8.159 ***  

e22   .612 .070 8.689 ***  

e24   .550 .068 8.133 ***  

e25   .480 .066 7.311 ***  

e26   .493 .068 7.264 ***  

e27   .661 .077 8.572 ***  

e30   .140 .034 4.095 ***  

e31   .306 .041 7.490 ***  

e32   .500 .056 8.962 ***  

e33   .591 .078 7.531 ***  
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   Estimate S.E. C.R. P Label 

e34   .459 .070 6.605 ***  

e35   .511 .071 7.249 ***  

e36   .409 .064 6.384 ***  

e37   .748 .083 8.985 ***  

e38   .540 .068 7.941 ***  

e39   .293 .049 5.943 ***  

e40   .258 .043 6.007 ***  

e41   .307 .055 5.555 ***  

e42   .256 .053 4.825 ***  

e48   .267 .030 8.986 ***  

e47   .278 .032 8.569 ***  

e46   .207 .026 8.074 ***  

e45   .237 .028 8.552 ***  

e44   .252 .029 8.590 ***  

e43   .304 .034 9.009 ***  

e52   .223 .033 6.858 ***  

e51   .284 .033 8.712 ***  

e50   .301 .035 8.635 ***  

e49   .282 .034 8.172 ***  

e54   .261 .048 5.487 ***  

e53   .238 .049 4.808 ***  

e57   .206 .039 5.279 ***  

e56   .201 .034 5.980 ***  

e55   .396 .049 7.998 ***  

Squared Multiple Correlations: (Group number 1 - Default model) 

   Estimate 

SAFETY   .206 

QUALITY   .434 

COST   .625 

TIME   .648 

S13   .472 

S14   .627 

S15   .670 

Q11   .614 

Q12   .570 

C10   .458 

C9   .388 

C7   .374 

C8   .591 

T6   .405 
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   Estimate 

T4   .493 

T3   .500 

T2   .571 

T5   .497 

T1   .411 

SE1   .751 

SE2   .712 

TR1   .718 

TR2   .721 

QC2   .484 

QC1   .320 

QC3   .616 

SU2   .449 

SU1   .502 

SU3   .423 

CT3   .519 

CT1   .703 

CT2   .864 

PL4   .375 

PL6   .534 

PL2   .529 

PL1   .439 

SI5   .458 

SI3   .542 

SI2   .404 

SI1   .418 

SI4   .498 

IE5   .489 

IE2   .539 

IE3   .503 

IE4   .546 

PI10   .389 

PI9   .471 

PI1   .410 

PI12   .410 

PI5   .494 

PI11   .516 

PI4   .498 

PI2   .558 

PI6   .537 

PI7   .512 
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Model Fit Summary 

CMIN 

Model NPAR CMIN DF P CMIN/DF 

Default model 159 1607.269 1167 .000 1.377 

Saturated model 1326 .000 0   

Independence model 51 5819.159 1275 .000 4.564 

RMR, GFI 

Model RMR GFI AGFI PGFI 

Default model .053 .781 .752 .688 

Saturated model .000 1.000   

Independence model .211 .263 .233 .253 

Baseline Comparisons 

Model 
NFI 

Delta1 

RFI 

rho1 

IFI 

Delta2 

TLI 

rho2 
CFI 

Default model .724 .698 .905 .894 .903 

Saturated model 1.000  1.000  1.000 

Independence model .000 .000 .000 .000 .000 

Parsimony-Adjusted Measures 

Model PRATIO PNFI PCFI 

Default model .915 .662 .827 

Saturated model .000 .000 .000 

Independence model 1.000 .000 .000 

NCP 

Model NCP LO 90 HI 90 

Default model 440.269 339.005 549.572 

Saturated model .000 .000 .000 

Independence model 4544.159 4310.752 4784.339 

FMIN 

Model FMIN F0 LO 90 HI 90 

Default model 8.077 2.212 1.704 2.762 

Saturated model .000 .000 .000 .000 

Independence model 29.242 22.835 21.662 24.042 
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RMSEA 

Model RMSEA LO 90 HI 90 PCLOSE 

Default model .044 .038 .049 .982 

Independence model .134 .130 .137 .000 

AIC 

Model AIC BCC BIC CAIC 

Default model 1925.269 2037.758 2449.701 2608.701 

Saturated model 2652.000 3590.122 7025.569 8351.569 

Independence model 5921.159 5957.241 6089.373 6140.373 

ECVI 

Model ECVI LO 90 HI 90 MECVI 

Default model 9.675 9.166 10.224 10.240 

Saturated model 13.327 13.327 13.327 18.041 

Independence model 29.755 28.582 30.962 29.936 

HOELTER 

Model 
HOELTER 

.05 

HOELTER 

.01 

Default model 155 159 

Independence model 47 48 
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