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    Abstract: There are many challenges associated with the construction processes of planning and scheduling. These challenges are relevant to all project parties or stakeholders and therefore management roles or organisational behaviours of those parties have to be properly considered and assessed. With this in mind, this study is aimed at assessing practitioners’ perspectives on the current significance and applicability of a set of criteria or factors concerned with management roles and organisational behaviours of the different parties based on construction projects in Oman. The study has adopted a quantitative approach in which a questionnaire-based survey was chosen and conducted to gather responses from construction projects in Oman. A total of 67 valid responses were analysed based on the rankings and means of the respondents’ perspectives on the significance and applicability of the identified factors to current practice. The overall findings indicated that all investigated factors should be critically considered as equally important to the development process of planning and scheduling. Nevertheless, the findings implied that a management priority should be given to the most important factors significantly affecting project planning and scheduling. The study provides some useful recommendations on how to improve project management roles and organisational behaviours in planning and scheduling on the part of key project parties.
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    INTRODUCTION


    The complexity of planning and scheduling tasks requires rigorous effort in terms of the effectiveness of the project team, especially with regard to the project management roles and organisational behaviours that are key factors for the success of project objectives (Mubarak, 2010; Ahuja and Thiruvengadam, 2004). This is because planning and scheduling should be managed and controlled in the most effective way by all team involved for a successful project performance (Kerzner, 2013). Therefore, the understanding of the impact of such roles and behaviours on work performance can provide tangible benefits to the success of the project (Yang, Huang and Wu, 2011). In this respect, a good alignment between the team’s working behaviours (or human aspects) with the technical issues of a project will support the achievement of such benefits (Edum-Fotwe and McCaffer, 2000). According to Eriksson (2010), the effectiveness of any construction management process can be potentially improved by allowing for complete perceptions and interests from all construction stakeholders. For instance, Jaffar, Tharim and Shuib (2011) considered factors such as poor communication among the project team, lack of effective leadership and reluctance in controlling the project tasks execution and completeness as unintentional behaviours resulting in project disputes in terms of slow productivity and increased cost. A study by Cheung et al. (2003) implied that the consideration of behavioural aspects in the construction process still appears to be not sufficiently explored in current practices. More specifically, González et al. (2014) argued that there is a need to promote new management changes in project planning by clearly defining project management roles and their relevant impacts on the project performance. In addition, such management roles and behaviour, as well as other project technical issues should be effectively harmonised by all stakeholders involved in a project (Too and Weaver, 2014). In this regard, project stakeholders should be able to clearly identify and define all scheduling tasks, related resources and constraints for better project outcomes (Sears, Sears and Clough, 2010). According to Turner (1999), improving the performance of a project requires a competent management team that can monitor and control the project activities at both planning and operational levels of the project. Turner further argued that the competence of project management team in setting out a project plan, monitoring the work progress, estimating the schedule variance, as well as taking all necessary corrective actions are significant for the success of project planning (Turner, 1999).


    This study was conducted based on the Oman construction projects. In this respect, the contribution of the construction industry to Oman’s gross domestic product is forecasted at a growth rate ranging from 5% to 10% by 2020, which represents a high proportion of the country’s economy (Islam and Khadem, 2013; Oxford Business Group, 2014). According to the Oman regulation systems, large public projects of estimated cost above OMR 3 million (USD 1 = OMR 0.385) are floated and awarded by the Oman tender board in a form of unit-cost or lump-sum contracts or other sorts of measurements (Oman Tender Board, 2014). There are, however, some exceptions for governmental authorities to manage certain types of projects internally through design-build contracts. All bidders participating in private and public projects, however, should follow the Oman Standards for Building and Civil Engineering Works as a regulated procedure. According to Oxford Business Group (2014), Oman, amongst many other developing countries, has also experienced some delays and improper cost control in a number of construction and infrastructure projects. Of course, all improper management issues causing these delays needed to be urgently addressed in a way that increased practitioners’ awareness of what was lacking in their current practices. Despite this being the case, few academic studies conducted on the Omani construction industry revealed a common concern in the need for more evaluations of the current situational problems (or risk factors) pertaining to project disputes in terms of a lack of effective quality management, cost control systems and time performance measurements (Albalushi, Usman and Alnuaimi, 2013; Mohsin, 2011; Abu Hassan, Khalid and Onyeizu, 2011; Alnuaimi et al., 2009; Bakar et al., 2012). But then, such performance measurements should also be focused on the other aspects concerned in the project management roles and organisational behaviours that might lead, if not properly understood and addressed, to ineffective planning and scheduling systems. To support this argument, it can be postulated that the effective consideration of such management roles and organisational behaviours in project planning and scheduling will help overcoming the occurrence of contractual disputes related to project planning during execution.


    Summarising the above literature, there are far fewer examples to be considered when assessing the different project management roles and organisational behaviour attributed to key project stakeholders at particular stages such as planning and scheduling. These roles and behaviours should be considered and applied properly by all project stakeholders (or parties) involved in a project. Otherwise, insufficient considerations of such roles and behaviours will result in ineffective planning and scheduling, and thus low quality project execution. So, the originality of this study is based on its attempt to assess project management roles and organisational behaviour in construction planning and scheduling. This is important because giving a specific focus to the different roles and behaviours related to particular project tasks of planning and scheduling can be more worthwhile than looking at a project holistically. Consequently, this will improve the effectiveness of the implementation and control of these tasks; thus, enhancing their practical performance.


    This study, therefore, aimed at addressing this lack of knowledge by identifying and assessing a set of factors concerned with management roles and organisational behaviour of the key project parties using the Oman construction projects. The primary goal was to answer the following research question: What are the management roles and organisational behaviours of project parties that should be critically considered for effective planning and scheduling?


    In order to explore this research question, the following objectives were set:


    
      	To identify and examine project management roles and organisational behaviours of the key project parties involved in planning and scheduling


      	To provide new insights on how to improve the efficiency of such roles and behaviours in planning and scheduling.

    


    The expected outcomes might provide useful insights for construction stakeholders and practitioners towards critically understanding and sufficiently addressing management roles and organisational behaviours for more effective planning and scheduling.


    LITERATURE REVIEW


    In addition to the above literature, there are a number of research studies studied and assessed various factors pertained to different project parties, which are considered as major reasons for poor project performance. However, some of these factors can be considered as team management roles and behaviours that should be independently investigated. In connection to this view, Nepal, Park and Son (2006) argued that project scheduling has a strong interaction with other metrics of a project and therefore is assumed to involve other management factors that to be critically considered. More specifically, Walker (2011) stated that organisational behaviour in the construction industry is still an issue that unquestionably needs more explicit exploration in practice. Latterly, this claim has been confirmed by Kreiner (2013) who argued that the effectiveness of the construction process can be best understood and improved by properly understanding the project management team and their organisational behaviour.


    In summary, there seems to be a need for specific research studies on the understanding and assessment of project management roles and organisational behaviour in planning and scheduling in the context of construction projects. As noted earlier, much previous research, however, has paid more attention to the evaluation of the success and failure factors affecting project performance with regard to time and cost constraints (Assaf and Al-Hejji, 2006; Ahadzie, Proverbs and Olomolaiye, 2008; Ghosh and Jintanapakanont, 2004; Sun and Meng, 2009). Nevertheless, a number of these research studies have highlighted some initiatives regarding the assessment of potential effects of various factors, pertaining to the main participants (project managers, clients, contractors and consultants) in a project, on the success of project performance (Oyedele, 2013; Bari et al., 2012; Enshassi et al., 2007; Jaffar et al., 2011; Mbachu and Nkado, 2007; Doloi et al., 2012; Cooke-Davies, 2002; Sunindijo, Hadikusumo and Ogunlana, 2007; Hwang, Zhao and Goh, 2013). In a more recent study by Davis (2014), it is found, however, that there was no common agreement in perspectives among the different project stakeholders regarding the significance of these factors to their projects. This insignificant variation among stakeholders’ view can be attributed to variability in project management roles and organisational behaviours currently adopted in project planning and scheduling. A summary of examples of investigated factors related to key project stakeholders or parties is presented in Table 1. As mentioned earlier, however, this study is trying to pay a more particular focus on the assessment of project management roles and organisational behaviours of the key project parties involved in the implementation and control of planning and scheduling.


    Table 1. Summary of Findings of Some Relevant Research Studies


    
      
        	

        	Examples of Investigated Factors

        	Selected Literatures
      


      
        	
          Project Manager-Related Attributes

        

        	
          
            	Incomplete inputs of scope


            	Aggressive designed schedules


            	Incompetent planning


            	Misunderstanding of the project specifications


            	Poor decision-making


            	Ineffective communication


            	Ineffective leadership


            	Insufficient identification of boundary conditions


            	Reworked plans


            	Shortage of resources

          

        

        	Ahadzie, Proverbs and Olomolaiye (2008); Assaf and Al-Hejji (2006); Belassi and Tukel (1996); Enshassi et al. (2007); Mbachu and Nkado (2007); Cooke-Davies (2002)
      


      
        	
          Client-Related Attributes

        

        	
          
            	Poor organisation structure


            	Inaccurate regulations by client’s representatives


            	Centralised management


            	Project financing and interim payments


            	Uncontrolled variation orders


            	Less involvement in planning


            	Lack of team training


            	Ambiguity of requirements


            	Access restriction to site information conditions


            	Lack of conflict management plan

          

        

        	Ahadzie, Proverbs and Olomolaiye (2008); Assaf and Al-Hejji (2006); Enshassi et al. (2007); Hwang, Zhao and Goh (2013); Doloi et al. (2012)
      


      
        	
          Consultant-Related Attributes

        

        	
          
            	Complexity of design


            	Inaccurate cost estimate


            	Planning errors


            	Insufficient consideration of stakeholders’ needs


            	Incompetent technical team


            	Improper inspections


            	Use of obsolete design criteria


            	Unreliability of schedules


            	Lack of control methods


            	Insufficient coordination


            	Unrealistic resource forecast


            	Ignorance of non-technical aspects in design

          

        

        	Faridi and El-Sayegh (2006); Assaf and Al-Hejji (2006); Enshassi et al. (2007); Ibironke et al. (2013)
      


      
        	
          Contractor-Related Attributes

        

        	
          
            	Faulty implementation of plans


            	Lack of control over sub-contractors


            	Delays in procurement and delivery schedules


            	Improper use of equipment and construction testing


            	Unreliable progress reports


            	Lack of partnering and interdisciplinary


            	Financial constraints


            	Weak motivated and low-productivity team


            	Improper rescheduling of actual works


            	Lack of new technology

          

        

        	Faridi and El-Sayegh (2006); Ghosh and Jintanapakanont (2004); Assaf and Al-Hejji (2006); Ibironke et al. (2013); Mbachu and Nkado (2007); Enshassi et al. (2007)
      

    


    METHODOLOGY


    Identification of the Study Variables


    In view of the literature review and the subsequent discussions, the current practices in project planning and scheduling, not least in Oman, take very little account of stakeholders or practitioners’ perspectives regarding the understanding of project management roles and organisational behaviours currently embraced in the development, implementation and control of project planning and scheduling. Considering this lack of knowledge indicated in the literature and by using experiences of the researcher in the construction industry and subsequently utilising brainstorming, a screened list of 44 factors was identified and designed. The identified factors were presumed to contribute to the project management roles and organisational behaviours of the four main parties, usually involved at a certain level of participation in project management tasks of planning and scheduling. Out of a total of 44 defined factors, 14 criteria related to project managers’ roles and behaviour in planning and scheduling, 10 to clients’ roles and behaviours, 10 to contractors’ roles and behaviours and 10 to consultants’ roles and behaviours.


    Data Collection Methods


    The study has adopted a questionnaire-based survey, which is considered a positivist tool for gathering data about research problems where their relevant theory seems to be inadequately investigated in practice (Neuman, 2005). In this study, the questionnaire was distributed manually (hand-delivered copies) and electronically (mail-delivered copies) to groups of people engaged in a number of public and private construction organisations in Oman. The questionnaire tested the strength of the participant perspectives on the significance of the adopted factors based on a Likert-type point scale of 1 to 7, where 1 represents the lowest level of disagreement (strongly disagree) and 7 represents the highest level of agreement (strongly agree). The questionnaire was responded by 67 participants out of about 120 distributed copies; which is 55.8% response rate which can be considered as a reasonable response rate. Table 2 presents the analysis of the respondents’ profiles.


    Table 2. Background Profiles of Respondents


    
      
        	Characteristics

        	

        	
          Responses Frequency (Count)

        

        	
          Percentage (%)

        
      


      
        	Work position

        	Senior engineers

        	
          26

        

        	
          38.8

        
      


      
        	

        	Project managers

        	
          22

        

        	
          32.8

        
      


      
        	

        	Junior engineers

        	
          17

        

        	
          25.4

        
      


      
        	

        	Quantity surveyors

        	
          2

        

        	
          3.0

        
      


      
        	Qualifications

        	Degree

        	
          45

        

        	
          67.2

        
      


      
        	

        	Master

        	
          12

        

        	
          17.9

        
      


      
        	

        	Diploma

        	
          10

        

        	
          14.9

        
      


      
        	Years of experience

        	5–10

        	
          18

        

        	
          27.0

        
      


      
        	

        	11–16

        	
          14

        

        	
          19.5

        
      


      
        	

        	17–22

        	
          19

        

        	
          28.4

        
      


      
        	

        	> 22

        	
          14

        

        	
          19.5

        
      


      
        	

        	Not defined

        	
          2

        

        	
          3.0

        
      


      
        	Type of firm/organisation

        	Clients

        	
          28

        

        	
          41.8

        
      


      
        	

        	Contractors

        	
          22

        

        	
          32.8

        
      


      
        	

        	Project management

        	
          13

        

        	
          19.4

        
      


      
        	

        	Consultants

        	
          4

        

        	
          6.0

        
      


      
        	Phases of project respondents are currently involved in

        	All

        	
          19

        

        	
          30.6

        
      


      
        	

        	Execution

        	
          13

        

        	
          20.9

        
      


      
        	

        	Planning and controlling

        	
          9

        

        	
          14.5

        
      


      
        	

        	Execution and controlling

        	
          6

        

        	
          9.7

        
      


      
        	

        	Initiating, planning and execution

        	
          5

        

        	
          8.0

        
      


      
        	

        	Controlling

        	
          5

        

        	
          8.0

        
      


      
        	

        	Planning and execution

        	
          4

        

        	
          6.5

        
      


      
        	

        	Initiating

        	
          1

        

        	
          1.6

        
      


      
        	

        	Not defined

        	
          5

        

        	
          7.5

        
      


      
        	Total

        	

        	
          67.0

        

        	
          –

        
      

    


    Data Analysis Methods


    The study has considered the relative importance index (RII) for testing the collected data. Holt (2014) considered the RII as a suitable tool to provide more accurate rankings of responses collected through a study-based Likert-scale questionnaires than descriptive statistics. In this regard, Holt revised and modified the RII models for the aim of providing more precise estimations of the intervals of the rankings among the tested variables. Thus, the RII rankings and means of the study variables were computed based on the following equations recently developed by Holt (2014):


    [image: art]


    Based on Holt (2014), where ∑ w (for a seven-point Likert-scale) = (7*n7 + 6*n6 + 5*n5 + 4*n4 + 3*n3 + 2*n2 + n1)


    [image: art]


    Where RII = relative importance index, w = individual weight given to each statement based on a seven-point scale (stems), Amax = the highest ranking point used (7 in this study) and N = the total number of respondents used in the analysis. It should be noted that the respondents were asked to rank the identified factors in the study based on the relevance or applicability of these different factors to the current practice of their construction projects. For the purpose of management priorities and practical considerations of the most significant factors (roles and behaviours), the data interpretation is based on the RII analysis of the top five factors as discussed next.


    DATA ANALYSIS AND DISCUSSIONS


    Management Roles and Organisational Behaviours Related to Project Managers


    The results in Table 3 indicated that respondents assigned close RII rankings to the significance of project manager roles and behaviours to planning and scheduling. Project manager roles and behaviours concerned with the practical use of project scheduling as tool-based managerial skills rather than tool-based computer skills (F1; Mean = 0.424; RIIadjusted = 0.848) and motivational incentives for successful planning and scheduling teams (F8; Mean = 0.423; RIIadjusted = 0.846) were ranked as the most important factors to the current practice. In view of these findings, a study by González et al. (2014) revealed that a proper understanding of project schedules by project managers is crucial to the effective control of schedule deviations during project execution. This would imply that managerial motivations assigned for the successful planning team can improve the project team productivity in managing a more realistic and controllable scheduling.


    Other roles and behaviours concerning project manager competence in understanding the complete transfer of planning outputs into scheduling plans (F6; Mean = 0.418; RIIadjusted = 0.836) and the best use of lessons learned when developing new project plans and schedules (F10; Mean = 0.418; RIIadjusted = 0.836) were received the same RII ranks as equally important factors to the current practice of planning and scheduling. This has become evident in view of the literature which implied that insufficient considerations of all inputs and deliverables in project planning will result in impractical scheduling of the project (Nepal, Park and Son, 2006; Ahsan and Gunawan, 2010). This results can imply that project managers should not proceed with project scheduling unless project planning is measured against the completeness of scope definition, especially time and resources estimates.


    Table 3. RII Rankings of Project Managers’ Roles and Organisational Behaviour


    
      
        	Organisational Roles and Behaviours of Project Managers in Descending Order

        	
          RIIadjusted

        
      


      
        	
          Mean

        

        	
          Value

        

        	
          Rank

        
      


      
        	F1

        	Practicing the schedule as management based-skills rather than computer based-skills

        	
          0.424

        

        	
          0.848

        

        	
          1

        
      


      
        	F8

        	Motivating and rewarding the successful planning and scheduling team

        	
          0.423

        

        	
          0.846

        

        	
          2

        
      


      
        	F6

        	Ensuring accuracy and completeness of all outputs from planning to scheduling

        	
          0.418

        

        	
          0.836

        

        	
          3

        
      


      
        	F10

        	Applying past lessons gained for developing the new plans and schedules

        	
          0.418

        

        	
          0.836

        

        	
          3

        
      


      
        	F3

        	Cooperating with cross-functional team in all stages of planning and scheduling

        	
          0.412

        

        	
          0.823

        

        	
          4

        
      


      
        	F2

        	Using the schedule as an effective communicating tool for information sharing and learning

        	
          0.411

        

        	
          0.821

        

        	
          5

        
      


      
        	F9

        	Monitoring and guiding site managers on the actual scheduling

        	
          0.406

        

        	
          0.813

        

        	
          6

        
      


      
        	F7

        	Setting-out the efficient methodologies for controlling the implementation of plans and schedules

        	
          0.399

        

        	
          0.798

        

        	
          7

        
      


      
        	F5

        	Understanding the key characteristics of the adopted planning methods

        	
          0.338

        

        	
          0.776

        

        	
          8

        
      


      
        	F11

        	Fostering innovative systems in planning to overcome shortcomings with traditional systems

        	
          0.383

        

        	
          0.766

        

        	
          9

        
      


      
        	F13

        	Adopting flexible procedures to allow for dynamic planning and scheduling

        	
          0.379

        

        	
          0.758

        

        	
          10

        
      


      
        	F4

        	Allowing all needs and inputs from project stakeholders in planning

        	
          0.378

        

        	
          0.756

        

        	
          11

        
      


      
        	F12

        	Delegating authority to site managers for taking necessary actions on the schedule deviations

        	
          0.376

        

        	
          0.751

        

        	
          12

        
      


      
        	F14

        	Understanding the team cultural differences in planning and scheduling

        	
          0.360

        

        	
          0.719

        

        	
          13

        
      

    


    Management Roles and Organisational Behaviours Related to Clients


    The RII results revealed a small variation in the overall rankings of the studied roles and behaviours of clients as indicated in Table 4. Nevertheless, there is still a room for prioritising some significant factors than others while developing project plans and schedules. In this regard, the clients’ roles and behaviours concerned with sufficient awareness about the impact of unplanned changes on the original schedule (F22; Mean = 0.387; RIIadjusted = 0.774) and the participation in coordinating and setting out the measurement performance tools for planning and scheduling (F18; Mean = 0.385; RIIadjusted = 0.771), as well as clients’ flexibility in facilitating the flow of the project boundary information in planning and scheduling (F17; Mean = 0.383; RIIadjusted = 0.766), were ranked as the top three factors that might be given more attention. The findings can imply that clients should play a strong role in setting out the performance control tools, as well as they should use their own competencies when addressing and evaluating their needs and relevant impacts on planning. Additionally, clients should be authentic regarding desired information needed about project boundary conditions for a more reliable project planning. Other management roles concerned with the completeness and accuracy of needs and inputs in planning on the part of clients was considered as the fourth significant factor (F16; Mean = 0.381; RIIadjusted = 0.762). This factor was followed by project clients’ roles or behaviours concerning the ability to establish trustworthy and interactive environments in planning and scheduling (F15; Mean = 0.378; RIIadjusted = 0.756) ranked as the fifth significant factor. A combination of these findings aligned with the same concern indicated in the relevant literature stating that the client ability to allocate contingency resources (buffers) and ability to actively participate in project planning, as well as the ability to efficiently overcome any schedule deviations during the implementation stage are significant issues to the success of project time performance (Ahadzie, Proverbs and Olomolaiye, 2008; Hwang, Zhao and Goh, 2013; Mbachu and Nkado, 2007).


    Table 4. RII Rankings of Clients’ Roles and Organisational Behaviours


    
      
        	Organisational Roles and Behaviours of Clients in Descending Order

        	
          RIIadjusted

        
      


      
        	Mean

        	
          Value

        

        	
          Rank

        
      


      
        	F22

        	Having sufficient awareness about the impact of unplanned changes on scheduling

        	
          0.387

        

        	
          0.774

        

        	
          1

        
      


      
        	F18

        	Participating in coordinating and setting-out measurement-performance tools for planning and scheduling

        	
          0.385

        

        	
          0.771

        

        	
          2

        
      


      
        	F17

        	Facilitating the flow of boundary conditions information of project planning and scheduling

        	
          0.383

        

        	
          0.766

        

        	
          3

        
      


      
        	F16

        	Addressing their needs and interests effectively in planning and scheduling

        	
          0.381

        

        	
          0.762

        

        	
          4

        
      


      
        	F15

        	Establishing interactive and trustworthy environments in planning and scheduling

        	
          0.378

        

        	
          0.756

        

        	
          5

        
      


      
        	F19

        	Having sufficient competences for confronting as-built schedules against as-planned schedules

        	
          0.374

        

        	
          0.748

        

        	
          6

        
      


      
        	F24

        	Allocating contingency resources needed to recover any shortcut in ongoing schedules

        	
          0.373

        

        	
          0.746

        

        	
          7

        
      


      
        	F23

        	Using their competency in evaluating and verifying contractors’ claims against original plans

        	
          0.371

        

        	
          0.741

        

        	
          8

        
      


      
        	F20

        	Approving plans and schedules based on their proper understanding of the characteristics of the different project tasks

        	
          0.368

        

        	
          0.736

        

        	
          9

        
      


      
        	F21

        	Allowing required flexibility in acceptance of necessary modifications in original scheduling plans

        	
          0.352

        

        	
          0.704

        

        	
          10

        
      

    


    Management Roles and Organisational Behaviours Related to Consultants


    Table 5 presents the overall rankings and means of the factors used to judge roles and behaviours of project consultants in planning and scheduling. The results revealed that the factors identified as effective coordination with all project stakeholders in the implementation and control of planning and scheduling (F28; Mean = 0.389; RIIadjusted = 0.778) was rated with the highest RII value as the most important role to be considered. A more recent study by Oyedele (2013) revealed that the effectiveness of consultants’ co-ordination with other project stakeholders is a key issue for the effectiveness of project planning, especially in mega projects where many stakeholders are involved at different design stages. Subsequently, the findings from the study indicated that management roles and organisational behaviours of consultants concerned with the efficiency in transferring all information, needs and other inputs of stakeholders in planning (F27; Mean = 0.377; RIIadjusted = 0.754), the effectiveness in analysing the scheduling outcomes in conformance quality and risk aspects of project (F29; Mean = 0.377; RIIadjusted = 0.754) and the tendency to be proactive regarding uncertainties or risk factors causing hindrance to the schedule performance (F31; Mean = 0.376; RIIadjusted = 0.751) were considered as equally important factors to the implementation and control of project planning and scheduling. In connection to this, it was argued that delegating a more proactive team is crucial for identifying all potential risks and for allocating contingency plans; thus, mitigating uncertainty in scheduling by effectively managing risks (Schatteman et al., 2008).


    Moreover, the results showed that the factor concerned with the consultant capability to adopt a variety of control methods and tools in project planning and scheduling was received the fourth RII score (F25; Mean = 0.374; RIIadjusted = 0.749). This would imply that project consultants should understand, choose and adopt the most suitable tools and methods that fit with the project nature (size and complexity) for managing a more realistic scheduling that meets the common understanding of other project parties.


    Table 5. RII Rankings and Means of Consultants’ Roles and Organisational Behaviours


    
      
        	Organisational Roles and Behaviours of Consultants in Descending Order

        	
          RIIadjusted

        
      


      
        	Mean

        	
          Value

        

        	
          Rank

        
      


      
        	F28

        	Coordinating effectually with other project parties for the improper implementation and control in planning and scheduling

        	
          0.389

        

        	
          0.778

        

        	
          1

        
      


      
        	F27

        	Liaising with all project stakeholders to efficiently transfer their inputs and needs in planning

        	
          0.377

        

        	
          0.754

        

        	
          2

        
      


      
        	F29

        	Evaluating and analysing planning and scheduling outcomes in relation to the project quality and risk aspects

        	
          0.377

        

        	
          0.754

        

        	
          2

        
      


      
        	F31

        	Working as proactive team regarding all uncertainties or risks anticipated in scheduling

        	
          0.376

        

        	
          0.751

        

        	
          3

        
      


      
        	F25

        	Experiencing their proficiency in adopting alternate planning and scheduling methods

        	
          0.374

        

        	
          0.749

        

        	
          4

        
      


      
        	F33

        	Adopting change in management for assessing all required changes and subsequent effects on planning

        	
          0.370

        

        	
          0.739

        

        	
          5

        
      


      
        	F32

        	Utilising the efficient control systems for collecting feedbacks on actual performance of scheduling

        	
          0.368

        

        	
          0.736

        

        	
          6

        
      


      
        	F26

        	Recognising and admitting their responsibility towards technical inputs faults in planning and scheduling

        	
          0.362

        

        	
          0.724

        

        	
          7

        
      


      
        	F34

        	Adequately considering all new claims or concerns from project stakeholders in the implementation of planning and scheduling

        	
          0.361

        

        	
          0.721

        

        	
          8

        
      


      
        	F30

        	Identifying all constraints in planning to avoid any deviation from original plans in scheduling

        	
          0.346

        

        	
          0.692

        

        	
          9

        
      

    


    Management Roles and Organisational Behaviours Related to Contractors


    Table 6 presents the RII rankings of the factors used to examine the contractor roles and behaviours in planning and scheduling. It is also very important to understand the contractor roles in the development and control of project planning and scheduling. More recently, Alzahrani and Emsley (2013) have stated that proper understanding of performance aspects and management roles of project contractors is crucial for the best likelihoods of having more achievable outcomes from the execution of construction projects. The results in Table 6 indicated that the factors concerned with the contractor effectiveness in following up and controlling in-site teams and in resolving their related conflicts affecting the schedule performance (F37; Mean = 0.417; RIIadjusted = 0.833), as well as the contractor competence in adequately incorporating and managing work schedules of sub-contractors and suppliers in the main project scheduling (F38; Mean = 0.414; RIIadjusted = 0.828), received the highest RII ranks as significant roles or organisational behaviours to the implementation and control of planning and scheduling. This was followed by the factor concerning the contractor role and behaviours towards admitting the accountability for the most efficient technical implementation of project plans and schedules (F35; Mean = 0.412; RIIadjusted = 0.823). In addition, the contractor should also be able to manage all interferences between procurement schedules and the project schedule (F36; Mean = 0.408; RIIadjusted = 0.816), as well as the ability to update project schedules resourcefully based on feedbacks from other project stakeholders (F40; Mean = 0.398; RIIadjusted = 0.796). In this regard, scheduling quality control can be enhanced by adequate identifying of the interference impacts in the material delivery schedule on the detailed scheduling of a project (Oberlender, 1993; Belout and Gauvreau, 2004). These roles and behaviours of contractors should be critically considered for high quality performance of scheduling. Other relevant studies by Iyer and Jha (2006), Jha and Iyer (2007) and Ibironke et al. (2013) also indicated the imperative of considering such factors, amongst other important factors (Table 1), while managing construction scheduling.


    Table 6. RII Rankings of Contractors’ Roles and Organisational Behaviours


    
      
        	Organisational Roles and Behaviours of Contractors in Descending Order

        	
          RIIadjusted

        
      


      
        	Mean

        	
          Value

        

        	
          Rank

        
      


      
        	F37

        	Following-up and supervising the site labour for the effective implementation of schedules

        	
          0.417

        

        	
          0.833

        

        	
          1

        
      


      
        	F38

        	Incorporating all sub-contractors and suppliers work schedules in the master scheduling effectively

        	
          0.414

        

        	
          0.828

        

        	
          2

        
      


      
        	F35

        	Admitting the accountability for the efficient implementation of plans and schedules

        	
          0.412

        

        	
          0.823

        

        	
          3

        
      


      
        	F36

        	Managing interferences properly among the delivery scheduling and the project master scheduling

        	
          0.408

        

        	
          0.816

        

        	
          4

        
      


      
        	F40

        	Updating scheduling resourcefully based on all criticisms or feedbacks from the other project parties

        	
          0.398

        

        	
          0.796

        

        	
          5

        
      


      
        	F39

        	Embracing the schedule contingency properly in overcoming unexpected events or variances

        	
          0.393

        

        	
          0.786

        

        	
          6

        
      


      
        	F41

        	Suggesting and elevating alternate scenarios for addressing the schedule constraints

        	
          0.390

        

        	
          0.779

        

        	
          7

        
      


      
        	F43

        	Supporting the implementation of planning and scheduling by adopting the most appropriate monitoring techniques

        	
          0.380

        

        	
          0.759

        

        	
          8

        
      


      
        	F44

        	Engaging specialised team in analysing the scheduling severities or disputes

        	
          0.366

        

        	
          0.731

        

        	
          9

        
      


      
        	F42

        	Documenting all concerns and claims effectually from other project parties

        	
          0.353

        

        	
          0.706

        

        	
          10

        
      

    


    PRACTICAL IMPLICATIONS FOR MANAGERIAL CONSIDERATIONS


    Based on the findings and subsequent discussions, the significant factors concerned with roles and organisational behaviours should be integrated into the current philosophies of project planning adopted in the construction industry. As a result, construction practitioners and key stakeholders should be able to properly identify and adjust the existing management roles and organisational behaviours for the purpose of managing more dynamic and effective planning and scheduling systems. The project parties should be able to address, amongst other management roles and behaviours, the following issues, which can be used as guidelines in making the most effective decision in project planning and scheduling:


    
      	Project managers should effectively recognise that their accountability is not limited to planning, but should also be extended and communicated to the implementation and control of project plans and schedules. Project managers should give specific focus to the improvement of their team skills in managing effective project scheduling. It can be achieved through specific training on planning and scheduling theory, the use of control tools and other computerised techniques. In addition, project managers should be competent in setting out the most efficient control and communication plans with other parties in the project in order to allow more realistic information sharing and feedback.


      	Clients should be competent in and increase their awareness of the consequences of any uncontrolled or poorly planned changes on the effectiveness of planning and scheduling systems. Therefore, they should actively participate in coordinating and establishing the most efficient measurement tools or methodologies for planning and scheduling. Moreover, clients should be very flexible and realistic when providing and addressing all required information to other stakeholders about project boundary conditions in planning. They should be competent in addressing their needs and interests on the basis of real needs behind the project idea.


      	Consultants should be effectively coordinating all inputs and deliverables from other parties in planning and scheduling which means that consultants should be able to transfer such needs into well-defined, measurable units in planning. The consultants should be able to foster any required change in the management plan, for example, by applying new tools and techniques for controlling and analysing all uncertainties in the schedule against other measures of quality, risk and cost control.


      	Contractors should be competent in applying planned and scheduled tasks into physical actions, as well as effectively communicate with their in-site team in order to be able to follow-up the implementation of such tasks on site according to the original plan. Moreover, they should be able to adequately manage interferences among materials’ delivery schedules and master the work schedule to prohibit any detraction from the original plans. In this regard, they should utilise monitoring and optimisation tools to precisely identify any deviations in scheduling and rapidly address them to other stakeholders for necessary corrective action with no cost implications.

    


    CONCLUSIONS


    The study has identified and examined a set of factors identified as project management roles and organisational behaviours of the main project parties in project planning and scheduling. The literature review implied that there is a lack of knowledge on the part of construction practitioners towards the proper understanding of such roles and behaviours in the current practice. The research findings revealed that there is a strong level of agreement among the respondents on the rankings of significance of the investigated factors to planning and scheduling. Nevertheless, the study implied that there is a need to prioritise certain significant roles and behaviours than others while developing project plans and schedules. In addition, construction policy-makers should take into account that any mismatch in project management roles and organisational behaviours of the main project parties involved can result in ineffective planning and scheduling.


    Despite the study being limited to locally perspectives based on the Oman construction projects, it has provided some useful insights to construction practitioners and stakeholders in general. First, it highlights a new management area concerned with organisational behaviours in project planning which appears to be a relatively new concept that needs further investigations. Second, it has provided useful knowledge regarding the rankings of the different roles and organisational behaviours to current practice; thus, construction practitioners are expected to obtain new information on how to prioritise certain management roles by adjusting their current planning strategies for the best development and control in planning and scheduling. The study results might be externally validated by adopting a more rigorous approach to develop a deeper insight about the research phenomena highlighted in this study.
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    Abstract: The focal point of this study was to assess the perspectives of construction professionals on factors influencing tender prices of construction works and the contribution of the factors to the success rate of contractors. Using literature review and questionnaire survey, 15 factors were identified in respect to contractors’ tender price and success rate in Nigeria. The findings of this study based on the results of statistical analyses (mean score and chi-square) reveal that all the construction professionals (architects, builders, engineers and quantity surveyors) are of the opinion that material availability, labour productivity and level of profit are the most significant factors that highly influence tender price of construction works and consequently affect the success rate of contractors in competitive bidding. Project definition and construction plan have least influence on contractors’ tender price. Also, it was found that government policy does not have significant effect on contractors’ success rate in competitive bidding in Nigeria. It is hoped that the information presented in this paper will be of interest to all parties concerned, including Nigerian construction companies and foreign companies planning to enter the Nigerian construction market. In addition, while the research focused on a particular country, Nigeria, the study can be replicated in other countries particularly developing countries and the results can be compared.
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    INTRODUCTION


    The number of competitors in the construction sector is fiercely higher than most economic sectors (Enshassi, Al-Hallaq and Mohamed, 2006). As a result of this severe competition, many small and medium scale construction enterprises in the developing countries fall out of business within the first five years of establishment (Grosskopf, 2005). The Public Procurement Act 2007 of the Federal Republic of Nigeria provides that one of the condition that must be obtained before formalisation of procurement is that bids should be by open competitive bidding. The procurement has two major stages: pre-qualification and commercial stages. At the pre-qualification stage, the overall competence of prospective contractor is assessed and one of the criteria for pre-qualification of contractor is the number of projects successfully completed in the past (Ayangade, Wahab and Alake, 2009). In Nigeria, many contractors have failed in their bids to procure construction projects and most contractors who were successful in their bid experienced cost overrun, delay and abandonment (Aibinu and Jagboro, 2002; Aibinu and Odeyinka, 2006; Ayodele and Alabi, 2011; Ibironke et al., 2013). For contractors, corporate success is central to bidding and winning contract and survival in this era of procurement of contract by “due process”, which has become a new initiative being widely embraced by parties in public contract in Nigeria (Ayangade, Wahab and Alake, 2009).


    The construction industry players are faced with the dilemma of bidding under competitive environment where the bid must be low enough to win the contract and high enough to attain the expected profit margin (Kimms, 2007). In coping with the situation, the contractor will normally ensure that appropriate cost estimate is determined with adequate mark up. The cost estimating function, an important element in the contractors bidding process, provides a basis for the contractor to submit a tender price for a project (Akintoye and Fitzgerald, 2000). According to Joshua (2010), a primary measure of success in preparing budget estimates is predicting the outturn capital cost and the whole life cost accurately at project inception. Without the ability to predict the outcome of a project with some degree of accuracy, it is not possible to determine which offers the best value for money. Anigbogu et al. (2007) contend that the first step toward ensuring problems are avoided in construction process is the production of accurate estimates. The consequences of bad estimate at the early stage of construction project according to Ashworth (1995) and Lowe, Emsley and Harding (2006) include embarking on an infeasible project. Contractors need to be confident that the estimates that form the basis of their tenders are realistic. If their tender prices are consistently high they will fail to attract work, alternatively if their prices are too low, they will gain work at unprofitable rates (Andrew and Baldwin, 1990). Firms generate revenue by selling their products while contractors generate revenue by winning projects. The bids may sometimes be in open competition, or invited from a prequalified list. The study by Babatunde, Opawole and Ujaddughe (2010) reveal that approximately half of construction projects in Nigeria are executed using variants of traditional method of contract procurement, in particularly, open competitive bidding and project execution at the tender sum and time are the highest factors considered for traditional method of procurement. For contractors, bidding and winning contract is central to corporate success and survival. According to Florence and Min (2005), contractors who are successful would place more emphasises on factors that affect schedule, cost and quality of the projects.


    To reduce the risks associated with bidding process, it is imperative that contractors realise, understand and manage the various factors that contribute to their success rate. Thus, the main aim of this study is to assess the factors influencing success rate of contractors in competitive bidding for construction works in South-East, Nigeria with a view to reduce the rate of failure in bidding, enhance effective and efficient bidding for effective project delivery and the growth of contractors in Nigeria. It is hoped that the information presented in this paper will be of interest to all parties concerned, including Nigerian construction companies and foreign companies planning to enter the Nigerian construction market. In addition, while the research focused on a particular country, Nigeria, its findings should be applicable to other countries particularly developing countries.


    THE CONCEPT OF BIDDING IN CONSTRUCTION PROCESS


    To meet specific firm objectives, bidding strategies vary from contractor to contractor and each will have different degrees of preference or sensitivity towards the factors affecting their bidding decisions. It has been found in many studies that there are differences in ranking of factors which contractors consider when making bid/no-bid and mark-up decisions: see for example, Ahmad and Minkarah (1988), Odosute and Fellows (1992), Shash (1993), Fayek, Ghoshal and AbouRizk (1999) and Oo, Drew and Runeson (2010).


    There are two concepts of bidding in the construction industry: competitive and non-competitive bidding practice (Johnstone, Bedard and Ettredge, 2004). Shash (1993) argues that a construction company can either negotiate with the client or use a competitive bidding process to obtain a job. In the case of competitive bidding, openness in the process of selection becomes the underlying factor. As the name implies, it must also be competitive and transparent. This explains why it is more preferred by the public sector because as custodian of public trust, accountability and transparency becomes crucial issues in order to enhance public confidence and approval of their actions (Runeson and Skitmore, 1999). In Nigeria for instance, traditional method of construction is commonly used (Oladinrin, Olatunji and Hamza, 2013). This procurement system allows flexible application of competitive bidding in construction process.


    Palaneeswaran and Kumaraswamy (2001) opine that the main implication for clients in the process of construction bidding is to obtain the most competitive bid for projects in the most efficient way. In the long run, the degree of competition must be measured in terms of capacity utilisation rather than in terms of the total level of output (Ogunsemi and Aje, 2006). It thus remains possible that the selection of contractors in competition for particular projects will not be a simple random choice that reduces the range of lowest tenders. It must be stated however that based on neo-classical micro economic theory, more tenders would not necessarily guarantee a lower price because price determination is actually based on interaction of demand and supply (Spear, 2000). Also, firms that are most desperate for jobs would also be the firms most likely to tender and thus probably the number of bidders is unlikely to have much effect on the price (Topeu, 2004). Even if it is assumed that more tenders result in a lower price and there is a direct cost of tendering, the reduction in cost for the individual project, but the increase in cost of tendering is an industry wide increase (Ofong, 1999).


    Ndah (2000) states that accountability is an extremely important matter in tendering procedures and contractual arrangements so it is essential that it is considered in terms of resources used as well as the price paid. It is an important aspect of bidding in construction because it is difficult for the building owner to ascertain the quality of the final product which is mostly determined by the activities of the builder. Skitmore and Ng (1999) opines that competitive bidding remains the most favoured option for bid procurement in the 21st century. Moreover, it is not easy to satisfy the building owner, that it is the lowest price when the contractor has been selected on a basis other than an equal competition with other contractors for the same project. In the public sector, civil democratic norms disapprove of disbursements of public funds in any such manner that suggests an infringement of the norms and codes of public accountability and transparency (Palaneeswaran and Kumaraswamy, 2001). Adaptation of accepted features into the operations format of competitive bidding procedure will definitely improve efficiency and produce better results (Iyer and Jha, 2005).


    It is important to note that clients’ willingness to pay for construction work is influenced by their available resources as well as tender prices of other contractors. Therefore, a bidding price depends significantly on the market or competitive environment surrounding a particular construction project (Laryea and Hughes, 2010). There are two processes involved in bidding process: estimating and adjudication (Brook, 2012). While estimating deals with determination of actual project cost based on the expertise of contractor’s estimating department, adjudication is concerned with determining the overall bidding price involving the decisions of company’s directors. The essence of both processes is to pitch the bidding price between cost and value in order to be successful in the bidding process (Laryea and Hughes, 2008). Despite the wide acknowledgement of the factors determining contractors’ success rate in previous studies, there are no studies to the best of our knowledge to review these factors in Nigeria context. Therefore, related factors were extracted from literature as summarised in Table 1 using a procedure suggested by Lu, Shen and Yam (2008) where it is recommended that relevant factors should first of all be identified prior to questionnaire survey.


    Table 1. Factors Influencing Tender Prices of Construction Works


    
      
        	Factors

        	References
      


      
        	Material availability

        	Liu et al. (2007)
      


      
        	Labour productivity

        	Elhag, Boussabaine and Ballal (2005); Shash (1993)
      


      
        	Level of profit

        	Park and Chapin (1992)
      


      
        	Project financing

        	Han and Diekmann (2001)
      


      
        	Cost of manpower

        	Shash (1993)
      


      
        	Location and control of site

        	Akintoye (2000)
      


      
        	Zonal rates

        	Zou (2007)
      


      
        	Category of contractor

        	Shen et al. (2004)
      


      
        	Management ability

        	Hatush and Skitmore (1999)
      


      
        	Contract type

        	Drew and Skitmore (1997)
      


      
        	Method of tender selection and degree of competition

        	Oo, Drew and Lo (2008)
      


      
        	Government policy

        	Shen et al. (2004)
      


      
        	Project definition/size

        	Drew and Skitmore (1992)
      


      
        	Type of development

        	Fu, Drew and Lo (2003)
      


      
        	Construction plan

        	Watt, Kayis and Willey (2009)
      

    


    METHODOLOGY


    Questionnaire Formulation


    The study adopted a questionnaire survey approach to achieve its aim. A thorough literature review was conducted to identify those factors that have potential influence on contractors’ tender prices. As a result, 15 factors were documented in Table 1. The 15 factors were expressed in a questionnaire form for survey contained two sections. The first section was intended to collect demographic information of the respondents, the second one requested that respondents judge the importance level of the factors influencing contractors’ tender prices on a predefined five-point Likert scale (5 = Extremely important, 4 = Important, 3 = Neutral, 2 = Unimportant, 1 = Extremely unimportant) while the third one requested that respondents judge the significant level of the factors regarding contractors’ success rate on a predefined five-point Likert scale ranging from 5 = Highly significant to 1 = Highly insignificant.


    The Cronbach’s alpha is a statistic that tests the reliability (the scale of the reliability coefficient) of the five-point Likert scale that was used in this study. The Cronbach’s coefficient alpha that was associated with the importance of the factors influencing contractors’ tender prices is 0.841 while the significant level of the factors regarding contractors’ success rate is 0. These high values indicate reliability of the questionnaire (Ameh, Soyingbe and Odusami, 2010).


    DATA COLLECTION


    The scope of research described in this paper is limited to construction professionals practicing within South-Eastern states of Nigeria (Abia, Anambra, Ebonyi, Enugu and Imo). This is premised on the fact that the Biafran war destroyed so many structures in this geo political zone (Nafziger, 1972) and the stable democratic government of 1999 till date has brought massive construction works being carried out in the zone. This has attracted most construction professionals and contractors to the zone which many of them have carried out many projects within and outside the zone thus making the zone an enabling environment for collection of data for the study. The sample population comprised professionals (quantity surveyors, architects, builders and engineers) who are registered members of their respective professional bodies as at December 2012 and are based in selected states. Their contact details were obtained from their various professional bodies namely Nigerian Institute of Architects (NIA), Nigerian Institute of Builders (NIOB), Nigerian Institute of Quantity Surveyors (NIQS) and Nigerian Society of Engineers (NSE) as shown in Table 2.


    It is worthy to note that the questionnaires were distributed and collected personally by the researchers and some were administered through the assistance of some professional colleagues. This is due to the increased response rate identified with personal delivery and collection methods (Ki, Lee and Choi, 2012). The data collection was conducted between January 2013 and February 2014.


    Table 2. Sample Frame of Respondents


    
      
        	S/No.

        	Respondent

        	
          Abia

        

        	
          Anambra

        

        	
          Ebonyi

        

        	
          Enugu

        

        	
          Imo

        

        	
          Total

        
      


      
        	
          1.

        

        	Architects

        	
          25

        

        	
          27

        

        	
          17

        

        	
          68

        

        	
          37

        

        	
          174

        
      


      
        	
          2.

        

        	Engineers

        	
          27

        

        	
          30

        

        	
          20

        

        	
          40

        

        	
          31

        

        	
          148

        
      


      
        	
          3.

        

        	Professional builders

        	
          4

        

        	
          10

        

        	
          8

        

        	
          14

        

        	
          12

        

        	
          48

        
      


      
        	
          4.

        

        	Quantity surveyors

        	
          20

        

        	
          27

        

        	
          15

        

        	
          39

        

        	
          25

        

        	
          126

        
      


      
        	

        	Total

        	
          76

        

        	
          94

        

        	
          60

        

        	
          161

        

        	
          105

        

        	
          496

        
      

    


    Sample Size


    The sample size in respect of the various categories of respondents was determined using the following formula proposed by Yamane (1967):
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    where, n is the sample size, N is the population size, and e is the level of precision which is taken as ± 10%. Substituting the predetermined variables, the sample size for each of the study population from the different locations is as shown in Table 3. Thus, the total numbers of questionnaire administered were 379. Out of the 379 questionnaires administered, 202 were returned by the respondents representing 53.29% of the total questionnaires sent out which is considered sufficient for the study based on the assertion of Fellows and Liu (2003) that recommend a minimum response rate of 30% from a minimum sample size of 107.


    Table 3. Sample Size for the Category of Respondents


    
      
        	S/No.

        	Respondent

        	
          Abia

        

        	
          Anambra

        

        	
          Ebonyi

        

        	
          Enugu

        

        	
          Imo

        

        	
          Total

        
      


      
        	
          1.

        

        	Architects

        	
          20

        

        	
          21

        

        	
          15

        

        	
          42

        

        	
          27

        

        	
          124

        
      


      
        	
          2.

        

        	Engineers

        	
          21

        

        	
          23

        

        	
          17

        

        	
          29

        

        	
          24

        

        	
          114

        
      


      
        	
          3.

        

        	Professional builders

        	
          4

        

        	
          9

        

        	
          7

        

        	
          11

        

        	
          12

        

        	
          43

        
      


      
        	
          4.

        

        	Quantity surveyors

        	
          17

        

        	
          21

        

        	
          13

        

        	
          27

        

        	
          20

        

        	
          98

        
      


      
        	

        	Total

        	
          62

        

        	
          74

        

        	
          52

        

        	
          109

        

        	
          83

        

        	
          379

        
      

    


    Data Analysis and Results


    Table 4 shows the background information of the respondents who participated in the survey. It was observed that about 35%, 14%, 31% and 20% of the respondents were trained as architects, builders, engineers and quantity surveyors respectively. Considering respondents’ years of working experience, 27.23% of the respondents have over 10 years of working experience, 20.79% of the respondents have above 15 years working experience, 12.38%, have above 25 years working experience in their respective firms while 14.94 have five and less years of working experience in their respective firms. Table 4 also indicates that 9.41% have handled less than five projects, 31.68% have handled over six projects and 17.82% have handled over 20 projects. The result implies that the respondents have good working experiences and are suitable for this type of research which makes the data reliable.


    Table 4. Background Information of Respondents


    
      
        	Category

        	Classification

        	
          Frequency

        

        	
          Percentage

        
      


      
        	Profession of respondents

        	Architects

        	
          71

        

        	
          35.15

        
      


      
        	

        	Builders

        	
          28

        

        	
          13.86

        
      


      
        	

        	Engineers

        	
          62

        

        	
          30.69

        
      


      
        	

        	Quantity surveyors

        	
          41

        

        	
          20.30

        
      


      
        	

        	Total

        	
          202

        

        	
          100.00

        
      


      
        	Years of working experience of respondents

        	0–5

        	
          30

        

        	
          14.85

        
      


      
        	

        	6–10

        	
          55

        

        	
          27.23

        
      


      
        	

        	11–15

        	
          42

        

        	
          20.79

        
      


      
        	

        	16–20

        	
          35

        

        	
          17.33

        
      


      
        	

        	21–25

        	
          25

        

        	
          12.38

        
      


      
        	

        	Above 25

        	
          15

        

        	
          7.43

        
      


      
        	Number of projects handled by respondents

        	0–5

        	
          19

        

        	
          9.41

        
      


      
        	

        	6–10

        	
          64

        

        	
          31.68

        
      


      
        	

        	11–15

        	
          24

        

        	
          11.88

        
      


      
        	

        	16–20

        	
          34

        

        	
          16.83

        
      


      
        	

        	21–25

        	
          36

        

        	
          17.82

        
      


      
        	

        	Above 25

        	
          25

        

        	
          12.38

        
      

    


    Mean Item Score (MIS)


    Mean Item Score (MIS) was employed in assessing the perspectives of construction professionals on factors influencing tender prices of construction works. MIS was used to rank the factors based on their respective significance as used in a similar study by Lo, Fung and Tung (2006). The premise of the ranking is that the factor with the highest MIS is ranked 1st and others in such subsequent descending order. Since a five-point Likert scale will be employed for the collection of data, the formula for mean item score is written as:
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    where F is the frequency of each of the rankings.


    As shown in Table 5, all the construction professionals agree that material availability, labour productivity and the level of profit are the three most important factors that influence tender prices in construction works by ranking them 1st, 2nd and 3rd respectively. The results (Table 5) equally show that all the respondents rank construction plan as the least factor that influence tender price. From the general opinion, material availability, labour productivity and level of profit are the first three factors influencing tender prices in construction works with an overall mean score ranking of 4.43, 4.34 and 4.30 respectively, closely following is the volume of profit with backup finance and level of workmanship with average mean score of 4.15 and 4.08 respectively. The least factors influencing tender prices are type of development and construction plan with an overall mean score of 3.17 and 2.94 respectively. The implication from the findings of this objective is that all the factors assessed moderately influence tender prices of construction works (Onukwube, 2002) since the overall mean score is greater than 2.5 which is the midpoint of the five-point Likert scale used in the study but some factors like material availability, labour productivity and level of profit highly influence tender prices of construction works.


    Table 5. Perception of Construction Professionals on Factors Influencing Tender Prices of Construction Works


    [image: art]


    Kendall’s coefficient of concordance


    To determine whether there is a significant degree of agreement among the construction professionals in the factors influencing tender prices for construction works, Kendall’s coefficient of concordance was used as a measure of agreement among respondents.


    
      Null Hypothesis, Ho: There is no significant agreement between the perceptions of the construction professionals on factors influencing tender prices.


      Alternative Hypothesis, H1: There is significant agreement between the perceptions of the construction professionals on the factors influencing tender prices for construction works.

    


    The Kendall’s coefficients of concordance (Wa) found equal 0.711 with p-value (sig.) less than the level of significance, α = 0.05, which lead to rejection of the null hypothesis, Ho. Hence, there is a significant degree of agreement among the construction professionals in their perceptions of factors influencing tender prices for construction works.


    Chi-square test


    According Ryan (2007), chi-square X2 statistics is a probability distribution capable of conducting tests of significance on data at nominal and ordinal levels of measurement such that conclusion can be reached whether or not the observed frequency differs significantly from expected frequency. Chi-square test was employed to test significance in nominal responses provided by respondents. The test was carried out to examine the level of significant of factors influencing tender prices on the success rate of contractors. The premise of decision is that factors influencing tender prices which p value is less than 0.001 is highly significant, the factors which p value is greater than 0.001 but less than 0.05 is moderately significant while factors which p value is greater than 0.05 are not significant.


    An aggregate analysis of all the factors influencing tenders in other of the significance to the success rate of contractors has been summarily presented in Table 6. Ranked 1st, 2nd and 3rd are material availability, labour productivity and level of profit with a mean score of 4.39, 4.36 and 4.26 respectively. Inference from Table 6 indicates that 12 out of the 15 factors are highly significant, two factors are moderately significant while one factor (government policy) with a p-value of 0.137 has no significant contribution to the success rate of contractors in competitive bidding of construction works.


    Table 6. Significance of the Factors Determining Contractors’ Success Rate in Competitive Bidding


    
      
        	Factors

        	
          Mean Score

        

        	
          Rank

        

        	
          Chi-Square Value

        

        	
          P Value

        
      


      
        	Material availability

        	
          4.39

        

        	
          1

        

        	
          71.804

        

        	
          0.000***

        
      


      
        	Labour productivity

        	
          4.36

        

        	
          2

        

        	
          20.710

        

        	
          0.000***

        
      


      
        	Level of profit

        	
          4.26

        

        	
          3

        

        	
          54.607

        

        	
          0.000***

        
      


      
        	Project financing

        	
          4.03

        

        	
          4

        

        	
          71.551

        

        	
          0.000***

        
      


      
        	Cost of manpower

        	
          3.91

        

        	
          5

        

        	
          25.598

        

        	
          0.000***

        
      


      
        	Location and control of site

        	
          3.82

        

        	
          6

        

        	
          38.935

        

        	
          0.000***

        
      


      
        	Zonal rates

        	
          3.46

        

        	
          7

        

        	
          32.486

        

        	
          0.000***

        
      


      
        	Category of contractor

        	
          3.36

        

        	
          8

        

        	
          55.383

        

        	
          0.000***

        
      


      
        	Management ability

        	
          3.33

        

        	
          9

        

        	
          12.766

        

        	
          0.012**

        
      


      
        	Contract type

        	
          3.12

        

        	
          10

        

        	
          53.701

        

        	
          0.000***

        
      


      
        	Method of tender selection and degree of competition

        	
          2.94

        

        	
          11

        

        	
          22.206

        

        	
          0.000***

        
      


      
        	Government policy

        	
          2.85

        

        	
          12

        

        	
          6.972

        

        	
          0.137

        
      


      
        	Project definition/size

        	
          2.85

        

        	
          13

        

        	
          35.570

        

        	
          0.000***

        
      


      
        	Type of development

        	
          2.79

        

        	
          14

        

        	
          20.710

        

        	
          0.000***

        
      


      
        	Construction plan

        	
          2.67

        

        	
          15

        

        	
          9.963

        

        	
          0.041**

        
      

    


    Notes: ***,** significant at ρ ≤ 0.01 and 0.05 respectively


    DISCUSSION


    Perceptions of Construction Professionals on Factors Influencing Tender Prices of Construction Works


    The findings of this study reveal that all the construction professionals (architects, builders, engineers and quantity surveyors) are of the opinion that material availability, labour productivity and level of profit are the most significant factors that highly influence tender price of construction works. Project definition and construction plan were the least ranked with group mean scores of 3.17 and 2.94 respectively. Thus, from the professionals’ perspectives, the geographic location of materials with respect to construction site location has a high significant influence on prospective tender prices as this could lead to long lead time and high cost of transportation if the distance is far. Zou, Zhang and Wang (2007) in related study on China, opine that material availability should be considered to avoid unnecessary additional cost by contractors. However, Onukwube (2002) observes that if the materials specified are available and can be locally sourced, the tender price becomes competitive.


    Also, contractors should consider the rate of labour productivity during tendering process in order to avoid unnecessary delay that can warrant additional cost. Elhag, Boussabaine and Ballal (2005) examine the critical determinants of construction tendering costs in UK and found that productivity effect ranked 7th out of 18 contractor related attributes. According to Ayandele (1999), if the labour productivity of a contractor is high, it will have a positive effect on the tender prices of such a contractor. When a contractor tender an abnormally low bid without allowing for optimum profit, there is possibility of executing the job under unfavorable condition in terms of price. Although there is tendency of having high profitability level in any project which will draw potential entrants to participate in the project competition, giving rise to fiercer business competition and lower tender prices as advocated by Lo, Lin and Yan (2007), contractors must cautiously adopt a save profit margin. Contrary to Drew and Skitmore (1997) assertion that contract size has more influence on contractor competitiveness than contract type, it was found in this study that contract type ranked higher than project definition/size in terms of their influence on tender prices. The Kendall’s coefficient of concordance (W) test reveals the views of construction professionals (architects, builders, engineers and quantity surveyors) with the value of W = 0.71 which is greater than 0.5, the result indicates agreement among the construction professionals in their perceptions of the factors influencing tender prices of construction works. Thus, the factors are applicable in practice as factors that influence tender price of construction works in Nigeria.


    Significance of Factors Influencing Tender Prices on the Success Rate of Contractors


    The results of the findings indicate that all the factors (except government policy) have significant contributions to the success rate of contractors in competitive bidding. The result of the findings is in agreement with the study by Florence and Min (2005) in Singapore which reveals that contractors who enjoy higher tendering success rate accorded a higher level of importance to factors such as project cash flow, quantum of liquidated damages, reliability of tender estimating, method of tender selection and degree of competition. Also, the finding is similar to the finding from a research conducted by Akintoye (2000) in the UK in which, material availability, project definition and level of profit were among the seven factors that influences project cost estimating price. In essence, government policy does not have any significant effect on contractors’ success rate in competitive bidding in Nigeria. This may be as a result of unambiguous policies that are operative in the government system which implies that construction market in Nigeria is safe for foreign contractors. Oo, Drew and Lo (2008) suggest that contractors should apply rules of thumb that allow them to prevent pitfalls in the decision-making process and to increase their success rate.


    The factors discussed in this section provide a vehicle for guiding a contractor in decision making in order to improve competitive advantage. The factors also give insights into the management of competitiveness for contractors that are operating within the context of the Nigerian construction industry so as to enhance contractor’s success rate. Therefore, it is recommended that contractors should focus on the most crucial factors identified in this study (material availability, labour productivity, profit level, project financing and cost of manpower) in order to yield a maximum success rate for their respective firms and to save management efforts in considering all the relevant factors. This is due to the difficulty in satisfying all the factors at the same time as a result of limited resources (Lu, Shen and Yam, 2008).


    CONCLUSION


    The focal point of this study was to assess the perspectives of construction professionals on factors influencing tender prices of construction works and the contribution of the factors to the success rate of contractors. These factors should be considered by contractors who are willing to bid for construction works during the preparation of tender. Considering the perceptions of construction professionals on factors influencing tender prices of construction works shows that material availability, labour productivity and level of profit ranked 1st, 2nd and 3rd respectively. The least ranked factors are type of development and construction plan. Further analysis on the factors influencing tender prices to determine their significances regarding the success rate of contractors shows that 14 factors contribute significantly to the success rate of contractors in competitive bidding while government policy has no significance contribution to the success rate of contractors in competitive bidding of construction works. There is need for personal development by construction professionals involving the preparation of tender prices of construction projects especially in the areas of material availability, labour productivity and level of profit. This can be achieved by carrying out thorough market survey before pricing their tenders, assessing the level of labour productivity in the previous project and setting a reasonable profit margin.


    The factors identified in this study reflect the current situation in the Nigerian construction industry in relation to competitive bidding for construction works. However, it should be recognised that the factors may change radically as Nigeria’s construction industry is rapidly developing. Contractors should investigate the factors periodically to reflect the latest development of construction market and the management of competitiveness in construction bidding. It also should be noted that the factors in this study were identified from literature and assessed by focusing on the Nigerian market. Thus, the research findings may not be applicable to construction markets in other countries. Therefore, future researches should consider other factors that may be left out in this study. Also, this study can be replicated in other countries and the results can be compared. Furthermore, this study did not demonstrate in detail on how the factors can be integrated into bidding process by the contactors; future study can investigate how each of the success factors can be implemented.
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    Abstract: Studies exploring success on mass housing projects (MHPs) continue to cite communication ineffectiveness inherent from the unique attributes of mass housing as a major problem in the delivery. Unfortunately, these studies fail to establish the nature and extent to which the observed communication ineffectiveness is attributed to the unique characteristics displayed by MHPs. Here, this study aims at exploring the influence of the housing design unit contract packaging (HDP) features of MHPs on project team communication performance. By adopting a questionnaire survey and the use of structural equation model (SEM), the study used empirical data collected from project team leaders on mass housing project sites in Ghana to assess the communication ineffectiveness inherent in the HDP attributes. The evidence gathered from the empirical study indeed supports the hypothesis that the HDP features of MHPs significantly contribute to communication ineffectiveness related to information flow and information composition among the project team. These findings affirm the uniqueness of MHPs and suggest the need for project teams and stakeholders on mass housing to adopt communication methods, medium, strategies and management approaches that fit the mass housing project environment to engender managerial and communication efficiencies in mass housing delivery.


    Keywords: Communication ineffectiveness, Mass housing projects, Housing design unit contract packaging


    INTRODUCTION


    Mass housing projects (MHPs) delivery continues to suffer from many problems and ineffectiveness that are perceived to be inherent from its unique characteristics. Notable among these problems that have engaged the attention of stakeholders and practitioners is the continuous experience of managerial inefficiencies and communication ineffectiveness that are perceived to be inherent from the unique characteristics of MHPs (Enshassi, 1997; Enshassi and Burgess, 1991). Literature give empirical evidence on the recognition of the significant role communication effectiveness plays on project performance and delivery successes and thus encourage more research to be done (Skulmoski and Hartman, 2010; Project Management Institute, 2008). Effective communication across all project phases is perceived as a critical success factor that connects all the other factors of project success as well as team integration (El-Saboni, Aouad and Sabouni, 2009). However, construction projects especially projects of unique attributes and characteristics such as MHPs seemingly suffer from lack of effective communication among the project team which are mainly inherent from the unique project characteristics and project environment. Indeed, Adinyira, Ahadzie and Kwofie (2013) established that, MHPs exhibit unique physical, organisational and operational features.


    According to Ahadzie, Proverbs and Olomolaiye (2007), MHPs exhibit unique characteristics in its design units as well as its contract packaging that require unique management skills and approach in its delivery. Likewise, Ahadzie, Proverbs and Sarkodie-Poku (2014) established that the repetitive design unit of MHPs, contract packaging and the multiple site nature offer heightened communication and documentation challenges. However, this assertion is yet to be subjected to empirical assessment. Given the significant role communication plays in project success and team performance, it is thus very crucial for more studies to be done to assess how the unique characteristics of MHPs contribute to the overall project team communication performance. This is induced by the fact that understanding of the communication ineffectiveness inherent from the project attributes remains very crucial towards evolving and adopting communication media, strategies and management approaches that suit the unique project environment. This is thus very necessary in engendering the needed communication effectiveness for project success. The main aim of this study is to explore the contribution of the unique housing design unit contract packaging (HDP) features of MHPs on project team communication performance.


    CONCEPTUAL MODEL


    The study adopted a conceptual model developed by Kwofie et al. (2014) which was underpined by the attribution theory of communication. The adoption of this model was influenced by the fact that, it was developed based on the practical, theoretical and contextual characteristics and dynamics of construction project delivery in the Ghanaian construction industry (GCI). Additionally, it incorporates the cultural setting of the construction industry in Ghana which is similar to other developing countries in sub-Saharan Africa. The model identified behavioural competencies and project related factors (project features) as the main attribution of MHP team communication outcome. Hence by adopting the model ensures theoretical validity and triangulation of the concepts and dynamics of the industry in Ghana. By focusing on the project related factors, the model typified that the unique features of MHPs are among the main causal locus of the communication performance outcome among mass housing project teams. From the model by Kwofie et al. (2014), five main features were identified. This studies focus on the HDP features. Again, here, six variables define the HDP features and were operationalised and denoted as the exogenous factors. These variables theoretically define the unique HDP attributes of MHPs that are perceived to contribute to the communication performance outcome among the team. The communication performance outcome was measured by 16 variables operationalised as the two main endogenous factors defining information flow and information composition communication performance among the project team in the model. In structural equation model (SEM) analysis, exogenous and endogenous variables are also interpreted as independent and dependent variables respectively (Iacobucci, 2010; Kline, 2011). The endogenous factors were developed from the communication performance outcome indicators by the Construction Industry Institute (CII) (1997) which has remained the most extensive and exhaustive factors that has been used in several recent studies of communication performance assessment (see Thomas, Tucker and Kelly, 1998; Murray et al., 2000; Xie et al., 2010; Liu, 2009). Hence for the purposes of triangulation and theoretical validity as well as given that the current study if focused on the quality of the information flow and outcome due to the influence of the unique features of mass housing, this approach is deemed very viable.


    The 16 communication performance indicators relate to the accuracy, completeness, understanding, gate keeping, timeliness, barriers and procedures of the communication on the construction project (CII, 1997). Hence, it is theorised that the communication effectiveness outcome on MHPs due to the influence of the unique HDP features can be conceptualised and operationalised: hence from a theoretical perspective, the hypothetical construct generated was that, the HDP features of MHP significantly contribute to the communication ineffectiveness experienced by the project team. A more vivid hypothesised structural model perceived and to be tested with the six identified HDP features of mass housing significantly induce information flow and information composition communication ineffectiveness among the project team on MHPs.


    HDP Features of MHPs


    This attribute of mass housing explores the design concept, construction elements and technology adopted in the housing units in the mass housing scheme as well as the contract packaging. HDP here refers to and encapsulates the design characteristics and contract attributes exhibited in the contract packaging for procurement and delivery. MHPs often adopt repetitive designs that may be single or several in the contract packaging. There are wide ranges of housing design types that may be adopted for use in mass housing development either by speculative delivery or user defined depending on their suitability (Ahadzie, Proverbs and Olomolaiye, 2007; Adinyira, Ahadzie and Kwofie, 2013). They are often developed into contract packages that may contain various different types of design typologies or same unit types in each package. As noted by El-Rayes, Ramnathan and Moselhi (2000), housing design types often used in mass housing range from terraced house, semi-detached, town houses, detached houses, courtyard houses, mansion block, decked access block, tower blocks or split-level depending on the needs of the market and thus offer managerial and packaging implications. Here in this study, the unique HDP features of MHPs are defined by six variables (features) that compose the factor (see Appendix). The six variables composing the unique HDP feature factors in the model was denoted as the exogenous variables.


    Communication Performance Factors among MHP Teams


    The assessment of the Project Team Communication Effectiveness was undertaken by operationalised 16 variables (see Appendix). This was conceived as the endogenous (Dependent Variable-Factor) in this study. As indicated by Xie (2002) and Xie et al. (2010), by adopting the communication effectiveness indicators by the CII (1997), revealed that induced communication ineffectiveness experienced among the project team on construction projects are perceived in the flow of the information and the composition of the information. Hence, by drawing on the theoretical perspective of this study, the analysis of the communication effectiveness among the MHP team was conceived in two main dimensions as in the flow of the information and the composition of the information. Here the Project Team Communication ineffectiveness associated with the flow of information factor were defined by seven indicator variables whiles that associated with the composition of the information factor was defined by nine variables (see Appendix). The method and analysis of the empirical data to identify the contribution of the HDP features of MHPs to the Project Team Communication Effectiveness is presented in the proceeding section.


    STUDY METHODOLOGY


    The study adopted a quantitative design approach which was influenced by similar studies as well as the theoretical requirement of the intended Structural Equation Modelling analytical approach (Iacobucci, 2010; Xie et al., 2010; Liu, 2009; Xie, 2002). The variables on the information flow and composition communication ineffectiveness and the unique HDP features (Adinyira, Ahadzie and Kwofie, 2013) were developed into a structured questionnaire which was administered to project team leaders on mass housing construction project sites of active mass housing organisations who were members of Ghana Real Estate Development Organization (GREDA) in Ghana in a survey. The project team leaders were to first indicate the frequency of the communication ineffectiveness experienced among the team inherent from the unique HDP features of MHPs on a five point Likert scale ranging from not very frequent to very frequent. They were also to indicate the extent to which the communication ineffectiveness experienced was related to the unique HDP features. A total of 208 valid responses were received from various project team leaders on mass housing construction sites out of a purposive sample of 192 active members belonging to GREDA. The 208 responses were possible because majority of the sampled 192 GREDA members had multiple mass housing construction sites. By analysing the empirical data, SEM was adopted due to its superior advantage of exploring causal relationships among multiple independent and dependent variables over other multivariate analytical tools such as Analysis of Variance (ANOVA), Linear General Modelling (LGM) and Multiple Regression (MR) (Kline, 2011; Bentler and Wu, 2005). This is because, the ANOVA, LGM and MR are unable to conduct causal relationships analysis between independent variables and multiple dependent variables (Kline, 2011). Hence by using the SEM approach, the contribution of the unique HDP features of mass housing to information flow and information composition communication ineffectiveness was explored. The conceptual variables in the hypothesised priori model (see Figure 1) were thereafter tested using SEM on the survey results aided by EQS 6.2 version software.
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      Figure 1. Conceptual Model of the HDP Induced Information Flow and Information Composition Communication Ineffectiveness

    


    The data characteristics and the data analytic approach are presented in the following section.


    STRUCTURAL EQUATION MODEL, ESTIMATION AND RESULTS


    SEM is an analytical approach that demonstrate superior results in multiple causal relationships among set of variables which are denoted as exogenous (independent) and endogenous (dependent) variables (Kline, 2011; Bentler and Wu, 2005). The hypothesised structural model construct depict an investigation into the influence of the HDP factor (defined by six variables) on two project team communication ineffectiveness factors in the form of information flow (defined by seven variables) and information composition (defined by nine variables) (see Appendix).


    These characteristics allowed for the adoption of the Confirmatory Factor Analysis (CFA) approach in the analytical process. The CFA refers to examination of the factor structure, score reliability and identifiability of a structural model involving factors prior to the testing of the main model (Kline, 2011; Bentler and Wu, 2005). In conducting the structural equation modelling analysis, the study adopted the two step approach recommended in literature (Byrne, 2006; Kline, 2005). The first step involved data characteristics and preliminary confirmatory factor assessments to determine the factor score reliability and identification of the three constructs in the hypothesised model defining the unique HDP features (exogenous variable), information flow communication ineffectiveness (endogenous variables) and information composition communication ineffectiveness (endogenous variables) to establish the fit and identifiability of the model as well as the most suitable estimation method (Byrne, 2006; Kline, 2005; Bentler and Wu, 2005).


    The second step entailed the test of the full identified structural model by a CFA measurement approach. The choice of the CFA was underpinned by the already established factors defining the various constructs in the model and also its ability to control measurement invariances in SEM analysis (see Appendix). SEM CFA approach requires the examination of the data characteristics, score reliability, fit test and test of significance (Kline, 2011; Bentler and Wu, 2005). The data characteristics conducted showed that the empirical data collected was slightly non-normal with a Mardia coefficient of –7.1101 hence the Robust Maximum Likelihood (RML) estimation approach was adopted due to its ability to adjust for the effect of non-normality in the data to yield trustworthy unbiased results compared to the transformation approach (Kline, 2005; Bentler and Wu, 2005; Hu and Bentler, 1999).


    A critical inspection of the data sets revealed that no data sets had missing values and no high level outliers. This allowed for the CFA analysis to proceed. From the preliminary CFA conducted, the results of the communalities revealed that, HDP4, HDP6, PCE1, PCE4, PCE9, PCE10, PCE11, PCE12 and PCE15 indicator variables emerged with an unacceptable levels of communalities (< 0.50) (see Appendix) and were subsequently dropped. This meant that these variables do not sufficiently load their various constructs and thus have weak score reliability on their factors (Field, 2005) regardless of their importance and theoretical context of the study. This is because an acceptable score reliability must have a communality scores more than 0.50 (Field, 2005; Hair et al., 2013; Kline, 2005). This was conducted to ensure and demonstrate the extent to which the factor constructs in the model hypothetically relate to one another (Kline, 2011; Iacobucci, 2010; Hair et al., 2013). Hence the summary of the variables were: Communication Ineffectiveness (information flow) PCE (four indicator variables); Communication Ineffectiveness (information Composition) PCE (five indicator variables); HDP (4 indicator variables) (see Table 1). Z-scores, test of significance, path coefficient, coefficient of determination (R2), Rho coefficient and Cronbach’s alpha were subsequently assessed on the full structural hypothesised model to determine the reliability, validity, goodness of fit and significance of the variables in the model (Hair et al., 2013; Byrne, 2006).


    The Robust Maximum Likelihood (RML) estimation method was conducted on the fully identified model to fit the data to the model. Consequently, in line with conventional requirements in SEM, by using the Robust Maximum Likelihood (RML) method, the robust statistics were reported in ascertaining the fit of the model. The model estimation process used the total 208 responses for the analysis of the full latent variables for information flow and information composition (Figure 2). According to Wong (2011), properly specified and estimated model will always converge. The model assessing the contribution of the HDP features to information flow and information composition converged at the 15th iterations suggesting that the model under study is properly specified. Additionally, the Bentler week’s structural representation of the model revealed 15 dependent variables, 16 independent variables, 28 free parameters and 18 fixed non zero parameters. A well and properly specified structural equation model often has some fixed parameters and free parameters to be estimated from the data (Bentler and Wu, 2005; Kline, 2005), hence the evaluative model (Figure 2) could be said to be well and adequately specified from the Bentler week’s test results.


    Table 1. Factor Loadings, Z-statistics, Variance Accounted for and Reliability and Construct Validity of Model Testing (Information Flow and Information Composition)
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    Covariance Matrix revealed unstandardised average off-diagonal residual of 0.0323 whereas the standardised average off-diagonal residual was found to be 0.0668. Byrne (2006) recounted that an acceptable well-fitting model should have its distribution of standardised residuals to be symmetrical and centered around zero. Hence the result of standardised average off-diagonal residual being 0.0668 could be described as very close to 0.0 and thus very suggestive of an acceptable and adequate fit to the sample data. Following this, further tests of goodness-of-fit were conducted as suggested by Kline (2005), Byrne (2006) and Hair et al. (2013) to make a dichotomous decision to accept or reject the model or modify it. From the summary of the goodness of fit analysis presented in Table 2, the S – Bχ2 yielded 171.2968 with 63 degrees of freedom (df) and associated probability of p = 0.000. Consequently, the normed chi-square value (S – Bχ2/df) was 2.67. Kline (2005) suggested that a normed value up to 3.0 is considered good fit whereas a value up to 5.0 is an acceptable fit.


    Ideally, for a model that fits the data, the χ2 or S – Bχ2 would not be significant (p > 0.05) (Kline, 2005). Hence, it could be said that the postulated model fit the sample data adequately. Similarly, from the results on the Robust Fit Indexes for full structural model reported in Table 2, the CFI was found to be 0.936. This was found to be close to the conventional cut-off of 0.90 (acceptable) and 0.95 (good fit) and thus could be described as having an acceptable fit (Kline, 2005). Additionally, the RMSEA yielded 0.028, an indication of having a good fit because it meets the conventional cut-off values of 0.080 (acceptable) and 0.05 (good fit) (Kline, 2005). However, the upper boundary of the RMSEA with 90% confidence interval was slightly above the recommended cut-off value of 0.95. Inspite of this, the model could be said to have an indication of good conditions for the model acceptance (see Table 2).
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      Figure 2. Results of the HDP induced Information Flow and Information Composition Communication Ineffectiveness

    


    The reliability and validity assessment also revealed the Cronbach’s alpha and the Rho coefficient as 0.733 and 0.821 respectively. The value of the Cronbach’s alpha is above the recommended point of 0.700 (Hair et al., 2010; 2013). Additionally the Rho coefficient value of 0.821 is considered very good and thus could be deduced that the model is acceptable indicating a good internal-consistency reliability and validity (Kline, 2005; Hair et al., 2013). This unequivocally suggests that the indicator variables correctly and adequately define and measure the constructs. Also, all the factor loadings recorded in Table 1 were above 0.700 and all the R2 values were above 0.50 except for variables HDP2 and PCE3. This suggests adequate support for convergent validity and good average variance extracted (Kline, 2005; Hair et al., 2013). Lastly, the test of significance results revealed that all the Z-statistic values were greater than 1.96 with their corresponding significant test values being less than 0.05 (p < 0.05) indicating statistically significance and acceptable results. It could be remarked from the results from the CFA analysis that the robust fit indexes and the residual covariance analysis met the recommended cut-off criteria and thus can be reported that the model adequately fit the data. Hence, from above, the results suggest that the overall hypothesised structural model evaluating both the information flow and information composition had a good-fit to the sample data and that the results are feasible.


    Table 2. Robust Fit Indexes for Structural Model Testing Contribution of Mass Housing Features to Information Flow and Information Composition


    
      
        	Fit Index

        	Cut-Off Value

        	Estimate

        	Remarks
      


      
        	χ2

        	

        	168.344 on 63 degrees of freedom

        	
      


      
        	S – Bχ2

        	

        	171.2968 on 63 degrees of freedom

        	
      


      
        	df

        	x > 0.00

        	63 (Normed = 2.67)

        	Good fit
      


      
        	CFI

        	x ≥ 0.90

        (acceptable),

        x ≥ 0.95 (good fit)

        	
          0.936

        

        	Acceptable fit
      


      
        	RMSEA

        	x ≤ 0.08

        (acceptable)

        x ≤ 0.05 (good fit)

        	
          0.028

        

        	Good fit
      


      
        	RMSEA

        90% CI

        	

        	
          (0.020, .065)

        

        	Good fit
      


      
        	p-value

        	x ≥ 0.05

        	
          0.000

        

        	
      

    


    Results of the Contribution of HDP Features to Communication Ineffectiveness Level


    A critical inspection of the solution obtained (see Figure 2 and Table 1) by examining the statistical significance of the parameter estimates, the test statistics, the standardised parameter estimates and the test-statistics (Z-test) obtained in the solution revealed that the parameter estimates were reasonable in terms of their magnitude, signs and statistical significance and thus adequately measures more than 25% (above moderate effect on their respective construct measures). This is because their Z-test statistics were greater than the conventional minimum of 1.96 and their respective factor loadings and predictive determinants (R2) were significant (Kline, 2005; Byrne, 2006; Bentler and Wu, 2005).


    From the path coefficient generated, it could be seen that HDP yielded an effect of 0.16 and 0.49 to the information flow and information composition communication ineffectiveness among the project team. The path coefficient are the composite effect of a factor (R2) on the endogenous variable which is interpreted as the model’s predictive accuracy and thus represents the exogenous variable’s combined effect on the endogenous variable(s) (Hair et al., 2013). According to Hair et al. (2013), this effect range from 0.00 to 1.00 with 1.00 suggesting an absolute predictive accuracy. It is further indicated that an R2 values of 0.75, 0.50, 0.25, respectively, describes substantial, moderate and weak level of predictive accuracy (Hair, Ringle and Sarstedt, 2011; Wong, 2011). Additionally, an R2 value less than 0.100 is deemed an insignificant effect on the endogenous variable (Iacobucci, 2010; Hair, Ringle and Sarstedt, 2011; Hair et al., 2013).


    From Figure 2, the factor loadings and effects indicate that the HDP features contribute a weak effect to information flow and moderate effect to information composition communication ineffectiveness respectively. Additionally, the results reveal that in information flow communication ineffectiveness, the influence of the HDP features results in PCE3: Receiving less information than expected from team participants for tasks, PCE7: Late delivery of needed communicated information, PCE13: Difficulty in disseminating information among project team and PCE14: Difficulty in accessing communicated information from channels. With regards to information composition related communication ineffectiveness, the influence of the HDP features results in PCE2: Lack of consistency in communicated information leading to lack of coordination among project team, PCE5: Receiving conflicting information from team participants, PCE6: Lack of clarity in communicated information resulting in different interpretations, PCE8: Misunderstanding of communicated information and PCE16: Lack of defined roles and responsibilities among members of the team leading to communication failure.


    Likewise, a critical assessment of the influence of the HDP features suggest that, of all the variables contained, the features HDP1: Composition of housing design in each contract packages under housing scheme and HDP5: Packaging of “preliminaries items” adopted under standardised repetitive housing units under scheme are deemed to be contributing substantially to the overall composite effect to the communication ineffectiveness. The variables HDP2 and HDP3 are said to be contributing moderately to the composite effect of the HDP factor to the overall communication ineffectiveness levels. It could be suggested from the results that the HDP features of MHPs influence the information composition communication ineffectiveness substantially than with information flow.


    DISCUSSIONS OF FINDINGS


    Factors due to project organisation such as design and contract packaging are considered as critical factors that induce team break down and communication ineffectiveness among project teams and stakeholders and consequently results in project failures (Khanzadi, Dabirian and Youneszadeh, 2008). In repetitive design projects, it is said that good contract packaging is very useful in ensuring good design management and managerial efficiencies (Gray and Hughes, 2012). In this study, the results revealed that certain attributes of HDP features such as “composition of housing design in each contract packages under housing scheme” and “packaging of ‘preliminaries items’ adopted under standardised repetitive housing units under scheme” induce substantial effects to the overall contribution of the factor to the information inflow and information composition communication ineffectiveness among the project team. Indeed, the results indicate that the overall factor contribute from weak to moderate effect to the information flow and composition ineffectiveness respectively. Even though this contribution can be considered not to be substantial, it should not to be taken lightly among stakeholders.


    It is well acknowledged that a well packaged contract on any project type enhances information accuracy, information coordination and mutual understanding of the shared project related information (Liu, 2009; Xie, Thorpe and Baldwin, 2000). The Entrusty Group (2009) revealed that detailed and unambiguous preliminaries are critical information that enhances understanding, accuracy and formal obligation of participants. However, in the practical perspective of mass HDP, various housing units which may be repetitive could be included in one packaging. This often induces challenges in communicating exact scope and content of preliminaries to capture all the various units contained in the package. Chou and Yang (2012) indicated that contract packaging on construction projects generally influences communication methods, communication requirements and reporting systems among the project participants and thus should be well defined before the start of the project in order to increase communication success.


    The practical antecedent of this finding is that, in developed countries, contract packaging are often designed to suit the project environment and associated characteristics. In Ghana, the situation appears to be different: a standard contractual arrangement and packaging appears to be adopted for all projects without particular practical reference to the needs and challenges on the project. For example in developed countries, different contract packaging and arrangements may be adopted on a single project to define the various roles, subcontracting and task activities to enhance management structure, organisation and communication. The absence of this on MHPs coupled with the challenging project environment is likely to account for this related communication ineffectiveness.


    Likewise, empirical evidence of the extent of the influence established here on MHPs, the results also generally are in line with findings reported in previous research on traditional “one-off” projects (Liu, 2009; Xie, 2002; Chou and Yang, 2012). However, it is interesting to note that, on mass housing, construction and engineering elements adopted are crucial in co-ordination and management of the construction process (Zairul and Rahinah, 2011), here in this study the variable – “construction elements and components adopted in design units in contract packages under scheme” is perceived to not significantly contribute to communication ineffectiveness. A plausible explanation to this development is that, though the influence of this variable is not directly seen, it could be inducing an indirect effect that may not be at the attention of the project team. Against this, it could be suggested that project teams could still consider this variable as very significant as communication is central to the integration of the construction elements and technology especially among task team leaders and artisans. Additionally, the poor show of this variable against report on it in vast literature could be explained that, practically, the approach to housing development is yet to be fully integrated into the industry as most mass housing development organisation still lean towards the in-situ conventional method as against the use of concurrent modular engineering elements.


    CONCLUSIONS


    Before this study, several researches hypothetically acknowledged the perceived incidence of communication ineffectiveness inherent from the unique characteristics and features of MHPs. Against the background of limited studies providing an empirical evidence of the inherent communication ineffectiveness induced by the unique features of mass housing, this study has been undertaken in an effort to close this knowledge gap in mass housing delivery. By focusing on the unique HDP features of mass housing, the results from the SEM analysis yielded empirical support to the perceived induced communication ineffectiveness inherent from the unique attributes of MHPs compared to traditional “one-off” construction building projects (Enshassi, 1997; Ahadzie, Proverbs and Sarkodie-Poku, 2014; Zairul and Rahinah, 2011). Hence, it could thus be concluded that, the unique HDP features of mass housing contribute to the overall communication ineffectiveness among mass housing project teams. In respect of information flow the feature makes a weak effect whereas with information composition related communication ineffectiveness, there is a moderate effect.


    The evaluative assessment given by this study suggests that the HDP feature induces communication inaccuracies, information misunderstanding, communication barriers and information overload among the mass housing project teams. From this, it is quite clearly evident from the findings that the contribution of the unique HDP features of mass housing cannot be overlooked or ignored. Against this, it is very critical for mass housing stakeholders and practitioners to consider these findings in their communication planning, management in order to adopt communication medium and strategies necessary to engender the needed effectiveness towards delivery success.


    LIMITATIONS OF STUDY AND FUTURE WORK


    It is well acknowledged that, knowledge of the influence of the unique HDP features on MHPS team communication performance has a significant role in communication medium selection and communication planning and strategies adopted in MHP delivery. Hence, the insights given by this study could be useful to MHP communication planning and management to engender managerial effectiveness and delivery successes. However, it is extremely significant to highlight the limitations of the study. The factors that influence communication performance outcome could be said to be diverse and multivariate having a complex and multi-faceted phenomenon. The model by Kwofie et al. (2014) indeed identified project related factors and behavioural competencies as the critical attributions of MHP communication outcome. Here in this study, the focus has been on the HDP which is inclined to the project related factors. It is important to note that, this study does not consider the tacit knowledge component of communication performance outcome.


    Also, another key limitation worth mentioning is that the empirical data was collected in Ghana suggesting that, the result and finding could only be generalised to the Ghanaian context. However, it is important for readers to note that, this should not nullify the application of the findings in other developing countries with similar cultural and practical characteristics of construction project management practices and construction project delivery. However, attempt to assess the influence of both project related factors and behavioural competencies by quantifying the effects of all possible inter-causal relationships will be a herculean task and bulky to present in one paper here. Hence, given that behavioural competencies which is inclined to the tacit knowledge of the communication task performers has a significant contribution to the communication outcome, further studies are needed to bridge this knowledge gap as a limitation of the study. Such knowledge could complement the assessments and extend the findings and knowledge given in this study. Additionally, Kwofie et al. (2014) and Ahadzie, Proverbs and Sarkodie-Poku (2014) established that MHPs exhibit unique, multiple site features and procurement structures compared to traditional “one-off” projects which significantly induce communication and documentation challenges. Hence, it is extremely important for further studies to be conducted to extend the knowledge of the perceived communication ineffectiveness inherent from the unique attributes of MHPs.


    APPENDIX


    
      
        	

        	
          Communalities

        

        	

        	
      


      
        	S/No

        	Description of variables in the multiple construction sites and management style (MCS) factor

        	Initial

        	Extraction
      


      
        	HDP1

        	Composition of housing design in each contract packages under housing scheme

        	
          1.000

        

        	
          .779

        
      


      
        	HDP2

        	Construction elements and components adopted in design units in contract packages under scheme

        	
          1.000

        

        	
          .644

        
      


      
        	HDP3

        	Packaging of “one-off” infrastructure: e.g. water, electricity, road, etc. on housing units under scheme

        	
          1.000

        

        	
          .663

        
      


      
        	HDP4

        	Contractual arrangement on “one-off” infrastructure: e.g. water, electricity, road etc. on housing units under scheme

        	
          1.000

        

        	
          .425*

        
      


      
        	HDP5

        	Packaging of “preliminaries items” adopted under standardised repetitive housing units under scheme

        	
          1.000

        

        	
          .737

        
      


      
        	HDP6

        	Contract type adopted for preliminary items

        	
          1.000

        

        	
          .465*

        
      


      
        	

        	Description of variables in the project team communication performance (PCE) factor (information flow)
      


      
        	PCE3

        	Receiving less information than expected from team participants for tasks

        	
          1.000

        

        	
          .758

        
      


      
        	PCE7

        	Late delivery of needed communicated information

        	
          1.000

        

        	
          .638

        
      


      
        	PCE10

        	Receiving more information than necessary for the tasks

        	
          1.000

        

        	
          .422*

        
      


      
        	PCE12

        	Withholding of part of the information by the one who controls communication

        	
          1.000

        

        	
          .275*

        
      


      
        	PCE13

        	Difficulty in disseminating information among project team

        	
          1.000

        

        	
          .582

        
      


      
        	PCE14

        	Difficulty in accessing communicated information from channels

        	
          1.000

        

        	
          .717

        
      


      
        	PCE15

        	Withholding of whole of the information by the one who controls communication

        	
          1.000

        

        	
          .466*

        
      


      
        	

        	Description of variables in the project team communication performance (PCE) factor (information composition)
      


      
        	PCE1

        	Persistent change in content of communicated information

        	
          1.000

        

        	
          .451*

        
      


      
        	PCE2

        	Lack of consistency in communicated information leading to lack of coordination among project team

        	
          1.000

        

        	
          .651

        
      


      
        	PCE4

        	Persistent change in meaning of communicated information

        	
          1.000

        

        	
          .402*

        
      


      
        	PCE5

        	Receiving conflicting information from team participants

        	
          1.000

        

        	
          .678

        
      


      
        	PCE6

        	Lack of clarity in communicated information resulting in different interpretations

        	
          1.000

        

        	
          .585

        
      


      
        	PCE8

        	Misunderstanding of communicated information

        	
          1.000

        

        	
          .681

        
      


      
        	PCE9

        	Lack of conciseness in communicated information among the project team

        	
          1.000

        

        	
          .281*

        
      


      
        	PCE11

        	Lack of coherency in communicated information resulting in different interpretations

        	
          1.000

        

        	
          .430*

        
      


      
        	PCE16

        	Lack of defined roles and responsibilities among members of the team leading to communication failure

        	
          1.000

        

        	
          .733

        
      

    


    Notes: Extraction Method: Principal Component Analysis
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    Abstract: Undesirable delays in construction projects impose excessive costs and precipitate exacerbated durations. Investigating Iran, a developing Middle Eastern country, this paper focuses on the reasons for construction project delays. We conducted several interviews with owners, contractors, consultants, industry experts and regulatory bodies to accurately ascertain specific delay factors. Based on the results of our industry surveys, a statistical model was developed to quantitatively determine each delay factor’s importance in construction project management. The statistical model categorises the delay factors under four major classes and determines the most significant delay factors in each class: owner defects, contractor defects, consultant defects and law, regulation and other general defects. The most significant delay factors in the owner defects category are lack of attention to inflation and inefficient budgeting schedule. In the contractor defects category, the most significant delay factors are inaccurate budgeting and resource planning, weak cash flow and inaccurate pricing and bidding. As for the consultant defects delay factors such as inaccurate first draft and inaccuracies in technical documents have the most contribution to the defects. On the other hand, outdated standard mandatory items in cost lists, outdated mandatory terms in contracts and weak governmental budgeting are the most important delay factors in the law, regulation and other general defects. Moreover, regression models demonstrate that a significant difference exists between the initial and final project duration and cost. According to the models, the average delay per year is 5.9 months and the overall cost overrun is 15.4%. Our findings can be useful in at least two ways: first, resolving the root causes of particularly important delay factors would significantly streamline project performance and second, the regression models could assist project managers and companies with revising initial timelines and estimated costs. This study does not consider all types of construction projects in Iran: the scope is limited to certain types of private and publicly funded projects as will be described. The data for this study has been gathered through a detailed questionnaire survey.


    Keywords: Construction projects, Delay, Statistical analysis, Regression, Developing country, Middle East, Iran


    INTRODUCTION


    Construction is among the most flourishing business sectors in the Middle East (Sweis et al., 2008). Construction projects absorb immense investments and play an important role as a major driving force in the growth of several other sectors in the economy, including but not limited to mining and natural resources extraction, transportation and logistics, insurance, consultation and management, and even education and training (Assaf and Al-Hejji, 2006). According to the statistics provided by the Central Bank of Iran, the construction sector has annually absorbed more than USD 13 billion in direct private investments between 2002 and 2014.


    Unfortunately, construction project delays are very common in Iran. Potentially profitable projects are regrettably turned into costly and money-losing ventures. This is undesirable for both the owner and the contractor, since current project performance is worsened and trust between both parties may be reduced in subsequent contracts. Direct costs (not including lost opportunity costs) of delays in provincially funded construction projects in Iran in the year 2000 alone is evaluated as USD 575 million (Shakeri and Ghorbani, 2005). According to the Statistical Center of Iran, between the years 2002 and 2012, the direct costs of delays in the construction projects for the government of Iran has been estimated at USD 21 billion. This research studies the reasons for construction project delay in Iran. For this purpose, a general and comprehensive definition of delay in the construction sector is required. As given in Bramble and Callahan (2012), delay is defined as the extension of some part of a project beyond the original plan due to unanticipated circumstances.


    Construction projects can be categorised based on several criteria, including but not limited to the financial scale of the project, area under construction and total project area. In addition, projects can be characterised as whether or not they are civilian, military, residential, commercial and so forth. In order to maintain the data integrity, the projects that were chosen for data gathering were selected according to the following criteria:


    
      	Private sector as the owner: residential construction projects with total project area between 1,000 to 10,000 square meters.


      	Government as the owner: civilian construction projects including rehabilitation and maintenance projects for educational infrastructure with total project area between 1,000 to 10,000 square meters.

    


    Our paper includes educational infrastructure projects since the government of Iran funds several construction, rehabilitation and maintenance projects for the educational spaces and infrastructure throughout the country; moreover, such projects are usually homogenous in terms of the construction methods, budgeting and timelines. As a result, this study will provide a comprehensive outlook of the delay factors and their contributions to delays and cost overruns throughout Iran’s construction industry.


    Accordingly, the contributions of this research are: (1) to determine the reasons of delay in the specified types of the construction projects of Iran as a developing country, (2) to determine the probability of occurrence of the identified reasons of delay with a subjective and unbiased approach, (3) to statistically test whether the delays and cost overruns are significant, (4) to provide recommendations to organisations and companies who play a role in the construction sector of Iran on how to mitigate the delays and (5) to facilitate the risk management efforts by developing regression models that allow the project managers to reassess the timelines and costs of the construction projects in Iran based on the current delay profiles.


    LITERATURE REVIEW


    The importance of construction projects, frequency of delayed projects and direct and indirect costs associated with such delays have inspired many researchers. The literature is rich with studies that have identified different delay factors and the risks associated with them. Of course, the business environment is dynamic and the causes of delay in construction projects are constantly evolving. Consequently, studies may present dissimilar delay factors through time. Furthermore, the role and profile of any participants who respond to surveys have an effect on the results and the importance of delay factors. For instance, owners tend to over-estimate the delays of the contractors and consultants, while under-estimating their own delays. Simply, lack of attention to the profile of the participants may make the results biased. For instance, while Odeh and Battaineh (2002) mentioned “contractor experience” as an important delay factor in Jordan, this factor is not an important delay factor in the same country according to Sweis et al. (2008). Another example is from Assaf and Al-Hejji (2006). In this study, factors such as “slow preparation” and “approval of shop drawings”, “change orders”, “human resources” and “poor workmanship” are among the most important delay factors in Saudi Arabia; however, according to Al-Khalil and Al-Ghafly (1999), the mentioned factors are not important delay factors in that country.


    According to Baldwin et al. (1971), the most important causes of delay in the United States are weather conditions, labour shortage and delays by subcontractors. Delays in Turkey were first studied by Arditi, Akan and Gurdamar (1985) which concluded that in 1970s the main causes of delay in the publicly funded construction projects in Turkey were shortage of construction material, late payments and contractor defects. A second study about the causes of delay in construction projects in Turkey was conducted by Gündüz, Nielsen and Özdemir (2013) which identified 83 delay factors in nine major categories. The most important causes of delay in Turkey, according to Gündüz, Nielsen and Özdemir (2013), consisted of 15 factors including inadequate contractor experience, ineffective project planning, poor site management and change orders. In Hong Kong, the main causes of delay and cost overrun in construction projects were identified as poor site management, unforeseen ground conditions, poor decision making and change orders (Chan and Kumaraswamy, 1997; Chan and Kumaraswamy, 2002). Meanwhile, Indonesian construction projects experienced delays mainly due to change orders, low labour productivity, poor planning and shortage of material (Kaming et al., 1997). Le-Hoai, Dai Lee and Lee (2008) studied the causes of delay in several countries and compared them with the factors in Vietnam. Accordingly, loos deadlines, lack of experience, design inefficiencies, poor cost estimates, financial capabilities, government and labour incompetence were identified as the most important delay factors in Vietnam. In Thailand, on the other hand, the most important causes of delay in construction projects were described as resource and labour shortages, inefficient contractor management, poor design, poor project planning, change orders and financial difficulties (Toor and Ogunlana, 2008).


    Causes of delay in construction projects in Malaysia has been studied in several research papers. According to Abdul Kadir et al. (2005), the most important delay factors were shortage of material, late payments to suppliers, change orders, late submission of drawings and poor site management. Using a different questionnaire, Sambasivan and Soon (2007) described 10 reasons including improper planning, poor site management, lack of experience, late payments, problems with subcontractors, labour supply and shortage of material as the most important delay factors in Malaysian construction projects. Alaghbari et al. (2007) list financial and coordination problems as the most important delay factors in Malaysia. Hamzah et al. (2012) list several factors including labour productivity, material delivery, inflation, insufficient equipment and slow decision making as delay factors in Malaysia. One can confirm that although different studies list a number of common items as the delay factors in Malaysian construction projects, having non-recurrent factors between different studies is normal. Differences in the determined factors can be traced back to a number of inconsistencies between the studies, including dissimilar survey methods, different number of respondents, differences between the profiles of the respondents, dissimilar statistical methods, etc. Table 1 lists several papers that have identified the reasons for construction project delays in developing countries in the Middle East, Asia and Africa. Based on our review of the literature, we can clearly conclude the following:


    
      	Although some similarities exist between different studies, we note that each study explores the construction delay issue according to the influential parameters and specific environmental factors in which the research is conducted. In other words, the delay factors and their importance may be different between countries with different social and economic environments. Local laws and regulations, which are obviously dissimilar between various countries, exhibit a significant effect on the delay factors. The effect of laws and regulations on the delay factors can be best noticed from studies such as Odeh and Battaineh (2002) and Sweis et al. (2008) for Jordan; another example is Assaf and Al-Hejji (2006) and Al-Khalil and Al-Ghafly (1999) for Saudi Arabia.


      	There is a dearth of comprehensive studies to determine the reasons for delay in construction projects in Iran.

    


    Table 1. Studies on the Reasons for Delay in Construction Projects


    
      
        	Citation

        	
          Country

        

        	Major Causes of Delay
      


      
        	Abd El-Razek, Bassioni and Mobarak (2008)

        	
          Egypt

        

        	Financing problems
      


      
        	

        	

        	Late payments
      


      
        	

        	

        	Change orders
      


      
        	

        	

        	Partial payments
      


      
        	

        	

        	Inexperienced management
      


      
        	Frimpong, Oluwoye and Crawford (2003)

        	
          Ghana

        

        	Financial difficulties
      


      
        	

        	

        	Poor contractor management
      


      
        	

        	

        	Material procurement
      


      
        	

        	

        	Technical performances
      


      
        	

        	

        	Inflation
      


      
        	Fugar and Agyakwah-Baah (2010)

        	
          Ghana

        

        	Several factors including material, human resources, etc.
      


      
        	Iyer, Chaphalkar and Joshi (2008)

        	
          India

        

        	Several factors, categorised as excusable and non-excusable
      


      
        	Doloi, Sawhney and Iyer (2012)

        	
          India

        

        	Client’s interference
      


      
        	

        	

        	Inefficient construction planning
      


      
        	Pourrostam and Ismail (2012)

        	
          Iran

        

        	Late payments
      


      
        	

        	

        	Change order
      


      
        	

        	

        	Poor management
      


      
        	

        	

        	Inefficient decision making
      


      
        	

        	

        	Ineffective planning
      


      
        	Al-Momani (2000)

        	
          Jordan

        

        	Change orders
      


      
        	

        	

        	Weather and site conditions
      


      
        	

        	

        	Late deliveries
      


      
        	

        	

        	Economic conditions
      


      
        	Odeh and Battaineh (2002)

        	
          Jordan

        

        	Owner interference
      


      
        	

        	

        	Inadequate contractor experience
      


      
        	

        	

        	Financing and payments
      


      
        	

        	

        	Labour productivity
      


      
        	

        	

        	Slow decision making
      


      
        	Sweis et al. (2008)

        	
          Jordan

        

        	Financial difficulties
      


      
        	

        	

        	Change orders
      


      
        	Koushki, Al-Rashid and Kartam (2005)

        	
          Kuwait

        

        	Change orders
      


      
        	

        	

        	Financial constraints
      


      
        	

        	

        	Lack of experience
      


      
        	Saleh, Abdelnaser and Abdul (2009)

        	
          Libya

        

        	Insufficient coordination
      


      
        	

        	

        	Ineffective communication
      


      
        	Shebob et al. (2012)

        	
          Libya and UK

        

        	Several delay factors for each country are identified
      


      
        	Aibinu and Jagboro (2002)

        	
          Nigeria

        

        	Client-related issues
      


      
        	Al-Khalil and Al-Ghafly (1999)

        	
          Saudi Arabia

        

        	Financial difficulties

        Delay in obtaining permits
      


      
        	Assaf and Al-Hejji (2006)

        	
          Saudi Arabia

        

        	Slow preparation and approval of shop drawings
      


      
        	

        	

        	Late contractor payments
      


      
        	

        	

        	Change orders
      


      
        	

        	

        	Human resources
      


      
        	

        	

        	Poor workmanship
      


      
        	Gündüz, Nielsen and Özdemir (2013)

        	
          Turkey

        

        	Several factors including ineffective communication, conflicts between contractor and owner, etc.
      


      
        	Zaneldin (2006)

        	
          UAE

        

        	Several factors including change order, ineffective communication, etc.
      


      
        	Faridi and El-Sayegh (2006)

        	
          UAE

        

        	Slow preparation
      


      
        	

        	

        	Lack of early planning
      


      
        	

        	

        	Ineffective decision making
      


      
        	

        	

        	Human resources
      


      
        	

        	

        	Poor management
      


      
        	

        	

        	Low productivity
      


      
        	Kaliba, Muya and Mumba (2009)

        	
          Zambia

        

        	Extreme weather
      


      
        	

        	

        	Environmental protection and mitigation costs
      


      
        	

        	

        	Schedule delay
      


      
        	

        	

        	Strikes
      


      
        	

        	

        	Technical challenges
      


      
        	

        	

        	Inflation
      


      
        	

        	

        	Local government pressure
      

    


    RESEARCH METHOD AND STATISTICAL ANALYSES


    Data gathering was conducted in two separate phases: (1) identifying the delay factors and (2) determining the probability of occurrence of each delay factor. In order to accurately identify the delay factors, several interviews were conducted with owners, contractors, consultants, industry experts, and regulatory bodies. The interviewees were selected based on their experience and organisational position. Accordingly, the interviews were conducted with individuals employed at senior managerial levels of their companies. Several interviews were organised with professionals serving at the top managerial levels of Tehran’s municipality. In addition, we stipulated that respondents required Iranian construction industry involvement as an owner, contractor or consultant in at least five projects. Table 2 provides more details about the interviewees.


    Results of these interviews were carefully discussed and compared with similar studies available in the literature. This comparison revealed that there are both similarities and differences between the delay factors in the literature and the delay factors mentioned by the interviewees of this research. Table 3 highlights some of such similarities and dissimilarities: a complete list of the delay factors of this paper is presented in Table 5. The main reason for the differences between the delay factors in this table is the differences in the business environment and socio-economic factors in different countries.


    Table 2. Profile of the Interviewees to Determine the Delay Factors


    
      
        	
          Interviewee Sector

        
      


      
        	
          Public Sector

        

        	
          Private Sector

        
      


      
        	
          Municipality of the City of Tehran

        

        	
          Owner

        

        	
          Contractor

        

        	
          Consultant

        
      


      
        	
          13

        

        	
          5

        

        	
          6

        

        	
          5

        
      


      
        	
          Interviewee Position

        
      


      
        	
          Public Sector

        

        	
          Private Sector

        
      


      
        	
          Legal consultant

        

        	
          Project manager

        

        	
          Financial manager

        

        	
          CEO

        

        	
          Project manager

        

        	
          Financial manager

        
      


      
        	
          5

        

        	
          4

        

        	
          4

        

        	
          3

        

        	
          8

        

        	
          5

        
      

    


    Table 3. Delay Factors in the Literature
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    In this research, 36 delay factors in construction projects were identified and categorised under four main categories: (1) owner defects, (2) contractor defects, (3) consultant defects and (4) law, regulation and other general defects.


    In phase two of the data gathering process, a questionnaire was designed to obtain the probability of occurrence of each identified delay factor. A review of the literature indicates that most of the previous studies calculate the relative importance of the delay factors. We note that relative importance of delay factors can be defined in various ways. One of the most widely used approaches to illustrating relative importance is given in Equation 1 (Kometa, Olomolaiye and Harris, 1994; Chan and Kumaraswamy, 2002; Sambasivan and Soon, 2007; Fugar and Agyakwah-Baah, 2010; Gündüz, Nielsen and Özdemir, 2013):
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    In this particular equation, RI is the relative importance index, W are the weights given to each factor by respondents, A is the highest possible weight and N is the total number of respondents. Shebob et al. (2012) employ the concept of severity index (SI) to rank the delay factors:
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    As given in this equation, n corresponds to the frequency of the responses, and W and N have the same meaning as Equation 1. Other studies employ a combination of the relative importance as defined by Equation 1 and case-specific methods to quantify the relative importance of delay factors (Aibinu and Jagboro, 2002; Odeh and Battaineh, 2002; Frimpong, Oluwoye and Crawford, 2003; Fong, Wong and Wong, 2006; Zaneldin, 2006; Kaliba, Muya and Mumba, 2009). It can be verified that all of these studies use a Likert scale in their questionnaires to record the severity or weight of each delay factor. Undoubtedly, the weight or severity assigned to the delay factors depends on the opinion of the respondents: the respondents tend to under-estimate the risks and delays associated with their own role in a project and often over-estimate the delays caused by other parties that are part of the cause. As a result, the profile of the respondents can give effect on the calculated relative importance of the delay factors. In order to minimise this inevitable bias, the Likert scale is removed from the questionnaires of this paper. Moreover, this paper does not utilise the concept of relative importance of the delay factors, as practiced in the literature. Instead, a multinomial distribution interprets the responses of the respondents to a series of yes-no questions.


    To measure the internal consistency of the designed questionnaire, Cronbach’s alpha was calculated and measured at 0.791, which is an indicator of the high internal consistency of the designed questionnaire (Hinton, 2004; Vogt and Johnson, 2011). This questionnaire was mailed to 200 respondents, all of whom were active in the construction industry. Respondents were asked if they had experienced delays in their last construction project. In case of a positive answer, the respondents were requested to indicate which delay factors contributed to this lateness. Results of these questionnaires were further used in data analysis and model development. Respondents were given the liberty to add project-specific delay factors to the prepared questionnaire in case a certain delay factor was missing from the list. Out of the 200 mailed questionnaires, 86 questionnaires were collected and considered for further investigation: a sample size of 86 questionnaires is enough to trigger the central limits theorem and guarantee the normality of the averages for the developed statistical model and hypothesis tests (Freund, 1991; Miller, Freund and Miller, 2014). Table 4 presents more details about the respondents. The developed statistical model will be discussed in the next section.


    Table 4. Details About the Distributed and Analysed Questionnaires


    
      
        	
          Distributed Questionnaires

        
      


      
        	
          Governmentally Funded Projects

        

        	
          Privately Funded Projects

        
      


      
        	
          Contractor

        

        	
          Consultant

        

        	
          Owner

        

        	
          Contractor

        

        	
          Consultant

        
      


      
        	
          50

        

        	
          50

        

        	
          30

        

        	
          35

        

        	
          35

        
      


      
        	
          Collected Questionnaires

        
      


      
        	
          Governmentally Funded Projects

        

        	
          Privately Funded Projects

        
      


      
        	
          Contractor

        

        	
          Consultant

        

        	
          Owner

        

        	
          Contractor

        

        	
          Consultant

        
      


      
        	
          19

        

        	
          18

        

        	
          16

        

        	
          19

        

        	
          14

        
      

    


    Statistical Model


    In this paper, the multinomial distribution was selected to estimate the probability of occurrence of each delay factor. The multinomial probability distribution, an extension to the binomial distribution, models the probability of success in independent Bernoulli experiments (Miller, Freund and Miller, 2014; Ross, 2014). In the context of our study, the occurrence of a specific delay factor in a late construction project is considered a success, and the probability of this success is calculated in the statistical model.


    According to the multinomial distribution, if the probability of occurrence of Xi, 1 ≤ i ≤ k is pi, [image: art] then (Ross, 2014):
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    This paper employs a questionnaire for sampling and determining the values of pi, 1 ≤ i ≤ k. Each pi 1 ≤ i ≤ k represents the probability of occurrence of a specific delay factor. This paper deals with 36 delay factors: thus, k = 36. To determine the values of pi, 1 ≤ i ≤ 36, a questionnaire was designed with 36 yes-no questions. A respondent would select yes for a specific question if that particular delay factor was present in his/her delayed project. For instance, suppose that this questionnaire is filled by n respondents. Therefore, Equation 4 provides an unbiased estimator for parameter pi:
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    In Equation 4, xi = 1 if a specific respondent selects yes for the ith delay factors, and it is zero otherwise. The above multinomial distribution function is utilised in this paper for the delay factors under each of the major categories, as described previously. As a result, four different multinomial distributions are developed. Mathematical explanations on how to calculate probability values for [image: art] (the probability of the occurrence of the ith delay factor in major category j) and [image: art] (the probability of the occurrence of each major category in a delayed project) are summarised in Appendix 2: Normalising the Probabilities. An illustrative example about the calculations of the described multinomial model is explained in Appendix 3: Illustrative Example.


    Delay Estimates and Statistical Tests


    The results of the delay factor analysis, as given by the survey respondents, are presented in Table 5.


    Table 5. Defects, Delay Factors and Corresponding Estimates


    
      
        	Number

        	Delay Factors

        	
          95% Confidence Interval

        

        	
          Point Estimate

        
      


      
        	
          Lower Limit

        

        	
          Upper Limit

        
      


      
        	
          Owner defects

        
      


      
        	
          1.1

        

        	Lack of attention to the results of feasibility studies and improper location planning

        	
          0.014

        

        	
          0.120

        

        	
          0.067

        
      


      
        	
          1.2

        

        	Lack of knowledge about different defined execution models

        	
          0.0079

        

        	
          0.1067

        

        	
          0.057

        
      


      
        	
          1.3

        

        	Delay in obtaining permits

        	
          0.013

        

        	
          0.118

        

        	
          0.066

        
      


      
        	
          1.4

        

        	Inefficient budgeting schedule

        	
          0.047

        

        	
          0.182

        

        	
          0.115

        
      


      
        	
          1.5

        

        	Incomplete drawings and plans

        	
          0.028

        

        	
          0.149

        

        	
          0.089

        
      


      
        	
          1.6

        

        	Ineffective change order communication

        	
          0.023

        

        	
          0.139

        

        	
          0.081

        
      


      
        	
          1.7

        

        	Delay in transferring construction site

        	
          0.023

        

        	
          0.140

        

        	
          0.081

        
      


      
        	
          1.8

        

        	Improper selection of contractors once a mixture of quantitative and qualitative factors are taken into consideration

        	
          0.029

        

        	
          0.150

        

        	
          0.089

        
      


      
        	
          1.9

        

        	Ineffective site management

        	
          0.014

        

        	
          0.121

        

        	
          0.069

        
      


      
        	
          1.10

        

        	Too many change orders

        	
          0.021

        

        	
          0.136

        

        	
          0.078

        
      


      
        	
          1.11

        

        	Lack of attention to inflation

        	
          0.051

        

        	
          0.188

        

        	
          0.119

        
      


      
        	
          1.12

        

        	Lack of knowledge about regulations

        	
          0.029

        

        	
          0.150

        

        	
          0.089

        
      


      
        	
          Contractor defects

        
      


      
        	
          2.1

        

        	Inaccurate budgeting and resource planning

        	
          0.129

        

        	
          0.302

        

        	
          0.217

        
      


      
        	
          2.2

        

        	Using low quality material and inadequate equipment

        	
          0.012

        

        	
          0.115

        

        	
          0.064

        
      


      
        	
          2.3

        

        	Human resources issues such as hiring inexperienced technical staff

        	
          0.024

        

        	
          0.139

        

        	
          0.081

        
      


      
        	
          2.4

        

        	Ineffective project planning

        	
          0.004

        

        	
          0.095

        

        	
          0.049

        
      


      
        	
          2.5

        

        	Adherence to outdated construction methods

        	
          0.068

        

        	
          0.215

        

        	
          0.141

        
      


      
        	
          2.6

        

        	Inaccurate pricing and bidding

        	
          0.079

        

        	
          0.232

        

        	
          0.155

        
      


      
        	
          2.7

        

        	Lack of knowledge about regulations

        	
          0.051

        

        	
          0.189

        

        	
          0.120

        
      


      
        	
          2.8

        

        	Weak cash flow

        	
          0.093

        

        	
          0.253

        

        	
          0.173

        
      


      
        	
          Consultant defects

        
      


      
        	
          3.1

        

        	Lack of accuracy in reviewing feasibility studies

        	
          0.027

        

        	
          0.146

        

        	
          0.087

        
      


      
        	
          3.2

        

        	Mistakes in technical documents

        	
          0.053

        

        	
          0.192

        

        	
          0.123

        
      


      
        	
          3.3

        

        	Inaccuracies in technical drawings such as electrical or mechanical drawings

        	
          0.028

        

        	
          0.147

        

        	
          0.088

        
      


      
        	
          3.4

        

        	Tardiness in preparing change orders

        	
          0.035

        

        	
          0.160

        

        	
          0.097

        
      


      
        	
          3.5

        

        	Inaccurate first drafts that cause confusion

        	
          0.065

        

        	
          0.211

        

        	
          0.138

        
      


      
        	
          3.6

        

        	Ineffective project planning

        	
          0.017

        

        	
          0.127

        

        	
          0.072

        
      


      
        	
          3.7

        

        	Delay in updating project status

        	
          0.041

        

        	
          0.172

        

        	
          0.106

        
      


      
        	
          3.8

        

        	Having too many unforeseen items in cost lists

        	
          0.04

        

        	
          0.170

        

        	
          0.105

        
      


      
        	
          3.9

        

        	Assigning inexperienced personnel to supervisory duties

        	
          0.025

        

        	
          0.142

        

        	
          0.083

        
      


      
        	
          3.10

        

        	Lack of executive experience

        	
          0.037

        

        	
          0.165

        

        	
          0.101

        
      


      
        	
          Law, regulation and other general defects

        
      


      
        	
          4.1

        

        	Outdated standard mandatory terms in contracts

        	
          0.101

        

        	
          0.265

        

        	
          0.183

        
      


      
        	
          4.2

        

        	Outdated standard mandatory items in cost lists

        	
          0.105

        

        	
          0.271

        

        	
          0.188

        
      


      
        	
          4.3

        

        	Financial difficulties stemming from governmental budgeting

        	
          0.103

        

        	
          0.268

        

        	
          0.185

        
      


      
        	
          4.4

        

        	Lack of attention of government authorities to inflation

        	
          0.093

        

        	
          0.253

        

        	
          0.173

        
      


      
        	
          4.5

        

        	Outdated bidding procedures

        	
          0.068

        

        	
          0.216

        

        	
          0.142

        
      


      
        	
          4.6

        

        	Extreme weather and environmental conditions

        	
          0.057

        

        	
          0.200

        

        	
          0.129

        
      

    


    Table 6 summarises the probabilities of each major category. The laws, regulations and other general defects category rank as the primary reasons for delays as they exhibit the highest probability of occurrence (31%). Contractor defects, on the other hand, rank fourth with the lowest probability of occurrence (17%).


    Table 6. Probabilities Assigned to Major Categories


    
      
        	Categories

        	
          Probability of Occurrence

        
      


      
        	Owner defects

        	
          0.27

        
      


      
        	Contractor defects

        	
          0.17

        
      


      
        	Consultant defects

        	
          0.25

        
      


      
        	Laws, regulations and other general defects

        	
          0.31

        
      

    


    Hypothesis Tests


    Descriptive statistics from the questionnaires reveal that the average estimated duration of the studied construction projects at the beginning of the project is 13.78 months. However, the actual average duration of the projects is 21.44 months. The following numerical values provide the mean and variances for these two durations.


    [image: art]


    Given these numerical differences, it may be interesting to test whether they are significant enough to conclude that a meaningful difference exists between the initial and actual durations of the construction projects, or whether the differences were merely observed because of chance. To perform this test, we conducted a paired t-test (Miller, Freund and Miller, 2014) using the initial and actual timelines. The test hypothesis is:
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    In this hypothesis formulation, µ1 is the initial duration of the construction projects and µ2 is the final duration of the projects. The p-value of this test, which is 0.000 reveals that at a 95% confidence level, one can reject the null hypothesis and conclude that there is a meaningful difference between the initial and final duration of the delayed projects (Miller and Miller, 2012). The provided 95% confidence interval is as follows:
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    Another paired t-test can be performed on initial and final cost estimates. Descriptive statistics from the questionnaires reveal that ([image: art] and [image: art] are in thousands of USD):
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    We use the same hypothesis structure as in Equation 6, where µ1 and µ2 are the initial and final costs of the population of the projects. The p-value of the test is 0.000, which means that at the 95% confidence level the null hypothesis is rejected. In other words, there is a meaningful difference between the initial and final cost of a construction project. We can also ascertain the significant difference between the initial and final cost by observing the 95% confidence interval:
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    Thus, one can be 95% confident that the average difference between the initial cost estimate and the final cost of a delayed project is between USD 135,039 and USD 306,374. Considering the fact that the average initial estimated cost of the projects is USD 1,203,055, the above value is considerable and results in more than 11% increase in the initial estimated costs. Hence, we postulate that reducing construction project delays would provide a valuable investment to a company. Detailed tables results of the mentioned tests are presented in Appendix 4: Detailed Results of the Hypothesis Tests.


    Regression Analysis


    From the paired t-tests, it was concluded that a meaningful difference exists between the initial and final project costs and duration. Therefore, if a causal relationship exists between initial and final proposals (and in this case, it does), it is possible for the owners, consultants, and contractors to revise their initial proposals in terms of cost and duration. Such relationships can be obtained using regression analysis (Miller and Miller, 2012). This analysis is performed on the reported initial and final duration and cost values obtained from the questionnaires.


    Figure 1 depicts the scatter plot of the initial and final project duration while Figure 2 illustrates the relation between the initial and final project cost. Both of these figures reveal a high degree of linear relationship between these variables. In both figures, the horizontal axis corresponds to initial estimates while and the vertical axis includes actual values.
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      Figure 1. Initial vs. Final Duration of Projects

    


    For the case of project duration, we obtain the following regression equation:
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    In this particular case, x is the number of initial months in the first proposal and y is the final duration of project in months. A manager could apply this model in actual practice by inputting the estimated initial months (as the x variable) and then using the regression equation to determine a predicted value for final project duration. Detailed discussions on the goodness of the regression are provided in Appendix 5: Goodness of Fit for Regression Analysis.


    Similarly, a regression line can be generated for project costs:
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    Here, x is the initial cost in thousands of USD and y is the final cost of the project in thousands of USD. As with the earlier regression equation, a project owner could deploy this model by inserting the initial project cost as the x variable. The regression model would then calculate an expected final project cost. Results of the reported regression analyses are extremely important for owners, contractors and consultants if they wish to reduce project tardiness and propose a more accurate cost structure for a construction project.
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      Figure 2. Initial vs. Final Cost of Projects

    


    DISCUSSIONS AND RECOMMENDATIONS


    In Iran, the approval and execution of construction projects, especially those that are governmentally funded, are governed by complicated regulations. Owners, contractors and consultants have to follow procedures that are enacted to ensure successful completion of the projects. Figure 3 illustrates major steps that parties should follow in Iranian governmentally funded construction projects (Jalal, 2008).


    Selecting Contractors


    Traditionally, contractor selection has been based solely on the prices offered by the bidders. However, when it comes to selecting a contractor in today’s project environment, many owners do not consider the price as the single selection criterion: instead they pay attention to a combination of several parameters such as price, reputation of the bidders, history of previous projects, major construction quality indicators, prepared drawings, suggested construction methods and so forth. Consequently, contractor selection is no longer a straightforward procedure performed by merely sorting the bids based on the offered price. Moreover, there rarely exists a bidder that can dominate the rest of the competitors in all of the relevant criteria (Zavadskas et al., 2010; Huang, 2011).


    In other words, owners occasionally do not select the best contractor as the final winner of the bid. As a result, this factor contributes to more than 8% of the delayed projects in Iran as given by item 1.8 in Table 4 (under the “Owner Defects” category). We note that government entities in Iran still must adhere to a set of regulations that obliges them to select the contractor that offers the lowest price. In other words, regulations require government authorities to disregard all the important criteria mentioned above and select a contractor only by the offered price.


    This emphasises the need for decision support systems that facilitate the construction management decision making process. Such software solutions should be in accord with the required laws and regulations and take into consideration the imperative elements in selecting the best contractor in the presence of a variety of qualitative and quantitative factors. We note that academic studies for developing reliable methods of contractor selection and evaluation in the construction industry based on a mixture of qualitative and quantitative factors are very limited. Indeed, a literature review reveals that this is an emerging research theme, especially in the recent years (Cheng and Kang, 2012; Alzober and Yaakub, 2014). Nonetheless, the important feature of developing decision support systems specifically designed to facilitate the decision making process in the Iranian construction sector has not received sufficient attention.


    Lack of Knowledge about Regulations


    In order to facilitate the offer and acceptance elements of construction contracts, the Office of the Vice-Presidency for Strategic Planning and Supervision in Iran publishes typical contracts: owners and contractors are obligated by law to employ these typical templates to design and sign their own contracts. Several other legal authorities are in place to supervise the environment and deploy the methods of implementation and execution as given by the templates. To improve the effectiveness of the articles of the typical contracts and to increase the efficiency of the construction sector of the country as a whole, legal authorities are allowed to issue corrections to some articles of the typical contracts or interpret the legal terminology of the related documents.


    Mainly due to the inconsistencies in the language and terminology of the corrections issued by different supervisory units, we note that owners, consultants and contractors feel that the corrections and interpretations cause unnecessary delays and unfortunate confusion. In addition, experienced legal consultants are not always available when owners and contractors have incompatible interpretations of the newly issued corrections: even if legal advisors are available, their services can be very expensive and therefore not within the financial means of many construction management companies.


    Consequently, the misinterpretation of the corrections to the typical contracts and inconsistent terminology of such corrections can lead to costly legal disputes between contractors and owners. This ultimately elevates project costs and precipitates unforeseen delays. Table 5 addresses this issue as items 1.12, 2.7 and 4.1: these items contribute to 8.9% of the delays under owner defects, 12% of the delays under contractor defects and 18.3% of the delays under law, regulations and other general defects, respectively.


    To reduce this delay factor’s impact, we recommend establishing a single outlet to publish typical contracts as well as the associated corrections and interpretations. Deploying a unified channel may reduce inconsistent terminology, which will mitigate the confusions and misinterpretations of the owners, contractors and consultants. In addition, costly legal disputes can be avoided provided that the single outlet office offers economical legal guidance to the companies.
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      Figure 3. High Level Overview of Governmentally Funded Construction Projects in Iran

    


    Lack of Attention to Inflation


    Lack of attention to inflation is another important delay factors; in Table 5, this factor is indicated as items 1.11 for owners (lack of attention to inflation from the owner defects category), 2.6 for contractors (inaccurate pricing and bidding in the contractor defects category) and 4.4 for law, regulation and other general defects (lack of attention of government authorities to inflation). In particular, it contributes to 17.3% of the delays under the fourth category in Table 4.


    Figure 4 illustrates Iran’s chronically high inflation rate in the past decade according to the Statistical Center of Iran. Therefore, government authorities have enacted certain rules to compensate owners and contractors when high inflation causes a spike in construction costs and reduces the forecast profits. However, these rules do not fully compensate the contractor for elevated costs and cause dissatisfaction (item 4.4). On the other hand, bidders do not pay attention to the inflation rate and construction costs throughout the life cycle of the project when they estimate the project costs (item 2.6). Lack of attention to the true inflation rate results in inaccurate bidding, as well as frustration and delay during the project’s lifespan. In addition, owners do not pay full attention to the reported inflation rates in the bids since a lower inflation rate in the bid translates into a less expensive project. Therefore, owners disregard the true inflation rates during the bidding procedure, which results in disputes and costly legal actions between owners and contractors during the project life cycle (item 1.11).


    Occasionally, the inflation rate fluctuates significantly if the bidding procedure takes a few months to complete. This leads to inaccurate bidding and pricing, which may contribute to disputes between the different parties involved in the project. Another reason for such disputes is that there are at least two official organisations that calculate and announce the inflation rate: the Statistical Center of Iran and the Central Bank of Iran. Often, the announced rate of these two offices are different, thus causing confusion among all construction management parties about the legitimate rate. In addition, contractors always believe that the real inflation rate is more than the officially announced rate. As a result, most of the liquidity problems and weak cash flow are blamed on the inadequacy of common methods for compensation of rising costs associated with high inflation. One can notice that very high and unstable inflation rate causes major problems for the construction sector and is the root cause of many delays.


    While risk management techniques to deal with this issue exist in the literature (Loo and Abdul-Rahman, 2012; Augustine et al., 2013; Barber and El-Adaway, 2014), the effect of very high and volatile inflation rates on the construction sector of Iran has never been studied. The first step to alleviate this key delay factor is to oblige the owners and contractors to obtain and reflect genuine forecasts of the inflation rate. Accurate inflation rate figures are generated and published by governmental offices such as the Statistical Center of Iran. Official forecasts are more precise and are available for different industries and geographical regions. Using rigorous figures for the inflation rate will result in accurate forecasts for the project costs, which will diminish the extent of financial disputes between owners and contractors.
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      Figure 4. Iran’s Inflation Rate

    


    Adherence to Outdated Construction Methods


    The construction industry is very competitive in Iran. Cost reduction and waste elimination form integral parts of every successful company in such a competitive market. Nevertheless, owners and consultants believe that contractors have remained loyal to traditional construction practices and have not paid sufficient attention to innovation, research and development as the primary method for reducing the costs and delays throughout the life cycle of the projects. As a result, contractors should be constantly encouraged that activities which contribute to research and innovation are not an extra burden on the project finances and innovation has a pivotal role in wealth creation and cost reduction. This is addressed as item 2.5 in Table 1 and contributes to more than 14% of the delays under contractor defects.


    Corporations are recommended to promote innovation as well as their knowledge management systems. Subsequently, we recommend that all the different entities involved in a construction project (including owners, contractors and consultants) design clear and consistent value management processes and adopt and follow the principles of lean construction management.


    Proper value management begins by defining the project plan as well as the key performance indicators (KPIs) of the project: afterwards, objective techniques will be put in place to measure project performance and progress as the tasks are completed. Although many companies decide to devise their own KPIs and measurement techniques, it is possible to follow standard guidelines about defining KPIs in construction sector (Lin et al., 2011; Jaapar et al., 2012; Ponz-Tienda, Pellicer and Yepes, 2012). Moreover, decision support systems are an imperative part of value management systems in construction context (Luo et al., 2011).


    While value management systems measure the progress of the project, lean construction management techniques are focused on waste elimination, cost reduction and delay prevention. Lean techniques expand the efficiency of the firms and promote the defined KPIs of the project. Therefore, the practice of these techniques is recommended during the lifespan of the construction projects.


    Outdated Standard Mandatory Items in Cost Lists


    In Iran, government authorities publish a standard list of construction items and materials on an annual basis. According to regulations, this list must be used by owners and contractors as a basis for estimating project costs. However, the published lists do not always include the new construction materials and innovative items that are introduced to the market. This results in inaccurate cost estimates and disagreements between owners and contractors when selecting construction materials. This issue is indicated under item 4.2 in Table 1 (outdated standard mandatory items in cost lists), and is responsible for more than 18% of the delays under laws, regulations and other general defects. Additionally, item 4.2 (outdated standard mandatory items in cost lists) further contributes to item 3.8 (having too many unforeseen items in cost lists) under consultant defects, and item 2.6 (inaccurate pricing and bidding) under contractor defects.


    Government authorities are concerned that if parties were not required to estimate project costs based on the list of standard items, then the owners would experience a decline in the quality of the used materials. On the other hand, contractors, owners and consultants express that this move will supply them with the flexibility to innovate and reduce the costs and delays. The literature suggests that although having a standard price book is beneficial for cost estimation, governments should not interfere with the process of cost estimation by publishing a standard list of items and materials: instead, governments should enforce the quality requirements by developing consistent standards as well as deploying effective procedures for frequent inspections and audits, promoting insurance policies, and penalising deviations from the set standards (Ashworth, 2013; Alrashed, Philips and Kantamaneni, 2014; Kang et al., 2014).


    Projects Owned by the Government


    In Iran, construction projects are defined by the government for a variety of reasons. Once the government defines all the construction projects, it intends to launch during a certain fiscal year, a budget approval request is sent to the parliament. The time span and budgets for these construction projects are determined primarily due to political considerations. Insufficient attention is devoted to the accompanying feasibility studies. Once a project is enacted by parliament and a budget is assigned to it, the government calls for tenders; at this point, consultants and contractors scrutinise the timelines and the assigned budgets. If they conclude that the assigned budget and enacted timelines are not realistic, the government sends revision requests to the parliament. This inefficient procedure is responsible for more than 18% of the delays under law, regulation, and other general defects and is presented as item 4.3, financial difficulties stemming from governmental budgeting.


    In order to avoid such delays, special attention should be paid to proactive planning and risk management. For instance, government could develop various risk profiles and categorise different construction projects accordingly. Once the profiles are proposed, government should develop and maintain contingency plans for different projects based on the risk profiles. In addition, contractors and consultants could review the risk profiles and contingency plans to obtain a better evaluation about the financial viability of the project, project timelines, and the involved risks.


    Undoubtedly, political instability has a direct impact on the risk profile of construction projects at various levels. Political instability, due to its high interaction with other risk factors, often results in economic and financial instability and increases the risk of cost overrun and delays. This fact should be taken into full consideration at all stages of the procedure of defining a governmentally funded project, including when the government defines a project, at the time of budget approval by the parliament, and so forth. Reducing the political instability will result in a reduction in all types of risks. Therefore, government and parliament are recommended to reduce the political instability by creating a common language through acquiring project and risk management services.


    FUTURE RESEARCH DIRECTIONS


    It can be noted that a significant amount of delay stems from regulations, outdated standard contract terms and lack of planning by government authorities. For instance, ineffective regulations result in improper supervisory and executive procedures that further contribute to delays and disputes. Consequently, it is recommend that governmental regulatory bodies determine prompt and effective resolutions to these problems, which defines a promising future research direction. In other words, government entities should investigate, analyse, and resolve the delay factors resulted from laws and regulations. Success of such efforts not only depends on close partnerships between the government regulatory bodies and the private sector, but also requires a deep understanding of the economy, business environment, and the construction industry of Iran. A strengths, weaknesses, opportunities and threats (SWOT) analysis of the Iranian construction sector should be considered as a first step. Ghahramanzadeh (2013) concentrates on a typical construction project as the main building block of the SWOT analysis to define the internal and external risk factors; these risk factors include political and governmental factors (external), managerial and technical factors (internal), economic and financial factors (external), cultural and social factors (internal) and natural factors (external).


    Moreover, developing an expert system with learning abilities that can update and correct the results of this study and other similar studies would be crucial to increasing the body of knowledge in this area. The expert system would be quite valuable for regulatory bodies and government authorities, should they wish to reduce delays and the accompanying costs.


    Another future research direction is to compare the reasons of delay of the construction projects among the Middle Eastern and other developing countries to identify best practices. A comparative study between the reasons of delay in developing countries and the corresponding reasons in developed countries (such as in Europe and North America) would also contribute to a more thorough understanding of construction management process improvement. Moreover, the researchers may focus on the most common methods to cope with delays in the developed countries to investigate whether the solutions to common causes of delay and cost overrun in the developed countries can be applied to the construction industry in the developing countries, including Iran.


    CONCLUSIONS


    This paper studied the reasons for delay in construction projects. As a case study, we selected and Iran as a developing country with several ongoing construction projects. This paper used a rigorous methodology to determine the role and importance of common delay factors in Iranian construction projects. In this paper, an open questionnaire was used along with an extensive literature review to identify the reasons for delays in construction projects. Several interviews with owners, active contractors, consultants, and other experts were conducted accordingly. Afterward, a closed questionnaire was developed and mailed to 200 respondents. A multinomial probability model was developed to estimate the amount of contribution of each delay factor in a construction project. The delay factors and their interactions with each other were further discussed.


    Accordingly, the delay factors were categorised under four broad groups and the probability of the occurrence of each group was determined: (1) owner defects (27%), (2) contractor defects (17%), (3) consultant defects (25%) and (4) law, regulation and other general defects (31%).


    The most important delay factors under owner defects were lack of attention to inflation (11.9%) and inefficient budgeting schedule (11.5%), lack of knowledge about different defined execution models (5.7%) and lack of attention to the results of feasibility studies and improper location planning (6.7%) were among the least important delay factors in this category.


    In the contractor defects category, inaccurate budgeting and resource planning is the most important delay factor (21.7%), weak cash flow (17.3%) and inaccurate pricing and bidding (15.5%) are the other important delay factors. On the other end of the spectrum in this category are factors such as ineffective project planning (4.9%) and using low quality material and inadequate equipment (6.4%).


    The most important delay factors in the consultant defects are inaccurate first drafts (13.8%) and mistakes in technical documents (12.3%). In this category, factors such as ineffective project planning (7.2%) and assigning inexperienced personnel to supervisory duties (8.3%) are deemed least important.


    Finally, in the law, regulation and other general defects category, the most important delay factors are outdated standard mandatory items in cost lists (18.8%), financial difficulties stemming from governmental budgeting (18.5%) and outdated standard mandatory terms in contracts (18.3%). In this category, extreme weather conditions are the least important factor (12.9%).


    Furthermore, a number of hypotheses tests were conducted to statistically test whether the differences between initial and final estimates were significant. Statistical analyses prove that the differences were indeed significant. There exists a meaningful difference between the initial and final costs and durations. As a result, regression analysis was performed to provide more insight for owners, contractors and consultants about the differences between initial and final estimates of a typical construction project in terms of both duration and cost. Regression analysis provides a baseline for project managers and cost estimators, should they aim to reduce inaccuracies in terms of project duration and cost. Furthermore, managers could use these regression models to predict final project cost or duration based on initial estimates for these variables. Statistical analyses confirmed the reliability of the models. According to the models, the average delay per year is 5.9 months (one can expect 11.8 months of delay if the original project duration is 24 months): the overall cost overrun is 15.4%.


    It should be noted that the results of this study can be employed by project managers to recalibrate the risk management techniques and to avoid the delays as much as possible. Moreover, this paper provided several practical recommendations for government entities to assist with finding the root causes of the delays and to enact the most important laws and regulations to alleviate the construction project inefficiencies. A detailed list for the future research directions was also provided.


    Appendix 1: Details of the Cronbach’s Alpha Test on the Internal Consistency of the Questionnaire


    Table 7 presents the results of the intra-class correlation coefficient for the designed closed questionnaire, which is an output of the Chronbach’s alpha for the internal consistency of the questionnaire. According to this table, the value of the Chronbach’s alpha is 0.791, which indicates a high internal consistency. Moreover, the intraclass correlation for single measure is 0.059, which is a very low value and another indication on the high consistency of the designed questionnaire. The reported p-values is 0.000 for both of the measures; this concludes that the calculated measures are significant.


    Table 7. Intra-class Correlation Coefficient
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          95% Confidence Interval
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          0.0591

        

        	
          0.041

        

        	
          0.084

        

        	
          0.000

        
      


      
        	Average measures

        	
          0.7912

        

        	
          0.704

        

        	
          0.867

        

        	
          0.000

        
      

    


    Notes: 1 = Lower values are more desirable; 2 = Higher values are more desirable


    Appendix 2: Normalising the Probabilities


    Assume that:


    [image: art]


    Also assume that the values of [image: art] are not normalised to form a multinomial function for category j; in other words, [image: art]. Therefore, the value of [image: art] is directly dependent on the value of kj (a larger kj means a larger [image: art]). In order to remove the effect of the value of kj in the value of [image: art], these values should be multiplied by [image: art]:
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    In order to have a multinomial distribution between major categories, one should make certain that [image: art]. Therefore, values of [image: art] should be normalised. Consequently:
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    Once [image: art] and [image: art] are normalised based on the above equations, they are unbiased point estimators of the parameters of the probability distributions to which they belong [image: art]. In order to normalise [image: art] so that they form a multinomial probability distribution for major category j that consists of kj delay factors, an equation similar to Equation 14 is formulated:


    [image: art]


    Moreover, for calculating the confidence intervals for [image: art], it can be proved that for n ≥ 30 (Ross, 2014):
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    Appendix 3: Illustrative Example


    The following list summarises the number of positive answers to delay factors categorised under owner defects in Iran:


    
      	Lack of attention to the results of feasibility studies and improper location planning = 45.


      	Lack of knowledge about different contract models = 38.


      	Delay in obtaining permits = 44.


      	Inefficient budgeting = 77.


      	Incomplete drawings = 59.


      	Ineffective communication about required changes = 53.


      	Lateness in construction site transfers = 54.


      	Improper selection of contractors once a mixture of quantitative and qualitative factors are taken into consideration = 60.


      	Ineffective site management = 45.


      	Change orders = 52.


      	Lack of attention to inflation = 80.


      	Lack of knowledge about regulations = 60.

    


    In other words, out of n = 86 observations, 45 respondents have determined “lack of attention to the results of feasibility studies and improper location planning” as a factor that has contributed to a delayed construction project in Iran. According to Equation 4, an unbiased point estimator for p1 of the multinomial distribution is:
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    Similarly:
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    It can be verified that [image: art]. Therefore, these values should be normalised according to Equation 15 in order to form a multinomial distribution for delay factors under owner defects. For [image: art], calculations are as follows:
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    In Equation 19: i = 1; j = 1. Calculations to normalise the rest of pi; i = 2,…, 12 are similar. Based on the probabilities assigned to the delay factors, it is possible to calculate probabilities for the four major categories of Table 2. First, one should calculate the values of [image: art] based on Equation 12. Therefore:
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    The next step is to remove the effect of the value of kj; j = 1, 2, 3, 4 by Equation 13:
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    Finally, these values should be normalised based on Equation 14:
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    Appendix 4: Detailed Results of the Hypothesis Tests


    Table 8. Hypothesis Tests
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    Appendix 5: Goodness of Fit for Regression Analysis


    Table 9 provides the results of the goodness of the regression test for project duration at a 95% confidence level. The reported p values is 0.000 for the regression coefficient and 0.000 for regression constant. Thus, it can be concluded that the regression line is significant. The last two columns of this table present 95% confidence interval for the coefficient and constant values.


    Table 10 presents the results of the goodness of the regression test for project costs at the 95% confidence level. Once again, the resulting p values conclude a significant regression line in the selected confidence level.


    Table 9. Results of Goodness of Regression Test for Duration of Projects
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    Table 10. Results of Goodness of Regression Test for Project Costs
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    Appendix 6: Validation of the Regression Analyses


    To verify the validity of the developed regression models, three assumptions should be tested (Doane and Seward, 2015): (1) the errors should be normally distributed, (2) the errors should have constant variance (homoscedastic) and (3) the errors should be independent.


    Figure 5 illustrates that for the duration regression model, residuals are very close to the normal line. This figure proves the correctness of the first assumption. Figure 6 belongs to the scatterplot of the residuals for the duration regression model. It can be verified that the residuals are randomly scattered: also, the scatterplot of residuals does not show a visible trend, which proves that the residuals are independent (Miller and Miller, 2012).


    
      [image: art]


      Figure 5. Normal Probability Plot of the Residuals for the Duration Regression Model
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      Figure 6. Scatterplot of the Residuals for the Duration Regression Model

    


    Figures 7 and 8 present the same information for the costs regression model. Although Figure 8 demonstrates that the residuals are homoscedastic and are not correlated (Miller and Miller, 2012), Figure 7 reveals that the residuals do not have a normal distribution. However, non-normality of errors is considered a mild violation since the regression parameter remains unbiased and consistent (Miller and Miller, 2012). The main consequence is that the confidence intervals may not be trustworthy because of this violation. However, since the sample size is large enough (n > 80) the regression equation is reliable (Doane and Seward, 2015).
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      Figure 7. Normal Probability Plot of the Residuals for the Costs Regression Model
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      Figure 8. Scatterplot of the Residuals for the Costs Regression Model

    


    The reader should note that in the duration regression equation R2 = 52.6%. Thus, the regression equation is able to explain 52.6% of the variation in the final duration of the projects based on the initial duration of the projects. In other words, there are other effective factors involved in determining the final duration of the projects that are not considered in the regression analysis. In fact, this study counts 36 effective delay factors. Including each of these delay factors in the regression equation should improve the coefficient of determination. However, this over-complicates the regression equation to the point where it is not a practical model anymore. Hence, project managers must interpret the results of the duration regression analysis with more caution.
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    Abstract: The technical performance requirements of projects posed a challenge to the sustainable development of small size local government projects particularly in developing countries. Studies in the past focused mainly on the performance of major foreign construction firms mostly owned and operated by expatriates. Very few researches however, have been conducted to assess the relationship between major cost factors affecting technical performance of small size local government projects. This study is aimed at assessing the relationship between major cost factors that affect technical performance of small size local government projects in Nigeria. Survey instruments were administered to major stakeholders in the construction industry comprising of project clients, contractors and consultants using proportionate stratified random sampling method. A Warp partial least square-structural equation modeling (PLS-SEM) software algorithm was used for the analysis of collected data. The software is one of the powerful software for data analysis and has an advantage of providing p values based on the structure of the research model. The study concluded that cash flow problem, fraudulent practice and nature of construction environment are the major factors affecting technical performance of local government projects in Nigeria and further recommended the use of mediator variables like pay for performance and advance payment policy to minimise such negative effects. Governments in developing countries should devise a good cash flow policy and impose stringent penalties against any party involved in fraudulent activity.


    Keywords: Cost, Factors, Technical, Performance, Projects, Nigeria


    INTRODUCTION


    The success of any construction project is realised when a project is built on targeted cost, time and quality with minimum conflicts. For a project to be successful the stakeholders need to ensure that the project is operating as efficiently and effectively as possible. Improving the efficiency and effectiveness of any project requires understanding of cost factors that influence practical approach or technical performance in implementing processes affecting the project. For improved technical performance, all relevant cost factors affecting technical performance of small scale local government projects should be identified and regularly evaluated against key technical performance indicators of any project i.e. specification and quality.


    Technical performance is defined as the totality of features required by a project or service to satisfy a given specification, need or fitness for purpose (Ali et al., 2010; Chan and Chan, 2004). Technical performance is the project guarantee that convinced both the client and the end-users that the specification was adhered to during construction. The meeting of required specification is one way to achieve project technical performance and specification is defined as workmanship guidelines provided to contractors so as to achieve technical quality of the project (Doloi et al., 2012; Songer and Molenaar, 1997). The aim of technical specification is to ensure that the technical requirements specified are achieved and is provided to ensure that products are built in good standards and according to proper procedures (Mortimer and Mortimer, 2015). Agostini et al. (2015) grouped technical specification under the quality category of a product and is expressed as that which determines the level of performance of individual units. Technical specification is subdivided into:


    
      	Individual unit specification which states boundaries of a unit’s performance as a nominal value and tolerance.


      	Acceptable quality which states limits those are to be satisfied by most of the units (Agostini et al., 2015).

    


    Previous studies in the area of technical performance are delimited to the provision of insight into the design parameters of the projects by benchmarking specific design elements of a project to achieve enhanced technical performance of a project. Factors that affect technical performance of projects were not considered in attempting to improve technical performance of projects. Identifying and assessing the impact of constructs that contribute to poor technical performance of small size local government projects (SSLGP) is one major step in improving technical performance of small scale local government projects. For instance, in Malaysia, the performance of small size projects are often characterised by improper selection of the right plant and equipment required for the construction or installation works. The contractors rent plant and equipment when required and at times these plant and equipment are scarce particularly during peak period of construction activities (Sambasivan and Soon, 2007). Moreover, the plant and equipment are usually not properly maintained (Winch 2010; Sambasivan and Soon, 2007). Mistakes in setting out of works at initial construction stage, inadequate contractor experience and frequent failure of construction plant and equipment are the main factors contributing to the poor technical performance of small size local government projects (Sambasivan and Soon, 2007). In a similar finding in Malaysia, Memon et al. (2010) supported the previous findings that contractor inexperience and inadequate experience of labour are the major factors contributing to poor technical performance of small size local government projects in developing countries. Skill and technical competence of contractor’s workforce, contractor’s ability to identify and mitigate technical and schedule/programme risks, contractor’s compliance with technical requirements are the major factors identified as having negative influence on the technical performance of projects in Iran and Ghana (Jafari, 2013; Frimpong, Oluwoye and Crawford, 2003). However, in Vietnam, Luu, Kim and Huynh (2008) argued that the inability of the firms to recruit and retain qualified technical staff, inaccurate detailed working drawings and lack of good cooperation among the parties involved in construction activities are the main factors contributing to projects’ poor technical performance. This view was supported by Doloi, Iyer and Sawhney (2011) in India, that the inability of contractors’ to proactively respond to changes in technical direction influence their technical performance. Technical performance of a facility extends to its functionality, which must fulfill the intended function, user expectation and participants’ satisfaction (Mohit, Ibrahim and Rashid, 2010; Chan and Chan, 2004). In Nigeria, Ogwueleka (2011) described that the inability of small size contractors to respond to the technical innovation was the major factor affecting technical performance of projects. Likewise the issue of cost factors affecting technical performance of projects occurs not only in developing countries but also in developed countries like United States of America (USA) and the United Kingdom (UK). In USA, Mahesh (2012) found that various factors were responsible for poor technical productivity of small size projects as a result of both cost and time factors. The identified factors were external, financial, managerial and miscellaneous. In UK, the technical performance of small size projects was criticised for under performance as compared to other industries in the UK. In comparing technical performance of contractors in Japan, United Kingdom and United States, the Japanese contractors completed projects mostly with very minor defects and provided more time for defects liability period. The contractors were less often called back for rework compared to contractors from UK and USA that seek regular feedback on defects from project clients. The superior technical performance of Japanese contractors against their American and UK counterparts was due to quality consciousness, advance quality management and quality assurance (Xiao and Proverbs, 2002). Generally, the UK construction industry is criticised for not performing at the same level with other developed countries (Takim and Akintoye, 2002). Furthermore, in the UK, Kurul, Zhou and Keivani (2013) suggested integrating cost into the technical aspects of project performance to balance the socio-economic performance of the projects.


    Cost factors refers to the main research independent constructs that affect the dependent construct (technical performance) of construction projects in one hand and overall performance of contractors in the other. Cost factors are the factors that have a direct proportional cost relationship with the technical performance of SSLGPs (Gambo and Said, 2014; Ezeh, 2013). Cost factors affecting technical performance of SSLGPs are the cost-related factors that lead to cost overrun and followed by poor quality delivery of projects. The constructs includes: cash flow problem, effects of fraudulent practice and nature of construction environment. These are referred to as main or major cost factors because mostly all other sub-factors were in one way or other related to one or some of these factors (Matthew, Patrick and Denise, 2013; Odeyinka, Lowe and Kaka, 2008). Cash flow problem is a situation where a contractor does not have enough cash to be able to pay the firm’s liabilities. The main causes of cash flow problem are: low profits, underpayment for approved valued works, client insolvency and delays in payment (Odeyinka, Lowe and Kaka, 2008; Wasi and Skitmore, 2001). The second construct is the effects of fraudulent practice is any action or omission, including misrepresentation that knowingly or recklessly misleads, or attempt to mislead any party in a contract to obtain a financial benefit or to avoid an obligation. The factors that affect technical performance of SSLGPs under fraudulent practice are: actions not taken against contractor’s non-compliance with the terms and condition of contract, double payment for the same item, substitution of specified item with used or inferior ones, and expenses paid when not incurred (Matthew, Patrick and Denise, 2013). The third construct is effects of the nature of construction environments. Construction environment is the natural environment in the process of change by human efforts through constructions of dwellings, landscaping and heating and/or cooling to control indoor climate. The nature of construction environment affects most construction materials, plants and equipment, as well as procedures or processes of construction and overall technical performance of the facilities. The following factors are listed under natural environmental factors affecting the technical performance of projects: metrological trends like storms, geological process like soil and strata characteristics and long term environmental trends like climate change, presence of surface water etc.


    This study is aimed at:


    
      	Identifying major cost factors affecting technical performance of projects.


      	Assessing the relationship between the cost factors that affect technical performance.

    


    FACTORS INFLUENCING TECHNICAL PERFORMANCE OF SSLGP


    The independent constructs that are identified to have an effects on the technical performance of small size local government projects are: cash flow problem, fraudulent practice and nature of construction environment (Hazir, Haouari and Erel, 2015; Inuwa, Usman and Dantong, 2015; Qu et al., 2015; Gambo and Said, 2014; Ezeh, 2013; Local Government Monitoring and Evaluation Committee [LGMEC], 2009).


    Hazir, Haouari and Erel (2015) stated that cash flow problem is the main factor contributing to time delays which leads to poor quality of products. Poor quality of products in turn, leads to its poor technical performance. Liang and Gan (2015) added that poor cash flow policy is the major factor associated with the poor technical performance of small size projects. Small construction businesses usually do not have adequate fund to finance projects, the business normally depends on the progress payments to run its daily activities such as procurements of plant and equipment, recruitment and training of staff. Any delay in payment affects daily running of the business and hence leads to poor technical performance of product. Cash flow problem have devastating effects on the technical aspect of the performance of small size projects particularly in developing countries where small scale contractors have difficulties in accessing bank loans, overdrafts and invoice financing because of persistence of insolvency in the industry (Addo, 2015). Cash flow problem is a situation where a contractor does not have enough cash to be able to pay all the business liabilities. Adequate cash flow is essential to keep a project afloat, but the problems are that small size projects in developing countries are bedeviled by a number of cash flow problems. A survey conducted by Asian Review on small size projects in 2010, found that 50% of the projects had cash flow problems (Russell, 2010). The contractors of those projects often consider bandaging their cash flow problems with temporary cash infusions, but a project ultimately needs to fix structural problems in their supply chain to show qualitative output. Russell (2010) stated that cash flow problem is an indication that a project consumed more money than budgeted cost due to non-conformance with the firm’s financial statement, resulting in low quality output and low investment into the procurement of new sophisticated tools, plant and equipment for fulfilling the required technical performance.


    Cash flow is viewed generally in construction projects in two ways. Firstly, cash flow as the net receipt or net disbursement resulting from receipts and disbursements occurring in the same period as presented in Equation 1 (Odeyinka, Lowe and Kaka, 2008).


    [image: art]


    Equation 1 indicates that a positive cash flow shows a net receipt in a particular period of interest, while a negative cash flow shows a net disbursement in that period. Secondly, cash flow is defined here as the actual movement or transfer of cash (money) into or out of a firm (Odeyinka, Lowe and Kaka, 2008). Therefore, based on this definition, money coming to the firm is termed as positive cash flow because the money is credited to the account of the firm and money going out from the firm is termed negative cash flow because the money is debited from the account of the firm, so the difference between the two is termed net cash flow.
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    Based on the above definitions positive cash flow is derived from the monies or payment received by a firm during a period of time and negative cash flow is the monies expended on a contract for the procurements of materials, plant, equipment, services, wages and salaries and other overhead costs (Odeyinka, Lowe and Kaka, 2008). Memon et al. (2010) said that the effects of cash flow problems and financial difficulties in the Malaysian construction industry were the main significant factors affecting construction costs. Construction cost problems invariably lead to technical difficulties. Cash flows are predicted to suffer more severely from timing and matching problems that reduce their ability to reflect the firm’s technical performance: therefore, cash flow problem seriously affects the technical performance of projects (Liang and Gan, 2015). The factors under cash flow problems include delay in settling claims and agreeing on variations/day works, under valuation of performed works, clients’ insolvency and delays in payments of approved valued works (Gambo and Ilias, 2014; Odeyinka, Lowe and Kaka, 2008).


    In Australia, Brown et al. (2015) identified that fraudulent practice in the construction industry was the major factor affecting technical performance of projects. Fraudulent practice leads to total collapsed of any business and the industry in general (Inuwa, Usman and Dantong, 2015). In Nigeria, fraudulent practice affects technical performance of construction projects in various ways which includes: deliberates substitution of specified construction material with less quality ones, improper social contact between contractors and consultants and problems of kickbacks (Inuwa, Usman and Dantong, 2015). Elinwa and Buba (1993) stated that fraudulent practices and kickbacks were the most important factors leading to poor technical performance of projects in the Nigerian construction industry. Stevens and Fuentes-George (2015) mentioned that all government-funded projects in developing countries were political in nature. Political problems, in turn, invariably lead to poor cash flow problems, bribery and corruption. Matthew, Patrick and Denise (2013) defined fraudulent practice as intent to deceive through false representation of a matter or a fact, whether by word or by conduct, or by concealment of information, which should have been disclosed, in order to cause damage to an entity relying upon that false information. The factors that affect technical performance of projects under fraudulent practices are: action not taken against contractor’s non-compliance with the terms and conditions of contract, double payments for the same item, substitution of specified items with used or inferior ones, expenses paid when not incurred, falsification of contract documents and giving gratuity to induce a party to the contract to give unfair advantage (Kshetri, 2015; Samuel and Ovie, 2015; Matthew, Patrick and Denise, 2013).


    Qu et al. (2015) stated that nature of construction environment affects technical performance of construction projects in a various ways such as high high humidity air reacts with cement and other metallic materials; this lowered the strength of construction materials. Ngacho and Das (2015) revealed that storm and other force majeure affects technical performance of construction projects. Whereas Vilanova, Filho and Balestieri (2015) described that high underground water is the major factor that affects the technical performance sub-base and base courses of road pavements and leads to its failure. The nature of construction environment affects the technical performance of projects, which has become a major issue to the public (Akanni, Oke and Akpomiemie, 2015). The factors affecting the nature of construction environments are: harsh construction sites, civil commotion/disturbances, topography of the construction/working site, site constraints and storage limitations, availability and supply of labour to the site, hostile political and economic environment, etc. (He et al., 2015). Polluted water recycling and reusing wastes were other factors having significant impacts on the technical performance of projects (Akanni, Oke and Akpomiemie, 2015). The effects of the nature of construction/working environments also have significant impact on the technical performance of small size projects particularly in rural areas (Oslo and Paris Conventions for the Protection of Marine Environments [OSPAR], 2008). The report further indicated that the effects have cumulative impact on the quality of products and further divided it into permanent and temporary effects. The permanent effects comprised of meteorological trends like storms, geological processes like soil and strata characteristics and long term environmental trend like climate change. The temporary effects comprised of chemical, biological and ecological effects, social and political conditions such as land use acts, development trends, regulations, social trends and public safety (OSPAR, 2008). The nature of construction/working environments affect not only the projects itself but the project site, used for project installation and materials such as concrete, timber, clay, sand, gravel, steel, etc.


    RESEARCH METHOD


    This study is quantitative in nature: a questionnaire survey was administered to 550 contractors, project management consulting firms and project clients in the northern part of Nigeria. The region comprises of 19 states and federal capital territory Abuja. The region represents almost 80% of the total country’s land mass (744,249.08 km2) and a population of about 95 million people (National Population Commission, 2000). A total of 387 and 357 questionnaires were returned and analysed respectively. Thirty questionnaires were rejected i.e. not included in the analysis because of discrepancies in the responses and/or majority of the items in the questionnaire were left unattended or unanswered. A Warp 3 PLS regression algorithm was used in the data analysis. The data were bootstrapped to 999 times from the original samples with replacement. Bootstrapping approach generated an empirical representation of the sampling distribution of the effect by treating the original sample size as a representation of the population in the miniature: this is repeatedly resample during analysis as a mean of copying the original sampling process (Hayes, 2009). The study recorded the overall return rate of 70% and response rate of 65% as against the researches of Mahesh (2012) with 21.17%, Odeyinka, Lowe and Kaka (2008) with 52% and Yasamis, Arditi and Mohammadi (2002) with 54%.


    Measurement Model for the Research Constructs


    The reliability of the survey instrument indicated an extent to which the constructs or dimensions are without bias (free from error) and hence ensure consistencies of measurement across the various items in the instrument (Sekaran and Bougie, 2011). The composite reliability coefficients (CRC) and Cronbach’s alpha (CA) for the latent variables in this study were presented in Table 2.


    Composite reliability


    Tables 2 presents the composites reliability coefficients for the latent variables; technical performance (tecper) had a CRC of 0.772, then cash flow problem (casflo) had a CRC of 0.941 and the fraudulent practice had a CRC of 0.927 and lastly the composite reliability coefficient of the nature of construction environment (envfac) had a CRC of 0.717 which are regarded as excellent and acceptable (Sekaran and Bougie, 2011; Field, 2009; Pallant, 2010). The survey instruments are regarded as internally consistent.


    Cronbach’s alpha


    Table 2 presents the CA coefficients for the latent variables: technical performance (tecper) had a CA of 0.761, then cash flow problem (casflo) had a CA of 0.930, and fraudulent practice (frapra) had a CA of 0.915 and lastly the effects of factors affecting construction environment (envfac) had a CA value of 0.730 all fall within the acceptable limit/bench mark of 0.70 and all regarded as excellent and acceptable according to Field (2009). CA of cash flow problems had a CA of 0.930 regarded as excellent and acceptable (Sekaran and Bougie, 2011; Field, 2009; Pallant, 2010). This indicated that the survey instruments are regarded as reliable.


    Factor loading


    Table 2 presents the model factor loading. Individual factors under fraudulent practice had loadings between 0.466–0.767 the minimum value was above the acceptable level of 0.4 and the maximum value above the preferred level of 0.7 (Hulland, 1999). Similarly, cash flow problem had a factor loading between 0.546–0.865 the minimum value above the acceptable level of 0.4 and the maximum value above the preferred value of 0.7 (Hulland, 1999). The factor loadings in relation to the nature of construction environment had loadings between 0.43–0.880 with the minimum loading above the acceptable level of 0.4 and the maximum above the preferred level of 0.7 (Hulland, 1999).


    Average variance extracted (AVE)


    Table 2 presents the average variance extracted (AVE) for the research constructs. The effects of fraudulent practice had AVE value of 0.464 which is greater than the acceptable threshold of 0.4, so the convergent validity is confirmed (Memon et al., 2013; Roldán and Sánchez-Franco, 2012; Bagozzi and Yi, 1988). The AVE in respect to the construct cash flow problem had an AVE of 0.619, which is greater than the acceptable level of 0.4, so the convergent validity is confirmed (Memon et al., 2013; Roldán and Sánchez-Franco, 2012; Bagozzi and Yi, 1988). The AVE value in respect to the nature of construction environment had a value of 0.498 well above the acceptable value of 0.4; this confirmed the convergent validity (Memon et al., 2013; Roldán and Sánchez-Franco, 2012; Bagozzi and Yi, 1988). The AVE in respect to technical performance of small size local government projects in Nigeria had an AVE value of 0.576 well above the acceptable limit of 0.4; this confirmed the convergent validity on the technical performance (Memon et al., 2013; Roldán and Sánchez-Franco, 2012; Bagozzi and Yi, 1988).


    Measurement Scale for the Research Constructs


    The four research constructs i.e. technical performance of small size local government projects, cash flow problem, fraudulent practice and nature of construction environment were all measured using a five-point Likert scale. Likert scale is concerned with uni-dimensionality that makes sure all factors measure the same thing and is the most popular scaling procedure in use today (Giudici, 2003; Oppenheim, 2000). Technical performance of small size local government projects being the dependent construct was measured using a five-point Likert scale, with the scale defining the levels of technical performance of the projects ranging from very low performance to very high performance. Level of technical performance is described as the journey so far reached in achieving quality of products (Elger, 2008). The performance levels are defined by Team Leadership (2010) as follows:


    
      	Very low performance (Level 1) refers to unsatisfactory performance that does not meet all the requirement of job standards.


      	Low performance (Level 2) implies performance that slightly or nearly meets some requirement of the job standards.


      	Average performance (Level 3) describes the performance that consistently meets the normal expectations of the work standards.


      	High performance (Level 4) indicates where the project consistently meets and frequently exceeds most expectations of the work standards.


      	Very high performance (Level 5) implies achievement in all aspects of responsibilities being consistently and substantially beyond expectations.

    


    The independent construct, cost factors affecting technical performance of local government projects was also measured using a five-point Likert scale ranging from factors with no severe effects on the technical performance of the project to factors with extremely severe effects on the technical performance of projects (Amoah, Ahadzie and Dansoh, 2011; Oyewobi and Ogunsemi, 2010). The severity of the factors on the scale is described as follows:


    
      	No severe effects (Scale 1) described the factors that have no negative effects on the technical performance of small size projects.


      	Least severe effects (Scale 2) refer to factors that have little negative effects on the technical performance of small size projects.


      	Severe effects (Scale 3) refer to factors having moderate negative effects on the technical performance of the projects.


      	Very severe effects (Scale 4) refer to factors having large negative effects on the technical performance of the projects.


      	Extremely severe effects (Scale 5) refer to factors having disastrous effects on the technical performance of the projects.

    


    Content Validity


    Sekaran and Bougie (2011) stated that content validity is used in research to validate the research instruments used for a research study. Content validity is used to assess how well an idea or concept is represented by the items in a questionnaire. The content validity for this study was conducted by requesting experts in the field of construction and project management research and academics on the suitability of the items in the questionnaire. After thorough discussions the experts validated, verified and agreed on 10 items under cash flow problem, 15 items under fraudulent practice, and 10 items under nature of construction environment. The dependent variable technical performance of small size local government projects is divided into two major groups namely: individual specification and acceptable quality. The individual specification had a total of six items whereas acceptable quality had a total of 11 items as shown in the Table 3.


    Construct Validity


    Table 4 presents the construct validity for the research items and this was achieved using factor analysis. The factor analysis was carried out to test and identify problems associated with multi-collinearity and singularity in the survey instruments on the four major constructs namely: cash flow problem, fraudulent practice, nature of construction environment and technical performance of projects. The Kaiser-Meyer-Olkin measure of sampling adequacy in respect to cash flow problem (KMO) was 0.912, then the total variance explained was 65.903%, the correlation matrix (R-matrix) was 0.01, and the chi-square, X2 (357) = 2487.882 with p = 0.000 significant at p = 0.05 level of significance. The fraudulent practice had a KMO value of 0.873, then the total variance explained was 64.083%, and R-matrix was 0.04, X2 (357) = 1921.244 with p = 0.000 significant at p = 0.05 level of significance. The nature of construction environment had a KMO value of 0.893, the total variance explained was 56.383%, then R-matrix was 0.02 and X2 (357) = 2128.405 and p = 0.000 significant at p = 0.05 level of significance. The technical performance of small size local government projects had a KMO value of 0.871, the total variance explained was 64.265%, then the R-matrix was 0.01 and X2 (357) = 2354.766 with p = 0.000 significant at p = 0.05 level of significance. This showed that all the four determinants of the R-matrix were greater than 0.0001 which indicated that there was no multi-collinearity or singularity among the construct items in the research instruments. Therefore, no single item was extracted from the research instrument due to either multi-collinearity or singularity (Field, 2009).


    Table 1. The Return and Response Rates


    [image: art]


    Table 2. Measurement Model for the Research Constructs


    
      
        	Model Construct

        	
          Measurement Item

        

        	
          Factor Loading

        

        	
          CR

        

        	
          Cronbach’s Alpha

        

        	
          AVE

        
      


      
        	Frapra

        	
          Frapra 1

        

        	
          0.466

        

        	
          0.927

        

        	
          0.915

        

        	
          0.464

        
      


      
        	
          

        

        	
          Frapra 2

        

        	
          0.689

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 3

        

        	
          0.511

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 4

        

        	
          0.705

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 5

        

        	
          0.767

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 6

        

        	
          0.728

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 7

        

        	
          0.713

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 8

        

        	
          0.716

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 9

        

        	
          0.737

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 10

        

        	
          0.646

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 11

        

        	
          0.696

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 12

        

        	
          0.735

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 13

        

        	
          0.727

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 14

        

        	
          0.720

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Frapra 15

        

        	
          0.577

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	Casflo

        	
          Casflo 1

        

        	
          0.814

        

        	
          0.941

        

        	
          0.930

        

        	
          0.619

        
      


      
        	
          

        

        	
          Casflo 2

        

        	
          0.797

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Casflo 3

        

        	
          0.844

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Casflo 4

        

        	
          0.817

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Casflo 5

        

        	
          0.865

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Casflo 6

        

        	
          0.865

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Casflo 7

        

        	
          0.787

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Casflo 8

        

        	
          0.768

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Casflo 9

        

        	
          0.714

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Casflo 10

        

        	
          0.546

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	Envfac

        	
          Envfac 1

        

        	
          0.493

        

        	
          0.717

        

        	
          0.730

        

        	
          0.498

        
      


      
        	
          

        

        	
          Envfac 2

        

        	
          0.431

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Envfac 3

        

        	
          0.495

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Envfac 4

        

        	
          0.436

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Envfac 5

        

        	
          0.869

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Envfac 6

        

        	
          0.830

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Envfac 7

        

        	
          0.880

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Envfac 8

        

        	
          0.856

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Envfac 9

        

        	
          0.876

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	
          

        

        	
          Envfac 10

        

        	
          0.809

        

        	
          

        

        	
          

        

        	
          

        
      


      
        	Tecper

        	
          Specification

        

        	
          0.759

        

        	
          0.772

        

        	
          0.761

        

        	
          0.576

        
      


      
        	
          

        

        	
          Quality

        

        	
          0.759

        

        	
          

        

        	
          

        

        	
          

        
      

    


    Notes: CR = Composite reliability; AVE = Average variance extracted


    Table 3. Content Validity
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    Table 4. Constructs Validity


    
      
        	Construct

        	
          Total Variance Explained

        

        	
          R-Matrix

        

        	
          KMO

        

        	
          Chi-Square

        

        	
          P-Value

        
      


      
        	Cash flow problem

        	
          65.903%

        

        	
          0.01

        

        	
          0.912

        

        	
          2487.882

        

        	
          0.000

        
      


      
        	Fraudulent practice

        	
          64.083%

        

        	
          0.04

        

        	
          0.873

        

        	
          1921.244

        

        	
          0.000

        
      


      
        	Nature of construction environment

        	
          56.382%

        

        	
          0.02

        

        	
          0.893

        

        	
          2128.405

        

        	
          0.000

        
      


      
        	Technical performance

        	
          64.265%

        

        	
          0.01

        

        	
          0.871

        

        	
          2354.766

        

        	
          0.000

        
      

    


    Notes: R-matrix = Correlation matrix; KMO = Keiser-Meyer-Olkin measure of sampling adequacy


    Method of Data Analysis


    The data obtained for this study were analysed with warp partial least square-structural equation modeling software algorithm (Warp PLS-SEM 3.0v). The statistical package is used for the analysis of collected data. The software is one of the powerful software for data analysis and has an advantage of providing p-values based on the structure of the research model (Bagozzi and Yi, 1988). responses are encoded and programmed into a system using numbers to represent real data collected, this helps to analyse the data efficiently and effectively (Sekaran and Bougie, 2011; Field, 2009; Giudici, 2003; Oppenheim, 2000) and are entered and run into the warp PLS-SEM software automatically.


    DATA ANALYSIS AND RESULTS


    The analysis and discussion of the data obtained for this study are presented as follows:


    Model Fit Indices


    A warp PLS-SEM 3.0v algorithm was used in the analysis of the collated data. The collected data were bootstrapped up to 999 times with replacement. The general model fit indices provided three indices: average path coefficient (APC) = 0.339 which was significant at p < 0.001 level of significance, the average R-squared (ARS) = 0.671 which was significant at p < 0.001 level of significance, and the average variance inflation factor (AVIF) = 1.706 and was less than 5; this was considered well. The coefficient of determination R2 = 0.671 as shown in Figure 1. This is regarded as substantial and indicated that 67% of the variance was explained by the model (Cohen, 1988).
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      Figure 1. SEM Model for the Relationship between Cost Factors and Technical Performance

    


    SEM Model for the Relationship between Cost Factors and Technical Performance


    Figure 1 presents the structural model for the relationship between cost factors and the technical performance of small size local government projects in Nigeria. The cost factors being the independent constructs comprising of cash flow problem (casflo), fraudulent practice (frapra) and nature of construction environment (envfac). The technical performance of small size local government project (tecper) was the dependent construct. The structural model beta coefficient value between fraudulent practice (frapra) and technical performance of small size local government projects (tecper) was β = –0.36 at pvalue < 0.01 which was significant at pvalue = 0.05 level of significance. The structural model beta coefficient between cash flow problem (casflo) and technical performance of small size local government projects was β = –0.030 at pvalue < 0.01 significant; this was significant at pvalue = 0.05 level of significance. The structural model beta coefficient between nature of construction environment (envfac) and technical performance of small scale local government projects was β = –0.036 at pvalue < 0.01 which was significant at pvalue = 0.05 level of significance. The structural model indicated that the beta coefficients between the independent constructs and dependent construct were all significant at p = 0.05 level of significance.


    Model Path Coefficients


    Table 5 and Table 6 present the path coefficients of the model and pvalues respectively, the path coefficient between casflo and tecper was β = –0.298 with a pvalue ≤ 0.001, which indicated that the path was significant at p ≤ 0.05 level of significance. The path coefficient between effects of frapra in the industry and the tecper was β = –0.356 with a pvalue < 0.001 which was also significant at p ≤ 0.05 level of significance. The path coefficient between effects of envfac and the tecper was β = –0.362 with a pvalue < 0.001 which was significant at p ≤ 0.05 level of significance. This indicated that casflo problems, effects of frapra and envfac have a negative influence on the tecper of small size projects.


    Table 5. Model Path Coefficients


    
      
        	

        	
          Casflo

        

        	
          Frapra

        

        	
          Envfac

        
      


      
        	Tecper

        	
          –0.298

        

        	
          –0.356

        

        	
          –0.362

        
      

    


    Table 6. Pvalues of Path Coefficients


    
      
        	

        	
          Casflo

        

        	
          Frapra

        

        	
          Envfac

        
      


      
        	Tecper

        	
          < 0.001

        

        	
          < 0.001

        

        	
          < 0.001

        
      

    


    Standard Errors of the Path Coefficients


    Table 7 presents the standard errors of the path coefficients, the standard error between casflo and tecper was 0.070, then the standard error of the path coefficient between frapra was 0.091and lastly the standard error for the path coefficient between envfac and tecper was 0.068.


    Table 7. Standard Errors of the Path Coefficients


    
      
        	

        	
          Casflo

        

        	
          Frapra

        

        	
          Envfac

        
      


      
        	Tecper

        	
          0.070

        

        	
          0.091

        

        	
          0.068

        
      

    


    Effects Sizes for Path Coefficients


    Table 8 present the effect sizes (f2) for the path coefficients between the independent constructs and the dependent construct. Effect sizes is the change in R-squared (R2) which is explored to see whether the impact of an independent construct on a dependent construct has substantive impact, (f2) and this is automatically computed by the warp PLS-SEM software. The effect size between casflo and tecper was 0.192, which was regarded as medium according to Cohen (1988). The effect size between frapra and tecper was 0.256, which was regarded as medium according to Cohen (1988). The effect size between envfac and tecper was 0.223 regarded as medium according to Cohen (1988).


    Table 8. Effects Sizes for Path Coefficients


    
      
        	

        	
          Casflo

        

        	
          Frapra

        

        	
          Envfac

        
      


      
        	Tecper

        	
          0.192

        

        	
          0.256

        

        	
          0.223

        
      

    


    Latent Variables Correlations


    Table 9 and Table 10 present the correlations of the latent variables between dependent and independent constructs and their pvalues respectively. In Table 9 the square roots of the average variance extracted (SQRT of AVE) for tecper was 0.759, casflo 0.787, frapra 0.681 and envfac was 0.706 of the square roots of the average variances extracted. This indicated that the square roots of the AVE for the independents and dependent construct are all well above 0.40, which were regarded as adequate (Bagozzi and Yi, 1988; Fornell and Larcker, 1981). The correlation coefficient between tecper and the casflo was R = –0.642 significant at p < 0.00 level of significance. This indicated that cash flow problem had a large negative relationship with technical performance of small size local government projects. The correlation coefficient between tecper and frapra R = –0.716 at p < 0.001 level of significance also indicated that fraudulent practice in construction industry had a large negative relationship with technical performance of small size projects. The correlation coefficient between tecper and evfac, R = –0.592 at p < 0.001 level of significance further indicated that the nature of construction environment had a large negative relationship with the technical performance of small size local government projects.


    The correlations among the independent constructs are likewise strong. The correlation coefficient between casflo and frapra R = 0.656 which was significant at p < 0.001 level of significance indicated that fraudulent practice had a large positive relationship with cash flow problem in the Nigerian construction industry. The correlation coefficient between casflo and envfac R = 0.273 significant at p < 0.001 level of significance this indicated a moderate relationship existed between cash flow problem and the nature of construction environment. The correlation coefficient between envfac and frapra R = 0.391 significant at p < 0.001 level of significance also indicated a moderate relationship between the nature of construction environment and the effects of fraudulent practice in the construction industry. The predictive relevance of the model Q2 = 0.671 which is > 0 and therefore, the model has predictive relevance (Hair et al., 2012).


    Table 9. Latent Variables Correlations


    
      
        	

        	
          Casflo

        

        	
          Frapra

        

        	
          Envfac

        

        	
          Tecper

        
      


      
        	Casflo

        	
          0.787

        

        	

        	

        	
      


      
        	Frapra

        	
          0.656

        

        	
          0.681

        

        	

        	
      


      
        	Envfac

        	
          0.273

        

        	
          0.391

        

        	
          0.706

        

        	
      


      
        	Tecper

        	
          –0.642

        

        	
          –0.716

        

        	
          –0.592

        

        	
          0.759

        
      

    


    Notes: Square roots of average variances extracted (AVE’s) shown on diagonal


    Table 10. Pvalues for Latent Variables Correlations


    
      
        	

        	
          Casflo

        

        	
          Frapra

        

        	
          Envfac

        

        	
          Tecper

        
      


      
        	Casflo

        	
          1.000

        

        	

        	

        	
      


      
        	Frapra

        	
          < 0.001

        

        	
          1.000

        

        	

        	
      


      
        	Envfac

        	
          < 0.001

        

        	
          < 0.001

        

        	
          1.000

        

        	
      


      
        	Tecper

        	
          < 0.001

        

        	
          < 0.001

        

        	
          < 0.001

        

        	
          1.000

        
      

    


    Cash Flow Problems


    Figure 2 presents a linear graph of the relationships between the tecper of the projects and casflo. The data points and the regression line shows almost straight line sloping from left to right with the coordinate’s points (x0, y0). The coordinate’s points lies between (–2.50, 1.70) and slopes down to coordinates (1.40, –0.50). This indicated that there is a linear relationship between tecper and casflo. The graph indicates that any increase in casflo problem affects tecper in a negative direction. The reasons for the linear negative relationship between cash flow problem and technical performance of small size local government projects were probably due to the delays in payment of an approved valued works, delays in payments of certified varied works, clients insolvency, etc. These have negative effects on the technical performance of small size local government projects. This is probably due to the small nature of the business and financial reserves of the contractors. The contractors used progress payments to fund the project, delay in payment affects contractor’s process of procurements of right plant and equipment for the works and also affects recruitment of qualified and training of staff for any special work. Therefore, cash flow problem affect technical performance of small size local government projects in Nigeria in a negative way.
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      Figure 2. Linear Graph of Tecper and Casflo

    


    Fraudulent Practice


    Figure 3 presents the curvilinear graph of the relationship between tecper and frapra. The coordinate’s points and the regression line shows a nonlinear or curvilinear relationship sloping down from left to right hand sides of the graph with the coordinates of (–2.70, 2.85) then slopes down to coordinates (1.70, –0.85), this indicated that there is a negative curvilinear relationship between tecper and frapra and shows that an increase in frapra factors affects tecper in a negative direction. The reasons for the curvilinear negative relationships between effects of fraudulent practice and technical performance of small size local government projects in Nigeria were as a results of certifying goods without carrying inspections or tests, actions not taken for non-compliance with the terms and condition of contract, falsification of contract document or receipts to get undue advantage or payments, substitutions of specified goods with non-specified ones, etc. These affect the quality of products and in return poor quality performance affects the entire technical performance of products in a negative way.
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      Figure 3. Linear Graph of Tecper and Frapra

    


    Nature of Construction Environment


    Figure 4 presents a warped or doubled curvilinear graph of the relationship between problems of envfac and tecper of projects. The coordinate’s points and the regression curve line shows a warped line that slopes down from left to right hand side of the graph, the coordinates were at points (–3.85, 2.30) then slopes down to coordinates (1.10, –0.45), which indicated that there is a negative curvilinear or warped relationship between effects of envfac and the tecper of small size local government projects. The reasons for the curvilinear or warped relationship between nature of construction environment and the technical performance of small size local government projects in Nigeria were probably due to the harsh climatic conditions that affect construction materials, frequency in occurrence of civil commotion/disturbances that affects progress of works, presence of surface water that affects concrete and timber during progress of works, effects of storm water that affects works, government regulations and policies that prevent construction activities in certain designated areas etc. These have a negative effect on the speed and quality of products and in turn, affect technical performance of products.
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      Figure 4. Linear Graph of Tecper and Envfac

    


    DISCUSSION OF THE RESULTS


    Warp PLS-SEM 3.0v was used in achieving the objectives of this study in identifying and assessing the relationship between cost factors that influence the technical performance of small size local government projects in Nigeria. Extensive literature reviews were conducted and the three factors contributing to the poor technical performance of small size local government projects were explored. The factors identified were: cash flow problem, fraudulent practice and nature of construction environment (Ezeh, 2013; Matthew, Patrick and Denise, 2013; Jafari, 2013; Odeyinka, Lowe and Kaka, 2008). The results of the analysis showed that the model path coefficient between cash flow problem and the technical performance of projects was significant. Also, the relationship between cash flow problem and technical performance of the projects revealed a large negative relationship, indicating that cash flow problem affects technical performance of small size local government projects in a negative manner in Nigeria. This is probably that cash flow problem such as late payment for an approved valued works, delayed payment of certified varied works, client insolvency were the major factors affecting technical performance of small size local government projects in Nigeria. The factors affect project technical performance in a quality wise direction such as procurement of right plant and equipment, recruitment and training of qualified staff for special works that affect technical performance of local government projects in Nigeria. This finding had confirmed the finding from Luu, Kim and Huynh (2008) and that of Memon et al. (2010) that delayed payments affects quality performance of projects and quality in turn affects technical performance. Similarly, the study was in line with the findings of Liang and Gan (2015) and that of Rusell (2010) that cash flow problem leads to non-procurement of right plant and equipment for special work. The study contradicts the finding of Ogwueleka (2011) that non-compliance with the innovation culture was the main cause of poor technical performance of projects. The model path coefficient for fraudulent practice was significant. The relationship between fraudulent practice and the technical performance of projects indicated a large negative relationship. This shows that fraudulent practice affects technical performance of small size local government projects negatively in Nigeria. This is probably due to the negative effects of actions not taken for non-compliance with terms and condition of contract, certifying goods without inspections or tests, falsification of contract documents and receipts to get undue advantage or payments: these were major factors affecting technical performance of local government projects in a negative way. This finding confirmed the findings from the study of Matthew, Patrick and Denise (2013) and Elinwa and Buba (1993) that actions not taken for non-compliance with the terms and conditions of contract and kickbacks were the main factors affecting technical performance of projects. While the study of Stevens and Fuentes-George (2015) had a different view probably it was done in developed country US. The third independent construct was the nature of construction environment: the model path coefficient between the nature of construction environment and technical performance of small size local government projects was significant. The relationship between nature of construction environment and technical performance of small size local government projects in Nigeria indicated a large negative relationship. This shows that the nature of construction environment affects technical performance of small size local government projects in Nigeria in a negative direction. This probably due to the negative effects of harsh climatic condition that affects construction materials, effects of civil commotion that affects progress of works and in turn affects quality, presence of surface water that affects concrete and storm water that affects the entire project. These affect products in a negative way. This study confirmed the findings from the study of Akanni, Oke and Akpomiemie (2015) and OSPAR (2008) that the effects of harsh construction environment affect technical performance of projects in developing countries. Therefore the analyses of the model path coefficients in respect to cash flow problem, fraudulent practice and nature of the construction environment had large negative relationships with the technical performance of small size local government projects in Nigeria.


    CONCLUSION AND RECOMMENDATIONS


    This study identified and assessed the cost factors affecting technical performance of small size local government projects and the relationship between these factors and technical performance of small size projects. The factors identified were cash flow problem, fraudulent practice, and nature of construction environment. The three cost factors (cash flow problem, fraudulent practice and nature of construction environment) had large negative relationships with the technical performance of small size local government projects. The effects sizes of these three independent constructs which affected technical performance of small size local government projects in a quality wise direction were found to be medium or moderate. Whenever the effects of these variables are high, the qualities of the products tend to be low and vice versa. This invariably affects the technical performance of the projects in a negative direction. The study therefore, recommends the practice of incentives/disincentives contract to check out the quality failures of small size projects at local government level and also to create competitiveness among small scale local government contractors for tangible improvements in quality and technical performance of projects. The condition of contract at the local government level should also incorporate penalty clauses against non-adherence to specification, remedial works related to poor technical performances and as well incentivising excellent technical performance. The study further recommends strong penalties and strict deterrent measures for any party in the project involved in any fraud or fraudulent practices. The government should also aim to promulgate appropriate legislation and have the political will in enforcing the law and order in the construction industry.
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    Abstract: The adoption of incremental owner-built techniques in housing construction relies on the associated lower cost compared to developer-built approaches. The mechanism that lowers cost is however, not obvious. This study is based on survey data that were collected using questionnaires which were distributed to 200 respondents in Dar es Salaam, Tanzania with response rate of 22.5%. The analysis results, based on descriptive statistics and regression analysis indicate that an incremental house-builder targeting an additional bedroom incrementally spends 28% lower annual construction cost and each additional square meter built, is associated with 0.4% lower cost. However, such lower cost comes at a 5%–10% longer completion time. These observations suggest that spreading costs over time reduces construction cost through multiple cost-saving channels opened up by time itself and factor intensity. The intensity of incremental housing construction favours increasing expenditure on labour than capital yielding a 5% reduction in annual cost but the greatest cost reduction benefit of up to 26% is realised through increasing expenditure on “capital” with fixed spending on materials during construction.


    Keywords: Cost, Factor-cost ratios, Housing, Owner-built housing, Dar Es Salaam


    INTRODUCTION


    In developing countries, the majority of housing units are provided incrementally in what is called owner-built housing (Malpezzi and Sa-Aadu, 1996; Mumtaz, 1995). The owner-built incremental housing is adopted partly as a matter of necessity since households have limited less costly alternatives (Majale, Tipple and French, 2012; Siddiqui, 2005; Drummond, Chongo and Mususa, 2013). This lower cost argument has been criticised as it contradicts with the western views on economies of scale (Arvanitis, 2013; Samaranayake, 2012; Boamah, 2010). This paper investigates the impact of key attributes of incremental housing provision in Dar es Salaam in relation to construction cost in order to accord due weights to either arguments. Based on both descriptive and regression analysis, it has been observed that owner-builders targeting bigger houses incrementally often end up with lower annual construction cost but take longer to accomplish their house-ownership dream. In terms of factor intensity, it is established that the use of physical and financial capital significantly reduces construction cost. This observation could be linked to the practices of hiring equipment such as trolleys, concrete mixer and supporting wood (timber) which are common in incremental construction.


    A part from informing the wider audience of the structure of owner-built incremental housing cost in Tanzania, this paper argues that preference on such approaches is not only dependent on cost-spread effect of longer construction period (affordability and cheap labour) as it is well known in the literature but also factor intensity where the cost-saving benefits of using factor combinations that have relatively larger cost share of physical/financial capital far outweigh the cost-saving advantage of labour cost when both are measured against material cost. This suggests that the practice of shunning away from the use of commercial sources of finance and capital equipment which is common among incremental owner-builders, is only justified under shorter implementation periods. When project costs are spread over a sufficiently longer period of time the cost-saving advantages of using loans and hired capital equipment tend to be larger than the labour cost-saving advantages. This study advocates for a proper regulatory framework to guide the incremental housing supply process especially on the issue of amenities and quality of materials used. Regulating the sector increases construction cost but such rise may not be larger than the intergenerational housing budget constraints of current laxity. Apart from regulating building material quality, housing policies in developing countries need to be aligned towards lengthened loan repayment schedules in order to reach the majority of incremental owner-builders.


    HOUSING CONSTRUCTION APPROACHES IN DEVELOPING COUNTRIES


    In developing countries, housing can either be formal or informal (Arvanitis, 2013; Nohn and Bhatt, 2014) but in either case, affordability is a major challenge (Beck, 2012; Drummond, Chongo and Mususa, 2013; Mayank et al., 2012). As a result, formal and conventional developer-built housing approaches are uncommon among the low-income majority (UN-Habitat, 2008; Hoek-Smit, 1998; ShoreBank International, 2011; Neves and Amado, 2014; Samaranayake, 2012). In these countries, housing is mainly provided through owner-built incremental approaches (Gattoni, 2009; Bisiaux, 2014; Beattie, Mayer and Yildirim, 2010; Majale, Tipple and French, 2012; Wakely, 2014). The approaches have evolved over time depending on finances and changing government policies. In the 1970’s, site-and-service schemes were common in countries such as Kenya, Tanzania, Sudan, Pakistan and many Latin America countries such as Peru and Mexico under the auspices of the World Bank (Beattie, Mayer and Yildirim, 2010; Malpezzi and Sa-Aadu, 1996; Siddiqui, 2005). Of recent, site-and-service-like projects are implemented by providing developed plot through auction (Siddiqui, 2005; Majale, Tipple and French, 2012).


    Incremental housing is naturally fuelled by regulatory laxity which allows plot acquisition and development without following appropriate planning regulations i.e. informal housing (Gattoni, 2009). The third form of incremental housing provision is direct involvement of the government or its subsidiary or NGOs in constructing a core house i.e. an outer frame with/without rooms (Abdel-Kader and Ettouney, 2010) as it was in Khartoum Sudan (Beattie, Mayer and Yildirim, 2010) or in earthquake stricken Yogakyarta in Indonesia (Maly, Kondo and Shiozaki, 2012). The fourth approach is slum upgrading schemes or regularisation schemes targeting existing housing improvements (van Winssen, 2014; Malpezzi and Sa-Aadu, 1996; Bisiaux, 2014; Gattoni, 2009). The last form is housing transformation executed by altering and/or extending dwellings depending on the availability of funds for the project and the need to minimise costs (Majale, Tipple and French, 2012; Nguluma, 2003; Mukhija, 2014; Nakamura, 2014).


    Among the effects of incremental approach is that owner-builders view their houses as not only shelter but also: a basis of social status and prestige (Boamah, 2010; Siddiqui, 2005; Harper, Portugal and Shaikley, 2011; Mehta and Bridwell, 2005), a promise of improved health through more decent sanitation systems and protection from weather, security against violence, vandalism and theft and a route to productivity (Schmidt, 2006), it gives a sense of security, empowerment and hope (Scott, 2012). The consequence of these attachments is to detach housing from economic considerations. Thus it is rare for incremental developers to use their finished houses to access formal finance leading to the western view that the incremental housing approach is a tedious, wasteful and a highly questionable technique for housing provision.


    THE INCREMENTAL OWNER-BUILT APPROACH IN TANZANIA


    According to the World Bank (2015a) data, Tanzania’s GNI per capital stood at USD 840 in 2013 an equivalent of USD 2,430 in purchasing power parity per annum or Tshs 324,000/= per month based on 2013 exchange rates (2,430*1,600/12). These data suggest that many people are poor and cannot rely on conventional developer-built housing. These approaches require verifiable and long term sources of finance (Monkkonen, 2009). Like many developing countries (Siddiqui, 2005; Malpezzi and Sa-Aadu, 1996; Greene and Edwardo, 2008; Majale, Tipple and French, 2012; Wakely, 2014), Tanzania adopted the developer-built approach since the 1950’s. In the 1960’s the National Housing Corporation (NHC) was established and remains the main provider of developer-built housing with a current stock of about 19,000 housing units throughout Tanzania.


    Compared to the developed countries, in Tanzania the role of the private sector housing is marginal, principally because of post-independence socialist policies which gave NHC monopoly over housing construction for about 30 years since its establishment in 1962 and the greater percentage of low-income households in the informal sector. NHC estimated housing deficit at 3,000,000 housing units and that housing shortage has since then been growing at 200,000 housing units per annum (NHC-Tanzania, 2010). However these data exclude informal housing provision approaches. The informal housing which is mainly incremental contributes up to 80% of the total housing stock in major cities of many developing countries (Alagbe, Adewale and Alagbe, 2014; UN-Habitat, 2010).


    The origin of urban incremental housing in Tanzania can be traced as far as colonialism. The colonialist neglected Africans’ housing issues and applied discriminative policies which allowed segregation of White, Asian and Africans settlements (Kironde, 1995). Thus, black Africans interested in urban life found their own incremental route to housing in settlements that were illegal but within or close proximity to towns. These practices continued even in early post-independence, where the government was harsh to these illegal structures (Lim, 1987). Beginning 1970s’ to date there have been notable policy changes whereby informal housing has been increasingly recognised as part of the urban built environment. Many housing units considered illegal during colonialism and early post-independence era, are now recognised and legalised (Majale, Tipple and French, 2012; Wakely, 2014; Turner, 1967).


    During 1973–1976, Tanzania through the assistance of the World Bank conducted site-and-service schemes in several regions including Dar es Salaam (Mbyopo, 1993). Apart from site-and-service schemes, local authorities have provided developed and undeveloped plots some of which are offered through auctions; a practice adopted in the 20,000 plots project in Dar es Salaam (Siddiqui, 2005; Majale, Tipple and French, 2012; Mwiga, 2011). Further, the government has implemented several squatter upgrading schemes since 1970s (Mbyopo, 1993). Housing transformation has also been observed and documented for Dar es Salaam (Nguluma, 2003; Magigi and Majani, 2006). And lastly, the most recent effort towards recognition of informal owner-built incremental housing in Tanzania includes issuance of residential licenses pertaining to settlements which were declared to be squatters in a case of Mwalimu Omari and Ahmed Baguo vs. Omari Bilal, Civil Appeal 19 of 1996 (MKURABITA, 2008).


    COST SHARES AND FACTOR INTENSITY IN INCREMENTAL HOUSING PROJECTS


    The term factor intensity as used in this study refers to the degree at which costs of one factor is higher relative to the other for the same housing unit. In incremental housing, capital equipment can be hired to perform certain processes in the course of construction for which human being cannot perform efficiently. However, in developing countries labour intensity increases as a result of rural-urban migration (Giddings, 2007; Albuquerque, 2012) but productivity declines because of lower technological levels (Wells, 2001; Moavenzadeh and Rossow, 1975). This is supported by data presented in Figure 1 for the case of Tanzania (World Bank, 2015b). Previous studies have suggested that most of the population growth in Tanzania will occur in Dar es Salaam (Mujobu Moyo, Simson and de Mevius, 2010), the focus of this study.
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      Figure 1. Rural and Urban Population Trends in Tanzania

    


    Studies in Australia and Canada have revealed that prices of both materials and land tend to fluctuate more frequently than labour (Carliner, 2003; New Zealand Productivity Commission, 2012; Taylor, 2012). The breakdown of construction cost in these countries shows that labour cost as a share of total cost ranges between 20%–30% while material cost is around 50%. Land prices are estimated to be 20%–25% of construction cost in the UK (Carliner, 2003). In developing countries, studies on cost shares are however, rare. Arvanitis (2013) estimated hard housing construction cost in Kenya to be 60% of which 70% is materials and 30% is labour. This indicates that material cost is around 42% which is slightly lower compared to developed countries. In term of plot prices, estimates in Tanzania suggest that, it could be as low as 5% of construction cost (Makoba, 2009) but, the highest price limit in an inflationary environment could exceed 50% (Oikarinen, 2009).


    RESEARCH METHODOLOGY


    Based on the preceding discussion it can be argued that the quantity of the built space in terms of the number of rooms or size do not only depend on the amount spent on factor-inputs but also the time and preferences of owner-builders. The process through which factors are combined is captured by the factor intensity ratios indicating that construction cost is simply a function of preferences and ideas on design features, styles and building materials, time and space (Output) and the processes. This conceptualisation is depicted in Figure 2.
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      Figure 2. A Conceptual Framework for Analysing Factor Intensity and Cost Shares in Relation to Construction Cost

    


    Sample and Data


    To obtain data based on the conceptual framework in Figure 2, this study utilised questionnaires which were administered to 44 house owners in the city of Dar es Salaam, the largest city and commercial capital of Tanzania, between January and March 2013. The questionnaires allowed the respondents to separate the construction of a main house and the extension house resulting into 63 projects. To capture the effect of time under construction each project was attached to the years through which construction was ongoing leading to 369 project years. To obtain the year value for each project, cost figures were spread equally throughout the project implementation period. This adjustment provides a means to weigh each cost figure to the relevant period under which construction was ongoing. To capture the time value of money the average annual construction costs were discounted by the inflation rate for each year. This adjustment acts to stabilise the cost figures leading to more robust results for comparison across projects.


    The sampling strategy involved some elements of purposive sampling where 100 government employees were targeted and provided with questionnaires to fill in at their own spare time and another 100 questionnaires were distributed based on a household survey to non-governmental employees. To reach these non-governmental employees, the researchers visited their houses in wards which were closer to researchers’ place of residency or employment. The response rate was 22.5% of which only two were non-governmental employees. Retrieving questionnaires from non-governmental employees was very difficult thus they are excluded from further analysis.


    Table 1. Descriptive Statistics


    
      
        	

        	
          Number of Observations

        

        	
          Minimum

        

        	
          Maximum

        

        	
          Mean

        

        	
          Std. Deviation

        
      


      
        	Natural Log (Ln) of annual construction cost

        	
          360.00

        

        	
          8.30

        

        	
          13.84

        

        	
          10.82

        

        	
          1.25

        
      


      
        	Property type main house

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.86

        

        	
          0.35

        
      


      
        	House type normal house

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.87

        

        	
          0.34

        
      


      
        	Ln of size of built-up space

        	
          369.00

        

        	
          2.20

        

        	
          6.40

        

        	
          5.06

        

        	
          0.60

        
      


      
        	Number of bedrooms

        	
          361.00

        

        	
          1.00

        

        	
          6.00

        

        	
          3.32

        

        	
          0.79

        
      


      
        	Labour to material cost

        	
          199.00

        

        	
          0.08

        

        	
          0.88

        

        	
          0.37

        

        	
          0.18

        
      


      
        	Labour to capital cost

        	
          187.00

        

        	
          0.04

        

        	
          26.67

        

        	
          3.96

        

        	
          4.66

        
      


      
        	Capital to material cost

        	
          187.00

        

        	
          0.00

        

        	
          2.08

        

        	
          0.28

        

        	
          0.41

        
      


      
        	Duration of housing construction

        	
          369.00

        

        	
          1.00

        

        	
          20.00

        

        	
          6.33

        

        	
          5.31

        
      


      
        	Duration to home ownership

        	
          369.00

        

        	
          1.00

        

        	
          21.00

        

        	
          9.92

        

        	
          5.73

        
      


      
        	1998

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.07

        

        	
          0.25

        
      


      
        	2000

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.05

        

        	
          0.22

        
      


      
        	2002

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.07

        

        	
          0.26

        
      


      
        	2004

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.08

        

        	
          0.27

        
      


      
        	2006

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.10

        

        	
          0.30

        
      


      
        	2007

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.07

        

        	
          0.26

        
      


      
        	2008

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.09

        

        	
          0.29

        
      


      
        	2009

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.09

        

        	
          0.29

        
      


      
        	2010

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.09

        

        	
          0.29

        
      


      
        	2011

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.09

        

        	
          0.29

        
      


      
        	2012

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.10

        

        	
          0.30

        
      


      
        	2013

        	
          369.00

        

        	
          0

        

        	
          1

        

        	
          0.09

        

        	
          0.29

        
      


      
        	Valid n (list wise)

        	
          176.000

        

        	
          

        

        	
          

        

        	
          

        

        	
          

        
      

    


    Variables for Analysis


    The analysis relies on descriptive statistics and regression analysis because the data collected are quantitative and require statistical analysis. Since the researchers wanted to understand the simultaneous effect of predefined variables, it was necessary to use multiple regression techniques which allow the simultaneous isolation of the effects of each variable. Given the low response rate, the results of Ordinary Least Squares (OLS) were supported with descriptive statistics to allow critical analysis of the normative statements made in the discussion section. Thus, annual construction cost per square meter (ACC) was regressed onto measures of factor intensity and a number of control variables as shown in Table 1. The model is given by:
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    where, ACC is the annual construction cost per sqm, β0 is a constant, βi is the coefficient for cth factor intensity or control variables (Xi), b1j, is the coefficient for the vth house type and property type dummies (Dj) and b2k is the coefficient for 13 year dummies (Yk). Three factor-intensity indicators were included in the regression model each capturing the amount spent (in Tshs) in one factor relative to the other. That is labour-intensity is measured relative to both materials and capital cost while capital intensity is measured relative to material cost only.


    Data Analysis and Results


    The summary of the data and variables shown in Table 1 reveals that about 86% of the projects were for main buildings while 87% were for single-storey house construction. The duration to home ownership (from plot purchase) ranges between 1–21 years where the houses have one to six bedrooms. Table 3 shows that projects under consideration were implemented from 1990–2013 while the plots were acquired from 1990–2012 (year 1998 in Table 1 represents average values for projects implemented from 1990–1998)


    Factor Cost-Shares in Incremental Housing Construction


    A summary of different cost components shown in Table 2 indicates that incremental housing projects allocate the lowest costs to site clearing and site levelling activities while the highest costs are allocated to material cost. This observation is relevant for both single-storey and two-storey projects though in two-storey projects, site levelling cost is not the lowest component. Save only for “other costs” which are 19% higher for single-storey than two-storey houses, all other cost components are higher for two-storey houses. On average a single-storey-single-family house would costs about 50% of the costs associated with the average single-family-two-storey house. The biggest differences in construction costs are observed in terms of site and levelling costs where for the average single-storey house it is only 10% of the average two-storey house. The lowest cost differences are observed in terms of plot costs and interest costs where the average construction costs for a single-storey house are 68% and 60% of the average two-storey house respectively.


    Table 2. Construction Cost by Components
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    Time and Size of Incremental Housing Project


    In terms of implementation time and project size, Table 3 shows that single-storey projects were implemented on plots purchased between 1990 and 2012 suggesting the maximum margin of 22 years while two-storey projects plots had been purchased between 2002 and 2011, a margin of nine years. Completion time for single-storey projects is between 2003 and 2014, a margin of 11 years and two-storey projects were completed between 2012 and 2014, a margin of two years. Single-storey projects were implemented on average lot size of 871.29 m2 and the average built space is 153.16 m2 while the average number of bedrooms is three. For two-storey projects the averages for lot size, built space and number of rooms are, 955.38 m2, 217.67 m2 and four respectively.


    Table 3. Size and Time of Construction Projects


    
      
        	

        	
          Single-Storey House

        

        	
          Two-Storey House

        
      


      
        	

        	
          Minimum

        

        	
          Maximum

        

        	
          Margin in Years

        

        	
          Minimum

        

        	
          Maximum

        

        	
          Margin in Years

        
      


      
        	Year of plot purchase

        	
          1990

        

        	
          2012

        

        	
          22

        

        	
          2002

        

        	
          2011

        

        	
          9

        
      


      
        	Year of construction completion

        	
          2003

        

        	
          2014

        

        	
          11

        

        	
          2012

        

        	
          2014

        

        	
          2

        
      


      
        	

        	
          Minimum

        

        	
          Maximum

        

        	
          Average

        

        	
          Minimum

        

        	
          Maximum

        

        	
          Average

        
      


      
        	Plot size at purchase (sqm)

        	
          10.80

        

        	
          3000.00

        

        	
          871.29

        

        	
          72.00

        

        	
          2650.00

        

        	
          955.38

        
      


      
        	House built-up space (sqm)

        	
          9.00

        

        	
          600.00

        

        	
          153.16

        

        	
          60.00

        

        	
          315.00

        

        	
          217.67

        
      


      
        	Number of bedrooms

        	
          1

        

        	
          6

        

        	
          3

        

        	
          3

        

        	
          5

        

        	
          4

        
      

    


    Duration of Incremental Housing Construction


    Table 4 shows that both single-storey and two-storey incremental housing projects were implemented on plots purchased on average about three years earlier. Single-storey house projects take on average about four years to be completed while two-storey projects take about three years.


    Table 4. Duration of Construction


    
      
        	

        	
          Single-Storey House

        

        	
          Two-Storey House

        
      


      
        	

        	
          Minimum

        

        	
          Maximum

        

        	
          Average

        

        	
          Minimum

        

        	
          Maximum

        

        	
          Average

        
      


      
        	Duration to construction start (years from plot purchase)

        	
          0

        

        	
          17

        

        	
          2.8

        

        	
          0

        

        	
          7

        

        	
          2.9

        
      


      
        	Duration under construction (years from construction start)

        	
          1

        

        	
          20

        

        	
          4.3

        

        	
          1

        

        	
          5

        

        	
          2.9

        
      


      
        	Duration to housing ownership (years from plot purchase)

        	
          1

        

        	
          21

        

        	
          7.1

        

        	
          1

        

        	
          10

        

        	
          6.0

        
      

    


    Factor Intensity in Incremental Housing Construction


    Table 5 shows that the material cost for single-storey projects ranges between 27%–84% with an average being 54% of the overall costs while in two-storey projects, material cost ranges between 44%–84% with the average at 57%. The average land cost is about 5% and 7% and the average labour cost is 14% and 17% for single-storey and two-storey house projects respectively.


    In terms of factor intensity in single-storey projects it can be observed that at the minimum cost, land has the lowest substitutability for materials cost of about one percent. That is each Tshs 1000 spent on materials would require about Tshs 10 spent on land. The maximum degree of substitutability is 0.56 meaning that each Tshs 1000 spent on materials would consume Tshs 560 in the form of land. Similar observation can be made in terms of two-storey projects in which case the average degree of substitutability between land and material cost is 0.04 and the average degree of labour to material cost substitution is 0.32.


    Table 5. Factor-Cost Ratios and Cost Shares


    
      
        	

        	
          Single-Storey House

        

        	
          Two-Storey House

        
      


      
        	

        	
          Minimum

        

        	
          Maximum

        

        	
          Average

        

        	
          Minimum

        

        	
          Maximum

        

        	
          Average

        
      


      
        	Construction cost (Tshs) per sqm

        	
          68,670

        

        	
          2,145,450

        

        	
          594,950

        

        	
          525,670

        

        	
          2,145,450

        

        	
          1,112,270

        
      


      
        	Material

        	
          0.27

        

        	
          0.84

        

        	
          0.54

        

        	
          0.44

        

        	
          0.84

        

        	
          0.57

        
      


      
        	Land

        	
          0.01

        

        	
          0.25

        

        	
          0.05

        

        	
          0.02

        

        	
          0.11

        

        	
          0.07

        
      


      
        	Land to material cost

        	
          0.01

        

        	
          0.56

        

        	
          0.08

        

        	
          0.01

        

        	
          0.05

        

        	
          0.04

        
      


      
        	Labour

        	
          0.07

        

        	
          0.22

        

        	
          0.14

        

        	
          0.08

        

        	
          0.23

        

        	
          0.17

        
      


      
        	Labour to material cost

        	
          0.10

        

        	
          0.43

        

        	
          0.27

        

        	
          0.10

        

        	
          0.48

        

        	
          0.32

        
      


      
        	Other costs

        	
          0.03

        

        	
          0.64

        

        	
          0.28

        

        	
          0.10

        

        	
          0.31

        

        	
          0.22

        
      

    


    Regression Results


    The regression analysis results presented in Table 6 show that the dummy for house type “single-storey” is statistically significant whereby annual construction costs for a single-storey house building are lower by almost 54% when compared to a two-storey building. Further it can be observed that, an additional sqm of the built space is associated with a 0.4% lower annual construction cost while an additional bedroom leads to lower annual spending in incremental housing construction cost of about 24%. This is also supported by the observation that each additional year of house construction reduces annual construction cost by about 5% which increases to 10% if the period of construction includes the time from plot purchase.


    The results for factor intensity show that reducing the amount spent on labour relative to hired capital (physical and financial) by 100% reduces annual construction cost by almost 5%. A unit increase in capital to material ratio reduces annual construction cost by 26%. The results for both capital to material cost ratio and labour to capital cost ratio are statistically significant suggesting that such ratios are important determinant of incremental housing construction cost.


    Further in Figure 3, results for the year effect are presented. However the effect of year seems to be marginal as all year dummies were not significantly associated with construction cost.


    Table 6. OLS Regression Analysis Results


    
      
        	Model

        	
          R

        

        	
          R Square

        

        	
          Adjusted R Square

        

        	
          Std. Error of the Estimate

        
      


      
        	

        	
          0.937

        

        	
          0.878

        

        	
          0.863

        

        	
          0.470

        

        	
      


      
        	
          Coefficients

        
      


      
        	

        	
          Unstandardised Coefficients

        

        	
          Standardised Coefficients

        

        	
          t

        

        	
          Sig.

        
      


      
        	Variable

        	
          B

        

        	
          Std. Error

        

        	
          Beta

        

        	

        	
      


      
        	(Constant)

        	
          14.888

        

        	
          0.370

        

        	
          

        

        	
          40.219

        

        	
          0.000

        
      


      
        	Property type main house

        	
          0.300

        

        	
          0.194

        

        	
          0.049

        

        	
          1.544

        

        	
          0.125

        
      


      
        	House type single-storey

        	
          (0.773)

        

        	
          0.121

        

        	
          (0.254)

        

        	
          (6.402)

        

        	
          0.000

        
      


      
        	Size of built-up space (sqm)

        	
          (0.004)

        

        	
          0.000

        

        	
          (0.349)

        

        	
          (8.964)

        

        	
          0.000

        
      


      
        	Number of bedrooms

        	
          (0.278)

        

        	
          0.066

        

        	
          (0.173)

        

        	
          (4.193)

        

        	
          0.000

        
      


      
        	Duration to home ownership

        	
          (0.109)

        

        	
          0.011

        

        	
          (0.495)

        

        	
          (9.505)

        

        	
          0.000

        
      


      
        	Duration of housing construction in years

        	
          (0.054)

        

        	
          0.012

        

        	
          (0.247)

        

        	
          (4.363)

        

        	
          0.000

        
      


      
        	Labour to material cost

        	
          (0.078)

        

        	
          0.208

        

        	
          (0.011)

        

        	
          (0.377)

        

        	
          0.707

        
      


      
        	Labour to capital cost

        	
          (0.050)

        

        	
          0.012

        

        	
          (0.145)

        

        	
          (4.045)

        

        	
          0.000

        
      


      
        	Capital to material cost

        	
          (0.261)

        

        	
          0.117

        

        	
          (0.086)

        

        	
          (2.237)

        

        	
          0.027

        
      


      
        	2000

        	
          0.115

        

        	
          0.254

        

        	
          0.019

        

        	
          0.452

        

        	
          0.652

        
      


      
        	2002

        	
          0.172

        

        	
          0.236

        

        	
          0.036

        

        	
          0.729

        

        	
          0.467

        
      


      
        	2004

        	
          0.085

        

        	
          0.232

        

        	
          0.018

        

        	
          0.365

        

        	
          0.716

        
      


      
        	2006

        	
          0.045

        

        	
          0.231

        

        	
          0.010

        

        	
          0.193

        

        	
          0.847

        
      


      
        	2007

        	
          0.146

        

        	
          0.246

        

        	
          0.028

        

        	
          0.591

        

        	
          0.555

        
      


      
        	2008

        	
          (0.065)

        

        	
          0.233

        

        	
          (0.016)

        

        	
          (0.281)

        

        	
          0.779

        
      


      
        	2009

        	
          (0.135)

        

        	
          0.234

        

        	
          (0.032)

        

        	
          (0.579)

        

        	
          0.564

        
      


      
        	2010

        	
          (0.147)

        

        	
          0.234

        

        	
          (0.036)

        

        	
          (0.631)

        

        	
          0.529

        
      


      
        	2011

        	
          (0.073)

        

        	
          0.238

        

        	
          (0.017)

        

        	
          (0.307)

        

        	
          0.759

        
      


      
        	2012

        	
          (0.032)

        

        	
          0.237

        

        	
          (0.008)

        

        	
          (0.134)

        

        	
          0.893

        
      


      
        	2013

        	
          0.032

        

        	
          0.240

        

        	
          0.007

        

        	
          0.133

        

        	
          0.894

        
      

    


    Notes: Dependent variable: Natural log of annual construction cost per sqm
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      Figure 3. Annual Variation in Incremental Construction Cost

    


    DISCUSSION OF THE FINDINGS


    From the above analysis, four clear perspectives emerge with respect to incremental housing construction in Dar es Salaam. Firstly, annual expenditure on incremental construction activities tends to decline with the size of the project. Secondly, the longer the period under which a specific house is under construction the smaller are the annual increments in costs required to realise one’s dream home. When this second perspective is combined with the first it is clear that the nature of incremental construction means that, the longer one constructs his/her house the bigger it becomes and the larger is the cost spread effect. Thirdly, although incremental housing cost can significantly be reduced by employing more physical and financial capital, such costs will be reduced the greatest if expenditure on capital is increased relatively faster than materials. It seems incremental construction enjoys a capital advantage with increasing material consumption. Lastly, the longer it takes to complete a house, the lower are the annual construction costs of incremental housing. In this regard incremental housing provides a cushion against anticipated annual variation in economic variables.


    Incremental housing project tends to start small and grow over time hence cannot enjoy economies of scale within the traditional context of the term rather “economies of time”. The declining annual cost as the house “grows” can be attributed to time of construction and the higher probability to access sources of materials which are often cheaper than the formal ones. These informal sources can have a significant cost-reduction effect on incremental housing. Also, with time the owner can significantly provide own labour in the construction process. There is sufficient evidence in many developing countries that owners and their families are often involved in brick making, transporting the materials and even the masonry or carpentry works (Magigi and Majani, 2006; Majale, Tipple and French, 2012). Given the difficulties in estimating these implicit costs, the annual construction cost reported may be lower. Therefore the cost reduction effect of size in incremental construction is a result of opportunities that are associated with lapse of time rather than economies of scale.


    Changes in economic environment into which houses are constructed also entail more opportunities in order to lengthen the time of implementation. Time can allow for a thorough search for cheaper plots, efficient production techniques and efficient labour utilisation. One of the challenges not considered in this study is the effect of lower cost on the quality of housing provided under the incremental approach. The study assumes that construction materials are uniform across housing units thus allowing comparison across cost elements only.


    Not so common in incremental construction is the role of housing finance. The effect of loan capital is implicit in the capital to material ratio and the labour to capital ratio. It has been observed that, incremental housing projects that enjoy the greatest cost-saving advantage are those having a larger capital cost component relative to materials. For practical purposes it is not clear how the two are related but by increasing capital on a fixed amount of materials, incremental housing will be cheaper than spending more labour on fixed amount of capital or labour on materials. This observation suggests that incremental builders can enjoy a cost reduction by having access to loan and spending more on hiring capital equipment. Although loan capital increases cost, it has some material cost-saving advantage probably due to reduction in material waste as finances are more instant allowing discounting pricing for purchasing large quantities and immediate use. Capital has some labour cost-saving advantages mainly from labour substitution.


    Despite being one among the methods relied-upon by low-income household to access housing, incremental housing is challenged by lack of policy which would have facilitated access to low cost finance and a coherent structure of the type and quality of buildings. Without such a policy, the approach hardly provides housing of durable materials to exceed one generation without major repairs which may be equivalent to adding another house. The vicious cycle of poverty is highly magnified by lack of appropriate policies for the provision of incremental housing allowing for the continued urban sprawl of the same low-quality housing.


    CONCLUSION


    Construction cost in incremental owner-built housing is primarily determined by the length of time for which such construction process takes place. The longer the construction period the lower are the annual construction costs. To fully benefit from incremental construction, owner-builders have to purchase bigger plots and enlarge their houses incrementally. The largest cost-saving benefits accrue to owner builders if the proportion of physical and financial capital increases faster relative to materials in different phases of the projects. The observations in this study culminate to the conclusion that the adoption of incremental approaches is a matter of necessity than an option. However, because the approach is neither standardised nor regulated, there are a lot of wastes which emanate from lack of proper initial plans. The owner-builders often do not consider the opportunity cost of time and the labour lost in supervising the construction process. However, since the opportunity cost of time is presumed to vary across countries, the incremental housing approach is preferred in developing countries where the opportunity cost of labour is lower than in developed countries. Massive construction of housing units could be the most economical way to provide housing provided adequate policies are in place that would facilitate the internalisation of economies of scale. Since developing countries lack appropriate policies to attract massive developer-built housing, the incremental approach is the only viable option. Developing countries are therefore, argued to develop appropriate housing finance policies and guide incremental housing material quality in order to reduce the intergenerational wastes associated with the approach.
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    Abstract: Due to the high cost of benchmarking, it is often difficult to provide required resources for it. Therefore, to benchmark successfully, it is often necessary to identify services that are most important for the efficiency of the organisation and prioritise them. This paper examines the facilities management (FM) services that are most in need of benchmarking in Nigeria. Data were collected through self-administered questionnaires that were sent to 120 facilities management organisations in Lagos metropolis, 50 in Abuja and 15 in Port Harcourt. The survey achieved a total response rate of 76% in Lagos, 58% in Abuja and 87% in Port Harcourt respectively. The five services that need benchmarking the most were found to be: utilities, maintenance, security, cleaning and waste disposal, property management and Information Technology in that order. Also, repeated measures analysis of variance results showed that the differences indicated in the respondents’ rating of how important it is to benchmark these FM services is statistically significant. Kruskal Wallis test showed that there was difference in the importance of FM services for benchmarking based on professional affiliation of the FM. The study provided information on how to prioritise these services for benchmarking in order to conserve resources of Nigerian organisations.


    Keywords: Benchmarking, Facilities management services, Nigeria


    INTRODUCTION


    Facilities management (FM) has the potential to improve processes by which workplaces can be managed, thereby inspiring people to give their best and contribute positively to economic growth and organisational success (Alexander, 2003). Economic crisis and global advancement in information technology have changed the way businesses of today operate. These have allowed for more cost effectiveness and enhanced prospects for breakthrough improvements within short periods of time.


    Benchmarking is a continuous, systematic process which enhances effectiveness of organisations by evaluating products, services or work processes against recognised best practices (Spendolini, 1992). Benchmarking examine processes, as it is recognised that organisations achieve superior results only through a proper understanding of how inputs are transformed into outputs (Hinton, Francis and Holloway, 2000). Therefore, the development of a benchmarking culture is based on the desire to change processes (Magd and Curry, 2003). According to the International Facility Management Association, benchmarking is one of the key competences of a facilities manager, particularly as it relates to the aspect of quality assessment and innovation (Wong, 2005). Facilities management benchmarking affords companies the opportunity to constantly compare their own performance against that of others. This provides them with an external focus and the prospect of achieving best practices. According to Williams (2003), facilities expenditure takes up to 15% of an organisation’s yearly budget; benchmarking can help justify this huge investment thus improving the recognition given to facilities within organisations.


    It is usually difficult to provide the required resources for benchmarking, even in countries where it is widely applied (Garengo et al., 2005). In spite of the identified advantages, benchmarking is less widely accepted in Nigeria (Adewunmi, Omirin and Koleoso, 2013). This limits its application hence making it necessary to benchmark only those services that are most important for the efficiency of organisations. Aspects of benchmarking including identification of FM services to prioritise for benchmarking, as enunciated earlier, has been subjects of discussion by both academics and practitioners for over 15 years mainly in the UK, USA, Europe, Asia and Australia (Varcoe, 1996; Massheder and Finch, 1998a; Massheder and Finch, 1998b; Ho et al., 2000; Stoy, 2007; Lai and Yik, 2008; Madritsch, 2009; Roka-Madarasz, 2010; Bailey and Mc Lennan, 2010). However there are limited studies that address these issues within the context of developing countries such as Nigeria.


    The paper therefore examined the FM services that are in need of benchmarking the most in the Nigerian context in other to guide the prioritising process. Two hypotheses were postulated to guide this research. The first determines if the differences indicated by respondents in the rating of how important it is to benchmark the different FM services is statistically significant. The second determines whether there is a significant difference in these ratings based on location and professional affiliation of the respondents.


    The remaining part of this paper is arranged in the following manner. First part is a review of literature on meaning and types of benchmarking, scope of FM and the concept of the FM services that should be benchmarked. The second part of the paper discusses the research method for empirical examination of FM services that need benchmarking the most. In the third part of this paper, we present analysis of data and presentation of results while the final section contains the concluding remarks.


    LITERATURE REVIEW


    What is Benchmarking?


    Benchmarking is a continuous analysis of strategies, functions, processes, performances, products or services, etc. It involves comparison within or between best-in-class organisations and commences with obtaining information through appropriate data collection method, with the intention of assessing an organisation’s current standards and implementing self-improvement to scale or exceed those standards. (Anand and Kodali, 2008: 259).


    Studies in the past were more focused on organisational pre-requisites and criteria for successful benchmarking, which include:


    
      	Focus around customers, employees and continuous improvement.


      	Strategic focus and flexibility, management support, openness to change, willingness to share information, etc.


      	Need for good communication across the organisation, process understanding and commitment.

    


    Currently, the focus of benchmarking literature has shifted and addresses issues on improving the benchmarking process, i.e. it focuses on in-depth study of the benchmarking process to identify the missing links. One thing that is increasingly evident is that, benchmarking should occur at the input, process stage, where lead benchmarks of performance are identified. Hence, benchmarking must evolve use of backward looking static measures to more forward looking dynamic ratios.


    Types of Benchmarking


    According to Camp (1989), Watson (1993), Massheder and Finch (1998a), Kyro (2003), Jaques and Povey (2007), Magd (2008) and Moriarty and Smallman (2009), the three basic types of benchmarking are:


    
      	internal benchmarking,


      	competitive benchmarking and


      	generic (functional) benchmarking (Spendolini, 1992).

    


    They are reviewed as follows:


    
      	Internal benchmarking focuses on similar activities within the organisation but in different departments or at different locations.


      	Competitive benchmarking focuses on direct competitors preferably with the same customer base. The disadvantages are that data may be difficult to collect, although this can be overcomed if the competitors enter into the process on the basis that it is of mutual advantage.


      	Functional benchmarking compares with organisations that are recognised as leaders in their particular field even where that field differs from that of the company being benchmarked.

    


    The three types of benchmarking as identified above are equally applicable to facilities management. However, in view of the discipline’s strategic role in supporting the core business of any organisation, three further types of benchmarking may be used (Massheder and Finch, 1998a; Kyro, 2003; Moriarty and Smallman, 2009) which are strategic, process and generic benchmarking.


    Strategic benchmarking is carried out at a level where there is a need to compare/contrast the strategic mission and direction of the organisation. The procedure looks at all manner of broad ranging issues that have an influence on the organisation’s strategy. These can include non-process issues such as people and culture, and possibly the availability of facilities.


    Process benchmarking looks specifically at the methods, procedures and business processes of world-class companies, regardless of the core business of the company i.e. the companies being benchmarked do not have to be in the same line of business let alone competitors. The skill in making this type of benchmarking a success is the identification of common metrics and processes.


    Finally there is generic benchmarking, which constitutes the broadest application of data collection. It has no defined parameters. It is confined only by the understanding of how to translate the data obtained and how to put it to use.


    Scope of FM


    According to Atkin and Brooks (2000), FM can cover a wide range of services including real estate management, financial management, change management, human resources management, health and safety and contract management. In addition, there is building management, domestic services (such as cleaning and security) and utilities supplies. These last three responsibilities are the most visible, while others are subtler, though of no less importance. According to Kincaid (1994), FM emerged through the integration of three main strands of activity: property management (real estate), property operations and maintenance and office administration.


    FM is wide and covers in its scope the provision of many varied services (Barrett, 1995; Noor and Pitt, 2009). It is wider than building operations and maintenance (Best et al. [2003] cited in Chitopanich [2004]) and its scope has been captured in varied ways. FM encompasses workplace, facility, support services, property, corporate real estate, and infrastructure (Chitopanich, 2004). The scope of FM has been captured in varied ways (Amaratunga, Baldry and Sarshar, 2000; Chung, 2008; Noor and Pitt, 2009; Waheed and Fernie, 2009; Lindkvist and Elmualim, 2010; Halim et al., 2011; Drion, Melissen and Wood, 2012). Then (1999) identified the scope of FM to cover: strategic facilities planning, strategic asset management, asset maintenance management and facilities service management.


    In general, support services concerning FM range from building operational services to construction management and real estate services (Chitopanich, 2004). The author provided a diversified-scope-of-FM services, which comprises nine groups and 61 services.


    FM broadly covers building related and service related functions also known as hard and soft FM. The new European FM standard expresses that the field of FM can be grouped around client demands, which can be summarised under two main headings: the first being Space and Infrastructure and the second being People and Organisation (Jensen, 2008).


    The scope of FM should include all three levels of the decision pyramid of the FM organisation i.e. strategic, tactical and operational levels


    The strategic level is concerned with the long-range aim and direction of the FM functions. This includes setting objectives in response to the purpose of the FM functions and carrying out long-term planning, taking the external requirements into consideration. The strategic level has responsibility for result and profitability. The work is carried out for example through planning, modeling and simulation. Strategic FM means that FM extends beyond operational matters to include strategic considerations for the future facility and service provision. For FM to be effective it is important that there is strategic integration within the organisation (Featherstone and Baldry, 2000; Noor and Pitt, 2009) and this can be done by demonstrating its potential relevance to the overall business process (Hinks and Hanson, 1998).


    The tactical (managerial) level is concerned with making the FM organisation function in totality. It includes identifying needs and defining goals that meet these needs. The tactical work includes for instance controlling, analysing, programming and budgeting, often on a yearly basis. It incorporates defining routines and methods, setting standards, drawing up schedules and securing resources.


    The operational level is concerned with the day-to-day decisions in operating facilities. This level is not different in most organisations. Barrett (1995) has identified that in several of the organisations, FM is considered to be a purely operational function and hence, facilities departments exist to provide day-to-day service, not to consider how facilities could benefit the core business in the long run. According to Barrett (2000) Benchmarking of facilities falls under operational FM and is needed to provide technically sound, responsive services.


    FM Practice in Nigeria


    Facilities management was introduced into Nigeria through globalisation, as a result of the changes that happened as part of relocation activities of oil and gas multinational companies (Ojo, 2002). Some organisations in Nigeria often assign the management of their capital assets to an administrative officer or finance officer who advises on property decisions, supervises operations and maintenance activities, budgets and hires other professionals. Today government agencies, corporations, profit and non-profit institutions have realised that managing these functions within traditional organisational structures are unsatisfactory. Facilities management has thus emerged to overcome the fragmented management of facilities.


    In Nigeria, most FM practitioners come from different professional backgrounds with little or no specialist competences. Fortunately, the global FM professional body IFMA, which offers guidance and expertise to members has now been established In the country. IFMA Nigeria organises training options for qualifications as professional facility manager and certified facility manager to its members who will like to take the professional qualification route. In addition, the University of Lagos and Ahmadu Bello University, Zaria offers masters courses in FM for those that want to pursue the academic qualification route (Adewunmi, Ajayi and Ogunba, 2009). Although yet to find wide applications in Nigeria, FM has been adopted in both private and public sectors of the the country’s economy.


    The Concept of the Processes for FM Benchmarking


    A look at services for benchmarking helps in identifying what to benchmark. The nature and effectiveness of benchmarking is based on what you benchmark and against whom, i.e. the benchmarking activities. Benchmarking was concerned with comparing measures of business or product performance, but it has been extended to business processes (Cassell, Nadin and Gray, 2001). Determining what to benchmark is in itself a key issue. Adam and Van de Water (1995: 25) suggested that a number of questions should be used to aid this decision as follows:


    
      	What are the critical success factors for our organisation (e.g. time to market, customer involvement, innovation, etc.)?


      	Which processes are causing the most trouble?


      	Which processes contribute most to customer satisfaction and which are not performing up to expectations?


      	What are the competitive pressures impacting the organisation the most (e.g. low prices, flexibility, terms of sale, product performance etc.)?


      	Which processes or functions have the greatest potential for differentiating our organisation from the competition?

    


    This study covers services under the scope of FM as indicated by authors such as Williams (2003), Wauters (2005) and Kok, Mobach and Omta (2011) and includes: property, maintenance, alterations and fitting out, cleaning and waste disposal, security, utilities, archiving, reprographics and stationery, distribution, travel, catering, space use and IT equipment. The facilities processes with greatest potentials in differentiating the organisation is the focus of this study because the use of performance evaluation tools is constrained by insufficient resources, poor infrastructure and relative infancy of the FM practice, hence the need to adapt to those issues (Koleoso et al., 2013)


    The nature and application of the wide range of benchmarking activities consist of data, process, functional and strategic benchmarking. The critical success characteristic of all types of benchmarking is the examination of processes, as it is only through a proper understanding of how inputs are transformed into outputs that organisations can achieve superior results (Hinton, Francis and Holloway, 2000). Therefore, the development of a benchmarking culture is based on willingness of organisations to search for ideas outside the organisation (Magd and Curry, 2003) and the desire to change processes as well as outputs.


    Many companies in their attempt to benchmark devote little or no attention to alignment of their practices with market demands and strategic objectives. This is common with small and medium sized companies where strategic knowledge is low (Carpinetti and Melo, 2002).


    Previous studies such as Williams (2000) and Kok, Mobach and Omta (2011) focused on areas of FM that need benchmarking in developed countries but not in developing countries. Furthermore, these studies were not empirical and did not examine whether the prioritising of FM services for benchmarking is based on an organisation’s location. This study will address all these gaps in the discussion.


    RESEARCH METHODS


    The data used in the study were collected on variables of the same sample at one point in time (cross-sectional survey). Findings from literature review and interviews with two facilities managers were used for the design of the self-administered questionnaire that was developed for the study. These questionnaires were validated by two facilities managers, two senior academic researchers and later through a pilot study, the questionnaire was again refined using new set of information that became available from involvement in the calibration of benchmarking software, “the estates master” to the Nigerian environment, at International Facilities and Property Information Centre, United Kingdom. Thereafter, it was again pre-tested. Self-administered questionnaire was the chosen instrument of study because it has been known to give higher response rates for studies in the built environment in Nigeria (Olaleye, 2000).


    The sample frame for FM organisations in Lagos, Abuja and Port Harcourt as obtained from the International Facility Management Association list is 237 organisations, made up of 172 in Lagos, 50 in Abuja and 15 in Port Harcourt respectively. IFMA is the professional body that offers guidance and training to facilities managers in Nigeria, many of the established facilities managers are registered with this body. Questionnaires were administered on 120 facilities management organisations in Lagos metropolis, 50 in Abuja and 15 in Port Harcourt. This sample size was determined using sample table adapted from Bartlett, Kotrlik and Higgins (2001). In Lagos, 91 questionnaires were retrieved, in Abuja, 29 and Port Harcourt, 13 were retrieved. Hence the survey achieved a total response rate of 76% in Lagos, 58% in Abuja and 87% in Port Harcourt respectively. In order to minimise bias, the responding organisations in Lagos were chosen using simple random sampling method, while the total population were included in the sample in Abuja and Port Harcourt due to their small numbers.


    Lagos in the South West is an ideal study area because it is the business nerve centre of Nigeria, which houses several of Nigeria’s large corporations that require facilities management services. Abuja in the north, the nation’s capital with its premier state of infrastructure has ever growing need for commercial and residential real estates. Port Harcourt in the South East is Nigeria’s oil and gas business hub and houses the head offices of many oil and gas and related companies. However, it is recognised that the outcome of this study would not necessarily apply, in absolute terms, to all corporations throughout the country. This is because the property market is highly localised in nature and no urban area can be representative of all cities in the country since there will be different cultural, social and institutional settings.


    The first section of the questionnaire includes variables such as company characteristics of the respondents including size, geographical coverage, size of buildings managed, and FM training undertaken by staff of the FM department. The second section focused on identifying the FM services that should be prioritised for benchmarking. The services are listed in Table 1. The reliability of scale for the questions was tested using Cronbach’s Alpha method which was found to be 0.897 (89.7%). This result suggested that the instrument of evaluation (questionnaire) is highly reliable and that there is an internal consistency of the items included in it. This is judging from the fact that the reliability figure obtained is substantially higher than the 0.7 value (89.7% > 70%) required in statistical analysis (Field, 2009).


    The data was analysed with the aid of Statistical Package for Social Science (SPSS). Relative importance index (RII) was used to determine the relative importance of the services (Adewunmi, Ajayi and Ogunba, 2009) while repeated measures analysis of variance was used to test linear trends in FM processes studied (Hackett and Parmanto, 2005).


    Table 1. Characteristics of the Respondents’ Organisations
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    PRESENTATION AND DISCUSSION OF RESULTS


    Characteristics of the Respondents’ Organisations


    The companies in this study were in three categories as follows: Small companies, which have employee size of 50 and under, medium sized with between 51–250 employees and large companies with above 250 employees (see Table 1). The study found that, 41 (31.3%) of the companies surveyed were small companies, another 37 (28.3%) were medium sized while 53 (40.4%) were large companies. Majority of these organisations are therefore small and medium sized companies. It was indicated that 49.2% of the organisations operate in and outside Nigeria. Most of the organisations surveyed (44 = 37%) had a floor space of between 100,000 and 250,000 square metres. Respondents with only facility management professional (FMP) qualification were 15 (15.7%), another 17 (17.9%) possessed a first degree in FM, 12 (12.6%) had only certified facility manager (CFM), while few five (5.3%) possessed other qualifications in FM (see Table 1).


    Relative Importance of FM Services That Require Benchmarking


    For the purpose of analysis 13 variables under FM premises and services that were obtained from literature and streamlined from the pilot study were measured in this work. There is need to prioritise services that require benchmarking to conserve resources of the organisation since benchmarking can be costly and resources consuming especially for small and medium scale organisations (Garengo et al., 2005). Therefore, the purpose of the analysis here is to identify FM services that need benchmarking the most in the Nigerian context so that they can be given priority. Identifying what to benchmark is a requirement at the planning stage of benchmarking (Huq, Abbo and Huq, 2008). The services were measured on a 5 point interval scale (1 = Not important, 5 = Very important).


    Table 2 showed that for the three locations, the five top ranked services were utilities (RII = 0.854), maintenance (RII = 0.851), security (RII = 0.802), cleaning and waste disposal (RII = 0.794) and accommodation (RII = 0.778) in that order. The least five ranked were catering (RII = 0.505), travel (RII = 0.528), reprographics (RII = 0.580), distribution (RII = 0.621) and archiving (RII = 0.645).


    Table 2. FM Services for Benchmarking
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    In Lagos, the five top ranked services were maintenance (RII = 0.899), utilities (RII = 0.892), cleaning and waste disposal (RII = 0.848), security (RII = 0.82), and property (RII = 0.791). The least five ranked were catering (RII = 0.532), travel (RII = 0.567), reprographics (RII = 0.635), distribution (RII = 0.675) and archiving (RII = 0.697).


    In Abuja, the five top ranked services were Maintenance (RII = 0.717), utilities (RII = 0.710), security (RII = 0.710), cleaning and waste disposal (RII = 0.676) and property (RII = 0.662). The least ranked were catering (RII = 0.441), reprographics (RII = 0.497), archiving (RII = 0.503) and distribution (RII = 0.510).


    In Port-Harcourt, the five top ranked services were Property (RII = 0.938), utilities (RII = 0.908), security (RII = 0.877), maintenance (RII = 0.815) and IT equipment (RII = 0.723). The least ranked were reprographics (RII = 0.385), distribution, travel and catering (with RII = 0.492 each), space use (RII = 0.569), cleaning and waste disposal (RII = 0.677) and archiving (RII = 0.6).


    A study by Koleoso, Adewunmi and Adejumo (2012) showed that services such as cleaning and waste disposal, maintenance, security and operation of utilities are frequently provided within the Nigerian FM practice. Specialised services such as reprographics, catering and travel services were among the least performed tasks. This could be part of the reasons why respondents in this study did not indicate these specialised services for benchmarking.


    A close look at the rankings/results of this study showed that FM services were similarly ranked across the three locations. Maintenance, property utilities and securities were common themes in the highly ranked services for benchmarking. This is not misplaced because maintenance budget is a main concern for most organisations and it takes about 15% of the organisation’s expenditure (Williams, 2003). Quite a bulk of maintenance budget goes into the purchase of diesel for the running of generators used to power buildings, which are relied on heavily due to incessant power cuts from the national power generation and distribution company i.e. Power Holding Corporation of Nigeria (PHCN). Also, security concerns are becoming increasingly crucial in the major cities that were featured in this study, especially with recent bombings of public and major facilities by the infamous religious sect Boko Haram. In Port-Harcourt and other major cities in Southern Nigeria especially the oil producing areas, expatriates and public figures have been kidnapped. Although Niger Delta unrest is decreasing in recent times because of the amnesty programme put together by the Federal Government to serve as a mediator between government and militants, grant amnesty, assist with disarmament as well as rehabilitation of militants (Ejovi and Ebie, 2013). There is still need to prevent further insurgency by investing in security. This is against the back drop that the general public are aware that the services of the Nigerian police in keeping law and order are grossly inefficient. All these incidents boil down to lack of adequate infrastructure within the country and terrorist threats.


    Table 3. Repeated Measures Analysis of Variance for Significant Difference in the Services for Benchmarking in FM
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    Notes:


    
      	Design: Intercept, within subjects design: services


      	Exact statistic

    


    Hypothesis Testing


    The hypothesis that “there is no significant difference in the priority to be accorded to these services for benchmarking” was postulated to confirm if the ranking of the FM services by Nigerian FM practitioners as found in Table 2 is statistically true.


    The Wilks’ Lambda Value of 0.270; F(12, 99); p = 0.000 at 99% confidence level in which the study was conducted revealed that the difference indicated by respondents’ rating of the priority to be accorded to the benchmarking of the FM services is statistically significant (see Table 3). Therefore the results of the null hypothesis was rejected.


    In addition the second hypothesis testing using Kruskal Wallis test revealed that there was no significant difference in the rating of the importance of FM services based on location while further reveals that the difference in ranking presented in Table 2 across the three cities is real and not as a result of random variation. On the other hand there was significant difference based on the professional affiliation of the respondents (see Table 4) showing that there is a link between ranking of FM services and professional affiliations in FM. Professional affiliations of the respondents influences ranking the importance of FM services.


    Table 4. Kruskall Wallis Test to Test for Significant Difference in Ranking of FM Services Based on Location and Professional Affiliations of Respondents


    
      
        	Location

        	

        	Professional Affiliations

        	
      


      
        	Chi-square

        	.821

        	Chi-square

        	24.197
      


      
        	df

        	2

        	df

        	11
      


      
        	Asymp. sig.

        	.663

        	Asymp. sig.

        	.012
      

    


    CONCLUSION


    The results of the study showed that in Nigeria benchmarking is most important to the following services: utilities, maintenance, security and cleaning/waste disposal, IT equipment in that order. The results of the repeated measures analysis of variance showed that the difference indicated by respondents’ rating of the FM services that benchmarking is important for is statistically significant. There was difference in the ranking of FM services for benchmarking based on professional affiliation in FM.


    The ranking shows the services that the facilities manager should prioritise to enable cost effective benchmarking and to achieve the required conservation of resources. It also shows service areas were the facilities manager can reduce unnecessary expenditure through benchmarking thereby improving the profit of organisations without compromising on the quality of services delivered. Benchmarking itself is useful for cost reduction, process improvement, standardisation of FM practices as well as helping to justify investment in facilities by organisations.


    In many organisations globally there have been increasing needs for FM services to help maximise productivity. It also helps organisations respond efficiently and economically to present and future demands. The ranking of the services by FM organisations cannot be isolated from the need to respond to lack of adequate infrastructure within the country and insecurity threats, including terrorism. Competency in benchmarking helps the facilities manager to respond to these changes.


    The Nigerian Government needs to create an enabling environment for FM through provision of adequate infrastructure. In addition, benchmarking tools should be designed in such a way that will make benchmarking of these priority services affordable to practitioners. IFMA and research institutions should focus their sensitisation efforts, research and data gathering exercises on these priority areas to further develop benchmarking.


    This paper is part of a PhD study on benchmarking practice in FM in Nigeria and will serve as a guide to those that will conduct research in this area in future. Future studies could assess from the perspective of the customers. They could also focus on the importance of the different stages in the benchmarking process or on a particular sector. Also further studies can be extended to other countries in the developing world.
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    Abstract: The necessary skill sets that public-private partnership (PPP) stakeholders bring together are recognised as being paramount to the success of any PPP project. From preliminary research findings it is clear that there is a strong bias towards business-oriented skills rather than service-oriented skills by the special purpose vehicle (SPV) organisation. This paper examines the skills sets required to ensure the effective delivery and implementation of the private sector–led PPP project with respect to the SPV organisation in order to deliver value for money (VfM). A comprehensive literature review was conducted to establish the various skills needed by the SPV organisation for the successful delivery of PPP infrastructure projects to form the basis of the research questionnaire. Questionnaire survey data obtained from a purposive sample of 48 public and private PPP stakeholders in Peninsular Malaysia was analysed using SPSS v18 to establish the relative importance of the various skill sets. The findings indicate “legal and contracting knowledge” to be the most important and “conceptual skills” as the least important skill for the SPV organisation in PPP project implementation. The findings also indicated that there is a significant difference in the perception of public and private PPP stakeholders with respect to the importance of the “ability to clearly define technical and output specifications and standards for services to be procured”, implying less importance given by the private sector with regard to this skill. Drawing on the understanding that skill sets are critical denominators of the organisational structure, this research is expected to influence the development of appropriate guidelines for skills prioritisation in the organisation of SPVs and the effective management of PPP concession projects.


    Keywords: Special purpose vehicle, Public-private partnership, SPV skill sets, Infrastructure projects


    INTRODUCTION


    Public-private partnerships (PPP) is a collaborative approach for delivering infrastructure facilities primarily involving the public and private sectors working in co-operation and partnership with each other (Harris, 2003). It is essentially a partnership between public sector organisations and private sector investors primarily in the form of a standalone business venture referred to as the Special purpose vehicle (SPV). PPPs came into prominence as a result of the continued budgetary constraints faced by governments and the underlying need for operational efficiency, innovative technological and management skills, and more active involvement of private players in the delivery of public services (Chowdhury, Orr and Settel, 2009).


    The concept of PPP has since progressed from the earlier approaches of just focusing mainly on private finance to take on a wider perspective of also bringing in key strengths available within the private sector requiring greater private sector involvement. Hence, PPP is seen as a system which is primarily aimed at achieving the best output possible by pulling together and mobilising funds, technologies, managerial skills, operational efficiencies and facilitating innovations that exists in the private sector (Akintoye, Edwards and Hardcastle, 2005; Huang et al., 2005).


    Private sector involvement in infrastructure provision and services delivery is not an entirely new approach in Malaysia, but had been in existence since 1983, basically in the form of privatisation, whereby the public users pay for the services of the infrastructure projects rendered, projects such as toll roads, ports and independent power producers (IPPs), sewerage systems, etc. (Salleh and Siong, 2008). In 2006, after 22 years, the privatisation policy of the private sector’s role in infrastructure delivery was metamorphosised into the PPP as the mechanism for improving the effectiveness of infrastructure delivery, from having initially focused on the Private Finance Initiative (PFI) mode of PPP. PPP was formally defined under the Ninth Malaysia Plan report (2006), as “the transfer to the private sector the responsibility to finance and manage a package of capital investment and services including the construction, management, maintenance, refurbishment and replacement of the public sector assets which creates a standalone business. The private sector will create the asset and deliver a service to the public sector client. In return, the private sector will receive payment commensurate with the levels, quality and timeliness of the service provision throughout the concession period” (Economic Planning Unit, 2006).


    Under the Ninth Malaysian Plan (2006–2010), the government identified 425 projects worth RM 20 billion (USD 6 billion) to be procured through PPP (Abdul Rashid, 2007) and under the present 10th Malaysia Plan, 52 high impact projects worth RM 63 billion (USD 19 billion) have been identified for implementation under the PPP form of project delivery (Economic Planning Unit, 2006).


    In year 2009, the Unit Kerjasama Awam Swasta (UKAS) or the Public-Private Cooperation Unit was formed for the regulation of PPP related activities in Malaysia. The structure of PPP procurement practiced in Malaysia has been identified to be similar to that found in the global PPP market, a typical SPV-based structure (Abdullah et al., 2012). Amongst the various PPP stakeholders, the SPV organisation is one of the key stakeholders, often referred to in loose terms as the private sector, which also includes investors and consultants who have specific roles. Booth and Skilling (2007) identified the role of key stakeholders in the PPP process as shown in Table 1.


    It is noted that each role is critical and that specific stakeholders tend to have different interests that influences how they approach their role. The innovative form of project delivery in the form of PPP indeed requires a set of PPP-specific skills to be possessed by the project stakeholders in order to enable the project to achieve its desired objectives in terms of efficiency and output. It is noted in the Royal Institution of Chartered Surveyors (RICS) report on project management of PFI projects that there are skills shortcomings in PFI projects, specifically with regard to management of the PFI projects and it is additionally noted that people with PFI experience are in short supply (RICS, 2003). It is undeniable that the innovative form of project delivery in the form of PPP requires a unique set of PPP-specific skills to be possessed by the project stakeholders in order to enable the project to achieve its desired objectives in terms of efficiency and output.


    Table 1. Roles of Different Stakeholders in the PPP Process


    
      
        	Stakeholders

        	Roles
      


      
        	Political decision makers

        	
          
            	Establish and prioritise goals and objectives of PPP and communicate these to the public


            	Approve decision criteria for selecting preferred PPP option


            	Approve recommended PPP option


            	Approve regulatory and legal frameworks

          

        
      


      
        	Company management and staff

        	
          
            	Identify company specific needs and goals of PPP


            	Provide company specific data


            	Assist in marketing and due diligence process


            	Implement change

          

        
      


      
        	Consumers

        	
          
            	Communicate ability and willingness to pay for service


            	Express priorities for quality and level of service


            	Identify existing strengths and weaknesses in service

          

        
      


      
        	Investors

        	
          
            	Provide feedback on the attractiveness of various PPP options


            	Perform thorough and due diligence resulting in competitive and realistic bidding


            	Follow rules and procedures of competitive bidding process

          

        
      


      
        	Strategic consultants

        	
          
            	Provide unbiased evaluation of options for PPP


            	Review existing framework and propose reforms


            	Act as facilitator for cooperation among stakeholders

          

        
      

    


    Source: Asian Development Bank (ADB) (2008)


    Hence, the key motivation that led to the present study was to elucidate on the required skills that are required for the SPV organisation to deliver effective PPP infrastructure projects by which the preliminary research conducted by Gomez and Gambo (2013) showed a bias towards business related rather than to service related objectives by the SPV organisations.


    The current lack of prioritisation on the required skills sets by the SPV organisation for current PPP project delivery in the Malaysian perspective can be attributed to the fact that over the short span of years since 2006, most infrastructure projects have been delivered via public sector organisations within the traditional design-bid-build procurement model, tending to rely on traditional skills. Whereas, PPPs are substantially different, featuring peculiar characteristics such as private sector led financing, risk allocation and long contract durations. Hence, without having a clear emphasis on PPP-specific skills (particularly SPV organisational skills), the current attempts at improving PPP delivery is viewed as being significantly constrained.


    To summarise the work presented here, this paper is organised within the context of having identified a bias towards business related rather service related skills by the SPV organisations in Malaysia. The general background knowledge regarding PPP practice and the significant developments with regard to infrastructure delivery is described and related to as being strongly driven through the PPP agenda. The main body of the paper is structured according to the following sections:


    
      	literature review,


      	collection of research data,


      	survey data analysis and results and


      	implications, limitations and conclusion.

    


    LITERATURE REVIEW


    PPP offers several advantages as a means of procuring public infrastructure with regards to private sector participation (Walker, 1995), which includes:


    
      	The achievement and maintenance of a balanced risk return structure as a result of the private sector participation in the provision of such public infrastructure, thereby utilising the private sector capability of providing effective services.


      	As the private sector is known to possess better mobility than the public sector, it offers cost savings in projects in such aspects as planning, design, construction and eventually the operation. Furthermore, the private sector offers additional advantages of mitigating and relieving all the bureaucracies and administrative burden that is associated with public’s provision of infrastructural facilities and services.


      	The private sector participation in providing infrastructures relieves the government of the huge financial burden that is associated with large scale infrastructure projects, as the government is known to be lacking in providing such huge resources that are required in the provision of such projects.

    


    Skills Sets for SPV Organisations in PPP Infrastructure Project Implementation


    The private sector-led SPV organisation is referred to as a limited liability project consortium which is created solely for the purpose of developing the PPP project. The SPV organisation in PPP project delivery is responsible for the equity financing, design, construction and subsequent operation and maintenance of the built facility (Gunawasa, 2012). PPP as a form of a collaborative venture between the public and private sectors is underpinned on the basis of leveraging on the expertise and operational capabilities of the private sector and also the support and regulatory capacities of the public sector in order to deliver the required PPP project in the most effective and value oriented way for the ultimate benefit of the overall stakeholders involved in the project (ADB, 2008).


    To deliver a project, a wide variety of skills need to be acquired by the relevant stakeholders involved in the project. In order to enable the PPP project to achieve its desired objectives in terms of efficiency and output, a set of PPP-specific skills need to be possessed by the project stakeholders. Peterson and Van Fleet (2004) describe skills as the ability to either perform some specific behavioral task or the ability to perform some specific cognitive process that is functionally related to some particular task. Whilst according to Whetten (2005), skills are a vehicle through which strategy, practice, tools and techniques, personality attributes and style work are adopted to produce effective outcomes in organisations.


    Successful PPP project delivery cannot be achieved unless the private sector-led SPV organisation are equipped with required skills and capabilities that will enable them to deliver the objectives that the particular PPP project seeks to achieve. There is the underlying need for the SPV organisation to possess the required capabilities in terms of delivering the PPP project in line with the output specifications as stipulated in the PPP contractual agreements. The scope of services in PPP project is defined in the output specification, which identifies a clear and articulated guideline as regards to the services to be delivered by the PPP project, and hence provides the framework which incorporates the needs of the public sector client and the responsibilities of the private sector operator, i.e. the SPV organisation (Robinson and Scott, 2009).


    It is clear from various case studies that the lack of effective PPP skills by the SPV organisation led to the failure of several PPP projects. Examples of such PPP projects include the Philippines Navotas-I power project, which was initially rated to have favorable outcomes but subsequently became underutilised as a result of the lack of effective value for money (VfM) assessment capabilities of the SPV organisation. The emphasis had been on solely taking advantage of the capital raising and securing of private investment opportunities that the PPP procurement approach offers rather than seeking better outcomes as in the case of the traditional public procurement (Woodhouse, 2006; Chowdhury, Chen and Tiong, 2011). Whilst in Denmark, the waste water and cloak pipe net PPP project in the Farum Municipality failed due to the SPV’s inappropriate financial capabilities, which resulted in fraud and mismanaged financial transactions (Koch and Buser, 2006).


    With respect to the Malaysian practice of PPP, the lack of effective public stakeholder management by the SPV organisation and also the government resulted in the failure of the government’s attempt to privatise the sewerage system covering Kuala Lumpur, Pulau Pinang, Labuan and Langkawi, where the Indah Water Consortium was reabsorbed after the government divested its holdings in the infrastructure facility. The opposition of the public users resulted in the failure of the private sector-led sewerage system and this is attributing to the fact that the public was unaware and not sufficiently educated about the PPP approach to infrastructure delivery, as well as being denied access to detailed information contained in the SPV consortium’s proposals (El-Gohary, Osman and El-Diraby, 2006).


    Hence, extensive literature review was conducted to identify the various SPV organisational skills required for the successful delivery of PPP projects. Through this extensive literature review, 12 skills were identified that were necessary for the SPV organisation in the delivery of PPP infrastructure projects. The skill sets are listed in Table 2 below.


    Table 2. SPV Organisation Skills for PPP Infrastructure Project Implementation


    
      
        	PPP Skills

        	
          Source of Information

        
      


      
        	
          A

        

        	
          B

        

        	
          C

        

        	
          D

        

        	
          E

        

        	
          F

        

        	
          G

        

        	
          H

        

        	
          J

        

        	
          K

        
      


      
        	Experience in negotiation and arbitration

        	
          √

        

        	

        	

        	

        	

        	

        	

        	

        	

        	
      


      
        	Scoping in/out ability (ability to forecast the future effects of actions)

        	
          √

        

        	

        	

        	

        	

        	

        	

        	

        	

        	
      


      
        	Conceptual skills

        	
          √

        

        	

        	

        	

        	

        	

        	

        	
          √

        

        	
          √

        

        	
          √

        
      


      
        	Project management skills

        	
          √

        

        	

        	

        	

        	

        	

        	
          √

        

        	

        	

        	
      


      
        	Communication capabilities

        	
          √

        

        	

        	

        	

        	

        	

        	

        	

        	

        	
      


      
        	Coordination skills

        	
          √

        

        	

        	

        	

        	

        	

        	

        	

        	

        	
      


      
        	Value for money assessment ability

        	

        	
          √

        

        	

        	

        	

        	

        	

        	

        	

        	
      


      
        	Ability to formulate appropriate performance measures and development of monitoring systems to determine performance

        	

        	
          √

        

        	

        	

        	

        	

        	

        	

        	

        	
      


      
        	Ability to clearly define technical and output/outcome specifications and standards for services to be procured

        	

        	
          √

        

        	

        	

        	

        	

        	

        	

        	

        	
      


      
        	Technical and operational innovation skills

        	

        	

        	
          √

        

        	

        	

        	

        	

        	

        	

        	
      


      
        	Legal and contracting knowledge

        	

        	

        	

        	
          √

        

        	

        	

        	

        	

        	

        	
      


      
        	Stakeholder management skills

        	

        	

        	

        	

        	
          √

        

        	
          √

        

        	

        	

        	

        	
      

    


    Notes: A = Mistarih et al. (2012); B = Quium (2011); C = Canadian Council for PPP (2001); D = Mizrachi and Attar (2011); E = El-Gohary, Osman and El-Diraby (2006); F = Mathur, Price and Austin (2008); G = Turner (2004); H = Akintoye et al. (2003); J = Brown and Potoski (2003); K = PFI Report (2002)


    RESEARCH METHODS


    A questionnaire survey was undertaken in Malaysia from October 2013 to March 2014 to determine the SPV organisation skills that enable the effective delivery of PPP projects in Malaysia. In this study, the target survey respondents included industrial practitioners from the public and private institutions, financiers, contractors and other stakeholders that have been involved in the execution of PPP projects.


    Survey questionnaires were sent to 95 target respondents who were identified based on purposive sampling technique, where the respondents were considered based on their direct involvement in PPP projects in the study area. In all, 48 completed questionnaires were returned of the 95 distributed; indicating 51% return rate, which is considered high compared with the norm of 20%–30% for most questionnaire surveys in the construction industry (Akintoye, 2000).


    The respondents’ profile in Table 3 shows that 30 respondents, indicating 62.5% are from public sector organisations and 18 are from the private sector, indicating 37.5%. The composition indicates that both the public and the private sectors were adequately incorporated into the study.


    Table 3. Respondents Profile


    
      
        	
          Organisation Types

        
      


      
        	Sector

        	
          Frequency

        

        	
          Percentage

        
      


      
        	Public sector

        	
          30

        

        	
          62.5

        
      


      
        	Private sector

        	
          18

        

        	
          37.5

        
      


      
        	Total

        	
          48

        

        	
          100%

        
      


      
        	
          Highest Academic Qualifications

        
      


      
        	Academic Qualification

        	
          Frequency

        

        	
          Percentage

        
      


      
        	Degree

        	
          31

        

        	
          64.60

        
      


      
        	Postgraduate qualification

        	
          17

        

        	
          35.40

        
      


      
        	Total

        	
          48

        

        	
          100%

        
      


      
        	
          Years of Related PPP Experience

        
      


      
        	Years of Related PPP Experience

        	
          Frequency

        

        	
          Percentage

        
      


      
        	Five years and below

        	
          6

        

        	
          12.5

        
      


      
        	6–10 years

        	
          33

        

        	
          68.75

        
      


      
        	11–15 years

        	
          9

        

        	
          18.75

        
      


      
        	Total

        	
          48

        

        	
          100%

        
      


      
        	
          Types of PPP Projects

        
      


      
        	Types of PPP Projects Involved

        	
          Frequency

        

        	
          Percentage

        
      


      
        	Transportation

        	
          3

        

        	
          6.25

        
      


      
        	Housing

        	
          8

        

        	
          16.67

        
      


      
        	Education

        	
          13

        

        	
          27.08

        
      


      
        	Power and energy

        	
          10

        

        	
          20.83

        
      


      
        	Water, sanitation and other environment related projects

        	
          11

        

        	
          22.92

        
      


      
        	Public utilities

        	
          3

        

        	
          6.25

        
      


      
        	Total

        	
          48

        

        	
          100%

        
      

    


    The table also indicates the academic qualifications of the respondents; respondents with bachelor degree have the highest percentage of 64.60%, while respondents with a postgraduate qualification constitute 35.40%. Majority (68.75%) of the respondents have between 6–10 years related PPP experience, followed by respondents with 11–15 years of experience (18.75%), and lastly the respondents with 0–5 years of experience (12.5%).


    The types of PPP projects previously involved by the respondents was identified, wherein education related PPP projects carried the majority of the share at 27.08%, followed by water, sanitation and other environment related projects at 22.92%, power and energy at 20.83%, housing at 16.67% and lastly transportation and public utilities at 6.25% respectively. The public utilities PPP projects, refers specifically to tourism and recreational related projects. The wide variety of PPP projects which the respondents were involved in indicated the vast experience and knowledge of the respondents with respect to the implementation of various types of PPP projects, which should enable them to provide more insightful and valuable information for the study. It is to be noted that through cross-checking, although 12.5% of the respondents were found to have only 0–5 years related PPP experience, the number of PPP projects that they have been involved substantiates their reliability as suitable respondents of this survey.


    Survey Data Analysis and Results


    The relative importance of the 12 skills identified from the literature review was explored by means of a five-point Likert rating scale, where 5 = Highly important, 4 = Important, 3 = Moderately important, 2 = Mildly important and 1 = Least important. The data was analysed using the SPSS statistical package. The Cronbach’s alpha reliability test was firstly undertaken to determine the reliability of the data obtained: the Cronbach’s alpha value was 0.708 suggesting that the data collected to be reliable (Norusis, 1992).


    However, before deciding which tests to perform on the data, the normality of the data had to be ascertained, the Kolmogorov-Smirnov statistics returned with a p-value of sig = 0.000 which is statistically significant since it is less than 0.05, indicating the data to be not normally distributed. A significant value of less than 0.05 indicates non normality (Pallant, 2010). Given the above results from the normality test, the non-parametric tests were then used to analyse the data and draw inferences. To compare the two independent samples (public and private sector respondents) the Mann-Whitney U test was employed; which is the non-parametric equivalent of the t-test for independent samples. The Mann Whitney U test was conducted in order to determine the differences in the perceptions of public and private sector respondents on the level of importance of the identified SPV organisation skills sets for PPP project delivery.


    From Table 4, which displays the mean ranking of the SPV organisation skills for the PPP infrastructure projects implementation, it shows that “legal and contracting knowledge” is the PPP skill with the overall highest mean and consequently ranked first. This ranking is a clear attestation to the fact identified by Abdul Aziz (2012) with respect to Malaysian housing PPP projects. He reiterated the importance of legal contracting knowledge to ensure the effective delivery of PPP projects. This is related to the principal role that this skill plays in all the aspects of the project delivery, ranging from the rights and responsibilities of the parties involved, project commencement date and expected duration period, basis for extension of time and claiming for liquidated and ascertained damages, concession agreements and grounds for termination of the contract, among others. “Value for money assessment ability” was rated on average as the second most important skill. VfM plays a fundamental role in PPP, as it is considered as one of the crucial requirements before a project can go ahead to be procured via the PPP procurement option (Shaoul, 2002; Ismail and Pendlebury, 2006). VfM is described as the optimum combination of whole-of-life costs and quality (or fitness for purpose) of the goods or service to meet the user’s requirement (HM Treasury, 2006). It is noted by Takim et al. (2009) and Ismail, Takim and Nawawi (2011), that despite the widespread adoption PPP for delivering infrastructure projects in Malaysia, the implementation policy and the achievement of the VfM objectives in the procurement approach in Malaysia has been the subject of critiques; as the VfM objectives with regards to the achievement of the end user’s expectations in the Malaysian practice of PPP for infrastructure projects are not adequately met, although it is clearly an important skill to be able to assess VfM.


    Table 4. Perception of Survey Respondents Concerning the Relative Importance of the SPV Organisation Skills for PPP Infrastructure Projects Implementation


    [image: art]


    “Ability to clearly define technical and output/outcome specifications and standards for services to be procured” occupies the third position. According to Robinson and Scott (2009), a well-drafted output specification is fundamental towards ensuring the successful delivery of PPP projects, as it is the level of services described in the output specification by the public authority and subsequently the performance system measuring the compliance of the PPP concessionaire through the SPV that determines the payment due from the project end users; and moreover serves as reference in the case of any dispute that arises during the PPP project execution and operation.


    “Scoping in/out ability” skill was rated as the fourth most important skill, whilst “experience in negotiation and arbitration“, “project management skills“, “communication capabilities“, “coordination skills“, “ability to formulate appropriate performance measures and development of monitoring systems to determine performance“, “technical and operational innovation skills“, “stakeholder management skills” and “conceptual skills” were ranked in relative descending order from the fifth to the 12th based on the mean rating scores of the public and private PPP stakeholder respondents.


    In terms of the differences on the perceived mean importance of each skill by the public and private sectors, Table 3 indicates that, “value for money assessment ability” and “legal and contracting knowledge” are considered the most important skills for the private sector, this finding is a clear attestation to the all-encompassing consideration that the private sector has with respect to ensuring that the PPP project delivers the required Value for money objective. Whilst the ability of the SPV organisation to possess the requisite legal and contracting knowledge required to effectively negotiate the terms and conditions that governs the PPP project is recognised as also being highly important. With respect to the public sector perspective, “ability to clearly define technical and output/outcome specifications and standards for services to be procured” is considered the most important skill that is required by the SPV for the delivery of PPP projects. This finding is a clear attestation to the Malaysian PPP guideline with respect to payment for services offered by the PPP projects: wherein the guideline states that payment for services procured by the PPP is to be based on the predetermined standards and performance as agreed in the contract agreement by the parties of the PPP project (UKAS, 2009). Thereby, this finding is an indication of the underlying desire of the public sector to ensure that the PPP project strictly complies with the agreed specifications and requirements as stipulated in the PPP contract.


    Investigating the significant differences in the perceptions of the public and private sectors regarding the relative importance of the twelve SPV organisational PPP skills, the Mann-Whitney U test was employed. The test results as described in Table 5 returned a significant value of 0.024 (less than 0.05) for the skill “ability to clearly define technical and output/outcome specifications and standards for services to be procured“, whilst the rest were not significant. This clearly points to the conclusion that the private sector does not seem to be matching the priority of the public sector client in prioritising its “ability to clearly define technical and output/outcome specifications and standards for services to be procured”. This finding is in tandem with the study undertaken by Ismail, Takim and Nawawi (2011), wherein they identified that the Malaysian public sector procuring party in PPP appears to be more aware on the comprehensive specification of the proposed PPP projects compared to contractors, which are responsible to deliver the project. Furthermore, the study has shown that these SPV organisation PPP skills can be categorised into smaller groups (skill sets) considering their relationship to the execution and operation of the PPP project and for this purpose, factor analysis was conducted.


    Table 5. Perception of Public and Private Sector Respondents Concerning the Relative Importance of the SPV Organisation Skills for PPP Infrastructure Projects Implementation


    [image: art]


    Factor Analysis for Skill Sets for the SPV Organisation in PPP Infrastructure Projects


    The purpose of undertaking factor analysis of the various skills is to establish the correlation among these observable skills. This then helps to reduce the number of variables and create a hierarchy of understanding skills at micro and macro levels. The 12 items of the SPV organisational skill for successful PPP infrastructure project delivery were subjected to principal components analysis (PCA) using SPSS version 18. Prior to performing PCA, the suitability of the data for factor analysis was assessed. The Kaiser Meyer-Olkin value was 0.623, which is satisfactory for factor analysis (Norusis, 1992) and Bartlett’s Test of Sphericity has a significant value (p) of 0.000, thereby meeting the requirement of (p < 0.05) supporting the factorability of the correlation matrix (Bartlett, 1954).


    Table 6. Factor Loading of SPV Organisational Skills for Successful Delivery of PPP Infrastructure Projects


    
      
        	Factor Components

        	
          Components

        
      


      
        	Factor 1

        	Factor 2

        	Factor 3

        	Factor 4

        	Factor 5
      


      
        	Ability to clearly define technical output/outcome specifications and standard for services to be procured

        	
          0.856

        
      


      
        	Scoping in/out ability

        	
          0.843

        

        	

        	

        	

        	
      


      
        	Technical and operational innovation skills

        	
          0.582

        

        	

        	

        	

        	
      


      
        	Legal and contracting knowledge

        	

        	
          0.826

        

        	

        	

        	
      


      
        	Experience in negotiation and arbitration

        	

        	
          0.799

        

        	

        	

        	
      


      
        	Value for money assessment ability

        	

        	
          0.629

        

        	

        	

        	
      


      
        	Coordination skills

        	

        	

        	
          0.825

        

        	

        	
      


      
        	Communication capabilities

        	

        	

        	
          0.671

        

        	

        	
      


      
        	Project management skills

        	

        	

        	
          0.566

        

        	

        	
      


      
        	Ability to formulate appropriate performance measures and development of monitoring systems to determine performance

        	

        	

        	

        	
          0.875

        

        	
      


      
        	Conceptual skills

        	

        	

        	

        	
          0.657

        

        	
      


      
        	Stakeholder management skills

        	

        	

        	

        	

        	
          0.699

        
      

    


    Principal components analysis revealed the presence of five components with Eigen values exceeding 1 (see Table 6). Each variable belongs to only one of the factors, with the loading on each factor exceeding 0.50. The factor analysis showed that the 12 skills are being grouped into five principal factors (skill sets), which are the latent variables and are labeled as follows:


    
      	Factor grouping 1 represents technical related project skills.


      	Factor grouping 2 represents legal and value related project skills.


      	Factor grouping 3 represents contract administration related project skills.


      	Factor grouping 4 represents conceptual and performance management related project skills.


      	Factor grouping 5 represents stakeholder management related project skills.

    


    Factor Grouping 1: Technical Related Project Skills


    The skill components of project technical related skills are:


    
      	Ability to clearly define technical output/outcome specifications and standard for services to be procured.


      	Scoping in/out ability.


      	Technical and operational innovation skills.

    


    Technical skills in the SPV organisation in PPP involves the evaluation of designs and the planned facilities in a life cycle scenario including environmental impacts and safety and health considerations with respect to the PPP infrastructure project (Zhang, 2005). When considering PPP procurement options, it is important to review the associated technical related problems. In particular, the contractor needs to ensure that any engineering uncertainties are resolved, in order not to undermine the overall project feasibility (Li et al., 2005). In the project technical related skills, “ability to clearly define technical output /outcome specifications and standard for services to be procured” and “scoping in/out ability” have a high loading (Table 6: significance 0.856 and 0.843 respectively), while “technical and operational innovation skills” has the lowest loading of 0.582.


    Factor Grouping 2: Legal and Value Related Project Skills


    The skill sets components of project legal and value related skills are:


    
      	Legal and contracting knowledge.


      	Experience in negotiation and arbitration.


      	Value for money assessment ability.

    


    An effective understanding and expertise of the legal related aspects of a PPP project by the SPV organisation enables the procurement approach to be implemented without undue legal restriction on the private sector involvement (Li et al., 2005). Having effective legal competencies in PPP projects is imperative as the PPP contracts are supposed to cover every possible aspect of the relationship, including the rights and responsibilities of parties, commencement date and duration period, schedule for disbursing the public agencies’ entitlements, basis for extension of time, grounds for termination, among other matters (Abdul Aziz, 2012).


    In the PPP form of delivering infrastructure, VfM is considered a pivotal requirement in adopting the innovative partnership collaboration to deliver the needed infrastructure (Shaoul, 2002; Ismail and Pendlebury, 2006). PPP initiatives are about public and private sectors collaborative initiatives that encourage commercial investment in the provision of desired infrastructure facilities and services, by which this is achieved by the apportionment of risks between the parties considered in better position to manage them with the sole aim of achieving VfM (Rosenau, 2000).


    In the project legal and value related skills, “legal and contracting knowledge” and “experience in negotiation and arbitration” have a high loading (significance 0.826 and 0.799 respectively), while “value for money assessment ability” has the lowest loading of 0.629. The legal and value related project skills category is evidently showing a very high correlation of the skills within the category, as well as consisting of the two most important skills identified by both the public and private sector respondents.


    Factor Grouping 3: Contract Administration Related Project Skills


    This factor grouping accounts for 10.4% of the total variances between the skills. The skill components of project contract administration related skills are:


    
      	Coordination skills.


      	Communication capabilities.


      	Project management skills.

    


    The contract administration skills focuses on the management of roles and responsibilities of parties to the PPP contract by the SPV organisation during the PPP project conception, execution and subsequent operation stages by which is required to effectively deliver the intended objectives of the PPP project (Devkar and Kalidindi, 2013). In the project contract administration related skills, “coordination skills” has the highest loading of 0.825, while “communication capabilities” has a loading of 0.671, while “project management skills” has the lowest loading of 0.566.


    Factor Grouping 4: Conceptual and Performance Monitoring Project Skills


    This factor grouping accounts for 9.7% of the total variances between skill sets. The skill sets components of project conceptual and performance monitoring skills are:


    
      	Ability to formulate appropriate performance measures and development of monitoring systems to determine performance.


      	Conceptual skills.

    


    Performance measurement is the process of quantifying the efficiency and effectiveness of action of organisations based on their initial set out objectives (Neely, 1999). According to Cates et al. (2002), in the private sector led SPV just like any strategically intent organisation, effective performance management skills will enable the SPV to achieve the following objectives towards delivering enhanced infrastructure project and services, these objectives includes:


    
      	impact on organisation reputation,


      	improved measured of organisational knowledge and lastly,


      	increased ability to provide customer value.

    


    Another skill that forms part of this categorisation is that of “conceptual skills”. For the innovative procurement approach in PPP to achieve its desired objectives, there is the need for the continued development and incorporation of organisational concepts and mechanisms that hold promise for (1) mobilising resources beyond those available to public sector entities alone and (2) offering solutions to complex problems; In particular, these concepts are developed in terms of policy development, infrastructure and service delivery, capacity building and lastly economic development. With these concepts, the PPP approach is expected to be analytically valid and practically worthwhile in delivering its promises and expectations (Brinkerhoff and Brinkerhoff, 2011).


    In the project conceptual and performance monitoring skills, “ability to formulate appropriate performance measures and development of monitoring systems to determine performance” have a high loading, while “conceptual skills” have a lower loading (significance 0.875 and 0.657 respectively).


    Factor Grouping 5: Stakeholder Management Related Project Skills


    This factor accounts for 8.8% of the total variability between critical success factors. There is only one skill component under this factor grouping, which is “stakeholder management skills” (significance 0.699). In relation to infrastructure projects development, a stakeholder refers to any person or organisation that has a legitimate interest in a project (Bourne, 2005). In the context of infrastructure development “stakeholder involvement” has now replaced the more limited term of “public involvement“; as such in the PPP infrastructure project, the public needs to be effectively involved in order to ensure that the underlying objectives of the procurement approach is being achieved. However, the public has to be taken in full confidence that their involvement will influence the decision making process (El-Gohary, Osman and El-Diraby, 2006).


    IMPLICATIONS, LIMITATIONS AND CONCLUSION


    This paper has established the relative importance of skills in SPV organisations with respect to the delivery of PPP projects. Based on the descriptive quantitative data provided by public and private sector stakeholders involved in PPP projects in Malaysia, “legal and contracting knowledge” and “conceptual skills” were respectively identified as the most and least important of the SPV organisation skills for PPP project delivery. Furthermore, “ability to clearly define technical and output/outcome specifications and standards for services to be procured” differed significantly in terms of level of importance between the public sector and private sector respondents. This significant mismatch implies that the issue of skills alignment needs serious attention.


    There are limitations with respect to this study. The limitations relates to the difficulty of achieving high response rate. This is contributed by the fact of a limited number of people with sufficient experience in PPP projects in Malaysia. In order to substantiate this piece of work, it is highly recommended that triangulation using the qualitative approach be also undertaken undertaken in order to increase the reliability of the findings of this research in view of having to settle for low response rate. Additionally, further evidence based research needs to be undertaken in order to establish the relationships of the various hypothesis that are implied here.


    It is suggested in this paper that the slow progression of the SPV organisation to deliver enhanced PPP project objectives can be attributed to the prolonged transition phase of the current institutionalised form of construction project skills acquisition that has yet to place greater emphasis on SPV organisation PPP skill sets such as “risk management“, “negotiation“, “strategic financing capabilities“, etc. as key components of the SPV.


    The findings of this research study is expected to contribute to the body of knowledge with respect to the critical role that the skills of the private sector led SPV organisation plays in delivering projects through the innovative approach in PPP. This serves to highlight the importance of aligning the roles and responsibilities of the various stakeholders with the relevant skills. Additionally this study provides all key stakeholders under the SPV organisation the opportunity to align their resources within the respective skill sets (factor groupings) at the higher conceptual level and then address the specific skills to be procured at the micro level for the improved delivery of the infrastructure needs of society through the PPP approach.
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    Abstract: This paper investigates the accuracy of new finite element modelling approaches to predict the behaviour of bolted moment-connections between cold-formed steel members, formed by using brackets bolted to the webs of the section, under low cycle fatigue. ABAQUS software is used as a modelling platform. Such joints are used for portal frames and potentially have good seismic resisting capabilities, which is important for construction in developing countries. The modelling implications of a two-dimensional beam element model, a three-dimensional shell element model and a three-dimensional solid element model are reported. Quantitative and qualitative results indicate that the three-dimensional quadratic S8R shell element model most accurately predicts the hysteretic behaviour and energy dissipation capacity of the connection when compared to the test results.
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    INTRODUCTION


    In statically loaded structures, such as portal frame buildings structures, typical bolted moment-connections between cold-formed steel channel-sections can be formed through brackets bolted to the webs of the cold-formed steel sections being connected (see Figure 1). Such portal frame structures have numerous applications in developing countries for lost cost housing and shelter; they also potentially have good seismic resisting capabilities. Previous research under monotonic load (Lim and Nethercot, 2003; Lim et al., 2014) has shown that the limit of strength of the channel-section is due to failure caused by a bi-moment in the section (see Figure 2), and also influenced by the length of the bolt-group. A full review of this and other related work is described in Wrzesien, Lim and Nethercot (2012).


    However, in earthquake loading situations, bolted moment-connections between cold-formed steel channel-sections are subject to cyclic loading, typically lasting between 60 to 120 seconds, under a relatively low number of deformation cycles. To investigate the behaviour of such connections under such seismic cyclic action, cyclic displacement-based experiments should be adopted, as per Section S6.2 of American Institute of Steel Construction (AISC) Seismic Provision (American National Standards Institute [ANSI]/AISC 341, 2005). Section S6.2 specifically refers to the cyclic qualification of moment resisting connections in special and intermediate moment frames (ANSI/AISC 341, 2005). These are a standard form of repeatable test, used to understand the low cycle behaviour of structural elements or connections. The loading cycles used in the numerical analysis in this paper are shown in Figure 3 and are the same as that used by Sabbagh et al. (2012a).
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      Figure 1. Typical Details of a Cold-Formed Steel Bolted-Moment Connection
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      Figure 2. Failure in Channel-Sections as Influenced by the Length of the Bolt-Group (Lim and Nethercot, 2003)

    


    Typically, these tests are conducted at pseudo-static rates of loading, such that strain rate effects are not considered. Therefore, the rate of loading does not influence the mechanical properties and allows plasticity to spread beyond the point of initiation. The moment-rotation or load-deformation hysteresis of a bolted connection is used to evaluate the ductility and energy dissipation capacity of the specimen under investigation.
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      Figure 3. Load Cycles Used in Testing by Sabbagh et al. (2012a) According to ANSI/AISC 341 (2005)

    


    In earthquake engineering, the principle of dependable controlled inelastic deformation is fundamental to providing structures that perform safely (European Committee for Standardisation, 2004; Elghazouli, 2009). Earthquake resistant structures are designed to deform inelastically during moderate to large earthquake events as it is not practical/cost effective to design a structure to remain elastic during such events. In multi-storey buildings, concentration of inelastic demand into the columns must be avoided, requiring a strong column and weak beam design principle to be maintained throughout the range of expected inelastic deformation. At beam-column connections, plastic hinges are allowed to form in the beam but not within the column. Yielding and subsequent formation of plastic hinges dissipate energy induced in the structure as a result of inertial forces. The predictable dissipation of energy and the ability to develop dependable strength under repeated cycles of inelastic loading are fundamental in ensuring predictable damage and life safety. In this paper one of the parameters used to define seismic performance is the displacement ductility demand:


    [image: art]


    where δu is the maximum displacement of the structure and δy is the first yield displacement of the structure. Interstorey drifts are also used in design as they relate to the protection of the building envelope whereas ductility demand relates to control of structural damage.


    Limited research has been undertaken to quantify the cyclic or seismic performance of cold-formed steel moment resisting connections in earthquake engineering. Recently, Sabbagh (2011) and Sabbagh et al. (2011; 2012a; 2012b; 2013) have conducted a combination of experimental and non-linear elastic plastic finite element analysis on novel back-to-back curved-flange cold-formed steel moment resisting connections (see Figure 4).
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      Figure 4. Details of Curved Flange Beams Cyclically Tested by Sabbagh et al. (2013): (a) Elevation of Test Specimen, (b) Details of Through Plate and (c) Section Through Back-To-Back Beams

    


    In this paper, numerical models of varying degrees of complexity were used to simulate the cyclic displacement response of curved-flange channel-sections as tested by Sabbagh et al. (2012a). Models using both linear and quadratic solid and shell elements were considered. Importantly, this research extends existing modelling understanding of bolted moment connections by explicitly modelling the bolted connections in 3-D finite element models. Results show that quadratic shell elements with explicitly modelled bolted connections, capture the cyclic behaviour of cold-formed steel moment connections most accurately. An improved understanding of the behaviour of such connections is important in order for structures using such connections to be adopted, in particular in developing countries in seismic sensitive areas.


    MATERIAL PROPERTIES


    The value of Young’s modulus and Poisson’s ratio used for cold-formed steel were 210 kN/mm2 and 0.3, respectively. As per Sabbagh et al. (2013), the yield stress was 308 N/mm2 and the ultimate stress was 474 kN/mm2. The maximum principal stress was assumed to be 10% higher than the yield stress (i.e. 338.8 N/mm2). The material model assumed was a bilinear plasticity model with isotropic strain hardening as per the coupon tests of Sabbagh et al. (2013).


    NUMERICAL MODELLING


    The beam-column connections have been modelled and analysed using ABAQUS (ABAQUS ver. 6.11, 2011). Beam-column and continuum finite element approaches were adopted in this paper to demonstrate their applicability towards accurately capturing the cyclic response of cold-formed steel curved channel section moment resisting connections. Two-dimensional beam-column models, three-dimensional plate element models and three-dimensional solid element models were all investigated. In structures subjected to low cycle fatigue, and in sections subjected to high stress concentrations, the potential for cracks to develop is high. Therefore the applicability of the eXtended Finite Element Method (XFEM) for crack analysis was also investigated. However, it was found that once a crack began to initiate in an element the numerical analysis failed to converge. The premature failure of the numerical analysis meant the cyclic capacity of the connection was not fully captured. For this reason, the authors therefore recommend not using XFEM in cyclic or dynamic analysis of cold-formed sections.


    For reference, the analysis parameters used are detailed below. The Cohesive Surface Crack Method of crack propagation was selected in this analysis to model the cohesive behaviour response in the enriched XFEM elements. The maximum principal stress failure criterion was selected for damage initiation. Damage was defined by a mixed-mode energy based Benzeggagh-Kenane damage evolution criterion (Benzeggagh and Kenane, 1996). The damage was defined with power law damage propagation input parameters as recommended in Simulia (ABAQUS ver. 6.11, 2011) with a power equal to 2.284 and a viscosity coefficient to stabilise the damage equal to 1 × 10–5. The normal and shear mode fracture energy are both required for the XFEM analysis. The normal mode fracture energy (Mode 1) was calculated using the fracture toughness of 60 kJ/m2 (Ashby and Jones, 1996). The shear mode fracture energy in the first and second directions (Modes 2 and 3) were assumed to be the same.


    DETAILS OF FINITE ELEMENT IDEALISATION


    Figure 5 presents the details of the curved flange beams tested by Sabbagh et al. (2012a) where the same cross-section was adopted in this study. The thickness of the cross-section for the analysis is 4 mm as per Specimen B1 of Sabbagh et al. (2012a).


    Details of the finite element idealisations are shown in Figure 5. The vertical lines at one-third distance along the beam (see Figures 5[b] and 5[c]) indicate the locations of out-of-plane restraint provided during the test. Four different idealisations were considered:


    
      	Idealisation 1 (ID-1): 1-D BEAM element idealisation assuming fully fixed-end support (see Figure 5[a]).


      	Idealisation 2 (ID-2): 3-D SHELL element idealisation assuming fully fixed end support (see Figure 5[b]).


      	Idealisation 3 (ID-3): 3-D SHELL element idealisation with bolted connection modelled (see Figure 5[c]).


      	Idealisation 4 (ID-4): 3-D SOLID element idealisation with bolted connection modelled (ID-4) (see Figure 5[c]).
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      Figure 5. Idealisations for Moment Resisting Connection Cantilever for (a) 1-D Idealisation with Fixed End Support, (b) 3-D Idealisation with Fixed End Support and (c) 3-D Idealisation with Bolted Connection Support

    


    Idealisation of Bolted Moment Connection


    ID-3 and ID-4 both require the bolts to be idealised. Including both the bolts and bolt-holes in the finite element model would greatly increase the computational time, as the deformation of both the bolt-holes and bolts would then need to be captured. Instead, the nodes at the center of each bolt-hole were restrained in the out-of-plane direction. The elongation of the holes in the two in-plane directions was captured through the use of two non-linear spring elements, ksx and ksy. Figure 6 shows details of the restraints and springs.


    
      [image: art]


      Figure 6. Details of Finite Element Idealisation of Bolted Connection

    


    Notes:


    
      	Nodes B and B’ are coincident.


      	Node B is attached to the channel-section.


      	Node B’ is fixed in all three global directions.


      	The stiffness of the springs connecting each pair of coincident nodes are as follows: ksx = ksy = kb

    


    The stiffness ksx and ksy were assumed to be 30 kN/mm. It should be noted that although the spring stiffness of 30 kN/mm is realistic, the ultimate load of the joints is insensitive to the value of the stiffness within the realistic range, say, 10 kN/mm to 100kN/mm. It is important that a realistic stiffness is modelled, and not one set to infinity, as would be the case of fixing the node in the x- and y-directions.


    DETAILS OF THE FINITE ELEMENT MESH


    Beam Mesh


    Both channel-sections were used to determine the gross section properties to be used in the beam idealisation. The length of each beam element was 150 mm with material properties and cross-section defined.


    Shell and Solid Element Mesh


    Figure 7 shows details of the finite element mesh refinement for one of the cold-formed steel channel sections. Four elements were used through the thickness of the thin wall plates. The size of the shell elements is 5 × 5 mm at the fixed end. This gradually increases to 20 × 20 mm at the free end. The back-to-back channel-sections were modelled with a gap of 3 mm between them. The finite element mesh used for the solid elements was the same as for the shell elements. The elements were modelled using large strain elements that linearly (S4R) and quadratically (S8R) interpolate the displacement functions.
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      Figure 7. Details of Finite Element Mesh of Single Curved Flange Section with Fixed-End Connection

    


    FINITE ELEMENT RESULTS


    Comparison of Analyses


    Table 1 presents a summary and comparison of the key results from the numerical analyses performed. As expected, ID-1 overestimates both the cantilever tip displacement at first yield (33.8%) and initial stiffness (60.2%). The energy dissipation was underestimated by 98% due to the analysis failing prematurely during the 5th cycle group (see Table 1 and Figure 8a). The ID-1 model provides a poor estimate of the cyclic performance of the moment resisting connection. As mentioned previously, the purpose of the beam idealisation is to provide a benchmark for the shell and solid idealisations.


    Analysis of Table 1 and Figures 8 and 9 shows that the shell analyses using linear and quadratic elements overestimated the initial stiffness, whilst the bolted connection using linear and quadratic elements underestimated the initial stiffness. Figure 8(b) shows the hysteresis plot for the Linear ID-2 analysis. Unlike the hysteresis plot in Figure 10; it can be seen that the stiffness reduces notably after peak force capacity of the member is reached. The Linear ID-3 model underestimates the initial stiffness (71%) of the test specimen resulting in a larger amount of stiffness softening than the Linear ID-2 analysis. The influence of the bolted connections compared to the fixed-end connection can be seen comparing the hysteresis plots in Figures 8(b) and 8(c).


    The Linear ID-2 model response was dominated by local buckling as shown in Figure 8(b). On the other hand, the explicit modelling of the bolted connection can be seen to dominate the hysteretic response in the Linear ID-3 model as shown in Figure 8(c). The Linear ID-4 hysteresis in Figure 8(d) shows an idealised strain hardening response that fails to capture local buckling. First yield was predicted more accurately by the quadratic element models (4.4% average error to test results) as compared to the shell element models (average 28.6% error) indicating that the solid elements do not capture local buckling.


    The influence of the bolted and fixed-end connection can be seen in the quadratic element models as shown in Table 1 and Figure 9. As expected, the initial stiffness of the idealised ID-2 compared to the ID-3 is considerably stiffer (79.8% greater initial stiffness). The hysteresis plot in Figure 9(c) represents the most similar response to the test specimen in Figure 10. The initial stiffness and total energy dissipation are underestimated; however the quadratic ID-4 model has captures the peak load, local buckling, initial yield and ductility most closely to the test specimen. Sabbagh et al. (2013) observed that the response of the specimen was dominated by connection slip rather than rotational behaviour in the beam.


    Figure 11 shows the von Mises stress plots for each of the finite element idealisations at their peak displacement. No magnification factor is applied. Figure 11(b) shows significant local buckling of the flanges away from the end fixity for the quadratic ID-2 analysis. The quadratic ID-4 analysis in Figure 11(c) also shows some local buckling of the flanges as a result of the compressive load together with the bi-moment in the out-of-plane direction. Most importantly though, the quadratic ID-3 analysis captures web buckling similar to that observed during the test in Figure 12(b).


    Table 1. Summary of Finite Element Simulations and Experimental Test Results
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    Energy dissipation is an important design principal in seismic design as inelasticity is used in design to ensure a safe and predictable response during a seismic event. It can be seen from Table 1 that the hysteretic energy dissipated in the moment resisting connection during the beam analysis and others varies significantly. The reasons for this are that distortion and local buckling of the section was not taken into consideration during the ID-1 analysis. The beam analysis has failed prematurely due to excessive mesh distortion as it is not capable of analysing the significant deformations as plane sections remain plane. The Linear ID-2 analysis provides the most accurate measure for total energy dissipated, however in general the energy dissipation is underestimated by the models. One of the main reasons for this is the difficulty in accurately capturing the stiffness using finite element analysis. Another reason for this is the test displacement cycles were paused at a number of times during the test resulting in an excessive measure of area under the hysteresis curve. Also, the displacement control by the test apparatus did not completely match the input displacement cycles as per Figure 3. Therefore, the displacement cycles defined and assigned onto the finite element models was different to the test.


    The displacement ductility demand provides an indicator of the level of inelastic deformation that the moment resisting connection is capable of resisting. As can be seen from Table 1, the ID-1 and quadratic ID-4 analyses failed prematurely and therefore incorrectly indicate low levels of ductility demand. The quadratic and linear ID-2, ID-3 and ID-4 analyses all have similar levels of ductility demand and are similar to that recorded during the test.


    Sabbagh et al. (2011) modelled the experiments in ABAQUS using three-dimensional S8R elements (eight noded quadratic shell elements) with a mesh sensitivity of 20 mm and end nodes fully fixed in all six degrees of freedom. Initially, Sabbagh et al. (2011) did not investigate the modelling of the bolted connection, but in more recent work (Sabbagh et al., 2013) the bolted connections were modelled using connector elements to connect the beams to the supporting plate. The methodology presented in this paper for modelling the bolted connection has been verified previously (Lim and Nethercot, 2004) and describes a simpler method of modelling bolts as to that of Sabbagh et al. (2013): the two methods, however, should provide the same overall result.
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      Figure 8. Hysteresis Plot for Cantilever Beam Analysed Using (a) ID-1, (b) Linear ID-2, (c) Linear ID-3 and (d) Linear ID-4
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      Figure 9. Hysteresis Plot for Cantilever Beam Analysed Using (a) ID-1, (b) Quadratic ID-2, (c) Quadratic ID-3 and (d) Quadratic ID-4
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      Figure 10. Load vs. Deflection Hysteresis Curve of Specimen B1 from Sabbagh et al. (2012a)

    


    


    
      [image: art]


      Figure 11. Deformed Shape of Von Mises Stress Plot of Back to Back Curved Flange Cold Rolled Steel Cantilever Beam at the Peak Displacement during the Final Cycle (Deformation Scaling Factor 1.0) for (a) Quadratic ID-2, (b) Quadratic ID-3 and (c) Quadratic ID-4 (No Magnification)
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      Figure 12. Photographs of Tested Specimen B2 by Sabbagh et al. (2012a): (a) Elevation and (b) Skewed Elevation, Indicating Web Flange Buckling at Final Cycle

    


    CONCLUSIONS


    A numerical investigation was undertaken to accurately model the cyclic behaviour of a bolted cold-formed steel moment resisting connection. Numerical analyses of varying complexity were compared to test results published in the literature. A simplistic one-dimensional beam element analysis was followed by more sophisticated three-dimensional shell and solid element analyses. Both fully-fixed and explicitly modelled bolted connections were investigated.


    The results showed, as expected, that the beam element did not capture cyclic behaviour accurately. The three-dimensional solid element analyses also did not capture local buckling and therefore has captured the hysteretic behaviour poorly. Neither the beam-column nor solid element analyses shall be used to evaluate the cyclic behaviour of cold-formed steel moment resisting connections.


    Quadratic and linear S4R elements were compared with quadratic S8R elements, capturing the local buckling during cyclic loading more accurately. The most accurate model to capture the cyclic behaviour of the cold-formed steel moment connection is shell quadratic S8R elements with explicitly modelled bolted connections using spring elements.


    The use of such connections for portal frame structures would have numerous applications for shelter and housing in developing countries. Further research to quantify the behaviour of such structures is needed.
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Size space Professional
Qualifications
0-50 41 31.3 Lessthan 34 286  MSc/MA 2 30.5
100,000 sgm facilies
management
51-100 15 11.5  100,000-250,000 44 37 CFM 12 12.6
sqm
101-250 22 16.8  250,000-500,000 16 13.4  FMP 15 157
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251-500 8 6.1 500,001-750,000 13 109 Undergraduate 17 17.9
sqm modules in FM
501-100 15 11.5 1,000,000 sgm 12 10.1 Others 22 233
and above
Over 1000 30 228
Total 131 100 Total 119 100 Total 95 100






OEBPS/Images/Art_P48.jpg
Eq. 17





OEBPS/Images/Art_P35.jpg





OEBPS/Images/Art_P18.jpg
TE=A

)





