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Abstract: This study examined the extent to which Nigerian construction professional groups are equipped with relevant degree-specific knowledge in project management practice. A survey was employed, in which 60 construction project managers based in Lagos, Nigeria were selected using the snowball sampling technique. Data were analysed using descriptive statistics. The findings indicate that construction project managers are proficient in construction technology, project planning and control and contract administration, while they are deficient in information technology, marketing, accounting and finance and human and industrial relations. The quantity surveyors’ group and the builders’ group are the most equipped, whereas the civil engineers’ group is the least equipped in terms of background education to practise project management. The study can be used as a guide by clients when engaging built environment professionals to aid in construction project management. The current study provides insight into proficiency and highlights the deficiencies of the various built environment professionals in the management of construction projects.
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INTRODUCTION

A project can be considered to be a set of specific objectives, which have definite start and end dates, involve a series of activities and tasks that consume resources and must be completed within a predetermined specification. Projects in the construction industry cover several areas of specialisation such as buildings, roads, bridges, electrical power generation and transmission, and telecommunication. The complexity of modern construction necessitates specialisation and, consequently, the proliferation of new disciplines. Project management as a discipline is the application of knowledge, skills and techniques to execute projects effectively and efficiently. It is a strategic competency for organisations, enabling them to tie project results to business goals and, thus, better compete in their markets. The project managers’ responsibilities span a broad spectrum, covering entire areas of project management including project planning, cost management, time management, quality management, contract administration and safety management. Project management-related degree programmes within the built environment disciplines in Nigeria include Architecture, Building/Building Technology, Civil Engineering, Estate Management and Quantity Surveying. Each of these disciplines has their own professional organisation. Professional organisations in the Nigerian construction industry include the Nigerian Institute of Architects (NIA), the Nigerian Institute of Building (NIOB), the Nigerian Institute of Quantity Surveyors (NIQS), and the Nigerian Society of Engineers (NSE), which has various divisions such as an Institution of Civil Engineering. However, as observed by Russell and Stouffer (2003), Dulaimi (2005) and Arcila (2006), many construction and engineering degree programmes designed to produce construction professionals are not specifically tailored to educate students to become effective and skilful project managers as they tend to emphasise technical skills. However, the study by Odusami (2002) revealed that decision-making, leadership and motivation and communication skills are the most important in the context of effective construction project leadership.

Out of 106 universities in Nigeria, none offer an undergraduate degree programme in construction project management. At the postgraduate degree level, only one university offers a construction project management programme. The project management programme of the University of Lagos, which started in the 2001/2002 academic session has so far produced over 400 graduates. Thomas and Mengel (2008) argued that traditional training and even education focusing solely on a transfer of knowledge and intellectual competency does little to prepare project managers to understand and cope with the level of ambiguity and uncertainty that today’s projects almost inevitably present them with. Despite the shortcomings in the background education of construction professionals in the project management-specific knowledge area, most consultants in the Nigerian construction industry combine project management practices with their primary responsibilities without additional training in project management. In view of the perceived notion that project managers’ leadership style and competencies are contributing factors to project success, the motivation for this study, therefore, is to assess the profile of the different professional groups in terms of the relevance of the specific knowledge from their background degree to project management knowledge areas or practices. Therefore, this study hypothesised that “There is no variation in the background education of built environment professionals practising project management”.

LITERATURE REVIEW

Project management is a complex process that aims to achieve multiple objectives. Project management competency is just as complex, requiring the acquisition of a variety of knowledge and skill sets that often cut cross areas of expertise. Skills development is a function of knowledge input gained in a diverse professional discipline. Gareis and Huemann (2000) defined competence as sufficient knowledge and experience for the performance of a business process. In addition to project management knowledge and experience, they suggested that a project manager must have product, company and industry knowledge and, for international projects, cultural awareness and language knowledge. The Project Management Competency Development Framework outlined three dimensions of competence: knowledge, skill and behaviour (Project Management Institute, 2002). According to Crawford (1997), for project managers to be judged competent, they must possess the “right” combination of knowledge (i.e., what they know about project management), performance (i.e., what they are able to do and accomplish while applying their project management knowledge) and personal competence (i.e., how the individual behaves when performing the project or activity; their attitudes and core personality traits).

Project management comprises a wide range of roles and responsibilities, and this must be reflected in the educational programmes of construction and engineering disciplines. The project management knowledge required by individuals differs according to the different project roles to be filled. Gareis and Huemann (2000) listed roles to be performed by project managers in the project management function as follows:

1.      Project start process: Know-how transfer from the pre-project phase into the project, development of adequate project plans, design of adequate project organisation, performance of risk management, and design of project-context-relations, etc.

2.      Project control process: Determination of the project status, redefinition of project objectives, and development of project progress report, etc.

3.      Project discontinuing management process: Analysis of the situation and definition of ad-hoc measures, development of project scenarios, definition of strategies and further measures, and communication of the project discontinuity to relevant project environments, etc.

4.      Project close-down process: Coordination of the final contents work, transfer of know-how into the base organisation, and dissolution of project-environment relations, etc.

Mengel and Thomas (2004) observed that there was no recognised development path for project managers, based on the Project Management Competency Development Framework (Project Management Institute, 2002), which is a comprehensive list of knowledge and performance indicators that includes personal competencies crucial for project management success in addition to the application of project management knowledge. They argued that despite the extensive approach to identifying project management competencies, how these skills, competencies and characteristics were to be acquired, learned and developed was not addressed (i.e., when, at what level, or for what kind of project).

Project Managers Education and Required Skills

Different authors hold divergent views with regards to project management education. For example, the project management programmes in the Engineering School, the Business School, the Institute of Management Development and the Centre of Adult and Continuing Education at the American University in Cairo reflected tremendous variations in objectives and content (El-Sabaa, 2001). Many are of the opinion that students need to be trained as generalists rather than specialists, with the industry providing the necessary additional training on the job. Bresnahen (2000) (cited in Ogunsemi, Oyediran and Ekundayo, 2008) identified the training needs of a competent project manager and organised them into the following groups: Technical training (time, cost, quality, risk, procurement and project integrity management); Business/Financial training (accounting principles and practice, financial management, business process analysis and financial management control); and Human Resource training (leadership, stakeholders management, communication, team building and negotiation skills). Edum-Fotwe and McCaffer (2000) suggested that acquiring the knowledge input that is related to the project manager’s particular area of specialty should be a base skill. Furthermore, Edum-Fotwe and McCaffer (2000) opined that apart from technical skills, modern project management practices demand additional knowledge in general management because projects generally form part of a functional organisation. They suggested subject areas such as finance and accounting, sales and marketing, strategic planning, tactical planning, operational planning, organisational behaviour, personnel administration, conflict management, personal time management and stress management. Chan et al. (2002) suggested that the curricula to educate aspiring construction project management professionals should adopt a multidisciplinary and an integrative-professional approach and that this approach should not be limited to the undergraduate curricula, but should extend into the continuing professional education of practitioners as well. Carbone and Ghoston (2004) reviewed several curricula of graduate courses in project management and found many of the course descriptions regarding the following subjects: introduction to project management, project planning and schedule, organisation, management and leadership, project cost management, risk management, procurement and contract management, financial management, economics, probability and statistics, legal and ethical issues, conflict management and project communication. The Masters of Project Management program at the University of Lagos, Nigeria comprises the following courses: (first year) Business Environment, Business Economics, Accounting and Finance, Organisational Behaviour, Human and Industrial Relations, Industrial and Labour Law, Quantitative Methods and Simulation Studies, and Value Engineering; and (second year) Design Management, Nature and Content of Project Management, Computer Application/Information Technology, Procurement Methods, Development Economics, Time Management, Contract Law, Cost Management in addition to two electives from Negotiation, Resource Management, Quality Assurance and Buildability. In another related study, Ogunsemi, Oyediran and Ekundayo (2008) listed personal and interpersonal skills, business skills, information technology, professional practice and law under basic competence, construction contract practice, construction technology, construction economics/cost control, procurement methods, financial management, contract administration/project control and marketing and accounting principle under core competence, and dispute resolution procedure, development appraisal, facilities management, property investment funding and valuation under optional competence. The consensus is that the educational curriculum for training potential construction project managers should inculcate team skills, organisational skills, communication skills, technical skills, coping skills and leadership and building skills (Meredith, Samuel and Mantel, 1995). Goodwin (1995) added conceptual skills, negotiation skills and human skills as essential skills required by project managers. Strang (2003) believed that the ability to manage a project successfully requires a mixture of skills including interpersonal ability, technical competencies and cognitive aptitude along with the capacity to understand the situation and people involved and then to dynamically integrate appropriate leadership behaviour. Pant and Baroudi (2008) observed that the focus of most project management training in the context of universities has been on the technical skills deemed essential to achieve the optimal project time, cost and quality performance. Ogunsemi, Oyediran and Ekundayo (2008) opined that the essential skills that often become relevant to construction project managers are leadership, communication, negotiating, influencing, team building, problem solving and decisiveness skills.

A poll revealed that civil engineers were not commonly seen as project leaders (Russell and Stouffer, 2003). In the context of the construction industry, a similar situation prevailed for other professionals who also tended to be well-versed in the technical aspects of their respective domains, but lacked the managerial and leadership facets of knowledge. Kerzner’s (2006) observation that people-related issues played a crucial role in project performance underlined the importance of a project manager’s competence in managerial skills and behavioural skills as well as technical skills. The scope of knowledge areas required for managing projects will be influenced by the context of the industry in which the project managers work as well as the requirements of professional institutes (e.g., the Chartered Institute of Building [CIOB] and the Institution of Civil Engineers [ICE]).

1.      Managerial skills: The project manager should have sound general business skills. These should include the following:

a.      An understanding of the organisation and the business.

b.      An understanding of general management, marketing, contract work, purchasing, law, personal administration and the general concept of profitability.

c.      An ability to translate business requirements into project and system requirements.

d.      A strong active continuous interest in teaching, training and developing subordinates.

2.      Behavioural skills: Project managers need strong behavioural and interpersonal skills. In particular, they must have the following attributes:

a.      Be an active listener, active communicator and able to capitalise on informal communication channels.

b.      Master the act of questioning to provide clarity and paraphrasing to ensure verbal messages are understood.

c.      Know how to build trust, promote team spirit and reward communication through praise and credit.

3.      Technical skills: To make informed decisions, project managers must be able to grasp the technical aspects of the project. Although project managers seldom perform technical analysis, they must be technically qualified and have the ability to formulate and make technical judgements. The project manager must be capable of both integration and analysis, and must understand the rigorous training of professional technologists, which emphasises analysis and sometimes impairs their integrative ability.

In view of the above discussion, 16 courses that are pertinent to project management education and take into consideration behavioural skills, managerial skill and technical skill of construction professional groups were identified and subjected to empirical investigation. They included accounting and finance, construction technology, construction economics, contract administration, estimating and cost control, human and industrial relations, information technology, land management and development, legal aspects, marketing, management principles and practice, organisational behaviour, procurement methods, project planning and control, quantitative methods, structural analysis and design.

RESEARCH METHOD

A structured questionnaire was the instrument used to collect primary data for the study. The target population of built industry professionals included architects, builders, civil/structural engineers, estate surveyors and quantity surveyors who have once acted as project managers or are presently engaged as project managers in Lagos, Nigeria. Lagos is located in the south-western part of Nigeria. Being a former federal capital and now the commercial centre of the country, Lagos hosts many of the reputable construction and consulting companies operating in Nigeria. Lagos is listed as one of the 25 megacities of the World with an estimated population of about 17 million in 2007 and a growth rate (3.2%) which has an attendant pressure on its infrastructure. There are numerous construction projects in Lagos that are executed by both the private and public sector to meet the housing, economic and infrastructure requirements of the emerging megacity.

A non-probabilistic sampling technique termed “snow ball” was adopted for the selection of the project managers. The rational for adopting this sampling technique was the unavailability of a sample frame of practising project managers from which an accurate sample size could be drawn. Sixty project managers, who offered project management services and were either a corporate member or fellow of their respective professional institutions, participated in the study. A mini case study was made for each project manager.

The questionnaire used for the survey included (among other items) 16 courses for the respondents to choose from. The project managers were asked to indicate the extent to which certain courses pertinent to project management were covered in the undergraduate curricula and post qualification education. About 16 of such courses were identified from literature and from knowledge of courses taught at the master’s level in universities around the world. Each project manager was asked to gauge each course on a scale of 1 (not covered) to 5 (well covered). The total score for each course was computed with a maximum possible score of 25.


RESULTS AND DISCUSSION

A summary of the demographic information obtained from the respondents is given in Table 1.

Table 1. Demographic Characteristics of the Project Managers



	
	Frequency

	Cumulative Frequency

	%

	Cumulative %




	Professional Group (N = 60)



	Architects
	12

	12

	20

	20




	Builders
	12

	24

	20

	40




	Civil engineers
	12

	36

	20

	60




	Estate surveyors
	12

	48

	20

	80




	Quantity surveyors
	12

	60

	20

	100




	Age in years (N = 60)



	21–30 years
	4

	4

	7

	7




	31–40 years
	34

	38

	56

	63




	41–50 years
	16

	54

	27

	90




	51–60 years
	6

	60

	10

	100




	Level of Education (N = 60)



	Higher national diploma
	4

	4

	7

	7




	Professional diploma
	5

	9

	8

	15




	Bachelor’s degree
	17

	26

	28

	43




	Postgraduate
diploma/Master’s degree
	32

	58

	53

	96




	Doctorate degree
	2

	60

	3

	100




	Professional Qualification (N = 60)



	Corporate member
	54

	54

	80

	90




	Fellow member
	6

	60

	10

	100




	Industrial Experience (N = 60)



	Less than 10 years
	10

	10

	17

	17




	10–19 years
	35

	45

	58

	75




	20–29 years
	12

	57

	20

	95




	30–39 years
	3

	60

	5

	100




	Above 40 years
	0

	60

	0

	100




	Educated Overseas (N = 60)



	No
	48

	48

	80

	80




	Yes
	12

	60

	20

	100




	Level of Education (N = 60)



	Low
	1

	1

	2

	2




	Moderate
	32

	33

	53

	55




	High
	27

	60

	45

	100






Demographic Characteristics of the Project Leaders

The study sought to find out the professional backgrounds of the project managers. Five types of construction-related professionals who acted as project managers were identified. They included architects, builders, civil/structural engineers, estate surveyors and valuers, and quantity surveyors. Any of these professionals can be engaged as a project manager on a building project. All five professionals were equally represented in the survey. A breakdown of the age distribution of respondent project leaders in years indicated that 7%, 56%, 27% and 10% fell within the below 30, 31 to 40, 41 to 50 and 51 to 60 categories, respectively. From this analysis, it can be inferred that project leadership is practised among professionals who are between the ages of 31 and 60 years. At the age of 60 years and above, professionals either go into other ventures that are less stressful or retire from practice. The academic qualifications of the respondents depicted that about 75% of construction industry professionals had a first degree or its equivalent and those having a diploma certificate accounted for only 15% of the total. This implied that the project managers were well educated academically. Further, there was a predominance of professionals with between 10 and 19 years of working experience. As observed, 58% of the respondents fell in this group. About 10% of those surveyed had below 10 years of experience and 20% had 20 to 29 years of experience.

In the early 1970s up till the late 1980s, the demand for construction professionals increased tremendously because of the oil boom that resulted in a high demand for construction products. As a result, many Nigerians travelled abroad to study construction related disciplines. This study sought to find the portion of project managers who benefited from overseas training. Only 20% of the project managers had overseas training, while 80% were trained locally. The amount of training received by project managers may likely be an indication of their knowledge in project management.

Education Proficiency in Project Management Knowledge Areas

The project managers were asked to indicate the extent to which certain courses pertinent to project management education and training were covered in the curricula of their post-secondary and post qualification training. About 16 of such courses were identified. Each project manager was asked to gauge each course on a 5-point Likert scale from 1 (not covered) to 5 (well covered). Figure 1 shows the overall score for each course for all the project managers surveyed. From Figure 1, it can be seen that the project managers were deficient in Information Technology (IT), which had a mean score of 13.30. This is followed by marketing (mean = 13.86), accounting and finance (mean = 14.00), and human and industrial relations (mean = 14.85). From the survey, the project managers were proficient in construction technology with the highest mean score of 21.20 followed by project planning and control (mean = 20.61) and contract administration (mean = 20.17). In the current era of IT, a project manager needs to be proficient in information technology to improve productivity, increase speed of project delivery and lower operational cost. Marketing is also very important for him to survive in business and for profitability.
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Figure 1. General Level of Education in Project Management Related Courses



Competency of Professional Group in Project Management Practice

The total scores for each course for each professional group were computed. These total scores were then divided by the sample size for each professional group to obtain the mean score for each course. The mean scores obtained were ranked in descending order from 1 to 5 to show the competency of each professional group in the project management related courses as presented in Table 2. The quantity surveyors’ group scored the highest with a mean score of 76.89; the builders’ group followed with a mean score of 73.86. The estate surveyors’ group was third with a mean score of 71.05 and last, the architects’ and civil engineers’ groups had the lowest mean scores of 66.16 and 63.10, respectively, as shown in Table 2. These results compare favourably with to Ogunsemi, Oyediran and Ekundayo (2008), which compared the project management competence of Nigerian construction professionals in terms of basic competence, core competence and optional competence and concluded that the quantity surveyors group was observed to be the most competent in project management practice with 79% training in basic, core and optional project management competences followed by the builder and estate surveyor’s group with 78% each. The architects’ and civil engineers’ groups trailed behind with 76% and 70%, respectively, in basic, core and optional training in project management competences. The low ranking of the civil engineering group is consistent with Russell and Stouffer (2003) survey, which concluded that civil engineers are not commonly seen as effective project managers.


Table 2. The Mean Score and Ranking of the Level of Education of Each Professional Group in Project Management Specific Knowledge Area or Practice



	Courses
	ARC

	BLD

	CE

	ES

	QS




	Accounting and finance
	2.42(4)

	3.00(3)

	1.83(5)

	3.42(1)

	3.33(2)




	Construction technology
	4.33(3)

	4.92(1)

	3.83(4)

	3.67(5)

	4.45(2)




	Construction economics
	3.67(3)

	4.36(2)

	3.50(5)

	3.58(4)

	4.67(1)




	Contract administration
	4.17(2)

	4.00(3)

	3.83(4)

	3.50(5)

	4.67(1)




	Estimating and cost control
	3.58(3)

	4.09(2)

	3.17(4)

	3.17(5)

	4.50(1)




	Human and industrial relations
	2.92(4)

	3.18(2)

	2.50(5)

	3.25(1)

	3.00(3)




	Information technology
	2.42(4)

	2.55(3)

	3.08(1)

	2.33(5)

	2.92(2)




	Land management and development
	2.92(3)

	3.18(2)

	2.30(5)

	5.00(1)

	2.75(4)




	Legal aspects
	3.17(4)

	3.27(3)

	2.83(5)

	4.58(1)

	3.92(2)




	Marketing
	2.08(4)

	2.45(3)

	2.08(5)

	3.92(1)

	3.33(2)




	Management principles and practice
	3.50(4)

	3.91(3)

	3.33(5)

	4.00(2)

	4.33(1)




	Organisational behaviour
	3.50(4)

	3.64(2)

	3.17(5)

	3.75(1)

	3.50(3)




	Procurement methods
	3.25(3)

	4.09(2)

	2.92(5)

	3.33(4)

	4.25(1)




	Project planning and control
	4.08(3)

	4.36(2)

	3.75(5)

	3.92(4)

	4.50(1)




	Quantitative methods
	3.17(4)

	4.18(1)

	3.50(2)

	3.00(5)

	3.50(3)




	Structural analysis and design
	3.75(3)

	3.91(2)

	4.83(1)

	2.42(5)

	3.42(4)




	Overall mean
	52.93

	59.09

	50.48

	56.84

	61.51




	Mean scores (rank)
	66.16(4)

	73.86(2)

	63.10(5)

	71.05(3)

	76.89(1)





ARC = Architect; BLD = Builder; CE = Civil engineer; ES = Estate surveyor; QS = Quantity surveyor

Overall Level of Education of Each Professional Group in Project Management-Related Courses

Table 2 shows the comparative overall levels of education of construction professionals in project management-related courses. In individual courses, the architects’ group was deficient in the areas where it scored the lowest or the second lowest among the professional groups. These areas were (1) accounting and finance, (2) human and industrial relations, (3) information technology, (4) legal aspects, (5) marketing, (6) management principles and practice, (7) organisational behaviour, (8) procurement methods and (9) quantitative methods.

The builders’ group was deficient in (1) accounting and finance, (2) contract administration, (3) information technology and (4) marketing.

The civil engineers’ group was deficient in all the core project management-related courses, except information technology (moderately grounded), quantitative method and structural analysis and design (well grounded).

The estate surveyors’ group was deficient in (1) construction technology, (2) contract administration, (3) estimating and cost control, (4) information technology, (5) quantitative method, and (6) structural analysis and design. Wahab (1981) pointed out that course numbers 2, 3 and 6 are areas where estate surveyors are deficient.

The quantity surveyors’ group, even though it had the highest overall mean score, was deficient in (1) human and industrial relation, (2) land management and development, and (3) structural analysis and design.

Test of Hypothesis

The hypothesis postulated for this study stated that “there is no variation in the background education (regarding project management-related courses) of different professional groups currently practicing project management”. A one-way analysis of variance (F-test) was used to test for the significance of the differences in the level of education of different construction professional groups practicing project management.

Table 3 shows the one-way analysis of the variance of the level of education and the professional background of the project manager.

Table 3. One-Way Analysis of Variance on the Level of Education and the Professional Group of the Project Leader

[image: art]

DF = Degree of Freedom; SS= Sum of Squares; MS = Means Square; *Significant at p < 0.05

For the variation in level of education, the observed value was F = 3.5370, while the table value was F = 2.55 with N1 (the degree of freedom between groups) = 4 and N2 (the degree of freedom within groups) = 55 at 5% significance level. As the observed value of F was greater than the table value of F, there were significant differences between the variance of the level of education of the professionals in project management-related courses. Therefore, the null hypothesis was rejected and the alternative, “There is variation in the background education (regarding project management related courses) of different professional groups practicing project management”, was accepted.

CONCLUSION

Construction project managers are believed to be responsible for the overall success of construction developments within the given resource constraints and as such play a crucial role not only in the operational activities of consulting and contracting companies but also in the development of infrastructure in every country. Most consultants in the Nigerian construction industry combine project management practice with their primary responsibilities without additional training in project management. In view of the absence of a professional body charged with the responsibility of regulating Project Management practise in Nigeria, it was necessary to review the current educational provisions of undergraduate programs in all relevant disciplines to ascertain the extent of coverage of the project management knowledge area. This study has established that there is variation in the background education of built environment professionals currently practising project management. The quantity surveyors’ group was the most equipped with background education to practise project management, while the civil engineers’ group was the least equipped. The project managers were well grounded in construction technology, project planning and control and contract administration, whereas they were deficient in Information Technology (IT), Marketing, Accounting and Finance, and Human and Industrial Relation courses.

The major limitation of the present study was the absence of a sample frame of practising project managers from which an accurate sample size could be determined and which would have guided in the choice of a sampling technique for selecting the respondents.

RECOMMENDATIONS

Having highlighted the areas of deficiency for each professional group in project management-related courses, it is also important to examine various means of acquiring knowledge in the areas identified. First, some of these courses can be included in the curriculum of studies of each discipline at the undergraduate level. Second, professional bodies like the NIA, NIOB, the Nigerian Institution of Estate Surveyors and Valuers, NSE and NIQS can include some of these courses in their professional competence examinations. The third option is for the would-be project manager to strive for the postgraduate diploma course or a master’s degree in project management after graduation. Individual professionals can also seek knowledge in some of these courses through private studies under the Continuing Professional Development programme, which is mandatory for construction professionals and currently being organised annually by the regulatory bodies of Professional Institutes.

Presently, University of Lagos is the only university in Nigeria offering project management at the master’s level for construction professionals. The Federal University of Technology, Owerri’s master’s programme in project management is relatively general and is being run under the title Business Administration. Other universities, especially first-generation universities like Ahmadu Bello University, Obafemi Awolowo University, University of Ibadan and University of Nigeria, Nsukka should also start a project management programme in either their Faculty of Engineering or Faculty of Environmental Sciences, specifically for construction professionals at the postgraduate level.

As of now, there is no professional body that regulates the practice of project management in Nigeria. It is recommended that a professional body termed the Institute of Construction Project Managers (ICPM) should be established with legal backing from the National Assembly. Such an institute will regulate the practice of project management in the Nigerian construction industry. As an alternative, a larger body named the Institute of Project Managers, similarly to the Association for Project Management of the UK or the Project Management Institute of the USA, can be established with many divisions including one for construction. This body will regulate the practice of project management in all the relevant industries including construction.
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Abstract: Zambia, like many other countries, has embraced public-private partnerships (PPPs) as a project delivery method. The country faces budgetary constraints, which has caused the maintenance and provision of new infrastructures to be a challenge. PPPs appear to create opportunities that stimulate investment in infrastructure development and economic growth. The goal of this study was to highlight the benefits, constraints and risks inherent in implementing PPP construction projects in Zambia. Using a questionnaire survey to collect data, the study identified the benefits and confirmed the prevalence of constraints and risks in the implementation of PPP construction projects in Zambia. The major benefits, constraints and risks were identified and ranked. There was agreement among survey respondents regarding the ranking of benefits, constraints and risks regarding construction projects in Zambia. Appropriate improvements to the regulatory framework were recommended for the PPP procurement approach to be successfully utilised and implemented in Zambia.
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INTRODUCTION

Zambia, like many other developing countries, is striving to meet its infrastructure development requirements. The country has been facing serious funding constraints in implementing projects backed by public finances (Muleya and Zulu, 2009). Through the implementation of the Public-Private Partnerships (PPP) Act No. 14 of 2009, it was expected that public and private sector players would collaborate in the procurement of public infrastructure projects (Mukela, 2007). The increasing implementation of PPPs in both developed and developing economies suggests that Zambia could benefit from this construction project delivery approach.

In the early 1990s, the Zambian government embarked on economic reforms as part of structural adjustments aimed at achieving development and economic growth (Mukela, 2007). Although there had been projects in the past that were procured via the PPP mode, it was inevitable that there would be an increase in the use of this construction project procurement approach (Muleya and Zulu, 2009).

Infrastructure and Development Reforms in Zambia

From the time Zambia achieved independence in 1964 until the mid-1970s, its government was able to provide infrastructure and related services primarily because of the favourable trends in the global economy. When copper prices declined in the early 1970s, Zambia’s export earnings declined. This decline resulted in macroeconomic instability caused by an enormous balance of payment deficits (World Bank, 2002; Muleya and Zulu, 2009).


In the early 1990s, the Zambian government initiated economic reforms that led to liberalisation and a market driven economy. The privatisation of government owned enterprises was one of the primary actions taken during this period. Despite the reforms, the government remained responsible for providing infrastructure and related services (Mukela, 2007).

Mukela (2007) stated that in 2004, the government of Zambia recognised the need to provide infrastructure and other public services through PPPs. Although various forms of PPPs had been implemented previously, there was no structured legal policy framework at the national level. As such, a number of challenges, primarily relating to contractual obligations, were experienced in the implementation of PPP infrastructure projects. The PPP option provided a more appropriate compromise that allowed the government to maintain statutory and regulatory oversight on the nation’s assets while allowing the private sector to provide resources and a more efficient management of the delivery of infrastructural projects. Henceforth, the government of Zambia actively engaged the private sector on issues affecting the nation’s economic development (Zambia Development Agency, 2010).

Infrastructure Deficit

The need for initiatives to increase investments in infrastructure to support economic growth in the Common Market for Eastern and Southern Africa and the Southern Africa Development Community (SADC) has been acknowledged by governments in the region. For example, the Zambian government has demanded SADC member countries to re-double their trans-boundary infrastructure investment efforts to support regional economic growth and integration (Times of Zambia, 2008).

Table 1 provides the implementation of PPP projects in the SADC region, with South Africa having implemented the largest number of projects between 1990 and 2009; Zambia only had six PPP projects within the same period (Muleya and Zulu, 2009). The table indicates that Zambia did not extensively explore this option of infrastructure development and, hence, had the potential to attract private sector investments. With the enactment of the PPP Act No. 14 of 2009, a gateway was opened for the private sector to consider collaborating with governments in infrastructure development.

Infrastructure provision, including services such as water and sewage treatment, energy, transport, information and communication technology, logistics and financial services, is particularly important to the facilitation of trade and the maintenance of public health (Grimsey and Lewis, 2002). These types of infrastructural services are generally less available in Sub-Saharan countries compared to other regions of the world (Hammami, Ruhashyankiko and Yehoue, 2006). However, they are needed more in this revenue-constrained region (Grimsey and Lewis, 2002). Table 2 identifies priority areas for infrastructure investment in Zambia. The government has been looking at private partners to fund the identified projects (Mashamba, 2009).


Table 1. Comparative Data of PPPs in SADC Countries



	Country1
	GNI

	No. of PPP Projects

	Total Investment (USD Million)2




	South Africa
	5390

	32

	25341




	Tanzania
	350

	21

	2115




	Mozambique
	340

	15

	2241




	Mauritius
	5450

	11

	549




	Madagascar
	280

	9

	216




	DRC
	130

	7

	915




	Malawi
	170

	6

	133




	Zambia
	630

	6

	944




	Zimbabwe
	–

	5

	841




	Namibia
	3230

	5

	104




	Angola
	180

	5

	834




	Lesotho
	1030

	3

	114




	Seychelles
	8650

	3

	94




	Botswana
	590

	2

	247




	Swaziland
	2430

	1

	53





1 Selected countries

2 Estimated figures in million dollars

Source: Muleya and Zulu (2009)

Table 2. Priority Areas in PPP Construction Infrastructure Investment in Zambia



	Sector
	Projects



	Roads
	Road Sector Investment Plan (Road SIP) with a total investment of USD 1.6 billion over a 10 year period (2004–2013)



	Energy
	Upgrading of hydro power stations and erection of new ones; Build new thermal power station in Mamba



	Sports infrastructure
	Rehabilitation of independence stadium and build a new stadium in Ndola, Lusaka and Livingstone



	Health
	New cancer research center in Lusaka and other district hospitals and clinics; Nursing schools



	Housing
	Housing project for public and private sector workers



	Water and sewage disposal infrastructure
	Rehabilitation and construction of water dams and water reticulations systems



	Roads
	Construction of Kitwe-Chingola (52 km) and Chingola-Solwezi road dual carriage ways (173 km)



	Railways
	Construction of the Chingola-Solwezi Railway link, rehabilitation of the TAZARA1 rail line and revamping of the Njanji Commuter train system in Lusaka, the capital city



	Border posts
	Construction of new border posts at Nakonde, Kasumbalesa and other border posts



	International airports
	Upgrading of Lusaka and Livingstone International Airports2



	Multi-Facility Economic Zones in Lusaka and Chambeshi
	Construction of multi-facility economic zones in Chambeshi and Lusaka South




1Tanzania-Zambia Railway Authority

2The names of the airports have been changed to Kenneth Kaunda and Harry Mwaanga Nkumbula International Airports respectively

Source: Mashamba (2009)

LITERATURE REVIEW

Because the public sector’s capacity to provide necessary development projects is reduced due to funding constraints, most developing countries are looking to the private sector to help deliver the required infrastructure. Fedderke and Bogetić (2006) suggested that the influence of infrastructure is both direct, through capital accumulation and indirect, through total factor productivity gains. Allard and Trabant (2007) cited a number of benefits of PPPs: higher quality, reduced cost and on time delivery, risk transfer, better private sector management experience of otherwise complex projects and private sector innovation in planning for maintenance. Bracey and Moldovan (2006) noted that the use of PPPs allows the public sector to transfer risks to the private sector. However, they also noted that the allocation of risks should be in such a way that both public and private sectors benefit from the project. The risks of PPP projects in developing countries are a major determining factor for private sector participation, especially for the involvement of foreign companies. Although the use of PPPs has been generating interest in developing countries, the use of this approach worldwide appears to have declined as investors discover that the risks associated with this method are often costly (Bracey and Moldovan, 2006).

It has been understood that PPPs are not the panacea for the delivery of all services. There are risks in proceeding with PPPs without critically examining their suitability to specific circumstances. However, the public can realise significant benefits when PPPs are used in an appropriate context.

Constraints and Risks of PPP Construction Projects

Risk is a concept that is understood but not easily defined (Coyle, 2002). It may be associated with the possibility that something harmful or damaging could occur if events go wrong, or it may relate to taking a chance where the outcome could be either favourable or adverse. Risk can also be linked to the fact that the actual outcome of an event may differ from what was expected or planned. Therefore, risk may be associated with the uncertainty of the outcome of prospective actions (Shen, Wu and Ng, 2001).

In the construction context and processes, constraints, however, primarily affect productivity (Chua, Shen and Bok, 2003). A constraint is generally defined as anything that limits a system from achieving higher performance when measured against its “goal” in respect to continuous improvements in organisations (Goldratt, 1990). Thus, a constraint in construction is regarded as an inhibiting condition, agency, or force that limits a system’s performance in a given context or environment (Mayer, Painter and Lingineni, 1995; Whelton, Penneanen and Ballard, 2004).

One of the most important drivers for value-for-money in the implementation of PPP projects is risk transfer. It implies that appropriate risks can be transferred to the private sector, which is better placed to manage them (Hayford, 2006). An optimal allocation of risk is one of the objectives of all PPPs and the value of transferability needs to be rationalised (Grimsey and Lewis, 2002; Li et al., 2005a; Tang, Shen and Cheng, 2010; Zhang, 2005). Unfortunately, risk transfer is often handled poorly in PPP projects (Ng and Loosemore, 2007). Menendez (1998) noted that in the development of PPP construction projects, four primary types of constraints and risks, which are outlined below, often need to be overcome.

Political-bureaucratic constraints and risks

The fragmented decision-making caused by the involvement of multiple public agencies and the prevalent emphasis on administrative procedures rather than on strategies and results that stem from the traditional, lengthy tendering processes pose constraints to the PPP environment. In PPP projects, political risks, such as the discontinuation of concessions, tax increases, inappropriate tariff implementation and increases, and enforcement of new government policies, need to be managed (Demirag, Khadaroo and Stapleton, 2011; Nur, 2005; Abednego and Ogunlana, 2006).

In the Zambian PPP Act, the issues listed above do not appear to have been addressed. While the act stipulates the administrative procurement procedure, it does not provide specific project strategies and expected results from the PPP process. Furthermore, the management and monitoring of PPP projects under a public institution (Ministry of Finance and National Planning) as stipulated in the Zambian PPP Act is likely to be unsuccessful in delivering the intended PPP results. This is a risk to project delivery because it does not protect concessions against changes in political leadership and orientation.

Regulatory constraints and risks

Ambiguous responsibilities among independent agencies and ministerial units, unclear procedures and lack of or deficient framework for the resolution of disputes affect the regulatory environment. These constraints must be overcome to provide transparent procedures for the delineation of market-competition, tariff-setting and any other legal issues related to the regulation of the general framework for project implementation and operation along with any revisions to such procedures (Menendez, 1998).

The Zambian PPP Act of 2009 does not provide a favourable regulatory environment, which can be seen by the absence of adequate technical expertise. Mukela (2007) notes that the study of best practices in the region and, particularly, in a worldwide context revealed several issues that needed to be considered for application in Zambia. The experiences of other countries using PPPs were worthwhile but did not fully address certain challenges unique to the Zambian environment. One of the major challenges Zambia faces today is the limited technical capacity in both the public and private sectors to administer PPP projects and review policies. The complex and long-term nature of most PPP projects demand skills and understanding beyond that of traditional contract management or administration. Cases in other countries indicate that despite the advancements in PPP implementation, there is a substantial reliance on transaction advisors on most projects due to the range of expertise required in PPP transactions (Enfin Solutions Limited and Vention Africa, 2006).

Financial constraints and risks

Financial constraints and risks stem from public budgetary limits and vague user charge policies, which need to be addressed to achieve sound financial structure for all project phases. There should be an appropriate blend of back-stopping conditions, equity contributions, or other risk-reducing measures, which can help achieve the economic objectives of specific projects for society as a whole (Menendez, 1998).

However, the Zambian PPP Act of 2009 does not provide any financial measures to address such constraints and risks. Although the act provides clauses prescribing the criteria for evaluating financial and commercial proposals, it lacks direction on appropriate PPP finance structures to ensure revenue risk reduction and user affordability of possible charges (Muleya and Zulu, 2009).

Methodological constraints and risks

The methodological constraints and risks stem from frequently limited knowledge of interrelationships between variables, which prevents the clear definition of performance indicators or the estimation of values that are key to the economic and risk evaluation of projects. Overcoming these constraints could refine critical elements of PPP structuring, such as conditions under which a project may be feasible, the likelihood that certain outcomes can actually take place, the value of environmental factors, the ability to adequately define the quality of levels of service, the means of verification of compliance with agreed performance indicators and the specification of remedial actions (Menendez, 1998).

Although the Zambian PPP Act of 2009 empowers the PPP Unit to formulate performance indicators, value for engineering, feasibility conditions, environmental factors and quality levels, it does not define specific methodologies, processes and procedures to help achieve certain goals and objectives.

Risk analysis and management are important parts of the decision making process in a construction company. The construction industry and its clients are widely associated with a high degree of risk due to the nature of construction business activities, processes, environments and organisations (Kartam and Kartam, 2001). In reality, there are many projects that fail to meet deadlines as well as cost and quality targets because of poor risk management (Ng and Loosemore, 2007; Karim, 2011). Furthermore, the PPP experience cannot be simply copied from one country to another because different countries have different practices in terms of culture and policy (Sillars and Kangari, 2004).


According to Muleya and Zulu (2009), the proposed management and monitoring of PPP projects under a public institution as stipulated in the Zambian PPP Act is likely to be unsuccessful in delivering the intended results of the PPP. The unit under the public institution does not have the required capacity to monitor and analyse risks and constraints, including those that are financial and technical and those related to revenue, engineering, politics and innovation. The management of risk and the general procurement process must be addressed further for potential revisions.

Therefore, this report seeks to suggest potential solutions for addressing the deficiency in the PPP statutory and regulatory framework, which would result in maximising benefits while minimising risks and constraints.

Benefits of PPPs

The benefits of PPPs have been widely discussed in the literature (Fedderke and Bogetić, 2006). PPPs are used as a mode for infrastructure delivery so that the public sector can consider funding other projects that otherwise would have been previously unaffordable. The PPP model has been widely seen as a promising avenue for infrastructure development in developing countries (Public Private Partnership Act 2009). According to Harris (2006), the potential PPP benefits are listed below:

1.      Cost savings

The close interaction of designers and constructors in a team results in more innovative and less costly designs. The overall costs for professional services, such as those for inspections and contract management activities, can be reduced. Furthermore, the risks of project overruns can be reduced by design-build contracts. Private partners may be able to reduce the cost of operating or maintaining facilities by applying economies of scale, innovative technologies, procurements and compensation arrangements that are more flexible, or by reducing overhead costs.

2.      Risk sharing

Public and private sectors can share risks at different stages (Shen, Platten and Deng, 2006). Both parties may bear certain risk outcomes via a risk allocation mechanism (Li et al., 2005b). These transference mechanisms normally leave the public sector with minimal and manageable risks (Merna and Dubley, 1998). Project risks can include cost overruns, inability to meet schedules for service delivery, difficulties in complying with environmental and other regulations, or revenues that may be inadequate for paying operating and capital costs. As the private sector brings commercial discipline into public projects, the risk of cost overruns and project delays can be drastically reduced (Li et al., 2003; Ho, 2006).

3.      Improvements or maintenance of existing levels of service

PPPs can introduce innovation in the way service delivery is organised and implemented. They can also introduce new technologies and economies of scale that often reduce the cost or improve the quality and level of the services. PPP projects are more often efficiently managed than those run by government agencies (Klein and Roger, 1995).

4.      Enhancement of revenues

Because payback on PPP infrastructure projects depends on user fees, the true cost of delivering a particular service can easily be determined. This information offers the opportunity to introduce more innovative revenue sources that would not be possible under conventional methods of service delivery.

5.      More efficient implementation

Efficiency may be achieved by combining various activities, such as design and construction, more flexible contracting and procurement, quicker approvals for capital financing and more efficient decision-making process.

6.      Economic benefits

The increased involvement of the public in PPPs can help stimulate the private sector and increase employment and economic growth. Local private firms that become proficient in working on PPP infrastructure projects can “export” their expertise and earn income outside the boundaries of their own countries or regions of origin. The growth estimates presented in the Zambian national budgets indicate that there has been positive growth in the construction industry, e.g., 20.5% in 2004, 19.9% in 2005, 14.4% in 2006 and 13.3% in 2007 (Ministry of Finance and National Planning, 2008).

Thus, in establishing the policy framework for PPPs in Zambia, the government has created a platform for business to be undertaken with broadened options. By being business partners, the public and private sectors become important to each other’s success and sustainability (Mukela, 2007).

STUDY METHODS

The methods used in this study included literature review, structured interviews and a questionnaire survey. The literature was reviewed in terms of the content and methods used by investigators. The interviews were conducted prior to the questionnaire survey. The purpose of the interviews was to obtain preliminary information to incorporate into the questionnaire survey. The questionnaire survey was the primary data collection method and was used to generalise research findings.

The questionnaire method was used because a large coverage of the population being studied was realised within limited costs and time. A letter accompanied the questionnaire that guaranteed anonymity so that honest responses could be obtained. During data analysis, the results were stratified to eliminate any biases that could arise from any specific group of professionals in the construction industry.

The questionnaire consisted of two sections. The first section elicited information about the respondents; in the other section, their perceptions on the relative importance of factors identified from interviews and literature to the development and up-take of PPP construction projects in Zambia were noted. The questions in the second section of the questionnaire were based on a 5-point Likert scale. The Likert scale approach was selected because of its advantage in eliciting the extent of a respondent’s agreement or disagreement with a statement and facilitating the generation of hierarchies of preferences for different categories of respondents in the sampled population, which can be compared (Siegel and Castellan, 1988). The target population consisted of respondents from government ministries and departments as well as private companies that included consultants and contractors actively involved in the implementation of PPPs in the construction industry at the time of the survey. The lack of an existing database of participants in PPP infrastructure projects necessitated the use of nonrandom sampling techniques. The respondents were identified through purposive and snowballing sampling techniques.

To implement this study, interviews were conducted between January and March of 2011 to obtain perspectives on the performance of PPP construction projects. The findings from both literature review and interviews were incorporated into a questionnaire survey that was administered to respondents between March and June of 2011.

The self-administered questionnaires were administered either electronically via email, delivered via post or distributed physically by hand. The responses were collected electronically through return emails, post or by hand. Fifty questionnaires were distributed and 36 were received, which led to a response rate of 72%. The targeted population was small because at the time of the study, few players in the Zambian construction industry had experience in PPP construction projects. The questionnaire sought to confirm, through a triangulation of findings, the constraints and risks to the implementation of PPP construction projects identified from literature and interviews. Furthermore, the questionnaire sought to confirm benefits arising from the implementation of PPP construction projects identified from literature and interviews.

DISCUSSION OF QUESTIONNAIRE RESULTS

Profile of Respondents

The respondents were consultants, contractors and financiers of PPP construction projects in either the public or private sector of the industry or from client organisations. The data obtained indicated that 55% of the respondents worked for client organisations, 15% worked for consulting firms, 25% worked for contractors and 5% worked for financiers. The respondents’ years of experience in PPP construction projects ranged from 0 to 10 years, with over 50% having more than five years of experience. 62% of the respondents had worked on PPP construction projects with values exceeding USD 10 million while 25% had worked on projects that cost less than USD 5 million. The remaining group had worked on projects with values between USD 5 million and USD 10 million. The level of exposure exhibited by the respondents suggested that a high degree of reliability could be derived from the findings.

Statistical Analysis

Twenty-three potential constraints of implementing PPP construction projects identified from the literature and confirmed during interviews were compiled and evaluated in the questionnaire survey. Additionally, 24 potential risk factors for project delivery and benefits grouped in five key areas were identified and evaluated in the questionnaire survey.

The data collected were analysed using statistical methods. The reliability of the five-point Likert scale used in the survey questionnaire was tested for internal consistency using the Cronbach’s coefficient, α. Values of α ≥ 0.7 are an acceptable indication of the reliability of the scale (Siegel and Castellan, 1988). A value of α equal to 0.7458 was obtained, thus confirming the reliability of the scale.

An overall ranking of the constraints, by both public and private sector respondents to the delivery of PPP construction projects, was obtained using the mean score (MS) method (ibid.). To determine the ranking for each factor using the 5-point Likert scale, a 1 was assigned as “least important” and a 5 was assigned as “most important”. Then, the factor rankings were arranged in descending order of importance. The MS for each constraint was computed using the following formulae (Siegel and Castellan, 1988):

[image: art]

where 1≤ MS ≤5

MS = mean score,

f = frequency of response to each rating (1–5) for each constraint,

s = score given to each constraint by the respondents, ranging from 1 (least important) to 5 (most important) and

N = number of responses to that constraint.

In the case of a tie, the criterion for ranking was obtained based on the percentage of respondents strongly agreeing to the identified constraint.

The Mann Whitney U test, which generated p values, was used to determine whether there was a significant difference between the mean ranks for the constraints of implementing PPP construction projects between the public and private sector respondents. A p value lower than 0.05 indicated that there was a difference in perceptions between the two groups of respondents regarding the identified constraint (Siegel and Castellan, 1988).

To complement the Mann Whitney U test, a Spearman rank correlation coefficient (rs) test was performed to measure the level of agreement between the two respondent groups on their ranking of constraints in the implementation of PPP projects in Zambia. The association of the respondents in the rankings was indicated by rs values being significant at levels of 0.05 or less, i.e., for rs values greater than 0.05, there was no significant disagreement between the two respondent groups on the ranking of the constraints in implementing PPP construction projects (Siegel and Castellan, 1988).

Analysis of Constraints in the Implementation of PPP Construction Projects

Twenty-three constraints were ranked by respondents from the public and private sectors and compared. The constraints were evaluated to determine their relative importance as perceived by both public and private sector stakeholders in the Zambian construction industry. Figure 1 presents the identified constraints based on the comparison of MS values.
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Figure 1. Rating of Constraints to Implementation of PPP Construction Projects Based on Comparison of Mean Scores



Any factors with MS values greater than 3.40 were considered significant, which was based on the interpretation that these factors had over a 75% chance of impeding project delivery. On that basis, factors with MS values less than 3.40 were eliminated; hence, eight constraints remained on the list. As indicated in Figure 1, the top eight constraints of implementing PPP construction projects are given as follows: lack of appropriate legislation, lengthy concession agreements, lack of toll or user fee-setting policies, excessive rates of return to private investors, absence of revenue-sharing formulae, inconsistent application of evaluation tools, such as value-for-money and benefit-cost analysis, poor terms in relation to the condition of assets at the end of the concession and poor risk allocation between public and private sectors.

Factors relating to fewer opportunities for local contractors and consultants to participate, weak liability, indemnification, insurance provisions, absence of policies to protect public interest, impact of projects on alternative routes and poor clauses that limit public ability to make competing improvements were considered insignificant in constraining the implementation of PPP construction projects. However, it did not mean that these constraints were absent from the Zambian construction industry.

A Spearman’s correlation coefficient rs of 0.451 was obtained. This implied, with 99% confidence, that there was agreement regarding the ranking of constraints in implementing PPP construction projects between the public and private sector respondents.

The Mann Whitney U test generated a p value of 0.054, which confirmed that perceptions regarding constraints between the public and private sector respondents were the same. The results suggested that both public and private sectors were sensitive to shortcomings in the regulatory, risk management, financial and economic environments.

Analysis of Risks in the Implementation of PPP Construction Projects

Twenty-four risk factors were ranked by the respondents from the public and private sectors and compared. The risks were later evaluated to determine their relative importance as perceived by the public and private sector respondents in the Zambian construction industry. Any factors with MS values greater than 3.40 were considered to be significant, which was based on the interpretation that these factors had over a 75% chance of inhibiting project delivery. For this reason, factors with MS values less than 3.40 were eliminated; hence, five major constraints remained on the list.

As shown in Figure 2, the results indicated that the top five risks prevalent in the implementation of PPP construction projects in Zambia were as follows: stakeholder project approval, corruption, inflation, environmental considerations and lack of experience in PPP arrangement. A test on whether there was agreement between the public and private sector respondents regarding the ranking of risks to the implementation of PPP construction projects using Spearman’s correlation coefficient produced an rs value of 0.463. Therefore, there was no significant disagreement between the public and private sector respondents regarding the ranking of the risks in implementing PPP construction projects. This implied that, with 99% confidence, there was significant agreement regarding the ranking of risks in implementing PPP construction projects between public and private sector respondents. The Mann Whitney U test p value of 0.063 confirmed that the perceptions between public and private sector respondents regarding constraints were not significantly different.
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Figure 2. Ranking of Risks to Implementation of PPP Construction Projects



Analysis of Benefits to the Implementation of PPP Construction Projects

Five benefits were ranked by the respondents from the public and private sectors and compared. The benefits were evaluated to determine their relative importance according to public and private sector stakeholders in the Zambian construction industry. The benefits with MS values greater than 3.40 were considered to be significant, which was based on the interpretation that these factors had over a 75% chance of supporting improved project delivery. Figure 3 presents the results of tests on the benefits of implementing PPP construction projects.

The benefits were considered to be significant because the MS values of the reductions in the risk of handling, improvements in the levels of services, provisions of economic benefits, savings in construction related costs and increases in infrastructural provision were greater than 3.40.

These benefits can be termed as success factors. Rockart (1982) defined success factors as “those few areas of activity in which favourable results are absolutely necessary for a manager to reach his or her goal”. These benefits are essential to allow project management to be successful (Alinaitwe, Ayesiga and Rugumayo, 2012; Rockart, 1982).
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Figure 3. Ranking of the Benefits to Implementation of PPP Construction Projects



CONCLUSIONS

Although the implementation of infrastructure development through PPPs could be beneficial, constraints and risks are always potential obstacles to project success. The goal of this report was to discuss a few of the challenges faced in using PPP as a mode of delivering infrastructure projects in Zambia. The use of PPP has potential benefits in that it provides an opportunity for the public sector to consider projects that would have otherwise been too costly to procure. The Zambian government’s initiative to encourage private participation in infrastructure development is in the right direction. However, several issues need to be addressed to create successful and beneficial PPP construction projects. The aspects identified above are based on lessons learnt from international practice and general PPP guidance. These aspects have been compared with the studied scenario in Zambia.

The benefits, constraints and risks of implementing PPP construction projects in Zambia were identified in this report. The study established that a reduction in the risk of handling, improvement in the levels of services, provision of economic benefits, savings in construction related costs and increase in infrastructure provision were the most significant benefits. The lack of appropriate legislation, lengthy concession agreements, lack of toll or user fee-setting policies, excessive rates of return to private investors, absence of revenue-sharing formulae, inconsistent application of evaluation tools, poor terms of conditions of assets at the end of the concession and poor risk allocation between public and private sectors were the eight most significant constraints of implementing PPP construction projects in Zambia. Project approval by stakeholders, corruption, inflation, environmental consideration and lack of experience in PPP arrangements were the most significant risks of implementing PPP construction projects in Zambia.

RECOMMENDATIONS

To address the issues of constraints and risks of implementing PPP construction projects successfully, the causal factors need to be understood. The results of the study indicated in this report could help PPP project implementers carefully monitor and manage projects by watching for factors with high constraint and risk ratings.

The key areas of legal and regulatory governance, risk management and procurement, and economics and finance should be clearly addressed in PPP construction projects in Zambia. For legal and regulatory governance, the institutional capacity for PPPs needs to be strengthened by establishing an independent “PPP Unit” separate from the existing public procurement agencies. This unit is to provide a platform for advice and best practice guidance on PPPs. The PPP Act of 2009 needs to be revised to include appropriate legislation frameworks related to the length of the concession period, terms on conditions of assets at the end of the concession period, rate of returns, revenue-sharing formulae and user fee-setting policies. This revision will ensure that the country has suitable legal framework.

Furthermore, the operations of the PPP Unit need to be decentralised from the national to provincial level to develop the necessary capacity in the local government. This decentralisation will deal with the lack of project approval by various stakeholders because education programmes will be tailored for specific PPP project environments. This action would further ensure that there is a suitable and supportive authority that would not change regardless of change in political governance. This stability is required because there is a need to consider various options in addressing reforms, especially in view of the different sectors of the economy. Certain reforms may not be applicable or as effective for some sectors; therefore, when designing reforms, governments as well as the private sector should consider the specific reform requirements of each sector. Zambia could learn from other regions that, despite best practices being universally acceptable and adaptable, it is important that these requirements be aligned in accordance with specific objectives, capacity and economic status of a nation. Furthermore, social goals differ from one country to another; thus, reform programmes should be designed to consider existing but varying social needs.

To manage corruption, the Anti-Corruption Act must be strengthened to encourage transparency and improve institutional quality. The PPP Act must be used in conjunction with the Anti-Corruption Act to curb this vice. Furthermore, the legal committee of the PPP Unit must be mandated to reveal specific clauses in the tender and contract documents to reduce bureaucracy.

To curb risks related to inflation, the country’s fiscal policies must be strengthened as a way of stabilising the macroeconomic environment. The government must also ensure that the cost of capital is affordable, long-term credit lines with attractive interest rates are available and inflation price are stable. The externalisation of currency and foreign exchange regulations must be well balanced so that investors are not scared away and the local currency is stabilised. Furthermore, financial institutions must be available to finance PPP construction projects.

When implementing PPP construction projects, the environmental regulations must be considered. Apart from recruiting an environmental expert from the Environmental Council of Zambia in the PPP Unit, all projects must be screened. Only environmental friendly projects must be approved. This restriction would reduce the impact of PPP construction projects on the environment.

Because of the lack of experience in PPP arrangements, more technocrats need to be trained through exchange programmes with other countries dealing in PPPs. Locally, specific programmes should be developed to train individuals in all areas of responsibility in PPP construction projects. Relevant regulatory institutions, such as the Technical Education, Vocational and Entrepreneurship Training Authority (TEVETA), universities and other institutions, should also consider incorporating PPPs in their curricula for construction related academic programs. This addition could help expand the knowledge base and widen opportunities for private investors to engage in public sector projects.

The unit under the public institute does not have the required capacity to monitor and analyse risks, which include financial, technical, revenue, engineering, political and innovation. The management of risk and the general procurement process must be addressed further for possible revision. Therefore, it is imperative that an appropriate risk management structure be devised specifically for the Zambian environment. The use of private finances from the international market will continue to be challenging due to various reasons. However, one of the challenges for private investors will be the guarantee of revenue risks to recoup the investment. Thus, appropriate PPP finance structures need to be devised to ensure that revenue risks are reduced while ensuring user affordability of possible charges.

Although the study described in this report provided valuable insights, the findings were based on the Zambian experience. Further studies are needed to investigate the challenges that plague other countries, especially those in the developing world. Therefore, it is necessary to continuously improve the PPP policy document and research further how the PPP can be best implemented in Zambia to produce the best results.
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Abstract: The rapidly changing face of the Saudi construction industry occasioned by the boost in oil revenue means that the best project management practices must be given priority to be able to confront the challenges associated with the management of infrastructure projects. The study develops a framework for identifying and classifying causes of project failures in the Saudi construction industry. A quantitative questionnaire survey was used to solicit responses from 67 respondents in the city of Jeddah, selected using an online questionnaire survey. Target respondents were mainly civil engineers, architects, quantity surveyors and building engineers who have years of experience in the management of infrastructure projects in Saudi Arabia. Findings reveal that poor risk management was rated the most critical failure factor for infrastructure projects, while budget overruns and poor communication by management followed closely at second and third, respectively. Additionally, eight components were extracted from the 24 items used for factor analysis. Among the extracted factors are project management deficiencies, risk challenges and government interference. Recommendations include, among others, that project risk management frameworks should be re-designed to guide clients and other stakeholders in an effort to reduce a project’s unexpected exposure to risk.
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INTRODUCTION

The contribution of the Saudi Arabian construction industry to the growth of the Saudi economy has been unprecedented over the past three decades as a result of an increase in revenue from oil. According to Adhami (n.d.), the Saudi economy is increasingly becoming diversified, with construction and industry contributing 40% to the kingdom’s gross domestic product (GDP), while infrastructure projects are earmarked to take a share of USD 140 billion out of USD 690 billion worth of Saudi development projects (SDP) for the period from 2006–2020. The evidence is almost uniformly consistent that these projects “fail” as a result of the combination of under-budgeting, cost and schedule overruns, improper scope and not meeting users’ requirements. Hughes, Tippett and Thomas (2004) highlighted many reasons for such failures, including technological failures, inadequate project management implementation and a lack of communication. Other reasons include an unfamiliarity with the project scope and project complexity. The successful implementation of project management principles leads to project success in terms of time, cost, quality and user requirements.

Although various studies have largely identified several factors that may be associated with project success, relatively less coverage has been given to project failures, particularly from the point of view of the Saudi Arabian construction industry. This study attempts to fill this gap by developing a framework for identifying and classifying the causes of project failures in Saudi Arabia from the perspectives of clients, consultants and contractors. The classification of the factors will be achieved using factor analysis which will establish a causal structure underlying the failure factors. This will provide insight into the major causes of project failures from the perspective of all parties involved and by so doing, will test and validate existing statement or assertion that expresses a judgement or opinion about the concept of project failures in the context of Saudi Arabia’s construction industry.

The aim of this study is to identify and classify the causes of project failures in the Saudi construction industry. The specific objectives are as follows:


1.      To identify the critical failure factors affecting infrastructure project performance in Saudi Arabia;

2.      To categorise these factors into a cluster of factors using factor analysis; and

3.      To test the degree of agreement on the ranking of project failure factors.

The paper is structured into five sections. The first section above presented a brief background to the research problem. The next section presents a review of related existing literature to put the study in a proper perspective. This is followed by methodology, which details the measures and techniques adopted to achieve the stated objectives. This article will also discuss the analysis and results that emanated from the analysis, before presenting the conclusion and recommendations at the end of this discussion.

LITERATURE REVIEW

A Brief Overview of Saudi Arabian Construction Industry

The kingdom of Saudi Arabia enjoyed an economic boom during the 1980s when revenues from oil brought tremendous financial support for infrastructure development projects (Gulf Construction and Saudi Arabia Review, 1989). During that period, it was reported that two-thirds of all construction projects were awarded by the government and its agencies (Central Department of Statistics, 1994). However, when the price of oil fell during the period from 1986–1990, the resulting economic meltdown affected the industry. Consequently, many projects were either abandoned or re-negotiated with many contracts encountering payment problems and a lack of financial assistance and guarantees. Furthermore, according to Al-Sedairy (2001), as the emphasis by government shifted from complex construction projects to more basic building projects, concerns about technical expertise and joint venture partnerships between local and multinational companies began to come up, putting pressure on the Saudi private sector to become more involved in construction projects.

With unprecedented wealth coming from oil revenues in the last two decades and with over USD 300 billion in new projects, large-scale construction activities spreading from residential complexes to industrial clusters have continued apace as a result of the oil boom and have acted as a catalyst for the development of a non-oil sector (Business Week, 2007: 1). Central to this goal is the development of vibrant new urban cities with a business-friendly environment that leverage Saudi Arabia’s competitive advantages of low cost energy and strategic location.

The construction boom is also boosted by the development of King Abdullah Economic City, which covers approximately 180 million square meters north of Jeddah and is comprised of an industrial zone, a central business district, a resort district, an educational zone, residential communities, and a seaport expected to be among the world’s largest upon completion (Business Week, 2007: 17–18).

In summary, the Saudi construction industry is currently growing and adding to the country’s GDP on a large scale. This trend will continue as long as the world continues to need oil.

Past Empirical Studies on Project Failures

Although Pinto and Mantel (1990) are of the view that it is difficult to define exactly what constitutes a failed project, the Project Management Book of Knowledge according to Project Management Institute (2004) posits that the success or failure of a project is measured by the difference between what is expected of a project both during and after its completion and the actual observed performance of the project when it is put to use. In other words, when the expectations of the client and other stakeholders in terms of cost, completion time and quality are not matched by the actual construction by contractors and other project teams, the project is adjudged a failure. The search for factors that can affect the success or failure of an infrastructure project has caught the attention of many scholars and construction practitioners over the years. This is because the ability to develop a set of project failure factors could aid the project team and contractors alike in evaluating their projects, if not objectively at least systematically. Several studies relevant to the identification of factors contributing to project failures for infrastructure projects are found in the literature. The following gives a summary of some of the studies to establish a theoretical framework for testing the theory empirically.

Project success has been defined as the degree to which goals and objectives of a project are met (Frederikslust, 1978). However, the inability of projects to meet these goals and objectives is project failure. A project is adjudged a failure when it fails to meet the tripartite criteria of time, budget and quality, even though recent studies have added such criteria as sustainability, stakeholder management, communication, and risk management issues.

Ogunlana, Promkuntong and Vithool (1996) identified three main categories of problems working against project success: problems of shortages or inadequacies in industry infrastructure, problems relating to clients and consultants, and challenges caused by contractor incompetence. These were all discovered to have significant impacts on project performance.

Kaming et al. (1997) investigated factors responsible for failure for 31 high-rise projects in Indonesia and discovered cost and time overruns are the most critical. However, cost overruns were more severe than time overruns. The study listed material cost increases due to inflation, inaccurate material estimation, and the degree of complexity as the major sub-factors driving cost overruns, while design changes, poor labour productivity, inadequate planning, and resource shortages drive time overruns.

Clough and Sears (2000) carried out a study that discovered the construction contracting business possesses the second highest failure rate of any business, exceeded only by restaurants. Additionally, compared with other industries, the client is made to bear a greater degree of financial risk for a longer period of time during the construction process, while the contractor is at far more risk than his counterpart in almost any other industry (Kangari, 1988). Although some companies that experience failure are small in regard to their owned assets, there is evidence of project failures among large firms, including construction companies (Sanvido et al., 1992). However, a number of studies have identified construction projects failures at the project level, rather than the company level. The general reasons adjudged for construction project failures have constantly been the same over a long period of time (Hall, 1982; Morris and Hough, 1987; Russel and Jaselski, 1992; Abidali and Harris, 1995). Contributions to construction industry failure include but are not exclusive to the following; lack of engineering skills, lack of a strong financial director, inadequate cash flow plan, poor budgetary control system and defective bidding system (Ebeid, 2009).

In a study of large construction projects in developing countries, Nguyen, Ogunlana and Lan (2004) organised the top ranking problems/failure factors into four major categories: incompetent designers and contractors, poor estimation and change management, social and technological issues, and improper techniques and tools.

Using the context of the Saudi Arabian construction industry, Assaf and Al-Hejji (2006) used a questionnaire survey to identify the major causes of delay from among 73 different causes of delay, using information gathered from clients, consultants and contractors in Saudi Arabia. The study discovered that change orders are the most common cause of delay and that 70% of the projects experienced time overruns.

In related research, Sambasivan and Soon (2007) identified 28 delay (project failure) factors and categorised them into client-related, contractor-related, consultant-related, material-related, labour and equipment-related, contract-related, and external factors. However, studies by Alaghbari et al. (2007) and Sweis et al. (2008) found that financial-related factors are some of the most critical factors that can trigger project failure in terms of delay. This is because incessant increases in construction cost by contractors during construction often lead to delays in payment and subsequent interruption of cash flow mechanisms, thereby subjecting sub-contractors and suppliers to financial difficulties, a panacea for project failure.

Toor and Ogunlana (2008) examined the problems causing delays and failures in major construction projects in Thailand using a questionnaire survey and interviews. Factors such as a lack of resources, poor contractor management, and a shortage of labour were the top rated. Other factors, such as design delays, planning and scheduling deficiencies, change orders and a contractor’s financial difficulties were also significant, causing project failures in Thailand according to the study.

According to Ebeid (2009), a shortage of professional and adequately skilled personnel at all levels of management and field operations amongst clients, contractors and consultants in the construction industry was identified as a cause of project failures. The reported shortages in the supply of engineers, surveyors, equipment operators, and other skilled workers hamper the ability of project stakeholders to undertake large volumes of work with acceptable standards of quality workmanship (Datta, 2000; Materu, 2000; Belassi and Tukel, 1996).

Recently, the study by Kazaz, Ulubeyli and Tuncbilekli (2012) used a questionnaire survey to examine the causes and reasons for delays and failures in construction projects in Turkey. Out of 34 factors used for the survey, design and material changes, delay of payments and cash flow difficulties by contractors were found to be the three most significant factors.

Even though the intrinsic factors are largely perceived to be reasons for project delays and failures, it is apparent from the studies that there is relatively less coverage of factors contributing to project failures in Saudi Arabia. This study intends to contribute in this regard by addressing the knowledge gap. The next section describes the methodology used to conduct the research.

METHODOLOGY

The above literature review provides the theoretical basis for developing the research framework for this study. Taxonomy of 30 variables comprised of commonly cited project failure factors was extracted from the literature review (Ogunlana, Promkuntong and Vithool, 1996; Clough and Sears, 2000; Assaf and Al-Hejji, 2006; Sambasivan and Soon, 2007; Kazaz, Ulubeyli and Tuncbilekli, 2012). Although they do not represent a complete inventory of factors contributing to project management failures, they represent the most cited. A pilot study was conducted through interviews with academic and industry experts to improve the validity of the content of the questionnaire before a final list of 30 variables was adopted and used for the study.

The two-part written questionnaire was the main instrument of data collection. Part one sought general information about the personal characteristics of respondents, such as qualification profile, class of their organisations, and years of experience, amongst others. In part two, respondents were asked to rate how the 30 factors have contributed to past failures of infrastructure projects in Saudi Arabia using a scale from 1–5, where 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree. An average benchmark of 3 was used to identify the project failure factors from the 30 factors after analysis.

The online profiles of professional members of the Association of Project Managers in Saudi Arabia (APMSA) who were registered with LinkedIn were accessed and reviewed through the internet. Based upon the contents of each profile, a total of 678 email addresses were gathered and contact made via email with a request that they participate in the survey. While 209 people responded, 67 returned valid and usable questionnaires, representing a response rate of 32%. The target respondents were engineers, architects, quantity surveyors, and other professionals who have handled infrastructure projects in the country for clients, consultants and project contractors in Jeddah. A request was specifically sent from the association through Heriot Watt University for members of the association who possess experience working on major construction projects in the Saudi Arabian city of Jeddah. It is understood that the outcome represents the entire kingdom.


Data collected was analysed using both descriptive and inferential statistical tools. The descriptive tools used are percentages, tables, mean and standard deviation. In this study, principal factor extraction with varimax rotation was performed using SPSS on the 30 items of project failure factors for a sample of 67 responses. Relative importance index (RII) was used to rank the perception of relative importance attached to the identified project failure variables. It was computed (Enshassi, Mohamed and Abushaban, 2009) as:
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where W is the weight awarded to each variable by the respondents and ranges from 1 to 5; A is the highest weight = 5; and N is the total number of respondents (67) in this study.

RESULTS AND DISCUSSION

Demographic Survey of Respondents

This section analyses the personal characteristics of 67 respondents who returned valid questionnaires for the study. The result of the analysis is presented in Table 1.

Table 1. Demographic Survey of Respondents



	Variables
	Category
	Frequency

	%




	Professional qualification
	Civil engineer
	18

	26.9




	Architect
	19

	28.4




	Quantity surveyor
	19

	28.4




	Building engineer
	11

	16.4




	
	Total
	67

	100




	Type of projects
	Government projects
	37

	55.2




	Commercial projects
	30

	44.9




	
	Total
	67

	100




	Academic qualification
	PhD
	–

	–




	MSc/MEng
	21

	31.3




	BSc/BEng
	46

	68.7




	
	Total
	67

	100




	Years of experience
	5–10
	8

	11.9




	10–20
	35

	52.2




	20–30
	24

	35.8




	Above 30
	–

	–




	
	Total
	67

	100




	Type of organisation
	Client
	16

	23.9




	Consultant
	29

	43.3




	Contractor
	22

	32.8




	
	Total
	67

	100





PhD = Doctorate degree; MSc = Master of Science degree; MBA = Masters in Business Administration; BSc = Bachelor of Science degree; MEng = Master’s degree in Engineering; BEng = Bachelor’s degree in Engineering


There were 18 civil engineers, 19 architects, 19 quantity surveyors, and 11 building engineers amongst the respondents. In terms of project types, 37 respondents have handled mostly government projects, while 30 have handled commercial projects. Of all the respondents, 67 have bachelor degrees or the equivalent, while 21 have master degrees or the equivalent. In terms of years of experience, 35 had a range of 10–20 years, 24 had 20–30 years, while only eight had 5–10 years. None of the respondents had above 30 years of experience. In terms of organisations where respondents practise their profession, 16 work for client organisations, 29 work for consultant agencies, while 22 work for contractors. The results indicate a reasonably good spread of respondents in terms of the natural groupings used for the study. Therefore, their views and opinions are deemed a reliable sample of the industry.

Preliminary Investigation

To ensure that the constructs for the study met the required standard for analysis, three tests were conducted. They are reliability, validity and normality checks. To demonstrate reliability of items in the questionnaire, Cronbach’s alpha (α) was calculated to examine the internal consistency of the scales. According to Pallant (2004), a threshold of 0.7 is deemed sufficient for analysis. A Cronbach’s alpha (α) of 0.704 for 30 items was computed, which is above the recommended threshold value of 0.7, confirming the reliability of the study constructs. Content validity ensures that contents or questions in the questionnaire measure the subject being investigated. It was carried out based on a thorough review of related literature and cross-examination of contents by two academic researchers and two PhD students. Their comments and consequent adjustments of the questionnaire contents ensured they had content validity. Finally, normality of the 30 variables was examined using tests for skewness and kurtosis. The observed values of skewness and kurtosis should be tested against the null hypothesis of zero because values of skewness and kurtosis are zero when a distribution is normal (Chan, Ho and Tam, 2001). The values were within the range of –2.575 to +2.575 (p < 0.01, two tailed test, see Table 2). They are therefore found to be reasonably normally distributed.

Identification of Project Failure Factors for Infrastructure Projects in Saudi Arabia

A list of 30 factors was adapted from the literature and subjected to the views of respondents. They were asked to rate their responses using a 5-point Likert scale: 1 = strongly disagree, 2 = disagree, 3 = somehow agree, 4 = agree and 5 = strongly agree. The outcome of the analysis from SPSS is shown in Table 2.

The result indicates that “poor risk management”, with a mean index of 4.52, was ranked first. This is closely followed by “budget overrun”, with a mean index of 4.49, as the second ranked factor, while “poor communication management”, with a mean index of 4.45, was rated third. Analysis of the top 10 ranked factors shows that there was only a marginal difference in the importance attached to the factors relative to each other. For instance, there was a 90.4% importance rating attached to poor risk management, and 90.1% importance attached to budget overrun, which is a marginal difference in importance of only 0.3%.


Table 2. Result of Analysis for Project Failure Factors of Infrastructure Projects in SA
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Min = Minimum score; Max = Maximum score; SD = Standard deviation

Overall, 21 out of 30 factors used for the survey were determined to be critical in explaining the causes of project failure for infrastructure projects in Saudi Arabia by having scored a minimum benchmark of 3, which was designated as the average score. However, nine other factors scored below 3 and therefore did not meet the cut-off threshold. The five lowest scoring factors are dishonesty (2.23), corruption (2.23), cultural or ethical issues (1.97), government interference (1.75), and natural disasters (1.61).

Classification of Failure Factors Using Factor Analysis

The aim of this section is to use factor analysis to explore the underlying relationships within the 30 variables used for the study. Principal component analysis (PCA) for factor extraction was applied to categorise the project failure factors into fewer groupings.

However, prior to the analysis, preliminary checks were conducted to seek the suitability of the dataset for factor analysis. Two tests were conducted to test the strength of the relationships among the variables. They are Bartlett’s test of sphericity (Bartlett, 1954) and the Kaiser-Meyer-Olkin (KMO) index (Kaiser, 1960). According to Ferguson and Cox (1993), Bartlett’s test of sphericity ensures that the correlation matrix is an identity matrix while the KMO measure of sample adequacy should not be less than 0.5 for the data to be suitable for factor analysis.

The first trial using the 30 variables gave an unsatisfactory result. Although the correlation matrix was an identity matrix, it failed to meet the criteria for the KMO measure of sample adequacy (0.432 < 0.5). A close examination of the anti-image correlation result detected six factors whose KMO indices were less than 0.5. The six factors, namely “lack of teamwork among stakeholders”, “inexperienced project manager”, “frequent changes in user requirements”, “a slump in the economy”, “design discrepancies”, and “poor quality briefing processes” were deleted from the data set before a new trial was conducted.

The second trial with 24 variables indicates that Bartlett’s test of sphericity is 663.707, with a significance value of 0.000, confirming that the correlation matrix is an identity matrix. Additionally, the KMO measure of sample adequacy (0.556) was above the 0.5 threshold. The result of these tests confirmed the appropriateness of the revised variable dataset for factor analysis (see Table 3).

Table 3. Bartlett’s Test and KMO for the Factors



	
KMO and Bartlett’s Test




	KMO measure of sampling adequacy
	
	
0.556




	Bartlett’s test of sphericity
	Approx. chi-square
	
663.707




	
	df
	
276




	
	Sig.
	
0.000





An 8-component model was extracted from 24 items of project failure factors for a sample of 67 responses. They accounted for 68.55% of the variance in responses, while all factor loadings were greater than 0.5. Eigenvalues, percentages of variance explained, and cumulative percentages for the eight extracted factors are shown in Table 4. Additionally, the component transformation matrix for the eight components, shown in Table 5, indicates that more than half of the correlation coefficients are above the recommended level of 0.3 (Norusis, 1993; Li et al., 2005; Yang et al., 2009). The loading of the extracted factors were therefore reasonably consistent.


Table 4. Result of Total Variance Explained for Project Failure Factors
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Extraction method: Principal Component Analysis

Table 5. Component Transformation Matrix for the Eight Extracted Components
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Extraction method: Principal Component Analysis

Rotation method: Varimax with Kaiser Normalisation

Table 6. Result of Factor Analysis Showing the Factor Loadings
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Extraction method: Principal Component Analysis

Rotation method: Varimax Method with Kaiser Normalisation

The extracted factors are interpreted as follows:

1.      FI: Project management deficiencies

This factor consists of three items that focus mainly on failures that arises as a result of deficiencies in project management practices. Project management deficiencies include inadequate or misused methods, improper planning of projects from the onset, and inadequate project structure. The inability of involved stakeholders to use best practices and methods, to put into place a planning strategy for executing a project and to use an effective management structure for projects could be part of the cause of project failures in Saudi Arabia.

2.      F2: Risk challenges

This factor consists of three items. It emphasises the potential risk management issues that could have been omitted in the management of infrastructure projects. The items are poor estimation practices which could lead to outrageous claims, poor risk management, apparent lack of resources, and natural disasters.

3.      F3: Project team commitment

This factor consists of four items that focus on failures due to lack of teamwork and project participants’ commitment to the project. It includes wrong selection of project team, lack of efficient change management, conflicting project objectives and poor communication management.

4.      F4: Ethical issues

This factor consists of three items. They are cultural or ethical issues which could lead to disaffection among stakeholders, delays and subsequent abandonment and failures. The three items are cultural and ethical issues, fraud and corruption.

5.      F5: Government interference

In this factor, there are two items concerning the overbearing interference of government agencies in the management of projects and perceived cases of deliberate over-regulation, which combine to have a damaging impact on the successful outcome of a project.

6.      F6: Constraints imposed by stakeholders

There are three items in this factor that examines whether perceived dishonesty among workers at the project site, poor motivation of workers by management and lack of clear directives to subordinates trigger project failures for infrastructure projects in Saudi Arabia.

7.      F7: Financial and schedule challenges

This factor consists of three items, including cash flow difficulties, budget overruns, and schedule delays. This factor contributes to project failures that arise as a result of excessive cost and time overruns as well as an inability of client to meet cash flow obligations.

8.      F8: User requirement

This factor consists of two items that focus on the changing needs of end-users. Specifically, it addresses project failures arising due to the inability of project stakeholders to obtain the input of users of projects when it is completed as well as a failure to manage the expectations of end-users.

Test of Agreement among Respondents

Spearman’s rank correlation was used to examine the level of agreement amongst the three groups of respondents on the 30 project-failure factors in Saudi Arabia. Spearman’s rank correlation is a non-parametric tool that does not require the assumption of normality in the population (Fadiya et al., 2012) and therefore is good for ranked items. The result of this analysis from SPSS at a 5% significant level (two-tailed) is shown in Table 7.


Table 7. Spearman Rank Correlation Coefficients Result



	Group

	Client/Contractor

	Client/Consultant

	Contractor/Consultant




	β

	0.862*

	0.890*

	0.781*





*Correlation is significant @ 5% significance level (two-tailed)

β-Spearman rank correlation coefficient for each group

The table shows the correlation coefficients for the three pairs of respondents, namely client/contractor, client/consultant, and contractor/consultant. The results of the statistical analysis indicate a general consensus on the rankings of the project failure factors among the groups, as all groups showed significant loadings of 86.2%, 89% and 78.1%, respectively, meaning they ranked the factors similarly.

Discussion of Findings

The 10 most highly ranked causes of project failure for infrastructure projects (based on all respondents), as shown in Table 2, were (1) poor risk management (mean = 4.52, RII = 0.904), (2) budget overruns (mean = 4.49, RII = 0.901), (3) poor communication management (mean = 4.45, RII = 0.889), (4) schedule delays (mean = 4.43, RII = 0.886), (5) poor estimation practices (mean = 4.29, RII = 0.859), (6) cash flow difficulties (mean = 4.24, RII = 0.848), (7) design discrepancies (mean = 4.24, RII = 0.848), (8) lack of efficient change management (mean = 4.03, RII = 0.806), (9) inadequate project structure (mean = 3.85, RII = 0.779), and (10) lack of teamwork (mean = 3.57, RII = 0.713).

Lack of efficient risk management and mitigation mechanisms for projects has been considered a critical failure factor by many researchers. As noted in the literature review, the Saudi Arabian construction industry is booming as a result of increased revenue from oil, but it will be a failure if clients and consultants do not pay enough attention to risk management for construction projects. This is because only projects that are well secured against risks have a greater likelihood of success. Budget overruns are known to cause project delays and failures. According to Sambasivan and Soon (2007), factors such as change orders, which occur as a result of changes in the deliverables and inconsistencies in contract requirements as well as mistakes and discrepancies in the interpretation of contract documents, can result in budget overruns. Poor communication management was ranked as the third most significant factor, which demonstrates that the communication between parties involved in the project (clients, consultants, contractors and sub-contractors) is crucial to the success or failure of the project. In other words, the failure to establish clear channels of communication between various parties is an invitation for chaos arising from severe misunderstandings and subsequent failure of infrastructure projects. Schedule delays, otherwise known as time overruns, ranked as the fourth highest factor and are considered critical to the failure of projects in Saudi Arabia. Inadequate planning by contractors and project managers, improper site management by contractors, inadequate experience handling projects, and delays in payments to contractors by clients are factors that result in schedule delays. Factor analysis of 24 of the 30 project failure factors resulted in eight extracted components, which were then renamed as project management deficiencies, risk challenges, project team commitment, ethical issues, government interference, constraints imposed by stakeholders, financial and schedule challenges and user requirements. This is consistent with previous studies (Al-Barak, 1993; Assaf and Al-Hejji, 2006; Sambasivan and Soon, 2007; Sweis et al., 2008; Doloi, Sawhney and Iyer, 2012). The result underscores the importance of the eight components of project failures in effectively delivering construction projects in Saudi Arabia. Specifically, issues of project team commitment, project management expertise in construction, and the role of external influences such as government interference were of concern to respondents.

The values of the Spearman rank correlation coefficient shows that there is relatively good agreement among pairs of respondents in the ranking of the project failure factors. The highest degree of agreement is 89% between clients and consultants while the least is 78.1% between contractors and consultants.

CONCLUSION

The aim of this study was to develop a framework for identifying and classifying causes of project failures in Saudi Arabia. The study employed a quantitative online survey method of research to elicit responses from 67 respondents who practice professionally as part of the construction industry in Jeddah, Saudi Arabia. Both descriptive and inferential statistical tools were used to analyse collected data. Spearman’s rank correlation coefficient was used to examine the similarity or dissimilarity in the ranking of the project failure factors amongst the respondents, which were categorised into clients, consultants and contractors for the purpose of this study.

Twenty-one (21) out of the 30 factors used for the survey were found to be significant for explaining infrastructure project failure in Saudi Arabia. The following are the ten most highly ranked factors: (1) poor risk management, (2) budget overruns, (3) poor communication management, (4) schedule delays, (5) poor estimation practices, (6) cash flow difficulties, (7) design discrepancies, (8) lack of efficient change management, (9) inadequate project structure and (10) lack of teamwork. This result is based upon a benchmark of three points (out of five) used for analysis, which meant that all factors with a score of 3.0 and above were significant, while factors below 3.0 were not deemed significant enough to cause project failure by respondents. This satisfied objective one of the study and provides decision-making support for clients and other stakeholders by deepening the understanding of what constitutes the major failure factors, which could hinder project success both in the short and long term.

Based on the factor analysis approach, 24 of the 30 failure factors were further categorised into eight groups: (1) project management deficiencies, (2) risk challenges, (3) project team commitment, and (4) ethical issues, (5) government interference, (6) constraints imposed by stakeholders, (7) financial and schedule challenges and (8) user requirements. As a result of this analysis more is now known regarding what constitutes major categories of project failure factors.

The test of agreement that was carried out shows a strong level of agreement amongst various groups of respondents to the survey. It demonstrates the validity and reliability of information and findings from this research.


Information gathered from this research hope to benefit both practice and academics. In practice, the results can assist in the selection of project teams and their leaders for infrastructure projects in Saudi Arabia, can assist in the identification of potential points of failure so that appropriate standard remedial measures can be proactively taken and can also forecast expected performance level requirements even before the commencement of projects. In academia, the research has provided some insights and thoughts about existing theories pertaining to construction project management, particularly with regards to project success and failure and has the potential for being used to design or redesign the contents and curriculum of educational programmes for project managers and stakeholder management in construction.

RECOMMENDATIONS

The following recommendations are made based upon the findings of the study.

Project risk management frameworks should be put into place to guide clients and other stakeholders and to help predict the exposure of a project to unexpected risk. A way to do this is to commission experts to propose methods for the mitigation of risks at both the planning and execution stages, depending on the peculiarity of the project.

Contractors should manage their financial resource requirements and create cash flow plans for their projects through the use of progressive payment options. This would involve the hiring of highly experienced cost managers who should be able to advise on how to allocate financial resources based on progress of work completed to date. Clients, however, should fulfil their own part of payment obligations to contractors when due because not doing so can impair a contractor’s ability to finance the next stage of project execution.

Communication management is one of the most recognised facilitators for project success. All stakeholders related to particular projects should be identified and clear channels of communication developed so that information regarding the project and topics that may likely breed acrimony can be solved amicably.

A recommendation is also made herein for further research. More research should be conducted to explore the inter-relationships between the eight components of project failure developed during this study. Studies can also be conducted to compare the outcome of this research in Saudi Arabia with that of other countries in the region as a way of strengthening the validity of the outcome. This is currently being explored as part of on-going research.

APPENDIX

List of Abbreviations



	Variables
	Full Meaning



	CONOBJECTIV
	Conflicting project objectives



	LAKOFTMWK
	Lack of teamwork among stakeholders



	INEXPEOFPM
	Inexperienced project manager



	POORMOTIV
	Poor motivation



	LACKOFUSER
	Lack of involvement of end users



	BUDGOVERUN
	Budget overrun



	SCHEDELAYS
	Project schedule delays



	LACKOFRESUR
	Lack of resources



	FREQCHANGE
	Frequent changes in user requirements



	POORISKMGT
	Poor risk management



	LACKOFCLEA
	Lack of clear direction and objectives



	INADEQSTRUC
	Inadequate project structure



	POORCOMUN
	Poor communication management



	DISHONESTY
	Dishonesty



	CORRUPTION
	Corruption



	WROSELPT
	Wrong selection of project team



	LAKEFFCH
	Lack of efficient change management



	GOVINTER
	Government interference



	IMPROPLAN
	Improper planning



	FALUMGEXP
	Failure to manage expectations



	NATRDISAS
	Natural disaster



	INADMISMT
	Inadequate or misused methods



	CULTETIISS
	Cultural or ethnic misalignment



	FRAUD
	Fraud



	CASHFLDIF
	Cash flow difficulties



	POORESTMP
	Poor estimation practices



	OVERREGL
	Over-regulation by government



	SLUMECON
	Slump in economy



	DESDESCRIP
	Design discrepancies



	PORRQUALBR
	Poor quality of briefing process
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Abstract: Construction productivity is of interest to researchers and practitioners because of its impact on the performance of construction projects. Despite various studies to identify factors influencing productivity in other countries, no study has addressed productivity issues in India. This paper reports the results of a questionnaire survey of project managers, site engineers, supervisors and craftsmen, in the state of Kerala in India, to identify the factors influencing construction labour productivity. The top five factors identified as having a significant impact on productivity: (1) timely availability of materials at the worksite, (2) delayed material delivery by the supplier, (3) strikes called by political parties or hartals, (4) frequent revisions of drawings/design, resulting in additional work/rework and (5) timely availability of drawings at the worksite. The findings provide a better understanding of the factors influencing productivity in the Indian context and will aid construction practitioners in making effective plans for productivity improvement.

Keywords: Construction, Labour productivity, Factors, Severity index, India



INTRODUCTION

Construction is the world’s largest and most challenging industry (Tucker, 1986). The output of the construction industry constitutes one half of the gross capital and is 3 to 8% of the Gross Domestic Product (GDP) in most countries (Arditi and Mochtar, 2000). Nevertheless, poor performance of the industry has been a cause of great concern among practitioners and academics. Construction projects worldwide have been experiencing significant cost and time overruns, with low labour productivity identified as a major reason for project delays and cost overruns. Improvement of construction labour productivity is therefore critical.

The construction industry in India contributes to over 5% of the nation’s GDP and employs over 30 million people (Planning Commission, 2008). The contribution of the industry to the economy and employment is expected to grow significantly in the forthcoming years. However, the industry is plagued by cost and time overruns. Doloi et al. (2012) have identified poor labour productivity as a major reason for delays in Indian construction projects. Despite the importance of productivity in the performance of construction projects, labour productivity is rarely measured at Indian construction sites; hence, productivity losses are never recognised. The current scenario of the Indian construction industry thereby warrants research in construction labour productivity, particularly in identifying opportunities for construction productivity improvement.

The first step in improving construction productivity is to identify the influencing factors (Mojahed and Aghazadeh, 2008; Rivas et al., 2011). After productivity factors are identified, management can take actions to mitigate these issues. There have been several studies to identify labour productivity factors in other countries. However, there has been no effort in identifying factors influencing construction labour productivity in the Indian context. Researchers maintain that the major productivity factors vary from country to country, place to place and project to project (Jarkas and Bitar, 2012; Mojahed and Aghazadeh, 2008). The productivity factors identified by researchers in other countries may not be relevant in the Indian scenario due to the different social, political and economic environment in India. Therefore, the objective of this research is to identify and rank factors influencing productivity that are applicable to the Indian construction industry. To achieve this objective, a questionnaire survey of project managers, site engineers, supervisors and craftsmen working on construction sites in the state of Kerala in India was conducted. The rationale behind obtaining the responses from all project participants was to understand the differences in their perceptions of factors influencing productivity.

LITERATURE REVIEW

Productivity is commonly referred to as the ratio of output to input. Sumanth (1984) defined productivity as the effective utilisation of resources (inputs) in producing goods and/or services (output). Two measures of productivity are commonly used in the construction industry (Jarkas and Bitar, 2012). The first measure of productivity is the total factor productivity (TFP), which is defined as the ratio of total output to total input, with the latter usually including labour, materials, equipment, energy and capital. TFP is expressed as shown in Equation 1:
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The second measure of productivity is the partial factor productivity (PFP), which is expressed as the ratio of the outputs to a single or selected set of inputs. One of the most commonly used PFP measures in construction is labour productivity, which is defined as the ratio of output to labour input; the output is measured in terms of the quantities installed, and labour input is measured as work-hours. Thus, labour productivity is expressed as follows:
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The data for computations of the total factor productivity are relatively difficult to obtain, but the measurement process becomes much easier and more controllable when a partial factor measure such as labour productivity is used (Jarkas and Bitar, 2012). Construction is a labour-intensive industry, and labour is the most flexible resource available to the management; thus, the focus on construction labour productivity is clearly justified.

Construction labour productivity has been extensively studied by researchers to identify opportunities for productivity improvement. In the USA, Borcherding and Garner (1981) used questionnaire surveys and interviews to identify and rank factors influencing construction labour productivity. The major problems influencing productivity that emerged in the study were material availability, tool availability, rework, overcrowded work areas and inspection delays.

Alinaitwe, Mwakali and Hansson (2007), Enshassi et al. (2007), Jarkas and Bitar (2012), Kadir et al. (2005), Kaming et al. (1997), Makulsawatudom, Emsley and Sinthawanarong (2004), Mojahed and Aghazadeh (2008), Olomolaiye (1988) and Rivas et al. (2011) have also conducted similar surveys in various parts of the world. The ranking of the productivity-influencing factors observed in the various studies are presented in Table 1. The ranking of the factors is based on different indices and involved different categories of respondents, including craftsmen, supervisors, contractors, project managers, consultants and developers.

As shown in Table 1, the majority of the studies identified material-related problems among the most significant factors impacting productivity. However, in Kuwait, material problems were not discerned to have a decisive effect on productivity, mainly due to the financial strength of local contractors and the availability of materials locally or by direct imports (Jarkas and Bitar, 2012). The study in Uganda rated the factors affecting construction productivity with respect to time, cost and quality, and, although material shortage was ranked first with respect to time, it was rated only seventeenth based on the overall importance index and hence does not appear among the critical factors (Alinaitwe, Mwakali and Hansson, 2007). Other factors that were deemed important in the previous studies are lack of tools and equipment, rework, incompetent supervisors, lack of labour supervision, lack of skills and experience of the workforce, design/drawing alterations and interference. Though similarities exist, the major productivity factors vary from country to country, necessitating research into productivity factors relevant to a particular region.

Chan and Kaka (2007) administered a questionnaire survey in the United Kingdom to understand the difference in perception among project managers and construction workers of factors affecting construction labour productivity. The white collar sample ranked supervision, simplicity of building design, level of site experience, information flow and communication with sub-contractors as the top five factors. However, quality requirements, health and safety management, communication within gangs, utilisation of plant and health and safety and Construction Design and Management (CDM) were considered important by blue collar workers. This study provided insight into factors important to the two groups and emphasised the need for integrating the differences in opinion between the two groups to achieve productivity improvement.

Except for the studies in the UK and Chile (Chan and Kaka, 2007; Rivas et al., 2011), the productivity factors identified in the previous research efforts were from the perspective of one of the project participants, with no attempt to understand the difference in perception among the project participants on factors influencing productivity. The study in the UK did not capture the perception of the supervisors (Chan and Kaka, 2007), while the opinion of the project managers was not sought in the Chilean study (Rivas et al., 2011). An understanding of the relative importance of productivity factors from the perspective of various project participants is essential to make effective plans for productivity improvement. In this study, therefore, the input of all project participants (project managers, site engineers, supervisors and craftsmen) has been sought to identify problems impacting productivity.


Table 1. Ranking of Factors Influencing Labour Productivity in Previous Studies
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RESEARCH METHOD

Survey Questionnaire

A detailed review of the literature revealed a number of factors affecting construction labour productivity. Discussions were held with construction practitioners working on project sites to identify factors influencing labour productivity in Kerala. The interviews with construction personnel sought input into the relevance of factors identified from the literature in the context of the state and attempted to identify factors unique to the state. The construction professionals revealed political strikes or hartals to be a persistent problem severely impacting labour productivity in the state. Another factor that evolved during discussions with the practitioners was unsafe working conditions and total negligence to safety precautions on construction sites. Lack of periodic meetings to monitor project progress was also recognised by the respondents as a factor affecting productivity. Kerala has been experiencing an influx of construction labourers from other parts of the country in recent times, and the practitioners noted communication problems with the labourers, speaking different languages, as an issue influencing productivity. In addition to these factors, other factors relating to project management inefficiencies, site conditions, craftsmen and supervisor characteristics, material problems, drawing and design issues, tool and equipment issues, craftsmen motivational issues and weather, which have all been recognised as influencing productivity in previous research efforts, were also found as significantly impeding productivity in the state and hence were included in the questionnaire. Thus, based on the insight gained from the literature and these discussions, 44 factors were identified as influencing productivity in Kerala, and a questionnaire was designed to study the impact of these factors.

The questionnaire consisted of three sections: part one sought demographic information from the respondents, part two asked the respondents to rate the effect and frequency of the 44 factors and part three required the respondents to rate the productivity observed at their ongoing project. A 5-point scale was used to measure the effect of the factors on labour productivity. In this scale, 1 represents “no effect”, 2 represents “slight effect”, 3 represents “significant effect”, 4 represents “very significant effect” and 5 represents “extremely significant effect”. In addition, the respondents were asked to rate the frequency of occurrence of each factor with respect to their ongoing project on a three-point scale, with 1 indicating “low”, 2 indicating “medium” and 3 indicating “high”. In section three of the questionnaire, the respondents were asked to rate the productivity of the ongoing project on a five-point scale varying from “very low” to “very high”. Questionnaires were also prepared in the local language (Malayalam), as many of the respondents would be unable to comprehend the questions in English.

The preliminary questionnaire was pilot-tested on a small sample of the respondents to ensure the clarity and comprehensibility of the questions and to determine the ease of completion. Eight construction practitioners with rich experience in construction participated in the pilot study. The participants included five project managers and three site engineers/supervisors. The respondents suggested minor changes to the questionnaire, mainly to improve its comprehensibility and efficiency. Few questions had to be rephrased to remove ambiguities in the questions. The questionnaire was revised, incorporating the comments received from the respondents.

Sample Population

The state of Kerala has been witnessing a boom in the construction of high-rise buildings, both for residential and commercial purposes, in recent years. The sample population targeted, therefore, included project managers, site engineers, supervisors and craftsmen working on high-rise projects in Kerala. Most of the high-rise projects in Kerala were being constructed in the private sector, with the major builders being members of the Confederation of Real Estate Developers’ Associations of India (CREDAI). Members of the CREDAI Kerala Chapter were approached for permission to visit their construction sites. The construction sites of the members who responded positively were personally visited to collect responses to the questionnaire.

Sixty-seven high-rise project sites spread across Kerala were visited to collect responses to the questionnaire. The majority of the projects were residential construction projects. There were a total of 185 responses to the survey, including 35 project managers, 90 site engineers/supervisors and 60 craftsmen. The site engineers and supervisors are combined in the same category, as the title is used interchangeably on construction sites across the state.

Data Analysis

An importance index was calculated for each factor using the following formula (Jarkas and Bitar, 2012; Kadir et al., 2005; Lim and Alum, 1995):
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where n1 represents the number of respondents who answered “extremely significant effect”, n2 represents the number of respondents who answered “very significant effect”, n3 represents the number of respondents who answered “significant effect”, n4 represents the number of respondents who answered “slight effect” and n5 represents the number of respondents who answered “no effect”.

The frequency index was evaluated using the following expression (Kadir et al., 2005):
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where n1 represents the number of respondents who answered “high”, n2 represents the number of respondents who answered “medium” and n3 represents the number of respondents who answered “low”.

Multiplication of the importance and frequency indices yielded a severity index (SI) for each factor (Kadir et al., 2005), which was used to rank the overall impact of the factor on construction labour productivity:
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Table 2 presents the overall ranking of the factors as well as the ranking for each category of respondent based on the severity index.

To test the agreement among the respondents in ranking of factors, a Spearman rank correlation was used (Table 3). A high correlation coefficient indicates strong agreement among the respondents in the ranking of factors. A strong correlation existed between project managers and site engineers in the ranking of factors, whereas a moderate correlation existed between site engineers and craftsmen in the ranking of issues. However, there was only a weak correlation between project managers and craftsmen in the ranking of factors, as evident from Table 3.

Table 2. Ranking of Factors Influencing Construction Labour Productivity Based on Severity Index (SI)
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Table 3. Spearman Rank Correlation



	Respondents
	Project Managers – Site Engineers

	Project Managers – Craftsmen

	Site Engineers – Craftsmen




	Spearman      rank correlation
	0.751*

	0.381

	0.541*





*Correlation significant at 0.01 level

RESULTS AND DISCUSSION

The factors with the highest impact on productivity, considering all responses, are the timely availability of materials at the worksite, delayed material delivery by the supplier, strikes called by political parties or hartals, frequent revisions of drawings/design resulting in additional work/rework and the unavailability of drawings at the worksite at the required time. The project managers, however, ranked improper project coordination and poor project planning and scheduling among the top five factors ahead of delayed material delivery by the supplier and unavailability of drawings at the worksite at the required time. Poor pay has emerged as a top factor for the craftsmen, who ranked drawing availability much lower than the other groups of respondents. The highest ranked factors, considering all responses as well as the various categories of respondents, are discussed below. Insight into the differences in priority attached to the factors by the various respondents is also presented.


With a severity index of 0.442, unavailability of materials was ranked as the most important factor affecting construction labour productivity, considering all responses. Project managers and site engineers have also ranked material unavailability as the most important factor. The craftsmen, however, ranked strikes called by political parties or hartals ahead of material unavailability. Unavailability of materials can lead to idle time, as workers must either wait for materials or move to another area where materials are available. 40% of the respondents indicated that material unavailability was a problem that occurred with high to medium frequency at their construction sites. Material shortage was identified as the most important factor influencing productivity by various researchers (Borcherding and Garner, 1981; Enshassi et al., 2007; Kadir et al., 2005; Kaming et al., 1997; Makulsawatudom, Emsley and Sinthawanarong, 2004; Olomolaiye, 1988; Rivas et al., 2011), thus corroborating the findings of this study.

The factor that was ranked second is also closely related to the availability of materials. Delay in material delivery by the supplier can result in a shortage of materials at the worksite. 35% of the respondents had experienced delayed material delivery with medium to high frequency at their construction sites. Discussions with construction personnel revealed that delayed material delivery was mostly due to unavailability of materials in the market or delayed payment for the materials. The construction industry in Kerala has faced many problems related to materials in recent times. With sand mining from rivers prohibited by law, the industry has experienced an acute shortage of fine aggregate during the last few years. An increase in the prices of various building materials has also adversely affected construction activities in the state. Project managers have ranked delayed material delivery considerably lower than have the other groups of respondents, with factors related to improper project coordination and poor project planning and scheduling rated with a higher impact on productivity. Project managers comprehend the importance of proper project planning and coordination on timely delivery of materials at the worksite and hence rate these factors ahead of material delivery. Kadir et al. (2005) also identified non-payment to suppliers causing stoppage of material delivery to the site as an important factor influencing productivity in Malaysia.

With an SI of 0.394, strikes called by political parties or hartals was rated as the third most important factor affecting labour productivity. Craftsmen ranked political strikes and hartals as the most detrimental factor influencing productivity. Over half (53%) of the respondents have rated the problem as occurring with medium to high frequency in their experience. A hartal is a form of mass protest, usually organised by political parties, involving a total shutdown of offices, shops and workplaces. Kerala has long witnessed a larger number of hartals compared to other states of India. Calls for hartals by political parties halts all work in Kerala, which is never the case in most other states in India. Work stops in most construction sites in Kerala in the event of a hartal. On those sites where work is not stopped, labour turnout drops on hartal days, thereby significantly affecting productivity. This factor has not been identified in any of the previous studies as significantly impairing productivity. Political strikes and hartals are a rarity in other countries, whereas the unique political environment existing in Kerala frequently kindles political strikes and hartals; hence, it is not surprising that this factor has been rated as a top factor by all categories of respondents.


Frequent revisions of drawings/design, resulting in additional work/rework, was rated as another important factor influencing productivity by all categories of respondents. Discussions with construction personnel of the state revealed that the majority of design and drawing revisions were made to satisfy changing owner/client requirements. Borcherding (1976) observed that the morale and attitude of project personnel are adversely affected by lack of progress due to changes. This outcome agrees with the findings of other studies wherein change orders were identified as an important factor influencing productivity (Jarkas and Bitar, 2012; Kadir et al., 2005). Rework was recognised as a significant factor impacting productivity in Uganda, the US, Indonesia, the UK and Chile (Alinaitwe, Mwakali and Hansson, 2007; Borcherding and Garner, 1981; Kaming et al., 1997; Olomolaiye, 1988; Rivas et al., 2011). In Chile, the major reason for most rework was found to be change orders, followed by design errors or lack of project definition, while only 20% of rework was related to field errors or misunderstandings (Rivas et al., 2011). Drawings and specification alteration during execution was also recognised as a major factor impacting productivity in a study of the Gaza Strip (Enshassi et al., 2007).

Timely availability of drawings has also been ranked among the top five factors impacting productivity. However, craftsmen perceived the factor to be less severe than did other categories of respondents. This difference of perception is in agreement with existing studies (Dai, Goodrum and Maloney, 2007). Craftsmen depend on their supervisors to impart information regarding their work and seldom go through the plans and drawings. Hence, craftsmen have ranked drawing unavailability and errors considerably lower than did project managers and site engineers/supervisors. Late issuance of construction drawings by consultants was also an important factor influencing construction productivity in a survey conducted in Malaysia (Kadir et al., 2005).

Project management inefficiencies such as improper project coordination and poor project planning and scheduling have been perceived by project managers as significantly impairing productivity. Project managers rate these factors to be more severe than do the other groups of respondents. The project managers, in their position at the forefront, can understand the impact that poor project planning and scheduling and improper project coordination can have on overall project performance. Many of the problems stated as important by the other participants reveal a lack of proper project preparation on part of the management. 60% of the project managers indicated that improper project coordination occurred with medium to high frequency in their projects, while half of the project managers believed poor planning and scheduling to occur with medium to high frequency in their projects. However, craftsmen ranked poor project planning and scheduling considerably lower than the other factors. Construction contractors that participated in a survey seeking to identify factors influencing productivity of water and wastewater plant construction in the deep south USA also identified management and job planning among the top factors (Mojahed and Aghazadeh, 2008).

The factors pertaining to labour motivation were rated to have severe effects on productivity by craftsmen – poor pay has been rated fifth, lack of team spirit among craftsmen tenth, poor temporary facilities at the site eleventh and lack of monetary incentives 12th. However, site engineers/supervisors and project managers ranked these factors much lower than did craftsmen. Borcherding and Garner (1981) reported that the most frequently mentioned motivators by craftsmen were lower-level motivators, such as pay and other monetary benefits. Studies by other researchers have also identified pay and incentives among the most important motivation factors (Kaming et al., 1998; Parkin, Tutesigensi and Buyukalp, 2009; Zakeri et al., 1997). The difference in perception between site engineers/supervisors and project managers and craftsmen of factors influencing labour motivation is notable. Proper motivation of members of the construction workforce can result in a significant improvement in their performance. Project managers and site engineers/supervisors should realise the importance of a motivated workforce and work to build up a cooperative atmosphere in their organisation, in which workers are valued and their motivational needs are satisfied. This work would in turn be beneficial to the management by providing significant productivity gains.

Differences in emphasis between site engineers/supervisors and the other categories of respondents were also observed in availability of equipment and its maintenance and craftsmen being unaware of safety precautions, with site engineers/supervisors rating these factors higher than did other groups of respondents. At a construction site, day-to-day planning is often left to the site engineer/supervisor. In the event of unavailability of necessary equipment, alternative plans must be drawn by the site engineers/supervisors to prevent idling of the workforce; therefore, a greater importance is attached to equipment unavailability by site engineers/supervisors. When craftsmen are unaware of safety precautions, time is lost in instructing the workforce on the appropriate safety measures and enforcing the safety precautions. An increase in the frequency of accidents can also result, hence the greater emphasis on this factor. The factors of craftsmen turnover, lack of recognition of good and efficient workers and crew interference were rated lower by site engineers/supervisors than by other categories of respondents. Most site engineers/supervisors who participated in the survey have little experience (42% of the site engineers/supervisors had less than 5 years of experience) and no management training (only 30% of the site engineers/supervisors were graduate engineers, the rest being diploma holders with no training in management of construction projects) and hence may potentially fail to contemplate the effects of the above factors on labour productivity.

The craftsmen perceived issues relating to tool availability, labour strikes, unsafe working conditions and accidents as more prominent in influencing productivity than did the other groups of respondents. However, it was surprising to note the low priority attached by craftsmen to the lack of experience of the supervisor. Most (72%) of the craftsmen who participated in the survey had more than 10 years of experience, whereas only 32% of the site engineers/supervisors had more than 10 years of experience, explaining the disdain to experience of the site engineers/supervisors. Poor quality of materials was also ranked lower by craftsmen than by other respondents, as craftsmen likely perceive this factor to be beyond their control.

Project managers emphasise the need for periodic structured meetings among the project participants, realistic project goals, deadlines and quick review, revision and approval of drawings to improve construction labour productivity. However, meetings are of low priority to the workforce, which rarely participates in these meetings. All results, therefore, reveal that the project management are more focused on managerial issues than are the other groups of respondents.

A difference of emphasis thus exists among the project participants in the perceived impact of the factors on construction labour productivity. Planning for productivity improvement by the project managers in isolation, without concern to the issues raised by the other project participants, would be useless and could result in resistance to adoption of such measures (Chan and Kaka, 2007). The results of this study could aid project managers in making effective plans for productivity improvement by incorporating the differences of opinions of all participants in the construction process.

CONCLUSIONS

Project managers, site engineers, supervisors and craftsmen participated in a survey intended to identify and rank the major factors influencing construction labour productivity in the state of Kerala in India. Among the 44 factors explored, timely availability of materials at the worksite was identified as the most critical factor impacting productivity. Delayed material delivery by the supplier, strikes called by political parties or hartals, frequent revisions of drawing/design, resulting in additional work/rework, and unavailability of drawings at the worksite at the required time were the other major factors identified in the survey. A Spearman rank correlation revealed strong correlation between project managers and site engineers in the ranking of the factors; however, only a moderate correlation existed between site engineers and craftsmen, and a weak correlation existed between project managers and craftsmen in the ranking of the issues. Project managers rated factors relating to project management inefficiencies, such as poor project planning and scheduling, improper project coordination and unrealistic project goals and deadlines, as having a significant impact on productivity. Craftsmen ranked factors related to motivational aspects, such as pay, incentives, safe working conditions, team spirit and labour strikes, higher than did the other groups of respondents. Site engineers/supervisors and project managers were more concerned than craftsmen about the availability and quality of drawings. Site engineers/supervisors also emphasised timely availability of equipment in achieving productivity improvement. The findings of this study emphasise the relative importance attached by the various project participants on issues influencing productivity, all of which must be considered to make effective plans for productivity improvement.

The research findings demonstrate the need to adopt effective material management practices at construction sites across the state. Most construction sites in Kerala rely on outdated techniques for material transportation within the worksite, with many construction projects relying heavily on the unskilled labour force for transport of the construction materials to top floors of high-rise buildings. Implementation of efficient technology and adoption of modern equipment for material transportation and distribution and proper resource scheduling, combined with coordination with manufacturers and suppliers to ensure timely delivery of materials at the site, are vital to avoid material problems at construction sites.


The project managers who participated in the survey realise the importance of project planning, scheduling and coordination in improving productivity of the workforce. The tool that aids most construction managers in the state in planning is the bar chart. Planning for resources is mostly performed on an ad-hoc basis, with resources being arranged when need arises. Adoption of project management software for planning and scheduling, with particular emphasis on resource planning, is essential to maintain and improve labour productivity at construction sites.

A factor that was rated by all project participants as having a detrimental effect on productivity was political strikes or hartals. This factor, unique to Kerala, is a persistent problem in the state and emphasises the necessity of wilful government actions to abolish hartals in the state.

Another area requiring immediate attention is the management of drawings. Interaction among the clients, owners, designers and management from the design phase itself is essential to minimise costly drawing/design errors and revisions, while proper coordination between designers and project management will ensure that drawings are available at the worksite at the required time. The respondents of the survey remarked that designers fail to perceive the impact of drawing quality on construction productivity. A lack of knowledge about the concept of productivity exists among all participants in the construction process of the state, including project managers, contractors, subcontractors, designers, site engineers, supervisors and craftsmen. The focus of the majority of construction personnel on the construction sites is production or output rather than productivity. Proper orientation and training of the participants in the construction process on the productivity concept is essential so that the emphasis may shift from production or output to productivity.

Motivation of the workforce is also important to achieve productivity improvement, as emphasised by the craftsmen who participated in the survey. The majority of the construction labour force consists of migrant labourers who come to Kerala looking for better financial conditions; thus, pay hikes, incentives, bonuses and recognition of workers can serve to boost productivity, while involving the workforce in planning and decision-making will ensure their cooperation in productivity enhancement initiatives. Stringent measures must also be adopted to ensure safe and healthy working conditions for the construction workforce.

This study corroborates the results of previous studies regarding external factors beyond the control of management rarely impacting productivity. Except for political strikes and hartals, all other factors are within the control of management and can be eliminated by effective management actions. Hence, as remarked by Tucker (1986), to achieve productivity enhancement, management must improve. A professional approach to construction management, combined with adoption of efficient and appropriate technology in construction and upgrading of skill and training of the participants in the construction process, is the proper path forward to achieve improved construction labour productivity. This research has identified factors impacting construction labour productivity in the Indian context from the perspective of various project participants, and the findings will aid construction managers in devising appropriate strategies for productivity improvement.


REFERENCES

Alinaitwe, H.M., Mwakali, J.A. and Hansson, B. (2007). Factors affecting the productivity of building craftsmen: Studies of Uganda. Journal of Civil Engineering and Management, 13(3): 169–176.

Arditi, D. and Mochtar, K. (2000). Trends in productivity improvement in the US construction industry. Construction Management and Economics, 18(1): 15–27.

Borcherding, J.D. (1976). Improving productivity in industrial construction. Journal of the Construction Division, 102(4): 599–614.

Borcherding, J.D. and Garner, D.F. (1981). Work force motivation and productivity on large jobs. Journal of the Construction Division, 107(3): 443–453.

Chan, P.W. and Kaka, A. (2007). Productivity improvements: Understand the workforce perceptions of productivity first. Personnel Review, 36(4): 564–584.

Dai, J., Goodrum, P.M. and Maloney, W.F. (2007). Analysis of craft workers and foremen’s perceptions of the factors affecting construction labour productivity. Construction Management and Economics, 25(11): 1137–1150.

Doloi, H., Sawhney, A., Iyer, K.C. and Rentala, S. (2012). Analysing factors affecting delays in Indian construction projects. International Journal of Project Management, 30(4): 479–489.

Enshassi, A., Mohamed, S., Mustafa, Z.A. and Mayer, P.E. (2007). Factors affecting labour productivity in building projects in the Gaza strip. Journal of Civil Engineering and Management, 13(4): 245–254.

Jarkas, A.M. and Bitar, C.G. (2012). Factors affecting construction labour productivity in Kuwait. Journal of Construction Engineering and Management, 138(7): 811–820.

Kadir, M.R.A., Lee, W.P., Jaafar, M.S., Sapuan, S.M. and Ali, A.A.A. (2005). Factors affecting construction labour productivity for Malaysian residential projects. Structural Survey, 23(1): 42–54.

Kaming, P.F., Olomolaiye, P.O., Holt, G.D. and Harris, F.C. (1998). What motivates construction craftsmen in developing countries?: A case study of Indonesia. Building and Environment, 33(2–3): 131–141.

———. (1997). Factors influencing craftsmen’s productivity in Indonesia. International Journal of Project Management, 15(1): 21–30.

Lim, E.C. and Alum, J. (1995). Construction productivity: issues encountered by contractors in Singapore. International Journal of Project Management, 13(1): 51–58.

Makulsawatudom, A., Emsley, M. and Sinthawanarong, K. (2004). Critical factors influencing construction productivity in Thailand. The Journal of KMITNB, 14(3): 1–6.

Mojahed, S. and Aghazadeh, F. (2008). Major factors influencing productivity of water and wastewater treatment plant construction: Evidence from the deep south USA. International Journal of Project Management, 26(2): 195–202.

Olomolaiye, P.O. (1988). An evaluation of bricklayers’ motivation and productivity. PhD diss. Loughborough University of Technology.

Parkin, A.B., Tutesigensi, A. and Buyukalp, A.I. (2009). Motivation among construction workers in Turkey. Proceedings: 25th Annual ARCOM Conference. Nottingham, 7–9 September.

Planning Commission, Government of India. (2008). Eleventh Five Year Plan (2007–2012). Volume 3. New Delhi: Planning Commission, Government of India.

Rivas, R.A., Borcherding, J.D., Gonzalez, V. and Alarcon, L.F. (2011). Analysis of factors influencing productivity using craftsmen questionnaires: Case study in a Chilean construction company. Journal of Construction Engineering and Management, 137(4): 312–320.

Sumanth, D.J. (1984). Productivity Engineering and Management. NY: McGraw-Hill.

Tucker, R.L. (1986). Management of construction productivity. Journal of Management in Engineering, 2(3): 148–156.

Zakeri, M., Olomolaiye P., Holt, G.D. and Harris, F.C. (1997). Factors affecting the motivation of Iranian construction operatives. Building and Environment, 32(2): 161–166.





Indoor Air Quality in Adaptively Reused Heritage Buildings at a UNESCO World Heritage Site, Penang, Malaysia

*Rani Prihatmanti1 and Azizi Bahauddin2

1Department of Interior Architecture, Ciputra University, Surabaya, INDONESIA
2School of Housing, Building and Planning, Universiti Sains Malaysia, Pulau Pinang, MALAYSIA

*Corresponding author: rani.prihatmanti@ciputra.ac.id

© Penerbit Universiti Sains Malaysia, 2014


Abstract: This study investigated the Indoor Air Quality (IAQ) level in heritage buildings that have been adaptively reused as office buildings. These buildings are located within the vicinity of the UNESCO World Heritage Site in George Town, Penang. The aim of this study was to determine the IAQ level in the designated buildings using thermal monitoring and chemical and microbial tests. Mixed methods were used in this cross-sectional study to achieve the objectives. The IAQ tests variables were the temperature, relative humidity, air velocity, airborne pollutants (Particle Matter 10 [PM10], carbon monoxide, carbon dioxide and formaldehyde), total bacteria count and total fungal count. These variables were adopted from the Industry Code of Practice on Indoor Air Quality, Department of Occupational Health Malaysia and the Malaysian Green Building Index–Non Residential Existing Building (NREB) rating tool. The measurements show that the IAQ level in the identified buildings was unacceptable within the standards stipulated. Dampness stains and mould were present in all buildings due to high humidity and moisture levels. It can be concluded that the IAQ level was due to inappropriate adaptive reuse practices, the occupants’ activities and maintenance irregularities.
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INTRODUCTION

In George Town, there are a number of heritage buildings that require preservation to prolong their lifespan. Some of these buildings are designated as national monuments by the Antiquities Act of 1976 based on their cultural significance and historic value. After being listed as a World Heritage Site by the United Nations Educational, Scientific and Cultural Organisation (UNESCO) in 2008, George Town is required to conserve all its heritage buildings. The conservation practices must adhere to the conservation principles that maximise retention and minimise intervention to retain their heritage significance (Australia International Council on Monuments and Site [ICOMOS], 1999; Worthing and Bond, 2008). The buildings located within the vicinity of the World Heritage Site have been adaptively reused for similar or different functions. Adaptive reuse is a conservation method that allows altering a building to suit a new or different usage. According to Bullen (2007) and Yung and Chan (2012), adaptive reuse is an effective way to improve sustainability by reducing the use of materials, transportation and energy, decreasing pollution and lowering carbon emissions. Moreover, altering an existing building for new uses could reduce costs compared to demolishing and rebuilding a new building. However, adaptive reuse can create several problems related to the indoor environmental quality, including the quality of the indoor air. Indoor Air Quality (IAQ) can be defined as the acceptable level of indoor air quality for which there are no known contaminants at harmful concentrations as determined by cognisant authorities and with which a substantial majority (80% or more) of the people exposed do not express dissatisfaction (American Society of Heating, Refrigerating and Air Conditioning Engineers [ASHRAE] Standard 62, 2003). IAQ is currently a major issue for the built environment as well as businesses, tenants, building managers and employers and it directly impacts the building occupants’ health, well-being, productivity and comfort during their occupancy period (Pilatowicz, 1995). The importance of IAQ is indicated by its inclusion as one of the major parameters for green building assessments worldwide, including the Leadership in Energy and Environmental Design (LEED), GBTool, Green Building Index (GBI) Malaysia, Building Research Establishment Environmental Assessment Method (BREEAM), Comprehensive Assessment System for Building Environmental Efficiency (CASBEE) and the Green Mark Singapore tools. IAQ is one of the Indoor Environmental Quality parameters established by the Green Building Index (GBI) Malaysia.

The heritage buildings in George Town that have been adaptively reused as offices are also at risk for poor air quality. They were built based on the local climate by maximising passive design methods. However, as the climate changes, the building responses are variable, particularly the thermal conditions inside the buildings. These changes are known to create threats to heritage properties and occupants (Ahmad, 2004; Adams, 2007). Malaysians spend the majority of their time working indoors, which makes them vulnerable to hazardous indoor air pollutants such as carbon monoxide (CO), carbon dioxide (CO2), formaldehyde (HCHO or CH2O) and other Volatile Organic Compounds (VOCs) during their working hours. These conditions may be more severe in air conditioned buildings where there is less air exchange inside the building, a condition that could directly affect the occupants’ health and well-being. Therefore, the aim of this study was to determine the IAQ level in the identified buildings. The findings of this investigation provide valuable data for occupant comfort and well-being inside office spaces and for the study of heritage conservation in George Town.

Literature Review

Adaptive reuse of heritage buildings

According to UNESCO (1972), a heritage building can be defined as a legacy from a past man-made environment that represents cultural history and should be preserved for the next generation. Conserving heritage buildings helps to explain the past and contribute to future generations and it provides a sense of continuity and belonging to the place where people live. In Malaysia, buildings designated as heritage buildings are believed to be more than 50 years of age and should be preserved, protected and enhanced to prevent them from being lost forever (Malaysia National Heritage Act, 2005). However, the conditions of the heritage buildings in Malaysia are at risk from defects due to conservation knowledge inadequacy and high repair and maintenance costs (Ahmad, 1994; Kamarul et al., 2007).

As stated in the International Council on Monuments and Sites (ICOMOS) Burra Charter and the Malaysia National Heritage Act (Act 645), one possible method for conserving a heritage building is by adaptively reusing it. According to Dolnick and Davidson (1999, in Bullen [2007]), adaptive reuse is rehabilitating or renovating heritage buildings or structures for any uses other than the present uses. Furthermore, adaptive reuse is a process to retain as much of the existing building as possible while upgrading its performance to suit modern standards and changing users’ requirements. This option is beneficial for attracting developers who have transparent economic, environmental and social benefits as an aim in sustainable development (Bullen, 2007; Yung and Chan, 2012). By revitalising heritage buildings, the expectation is to bring back memories and to revitalise the vicinity. Newly vacant buildings are more likely to be reused than constantly vacant buildings, which impacts the adaptive reuse value of a designated building; the timeline is an important factor of the adaptive reuse potential (ARP) (Ball [1999] in Langston et al. [2008]). Kincaid (2002) described three types of possible adaptation in heritage buildings: adaptation for the same use plus ancillary uses, adaptation for mixed classes of use and adaptation for a totally new class of use. All these changes must be compatible with the new use. Moreover, the adaptation practices should involve the least amount of physical intervention, which could eliminate the embodied heritage significance and its authenticity. The practice of minimum intervention also applies to the building fabric and all actions in place, such as additions, new buildings and changes in use (ICOMOS, 1999; Worthing and Bond, 2008). In this context, the identified buildings in this research are considered as adaptively reused buildings.

Indoor Air Quality (IAQ) in office buildings

As stated previously, the preservation of heritage buildings is strongly encouraged to extend the lifespan of the buildings with the least amount of intervention. Being occupied is the simplest way to maintain the economic, social and environmental viability of a building. The occupants’ activities, information technology, global competition, environmental concerns, new organisational structures, flexible employment arrangements and a variety of working practices have caused existing buildings to change to suit the occupants’ demands, particularly in interior spaces (Kincaid, 2002). In the past, heritage buildings were purposely built to adapt to the local climate. To ensure occupant comfort, Mechanical Ventilation and Air Conditioning (MVAC) systems were installed. Unknowingly, these changes have resulted in negative impacts to the quality of indoor air by trapping pollutants. Pollution is consistently two to five times greater indoors than outdoors and indoor pollutant levels are often 100 times greater than outdoor levels (Pilatowicz, 1995; Environmental Protection Agency [EPA], 1997; Hess-Kosa, 2002). To meet occupant demands, office environments are provided with a variety of furnishings and equipment. However, these furnishings and equipment are likely to emit harmful indoor contaminants, as stated in Table 1. The occupants themselves are included as one of the pollutant sources. The EPA (1997) states that particles of dust, dirt or other substances may be drawn into a building from outside or from the activities inside the building. In indoor spaces, the primary source of CO2 is from the human respiratory system, especially in overpopulated rooms, confined space or high activity areas (Hess-Kosa, 2002).


Table 1. Possible Contaminant in an Office Environment



	Possible Contaminant Sources

	Pollutant Type




	Paint, glue, plastic, wood preserver, air freshener, cleaning solution, dry cleaning solution, perfume, solvent, resin, plastic foam
	Organic gases, vapours, VOC (xylene, toluene, perchloroethylene, benzene, styrene, 1,1,1-trichloroethane, methyl ethyl ketone, alcohol)



	Paints, glue, Environmental Tobacco Smoke (ETS), acid hardening lacquer, processed wood product
	Formaldehyde (Urea formaldehyde: UF and phenol-formaldehyde: PF), other aldehydes



	Plastic, wallpaper, vinyl tile
	Phthalates, Poly Vinyl Chloride (PVC), Styrene



	Impregnated wood
	Fluorides



	Occupants, unvented combustions
	CO2



	Paints
	Lead (Pb), mercury, amino



	Copy machines, electronic cleaners
	Ozone (O3), VOCs, SVOCs



	Papers, textiles
	Organic dust



	Acoustic ceilings, insulations, gypsum board
	Man-Made Mineral Fibres (MMMF), calcium sulphate



	Outdoor dirt, building materials
	Inorganic dust, lead



	Disinfectant
	Alcohol, quarternary ammonium compound (QAC), phenol



	Pesticide
	Chlordane, aldrin, diedrin, heptachlor



	Dust mites, moulds, danders, plants, occupants
	Biological dust, metabolic product of microorganisms




Source: Maroni, Seifert and Lindvall (1995); Mendler and Odell (2000); Destaillats et al. (2008); Doren (2008)

According to Apte, Fisk and Daisey (2000) (as cited in Syazwan et al., 2009), the concentration of CO2 in old buildings is higher due to the poor ventilation rate. A study by Syazwan et al. (2009) shows that the concentrations of indoor air pollutants, including CO, CO2, Total Volatile Organic Compound/TVOC, Particulate Matter/PM10 and PM2.5, are also significantly higher in older buildings than in newer buildings. CO and CO2 are known to be strongly related to ventilation inadequacy. Therefore, CO2 is a key parameter for assessing IAQ and ventilation efficiency. In addition to CO and CO2, VOCs and Semi Volatile Organic Compounds (SVOCs) are also common indoor pollutants emitted from furniture, finishes, office stationery, mould and many other sources. Another important indoor contaminant commonly detected in office environments is particulate matter. According to the definition, “particles are solid or liquid substances that are light enough to suspend in the air” (EPA, 1997). Smaller particles have a greater chance of being inhaled and deposited in the human respiratory system. Particles, which are easily inhaled, are generally less than 10 µm (PM10). A study by Destaillats et al. (2008) found that ultrafine particles and VOCs were emitted by laser printers and copiers that are operated during office hours. Printers and copiers are known to emit more VOCs, particularly toluene, styrene, benzene and alkyl benzene, than computers. However, computers are long-term sources of VOCs and SVOCs. These chemicals can also be emitted by paper during printing and copying (Wolkoff et al. [1993] in Destaillats et al. [2008]).

Thermal comfort factors, mainly air temperature and humidity, are categorised as the physical indoor air and are crucial in the prevalence of Sick Building Syndrome (SBS) (Syazwan et al., 2009). A low air velocity indicates insufficient ventilation and a low air exchange rate in an indoor space. An insufficient ventilation rate and exposure to indoor contaminants could negatively impact the health of a building’s occupants and contribute to Sick Building Syndrome (SBS), Building Related Illness (BRI) and Multiple Chemical Sensitivities (MCS). Based on previous research, SBS is a critical issue in Malaysia due to the installation of MVAC systems and maintenance irregularities associated with them. These factors result in an increase in the indoor air pollutant level (Syazwan et al., 2009). Further, SBS is more commonly found in mechanically ventilated buildings (Hummelgaard et al., 2007; Syazwan et al., 2009). Increasing the ventilation rate per person could significantly reduce the prevalence of SBS. The symptoms of SBS are generally non-specific and predominantly occur as (1) sensory irritation of the upper respiratory system (eyes, nose and throat), (2) neurotoxic or general health problems, (3) skin irritation, (4) non-specific hypersensitivity reactions and (5) odour and taste sensations (Godish, 2000; Syazwan et al., 2009).

Heritage buildings in tropical countries are at a high risk of deterioration by microbial agents, such as fungi and bacteria, which are significantly related to moisture content. Based on the study by Ahmad (1994), high moisture levels induce fungal growth, which is known to be one of the most common building defects in heritage buildings (51.9%). Dampness in the building fabric creates visible damp stains and could indicate the emergence of mould, particularly Aspergillus, Penicillium, Stachybotrys, Altenaria and Cladosporium species, dust mites, mildew and bacteria, which can result in allergic reactions, infectious health outcomes and other adverse health effects. Mould can proliferate in damp fabric at room temperature from airborne fungal spores. Even low water conditions (aw) are suitable for the growth of microbial agents, such as bacteria and fungi, particularly gram-negative bacteria that is harmful to occupants (Storey et al., 2004; Mudarri and Fisk, 2007; Cabral, 2010). Godish (2000) and Storey et al. (2004) showed that mould can grow given adequate conditions of moisture, nutrition, such as building fabric and furnishings, light, oxygen and temperature.

METHODOLOGY

The main goal of this cross-sectional study was to determine the IAQ levels in the identified buildings based on air quality tests. Five heritage office buildings were chosen for the case study based on feasibility and accessibility to the associated premises. A walk-through inspection and site observation were also conducted to identify visible pollutant sources. To verify the presence of fungal contamination on a surface, swab sampling was performed.

Walk-through Inspection and Site Observation

A walk-through inspection and site observation were performed as a preliminary survey before conducting the IAQ sampling. The observation focused on factors in the surrounding area, including the location, orientation, external pollutants, external water sources and building envelope and factors on the inside of the occupied buildings such as the potential pollutant sources emitted inside the buildings, the building layout after being adaptively reused, the density and activity of occupants, the office equipment used, the presence of indoor vegetation, water features, the position of openings, interior furnishings and furniture, evidence of water damage and the level of custodial care. Characteristics of the MVAC systems, including the type, position, location of the outdoor unit, grilles, diffusers, AHU and the thermostat controller, were also inspected. The observation data were used to support the air sampling results.

Indoor Air Quality Measurements

The IAQ assessments were conducted according to the guidelines from the Industry Code of Practice on Indoor Air Quality (COP-IAQ), Department of Occupational Safety and Health, Malaysia in 2010, during peak business hours from 9 a.m. to 5 p.m. for a total of eight hours of working time. The peak office hours were chosen as the sampling period because occupants in the respective buildings were actively working during this period. The thermal comfort data logger was set to record the thermal data at a one-minute interval during office hours. This method was also used by Daghigh, Sopian and Moshtagh (2009) to capture the range of the indoor climate during the working hours in a day. The installed probes measured the dry bulb temperature, air velocity and relative humidity. Because this study focused on the IAQ in office buildings, samples were taken in an air conditioned room where occupants’ were prone to SBS and other building-related illnesses. Sampling apparatuses were positioned at the centre of the work place at the height of the breathing zone, approximately 110 cm from the floor. The positions of the sampling apparatuses are marked with an X in Figure 1 (a–e).

The air sampling variables were divided into three categories: physical, chemical and biological. These variables were adopted from the Industry Code of Practice on Indoor Air Quality (COP-IAQ), Department of Occupational Safety and Health, Malaysia (2010). The measured physical variables were the thermal condition (air temperature, relative humidity and air velocity) and the concentration of particulate matter 10 µm (PM10) or dust. The thermal condition was measured using a BABUC/A data logger with detachable probes. PM10 was directly read from an aerosol monitor 8520 Dust Track. The measured chemical variables included CO, CO2 and formaldehyde. An 8554 TSI Indoor Air Quality meter was used to measure CO and CO2 and an HAL-HFX 105 Formaldehyde meter was used to measure the concentration of formaldehyde in the identified buildings.
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Figure 1. Position of the Sampling Apparatuses




To determine the level of biological pollutants, microbial sampling was performed through air sampling and swab testing. An Andersen N-6 single stage air impactor and agar plates were used to withdraw indoor air. This method is widely used to sample viable and culturable mould spores. Malt Extract Agar (MEA) and Potato Dextrose Agar (PDA) were chosen as the growth media due to their ability to isolate, cultivate and enumerate moulds and bacteria. The microbial sampling time depends on the conditions of the indoor environment. For a normal office, the sampling time is three minutes with a flow rate of 16.45 litres of air/minute. Extended sampling times may result in oversampling and a loss of viability. Samples were sealed and incubated at room temperature under artificial lighting for three days. The colonies were quantified 24 hours after sampling until the third day using the standard formula for enumerating airborne colonies on an agar plate. To confirm any unidentified fungal growth, swab sampling was also conducted. Swab sampling, or surface sampling, is a non-destructive technique and the most convenient method for surface sampling of possible microbial contamination because it uses sterilised cotton swabs and agar plates. The instruments were calibrated and pre-tested before the sampling was conducted.

SELECTION OF ADAPTIVE REUSE CASES

There are several heritage buildings in George Town; however, studying all of them is not possible or feasible. Thus, this research was conducted in five buildings within the UNESCO World Heritage Site in George Town. These buildings were chosen based on their similar building materials, MVAC systems, which are more than 50 years of age, communality activities and government agency occupancy (Figure 2 [a–e]). According to the Regulations for Conservation Areas and Heritage Buildings established by the Penang Municipal Council, buildings that are categorised as Category 1 are of exceptional interest and are recognised by the Malaysian Antiquities Act 1976. Therefore, the original character and fabric of these buildings must be maintained and no external or internal changes are allowed. Category 2 buildings are of special interest and should be preserved. Internal alterations and extensions on the sides and rear of these buildings are permissible.
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Figure 2. The Selected Case Studies




1.      The City Hall: Esplanade

This grand building was constructed between 1900 and 1903 and was a British administrative office. To prevent its abandonment, this building is currently occupied by the Penang Municipal Council. Due to its heritage significance, this building is designated as a national monument by the Antiquities Act of 1982 and as a Category 1 building.

2.      The Islamic Religious Department: Beach Street

This double storey building is located on Beach Street and Downing Street and was erected in 1907 as the last extension of government offices during the period of British settlement. This refurbished building is currently occupied by the Islamic Religious Department. Due to its significance, this neo-classical building is listed as a Category 2 building by the state regulation for heritage building conservation.

3.      The Penang Immigration Department: Beach Street

The Penang Immigration Department was built in 1890 to house the administrative office of the police force that is within the same compound as the Central Police Station. This double storey building is located at the corner of Beach Street and Light Street. Because of its cultural significance, history and antiquity, this neoclassical building is designated by the state government as a Category 2 heritage building.

4.      The Fire Brigade and Rescue Station: Beach Street

In 1908, the fire fighter’s building on Beach Street was constructed. This building is still used for its original purpose and its architecture remains intact to preserve the early streetscape of George Town. Due to its authenticity, cultural significance artistic value, historic value and setting, this building is considered as a national heritage building according to the Antiquities Act of 1976 and as a Category 1 heritage building based on the state regulation for heritage building conservation.

5.      The George Town World Heritage Incorporated: Acheh Street

Unlike other buildings, the GTWHI building was originally two double storey shop houses for commercial-cum-residential purposes. It is located at the corner of Acheh Street and Armenian Street. It was built in the 1920s and is listed as a Category 2 heritage building in George Town. Currently, this building is occupied by the heritage management office.

RESULTS AND DISCUSSION

Site Observation

The UNESCO World Heritage Site in George Town is located on the north end of Penang Island. Its location near the sea affects the ground water level and salinity. These conditions put the heritage buildings at risk of deterioration due to moisture problems. Moisture is the greatest enemy of buildings because it can cause dampness in the building envelope and internal walls. Based on the site observations, dampness was prevalent in the identified buildings (Figure 3). Dampness triggers the growth of fungi and other microbial agents that can degrade air quality. Fungal stains were also observed on the building fabric of the identified buildings (Figure 4).
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Figure 3. Dampness on Building Fabric
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Figure 4. Visible Fungal Stains



The peeling and crumbled paint also indicated fungal activity. Fungi are highly erosive and they can live under low water activity (aw) conditions. They are strongly enzymatic and can cause the decay of plaster, lime, paint, stone and mortar in the exterior and interior of a building. They also degrade the organic binders in paints, causing the reduction and loss of paint layers (Sterflinger, 2010). In this study, peeling paint was noticed in some of the buildings, particularly on the building columns (Figure 5).
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Figure 5. Peeling Paint



In addition to dampness and fungal spores, salt crystallisation also contributes to indoor air pollution. Hygroscopic salt, or salt weathering, is commonly related to moisture problems in buildings and it occurs when salt remains intact on a wall after the moisture has evaporated. After time, materials decay by fretting, crumbling and loss of the surface. In this study, salt weathering was observed in almost all of the identified buildings (Figure 6).
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Figure 6. Salt Crystallisation on Building Fabrics



Another visible pollutant discovered during site observation was dust. It was mostly accumulated in the mechanical ventilation system (air conditioner diffusers and fan blades), on the architectural ornaments such as cornices and mouldings and on open shelves (Figure 7). The classical architectural ornaments act as dust harvesters due to a lack of maintenance in each building. The amount of dust is based on the housekeeping practices in a building. Dust particles in damp spaces may contain harmful biological agents, particularly Altenaria and gram-negative bacteria (Cabral, 2010).
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Figure 7. Accumulated Dust



Another significant observation that could affect the IAQ level was the obstruction of existing openings, windows and doors. Because they are adaptively reused, all of the identified buildings are equipped with MVAC systems and their interior spaces have been altered to meet the occupants’ workspace requirements. These changes significantly affect the thermal conditions of air temperature, humidity and air velocity and the pollutant concentrations in the identified buildings. The building defects identified during the walkthrough inspections are tabulated in Table 2.

Table 2. Summary of the Building Defects in the Observed Buildings



	
Defects Founded

	
Observed Buildings




	City Hall

	Islamic Religious Department

	Fire Brigade and Rescue Station

	Penang Immigration Department

	GTWHI




	Dampness on building fabric
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	–




	Visible fungal stains
	[image: art]

	[image: art]

	[image: art]

	[image: art]

	–




	Peeling paints
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	–




	Salt crystallisation
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	–




	Accumulated dusts
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	Obstructed existing openings
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	–

	–
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Notes: [image: art] – Obviously detected

Based on Table 2, the City Hall and the JHEAIPP were designated as the poorest buildings in terms of their physical building defects, followed by the Fire Brigade and Rescue Station and the Penang Immigration Department. The GTWHI building was considered to be better than the other buildings. Nonetheless, the interior and exterior of any building must be maintained regularly to ensure that the building is healthy for its occupants and to prevent further deterioration.

The Indoor Air Quality Level

The IAQ sampling results show that the air temperature and the humidity recorded during office hours were not fully acceptable based on the benchmark (23 degree Celsius to 26 degree Celsius) for indoor air conditioned offices in Malaysia (Table 3). Both variables tend towards the unacceptable limit. In the City Hall and the Fire Brigade and Rescue Station, the air temperature exceeded the acceptable limit (27.5 degree Celsius to 29.7 degree Celsius and 28.8 degree Celsius to 30.2 degree Celsius) and the air velocity in all studied buildings was similarly low. This condition is mainly caused by the blockage of openings, the presence of full height partitions that obstruct airflow and the occupants’ activities. However, measurements from air conditioned rooms will be different from those taken in naturally ventilated rooms. The indoor temperature may be more unacceptable if the air velocity is low. Furthermore, low air velocities may induce the prevalence of building-related illnesses and contribute to the discomfort of occupants.

According to COP-IAQ (2010) the acceptable limit for indoor humidity in the Malaysian climate is 40%–70%. This range was also emphasised by Godish (2000) and a maximum limit for indoor humidity of 70% was stipulated in the Malaysia Green Building Index (2010). Humidity levels above this maximum limit are considered ideal for the growth of mould spores. Moreover, a study conducted by Bayer (1990, in Syazwan et al. [2009]) stated that SBS might occur in indoor spaces with insufficient ventilation as a result of high temperatures and humidity levels. Nevertheless, the physical variables of air quality in a building may fluctuate over time depending on the local climate and the occupants.

Table 3. IAQ Sampling Result
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Notes: Benchmarks are referring to COP-IAQ 2010; C is the ceiling limit and shall not be exceeded at any time

Based on the observation data, dust or PM10 was prevalent in all the buildings. Based on the air quality test, PM10 was detected at various levels in all the building. However, in the Fire Brigade and Rescue Station, the reading was significantly higher (0.23 mg/m3) than the benchmark (0.15 mg/m3). In the other buildings, the PM10 levels were within the acceptable limit. High levels of PM10 can be caused by several factors, such as the adjacency of a building to a surrounding road, irregularities in housekeeping practices, occupant activities inside the building, the building size and the airflow speed. However, in the Fire Brigade and Rescue Station, the high level of PM10 was mainly due to irregularities in housekeeping practices. The presence of PM10 in indoor environments should be taken into account because it can affect the health of a building’s occupants. High levels of dust, particularly dust containing organic material, may also affect occupant health by contributing to allergies, asthma and other health disturbances (Storey et al., 2004). PM10 is emitted by operating printers, including laser printers, ink-jet printers and all-in-one office machines (Destaillats et al., 2008).

CO, CO2 and formaldehyde (HCHO) are categorised as chemical indoor pollutants that are commonly found in indoor spaces. CO is a light, colourless and odourless gas that occurs with the incomplete combustion of materials such as kerosene, gasoline, fuel and plastic. Unfortunately, in all the buildings studied, the presence of CO was undetected by the direct reading instrument during the air sampling period mainly due to the sensitivity of the instrument. Like CO, CO2 is a combustion-generated contaminant that is related to the presence of humans and their respiratory metabolism products. The concentration of CO2 in indoor spaces increases as the occupant density increases and when there is exposure to outdoor air (Kubba, 2009). The CO2 test results show that in the Penang Immigration Department, the level of CO2 exceeded the acceptable limit (1,660 ppm). The presence of high CO2 level was possibly due to the number of occupants and the poor ventilation rate in the associated building. Based on the air velocity monitoring, the flow of indoor air in the Penang Immigration Department was very low (0.01–0.17 m/s). The last chemical parameter tested was formaldehyde (HCHO), a VOC from the aldehyde group. This chemical is widely used in indoor environments and is a common irritant of the eyes, nose, throat and sinuses at a low concentration of only 0.03 ppm (Godish, 2000; Bingelli, 2006).

Formaldehyde is easily detected in a newly refurbished environment in which the paints and finishes have been recently applied. Because this study was conducted in heritage buildings that are more than 50 years old, formaldehyde was detected in only three buildings: the Fire Brigade and Rescue Station, the GTWHI building and the Penang Immigration Department. The concentration of formaldehyde in the Penang Immigration Department was the highest of all the buildings at 0.06 ppm. Based on observations of the Penang Immigration Department, several potential sources of formaldehyde, including particle board, which was the main desk material, copy machine ink, toner and office stationery., The indoor ventilation rate, the building size and office activities that involve printing and copying also affected the formaldehyde concentration in the designated building. Destaillats et al., (2008) showed that office equipment decreases indoor air quality because it is a source of VOCs, ozone and PM. Formaldehyde is included as one of the VOCs. Moreover, the presence of offices with an open floor plan in the studied building also influenced the indoor air quality. Pollutants accumulate more easily in an enclosed office compared to an office with an open floor plan. However, in the City Hall and the Islamic Religious Department, formaldehyde was undetected. This result is most likely due to the size of the buildings compared to the other three buildings. Because formaldehyde is a volatile chemical at room temperature, detecting this gas in a spacious indoor environment is difficult.

During the site observations, damp stains were discovered on the internal building fabrics. These stains must be verified to determine their ability to harbour microbial growth. Swab tests were performed on the suspected building fabrics and on the air-conditioner diffuser or outlet in all of the identified buildings. The results show that the suspected stains and the air-conditioner outlets were positively contaminated by fungi (mainly Aspergillus and Penicillium), yeast and bacteria. The presence of microorganisms on the building fabrics and in the air-conditioner units was related to the quantity of bio-aerosols in the air, as indicated by the total fungal counts and the total bacteria counts. The total fungal counts were greater than the acceptable limit for the City Hall, the Penang Immigration Department, the GTWHI building and the Fire Brigade and Rescue Station. The Fire Station showed the greatest amount of airborne fungal spores at 682 cfu/m3. Fortunately, the airborne bacteria counts were all under the maximum limit. Crook and Burton (2010) reported that although some of buildings may be within the safe level, exposure to biological agents in an indoor space is a significant factor in microbial contamination and could contribute to SBS and other building-related disease.

CONCLUSIONS

George Town is in the midst of preserving its heritage buildings to retain the UNESCO World Heritage Status. Adaptive reuse and occupancy are the most economically, socially and environmentally beneficial ways to use a heritage building. However, alterations to meet modern standards and occupant requirements have adversely impacted the quality of the air inside the heritage buildings in George Town. People spend approximately 90% of their time indoors, which makes them prone to health impairment due to indoor pollutants. This study measured air quality levels in adaptively reused heritage buildings during office hours.

The findings show that the indoor air quality levels in the identified buildings were below acceptable standards. High air temperatures, high humidity levels and damp fabrics accelerate the growth of biological agents, resulting in a large number of airborne spores. The presence of fungi and other microbial agents could be a useful indicator in determining indoor air quality. The inappropriate adaptive reuse of heritage buildings was shown to affect the quality of indoor air, which could lead to health disturbances such as SBS and other building-related illnesses. However, the magnitude of the emissions of any indoor pollutants depends on multiple factors such as inadequate ventilation, pollutant sources, poor maintenance, MVAC installation, water intrusion and occupant activity. To decrease the number of microbial agents, a prompt remediation strategy must be executed to achieve acceptable indoor air quality levels and to prevent SBS.

The studied buildings could be ranked according to their IAQ measurements and assessed based on the similarities of their uses. The Penang Immigration Department had the poorest IAQ in general, followed by the GTWHI building and the Fire Brigade and Rescue station. The Islamic Religious Department had better IAQ test results than the other buildings. The Penang Immigration Department was designated as the building with the poorest IAQ based on defects discovered during the site observation. For example, black mould stains were observed on the ceiling and surrounding the air conditioner diffusers, resulting in an excessive number of fungal colonies. Further, the air velocity rate was the lowest among all the buildings; formaldehyde was detected; and the CO2 level exceeded the acceptable limit. Thus, it was concluded that the occupants of the Penang Immigration Department were highly prone to suffer from building-related illnesses caused by poor IAQ.


Despite the building defects, such as salt crystallisation, the JHEAIPP had better IAQ levels compared to the other buildings. The PM10 and total fungal count levels were the lowest among all the buildings. Furthermore, formaldehyde was not detected. These results were affected by the building size and the ventilation rate. The JHEAIPP was categorised as large building. Although this building is small and densely occupied like the Penang Immigration Department, the ventilation rate must be increased.

The rank order determined from the observations and that based on the IAQ measurements differed in some cases. Thus, it was concluded that the physical condition of a building does not singularly affect IAQ measurements. Many factors can affect the measurements, including a building’s size (large, medium or small sized building). Therefore, further research is needed to determine the IAQ of heritage buildings based on building size.
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Abstract: Construction labour productivity has continued to be investigated because of its importance in national economies. This study assesses and compares the relative effects of labour-related factors on construction labour productivity across the six geographical states that comprise the south-south zone of Nigeria from the perspectives of building craftsmen and project supervisors/engineers. A field survey involving a stratified random sample of 1,138 building craftsmen and 561 project supervisors/engineers was conducted. Data were collected through structured questionnaires and analysed using mean item scores, Kruskal-Wallis H-tests and Mann-Whitney U-tests. The results show that there is no significant influence of labour-related factors on construction labour productivity across geographical states, especially when they seem to be similar in terms of contiguity, linguistics, ethnicity, cultural practices, climate and socio-economic conditions. The two groups of respondents also agreed on the relative effects of labour-related factors on construction labour productivity. This study concludes that, when project locations are similar, labour management practices and productivities do not vary. 13 opportunities related to the management of labour for productivity improvement on building sites were emphasised. The study recommends that improved labour management practices are a potent productivity improvement strategy that will enhance construction labour productivity.
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INTRODUCTION

It has been observed that the construction workforce, especially in developing countries, is not seen as an important input despite labour’s generally constituting a large percentage of total construction project costs (e.g., up to 40% of direct cost in large projects) (Kazaz, Manisali and Serdar, 2008). Consequently, labour-intensive industries, such as construction, are considered high-risk by contractors due to their relatively high labour components. Therefore, labour productivity is one of the most important risks in construction projects (Ulubeyli, 2004; Kazaz, Manisali and Serdar, 2008) and understanding the effects of factors affecting construction labour productivity is crucial given labour’s relatively variable and high risk compared to other cost components (Hanna et al., 2008).

Park, Thomas and Tucker (2005) remarked that construction productivity is a cause of great concern in both the construction industry and academia. The emphasis on construction productivity is associated with the important contribution of the industry to a national economy and the reported problem of low productivity in the industry. Many researchers have reported a decline in construction productivity (Hewage and Ruwanpura, 2006; Veiseth, Rostad and Andersen, 2003). Lawal (2008) reported that construction workers in Nigerian public service have almost zero productivity. In a nutshell, poor productivity of craftsmen has been identified as one of the most daunting problems that construction industries face, especially those in developing countries (Kaming et al., 1997a).

Consequently, there is a growing and continuous interest in productivity studies all over the world because of the importance of labour productivity in the management and control of project costs. Identifying and evaluating the factors that influence productivity are critical issues facing construction managers (Attar, Gupta and Desai, 2012). Hendrickson and Au (2003) maintained that good project management in construction must vigorously pursue the efficient utilisation of labour, material and equipment and that improvement of labour productivity should be a major and continuous concern for those who are responsible for the cost control of facilities being constructed.

The low productivity currently observed in the construction industry is associated with its attendant problems, which include time overruns, cost overruns, disputes and eventual abandonment of construction projects. In separate studies, Kaming et al. (1997b) and Alinaitwe, Mwakali and Hansson (2007) discovered that another problem associated with construction labour productivity is the possibility of its variation across geographical locations. The south-south zone of Nigeria, composed of six geographical states (viz., Akwa Ibom, Bayelsa, Cross River, Delta, Edo and Rivers), was the area selected for this study. The choice of this area was influenced by the reported increase in its volume of construction activities occasioned by popular demands for sustainable development and the subsequent establishment of government ministry and parastatals to carry out the development of the area. In addition, crude oil, which is the nation’s major source of foreign earnings, is produced in this area. Consequently, improved construction labour productivity resulting from productivity studies would be pertinent to the delivery of construction projects in this zone, especially given that no such studies have been conducted in this region.

Low productivity in the construction industry, with its attendant problems of time overruns, cost overruns, disputes and eventual abandonment of construction projects, along with poor productivity of craftsmen and the possibility of variation in labour productivity across geographical locations, all contribute to the main problem addressed in this study. Namely, this study sought to determine whether variations in labour-related factors influence construction labour productivity across the geographical states in the south-south geo-political zone of Nigeria. Pursuant to this goal, the study aimed to assess and compare the relative effects of labour-related factors on the productivity of building craftsmen with a view to ascertaining whether said factors could influence construction labour productivity across the geographical locations. The objectives of the study were to evaluate the relative effects of labour-related factors on construction labour productivity from the perspective of project supervisors/engineers and building craftsmen, to compare their perceptions of these relative effects and to assess the variations in the relative effects of labour-related factors across the six geographical states of the zone as perceived by the two groups of study respondents. An improved understanding of the influence of labour-related factors on construction labour productivity across these geographical states would enable construction managers to better account for these factors in the cost control of building projects executed across geographical locations. In the same vein, such a study should also reveal whether labour characteristics and labour management practices differ across geo-graphical locations. Moreover, comparing the perceptions of building craftsmen and project supervisors/engineers would assist in emphasising factors that significantly affect construction labour productivity and, on the other hand, help to present a holistic approach to tackling labour productivity problems.

REVIEW OF THE RELATED LITERATURE

According to Attar, Gupta and Desai (2012), the identification and evaluation of factors affecting construction labour productivity have long been critical issues facing project managers with respect to increasing productivity in construction. Understanding the critical factors that both positively and negatively affect productivity has been posited to be necessary for the enhancement of construction labour productivity and project performance (Enshassi et al., 2007; Attar, Gupta and Desai, 2012). Reflecting this perspective, Jergeas (2009) reported that there are undue cost overruns, delays and losses of productivity associated with the delivery of major capital construction projects everywhere in the world. Jergeas’s study found that researchers and practitioners have identified poor management practices that lead to poor performance, such as scope changes, design errors and omissions, lack of proper planning and scheduling and improper management of tools, equipment, materials and labour, among many other factors. Several insights and recommendations have been proposed which are yet to be implemented in a manner that will result into tangible productivity and expected project performance (Jergeas, 2009). Attar, Gupta and Desai (2012) noted ineffective management to be a primary cause of low productivity and identified a lack of alignment among goals, contractual conflicts, difficulties in measuring productivity, weak commitments to continuous improvement and a lack of labour force focus as barriers to improving productivity.

Enshassi et al. (2007) observed that, despite there having been intensive investigations made into factors affecting labour productivity, researchers have not agreed on a universal set of factors with significant influence on productivity nor has any agreement been reached on the classification of these factors. Those authors, however, grouped factors affecting construction labour productivity into 10 categories: manpower, leadership, motivation, time, materials/tools, supervision, project, safety, quality and external factors. Kazaz, Manisali and Serdar (2008) considered productivity factors under four groups – organisational factors, economic factors, physical factors and socio-psychological factors – deriving these four from the theory of motivation. Jergeas (2009) prioritised 10 areas for construction labour productivity improvement: labour management, conditions and relations; project front-end planning (loading) and work face planning; management of construction and support; engineering management; effective supervision and leadership; communication; contractual strategy and contractor selection; constructability in engineering design; government influence; and modularisation, prefabrication and pre-building in shops. The study emphasised labour management and relations, including working with unions, among other areas for construction labour productivity improvement.

Adamu et al. (2011) identified 10 productivity-influencing factors among operatives in indigenous construction organisations in the north-eastern states of Nigeria: the absenteeism of gang members, instruction delays, supervisory incompetence, lack of materials, low wage levels, an unfriendly working atmosphere, repetitious work, a lack of proper tools, interference between operatives, changing crew members and inspection delays. The study found that low wages, a lack of materials and an unfriendly working atmosphere most affected productivity. Durdyev and Mbachu (2011) researched key constraints and improvement measures for on-site labour productivity using 56 sub-factors. The factors were identified under eight broad categories of internal and external constraints: project management/project team characteristics, project finance, workforce, labour-related factors, unforeseen events, technology/process, statutory compliance and other external factors.

Attar, Gupta and Desai (2012) identified factors affecting construction labour productivity under 15 categories: design factors, execution plan factors, material factors, equipment factors, labour factors, health and safety factors, supervision factors, working time factors, project factors, quality factors, financial factors, leadership and coordination factors, organisation factors, owner/consultant factors and external factors. The study further recognised some of these factors as being among the top ten to affect the labour productivity of small and medium-sized companies, large companies and all companies in general and it was observed that labour-related factors cut across all groups.

Although labour-related factors featured prominently among those factors identified as affecting construction labour productivity, none of these studies considered their influence on construction labour productivity across geographical demarcations by comparing the views of building craftsmen and site supervisors – important project team members who are directly involved with construction labour productivity matters. A project team is often composed of a design team and a building team (Bender and Darlene, 2002). Depending on the size of the project, the project team usually consists of architects, engineers and other consultants, who produce the construction documents, the owner, who can be a public or private entity that specifies the project requirements and makes funds available for design and construction and the main contractor and subcontractors, who are responsible for the physical construction of the project.

Construction labour productivity is most strongly affected by the management of the labour directly involved in on-site activities. In recognition of this fact, Maloney (1983) remarked that craft workers, the major players to execute construction processes and activities, have a significant influence on construction labour productivity. In the same vein, Dai et al. (2009) considered craft workers to be in the ideal position to know where and how much of site’s productivity is lost or could be gained. Because labour productivity involves the management of labour, project supervisors/engineers, who are often regarded as middle-level managers, are responsible for coordinating the instructions passed down from upper-level managers for implementation by the craftsmen. These instructions equally affect construction labour productivity. Therefore, project supervisors/engineers are considered to be important members of the project team insofar as they communicate and implement management’s issues and decisions that then affect construction labour productivity. Hence, the United States Agency for International Development (USAID) (2005) posited that project supervisors/engineers are supposed to be jacks of all trades because the success or failure of a project depends largely on their knowledge and experiences. Therefore, comparing building craftsmen and site supervisors’/engineers’ perceptions of the relative effects of factors affecting construction labour productivity will reveal whether there is agreement in the way the two groups view the degree to which productivity factors affect construction labour productivity. Their agreement will help to emphasise factors that should be focussed upon to improve productivity.

On the other hand, because building craftsmen comprise the group directly involved with the issue of productivity, their disagreement may help to identify factors that are most likely being neglected by the project supervisors/engineers who supervise their work. By acknowledging and addressing such factors, project supervisors/engineers can help to provide a holistic approach to tackling construction labour productivity problems on construction sites, which will lead to improved labour productivity. In response to this gap in the literature, this study assesses and compares the relative effects of environmental factors on construction labour productivity as perceived by building craftsmen and project supervisors/engineers across the six states that forms the south-south geo-political zone of Nigeria. In this study, “labour-related factors” refer to all factors associated with the labour force that affect construction productivity. Previous studies have referred to factors relating to labour as “labour-related factors”, “labour characteristics”, “manpower group” or simply “labour factors” (Enshassi et al., 2007; Durdyev and Mbachu, 2011; Attar, Gupta and Desai, 2012). Insofar as this study focussed on labour productivity, it was considered appropriate to group together all factors relating to labour. 15 labour-related factors affecting construction labour productivity were identified from previous studies and focus group discussions and were assessed for their influence on construction labour productivity across the six geographical states comprising the south-south geopolitical zone of Nigeria.

RESEARCH METHODS

An exploratory survey research design involving the use of a structured questionnaire and focus group discussions was employed in this study. Separate focus group discussions, one set composed of project supervisors/engineers and the other of building artisans, were held in May and June of 2011. The groups involved a cross-section of project supervisors/engineers and building artisans for three major construction companies, each operating in all of the six geographical states in the study area, adding up to a total of 36 focus group discussions. A minimum of four project supervisors/engineers and 10 building artisans were asked to participate in the focus group discussions by the company’s project managers/representatives. Membership in the groups was based on nominations from a company’s project managers/representatives. Participants in the focus group discussions were asked to identify labour-related factors affecting the productivity of construction labour during their site operations. Through the focus group discussions, the researchers established and supplemented information from the literature on labour-related factors affecting construction labour productivity in the study area; these factors were then used in the questionnaire design. The identified labour-related factors were “craft workers’ pride in their work”, “lack of skills of the worker”, “rework”, “incompetent supervisors”, “labour personal problems/poor economic condition of workers”, “lack of labour experience”, “poor health of workers”, “attendance at social functions”, “labour absenteeism”, “labour disputes (e.g., industrial action)”, “misunderstanding among labour”, “labour disloyalty/labour dissatisfaction”, “increased labourer age”, “alcoholism and drug abuse” and “lack of competition”. The questionnaire used in the study was divided into two major parts (viz., part one and part two). Part one was labelled “general information” and contained 27 questions used to collect data on the respondents’ characteristics and the projects’ characteristics. Part two was titled “information on factors affecting construction labour productivity” and contained 15 factors, each of which reflected a five-point Likert scale with anchors corresponding to ratings of nil, low, moderate, high and very high. Weights of 1, 2, 3, 4 and 5, respectively, were later attached to these ratings to measure the relative effects of the labour-related factors that were identified as affecting the productivity of construction labour. The populations included in the study were categorised into three groups: public building projects completed between 2007 and 2011 that were executed by small and medium-sized contractors, construction project supervisors/engineers and building craftsmen in the study area. The population was distributed over the three senatorial districts of each of the six states that made up the study area. Reliable data from which the theoretical population size could be obtained was not available; therefore, a pilot study was conducted. A team of six research assistants, consisting of three males and three females, conducted the pilot study in each geographical state in the study area during the months of May, June and July 2011. Members of the team included current graduate students from the Department of Building, University of Uyo, Akwa Ibom State, Nigeria, who were residing in these states. The academic affiliations of these team members, added to the fact that they were residing in these states, aided the study. Participants were provided with inventory sheets to record their findings. The first pilot study was carried out by visiting the relevant government ministries, parastatals and institutions to obtain information on contractors who worked on public building projects between 2007 and 2011. In the second pilot study, identified contractors were visited to obtain records of the number of project supervisors/engineers and building artisans under their employment. From the pilot studies that were conducted, 508 building projects executed by 145 contractors, 1,138 building craftsmen and 561 project supervisors/engineers were identified. These were adopted as the study population frame.

Considering that project supervisors/engineers represent management’s views on factors affecting construction labour productivity, their perceptions may be the same or different from those of the building craftsmen. To achieve the objective of the study, two hypotheses were postulated:

1.      Building craftsmen’s and project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity do not vary significantly across the six geographical states in south-south zone of Nigeria; and

2.      Building craftsmen’s and project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity do not differ significantly.

Out of 1,202 questionnaires administered in the study population through stratified random sampling, 1,043 (628 building craftsmen and 415 project supervisors/engineers) appropriately completed and returned the questionnaires, which were then used for the statistical analysis. This accounted for 83.29% and 86.77% response rates for building craftsmen and project supervisors/engineers, respectively. The sample size for each stratum of the study population in each of the geographic state was determined using the Taro Yamane formula for finite populations (Udofia, 2011), which states that
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where n is the sample size, N is the finite population, e is the level of significance (0.05) and 1 is unity.

Carrying out this formula resulted in a total of 1,202, which became the sample size for the study. This sampling technique was adopted to ensure an unbiased representation of the two distinct categories of the study population and the six states that made up the study area.

The questionnaire used for the study was personally administered using four trained field assistants in each state of the study area. This method, though expensive, was favoured because it afforded the field assistants the opportunity to clarify issues that might arise from the respondents with respect to the contents of the questionnaire. The administration of the questionnaire was performed for seven weeks.

The Statistical Package for Social Sciences (SPSS), version 18, was used to analyse the data collected. The relative effects of the labour-related factors on construction labour productivity, tests of variations in the perceptions of building craftsmen and project supervisors/engineers across the six geographical states and tests of differences between their perceptions of the relative effects of labour-related factors on construction labour productivity were analysed using mean item scores (MISs), Kruskal-Wallis H-tests and Mann-Whitney U-tests, respectively. The Kruskal-Wallis and Mann-Whitney tests, being the non-parametric alternatives to analysis of variance and t tests, respectively, were selected as the statistical tool for data analysis because the data were collected on an ordinal scale. Therefore, non-parametric statistics were considered most suitable for the statistical analysis of such data (Pallant, 2007; Udofia, 2011). MIS was obtained by dividing the total score by the number of respondents for each factor. A baseline of MIS = 2.5 was used to determine the significance of the effect of the factors. Factors having an MIS ≥ 2.5 were considered as having significant effect while factors with an MIS < 2.5 as having insignificant effect. This is consistent with the approach adopted in related studies conducted previously (Adamu et al., 2011; Durdyev and Mbachu, 2011).


RESULTS

Results arising from the analysis of the data collected for the study are presented below.

Respondents’ Characteristics

Building artisans and project supervisors/engineers sampled in the study possessed work experience that ranged between the intervals of 1–5 years, 6–10 years, 11–15 years, 16–20 years and over 20 years; however, over 60% had work experience greater than 10 years. All of the building artisans sampled in the study had one form or another of formal education, ranging from the Higher National Diploma (HND) to the West Africa Senior Secondary Certificate of Education (WASSCE). The highest academic qualifications of the project supervisors/engineers ranged from Master of Science (MSc) degrees to Ordinary National Diploma (OND) certificates. Therefore, the academic qualifications and work experiences of the respondents of the study could be considered adequate for their opinions to be relied upon. Ankrah (2007) noted that, despite the various perspectives and definitions of culture, a number of themes are common to all of the different interpretations that are fundamental to understanding culture and one of these is that underlying basic problems are common and include relationships to authority, concepts of masculinity and femininity and ways of dealing with conflicts. A culture of deep reference (subservience) and coercion in subordinate-to-superior relationships (and vice versa) is general inherent to the African setting and, more so, in the area used in this study. This could be observed in the relationship between the building artisans and project supervisors and vice versa.

Test for Variations in the Relative Effects of Labour-Related Factors on Construction Labour Productivity

The degree of agreement between the perceptions of building craftsmen and project supervisors/engineers on the relative effects of labour-related factors on construction labour productivity across the six states that constituted the study area was investigated. The purpose of this investigation was to provide a platform upon which inferences could be made as to whether the influence of labour-related factors on construction labour productivity varied across the six geographical states in the south-south zone of Nigeria or whether it could be generalised across the zone. To achieve this purpose, a Kruskal-Wallis test was performed to test the variation of building craftsmen’s and project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity across the six states in south-south geo-political zone of Nigeria. The results of the test are presented in Tables 1 and 2 for building craftsmen’ and project supervisors’/engineers’ perceptions, respectively, of the relative effects of labour-related factors on construction labour productivity across the states in south-south geo-political zone of Nigeria.


Table 1. Kruskal-Wallis H-Test For Variation in Building Craftsmen’ Perceptions of the Relative Effects of Labour-Related Factors on Construction Labour Productivity across the Geographical States in South-South Geo-Political Zone of Nigeria



	States in the Zone
	N

	Mean Rank

	([image: art])

	p-Value

	Decision




	Akwa Ibom
	15

	34.17

	
	
	



	Bayelsa
	15

	45.90

	
	
	



	Cross River
	15

	38.13

	9.236

	0.100

	Accept



	Delta
	15

	50.63

	
	
	



	Edo
	15

	44.20

	
	
	



	Rivers
	15

	59.97

	
	
	



	Total
	90

	
	
	
	




*N = Number of factors

Table 2. Kruskal-Wallis H-Test for Variation in Project Supervisors’/Engineers’ Perceptions of the Relative Effects of Labour-Related Factors on Construction Labour Productivity across the Geographical States in South-South Geo-Political Zone of Nigeria



	States in the Zone
	N

	Mean Rank
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	p-Value

	Decision




	Akwa Ibom
	15

	44.90

	
	
	



	Bayelsa
	15

	52.77

	
	
	



	Cross River
	15

	42.80

	4.997

	0.416

	Accept



	Delta
	15

	36.83

	
	
	



	Edo
	15

	54.20

	
	
	



	Rivers
	15

	41.50

	
	
	



	Total
	90

	
	
	
	




*N = Number of factors

The results in Table 1 indicate that the calculated chi-square ([image: art]) value of 9.236 was less than the table value of 11.070 and that the asymptotic significance (p-value) of 0.100 was greater than 0.05. Pursuant to this, it was concluded that there were no significant variations in the perceptions of building craftsmen on the relative effects of labour-related factors on construction labour productivity across the six geographical states in south-south zone of Nigeria. Similarly, the results of the project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity in south-south zone of Nigeria, presented in Table 2, showed that the calculated chi-square ([image: art]) value of 4.997 was less than the table value of 11.070 and that the Asymptotic Significance (p-value) of 0.416 was greater than 0.05. Hence, it was also concluded that there was no significant variation in the perceptions of the project supervisors/engineers on the relative effects of labour-related factors on construction labour productivity across the six geographical states in south-south zone of Nigeria. Consequently, the research hypothesis that project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity do not vary significantly across the six geographical states in south-south zone of Nigeria was retained.

Tests for Differences between Building Craftsmen’s and Project Supervisors’/Engineers’ Perceptions

To achieve the third objective of the study, the perceptions of the building craftsmen and the project supervisors/engineers on the relative effects of labour-related factors on construction labour productivity in each of the states in the study area and the entire south-south zone were compared for agreement or disagreement. For this purpose, the second hypothesis states the following:



	H2:
	 
	There is no significant difference between the perceptions of building craftsmen and project supervisors/engineers perceptions of the relative effects of labour-related factors on construction labour productivity in the south-south zone of Nigeria.




The hypothesis was tested using a Mann-Whitney (U) test for p ≤ 0.05. The rule for rejecting the hypothesis was that, when p ≥ 0.05, the test would reject the hypothesis. The results of the test of the hypothesis are presented in Table 3. The results show that building craftsmen’s and project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity are the same across all of the geographical states of the south-south zone of Nigeria. This is indicated by p-values ranging from 0.106 to 0.604, all of which were greater than 0.05 – reflecting a 5% confidence level. Along the same vein, comparing their views collapsed across the states revealed that there is no significant difference between building craftsmen’ and project supervisors/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity, as indicated by a p-value of 0.613. This therefore implies that their views could be considered together when considering measures to be taken to mitigate the effects of significant labour-related factors on construction labour productivity.


Table 3. Mann-Whitney U-Test for Difference in Building Craftsmen’ and Project Supervisors’/Engineers’ Perceptions of the Relative Effects of Labour-Related Factors on Construction Labour Productivity in South-South Geo-Political Zone of Nigeria



	Parameters Tested
	Study Area
	N
	U-Value
	p-Value
	Decision



	Masonry artisans’ perception and site supervisors/engineers’ perception
	AKS
	15
	79.000
	0.164
	Accept



	BYS
	15
	100.000
	0.604
	Accept



	CRS
	15
	91.000
	0.372
	Accept



	DEL
	15
	82.500
	0.213
	Accept



	EDO
	15
	79.000
	0.324
	Accept



	RVS
	15
	73.500
	0.106
	Accept



	South-South Zone
	90
	3873.000
	0.613
	Accept




*AKS = Akwa Ibom; BYS = Bayelsa; CRS = Cross River; DEL = Delta; RVS = Rivers

Selected Project Team Members’ Perceptions on the Relative Effects of Labour-Related Factors on Construction Labour Productivity

Having concluded that building craftsmen’s and project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity are the same, the data collected from the two selected groups of project team members were combined. The combined data were analysed to determine the perceptions of selected project team members on the relative effects of labour-related factors on construction labour productivity in the study area. Table 4 shows the results. The results indicate that, out of thirteen significant factors having MISs greater than or equal to 2.5, “craft workers’ pride in their work”, “lack of skills of the worker”, “rework”, “incompetent supervisors” and “labourers’ personal problems/poor economic conditions of workers” were the first five significant labour-related factors affecting construction labour productivity. Conversely, “lack of competition” and “alcoholism and drug abuse” were the only insignificant labour-related factors, with MISs of 2.41 and 2.49, respectively and were ranked lowest of all the factors.


Table 4. Selected Project Team Members’ Perceptions of the Relative Effects of Labour-Related Factors on Construction Labour Productivity in South-South Geo-Political Zone of Nigeria
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N = Number of respondents

Discussion of Results

As indicated in the review of the related literature, although few previous studies had compared the perceptions of construction managers to those of construction craftsmen on the relative effects of factors affecting construction labour productivity, none had considered the influence of labour-related factors on construction labour productivity across geographical demarcations. This study has shown that building craftsmen’s and project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity across the six geographical states in the south-south zone of Nigeria are the same. The implication of this is that project supervisors/engineers and building craftsmen do not consider labour-related factors to have influences on construction labour productivity differentially across geographical demarcations. In other words, geographical demarcations do not appear to influence the relative effects of labour-related factors on construction labour productivity.

However, that the opinions of building craftsmen and project supervisors/engineers on construction labour productivity are not affected by geographical demarcations does not agree with the findings of Kaming et al. (1997b), where it was reported that there were significant regional differences detected in production output, skill, motivation of artisans and operatives’ productivity across seven regions in Indonesia. The difference in the results of the two studies could be attributed to similarities in building craftsmen’s productivities across the geographical states in the south-south geo-political zone of Nigeria. This supposition is in line with the observation made by Odesola (2012) that, although the country is reputed for its vast cultural and ethnic diversity, geo-political divisions tend to present some communalism in terms of contiguity, linguistics, ethnicity and cultural practices. Along the same vein, the report of Oyelere (2007) – that there is no evidence of significant disparities in labour market outcome across geopolitical regions in Nigeria – also lends credence to the findings of this study. The significance of this result is that it will encourage construction managers and policy makers not to concern themselves with the influence of labour-related factors on construction labour productivity across geographical states, especially when those states seem to be similar in terms of contiguity, linguistics, ethnicity and cultural practices.

Furthermore, the results of the study revealed that there is agreement between building craftsmen’s and project supervisors’/engineers’ perceptions of the relative effects of labour-related factors on construction labour productivity in the study area. The implication of this is that building craftsmen and project supervisors/engineers agree on factors that significantly or insignificantly affect construction labour productivity. Consequently, their opinions can be combined to investigate selected project team members’ perceptions of the relative effects of labour-related factors on construction labour productivity. From collapsing the opinions in such a way, the selected project team members were seen to consider “craft workers pride in their work”, “lack of skills of the worker”, “rework”, “incompetent supervisors” and “labour personal problems/poor economic condition of workers” as the five most significant labour-related factors affecting construction labour productivity.

Having pride in one’s work is all about expressing an internal satisfaction that comes with the love for a job and the desire to apply one’s best effort. Wang (2008) sampled the opinions of craft-workers to identify how off-the-job training affects workers’ pride in their jobs and concluded that workers completing off-the-job training have significantly more pride in their work than workers without training. Hence, it could be said that there is a relationship between workers’ pride and training, which can affect productivity. In line with Wang (2008), Dai et al. (2009) discovered that “craft workers’ pride in their work”, “qualified craft workers” and “coordination between the trades” loaded together after Varimax rotation, with “qualified craft workers” having the highest loading. Their findings also indicated that “construction equipment”, “project management” and “craft worker qualifications” have the greatest potential to improve project productivity. In agreement with this, craft workers’ pride in their work was ranked first among other labour-related factors affecting construction labour productivity in this study.

Olatunji, Aje and Odugboye (2007) reported that there is evidence of acute skill shortage in the Nigerian construction industry: over 7% of the populace mainly depends on their construction industry employment (both as skilled and unskilled manpower). Alinaitwe, Mwakali and Hansson (2007) emphasised that lack of skills is a major problem that seriously affects the time needed to accomplish tasks, the cost of labour and the quality of the resultant products. In their study, a lack of skills among the workers was ranked second out of 36 factors affecting construction labour productivity. Consequently, seeing the “lack of skill of the worker” ranked second in this study is in agreement with the findings from previous studies.

Rework in construction management research is considered a reflection of waste or non-value adding activity (Ying, 2004). From this perspective, Alarcon (1994) argued that construction activities that are characterised by a high degree of non-value-adding activities lead to low productivity. Thus, process improvement, through identifying and eliminating rework, has a significant impact on productivity (Alwi, Hampson and Mohamed, 2001). Alinaitwe, Mwakali and Hansson (2007) ranked rework third out of 36 factors affecting construction labour productivity in terms of importance, which is in agreement with the result of this study.

According to Makulsawatudom, Emsley and Sinthawanarong (2004), incompetent supervisors work slowly and may be responsible for defective work and inappropriate application of tools and equipment. It was also opined that one cause of this factor is poor human resource management, wherein inappropriate people are promoted to supervisory roles. The results of their study showed that incompetent supervisors ranked third with respect to the influence they have on construction productivity. Hence, the findings in previous studies support the result of this study, which ranked “incompetent supervisors” fourth of all the factors affecting construction labour productivity.

Labourers’ personal problems were not considered to be as instrumental as other factors affecting construction labour productivity on building projects in the Gaza strip, where this factor was ranked 42nd out of 45 productivity factors (Enshassi et al., 2007). Accordingly, it was observed that personal problems cause mental distraction from labour and mental distraction affects labour safety more than labour productivity. Nevertheless, labourers’ personal problems comprise a factor capable of negatively affecting productivity. Poor economic conditions to which workers are subjected and which might be associated with personal problems were identified as one of the factors affecting construction productivity and were ranked 16th out of 36 productivity factors (Alinaitwe, Mwakali and Hansson, 2007). The lack of importance attributed to this factor in previous studies does not agree with this study, where it ranked fifth out of 15 labour-related factors affecting construction labour productivity. The difference between this study and previous studies may be connected to the high reported level poverty in the study area. According to Jumbo-Ibeakuzie (2008), the south-south zone is reportedly bedevilled by widespread poverty – approximately 50% of the rural population is classified as poor and approximately 29% are completely food insecure; women and youths are highly disadvantaged; there is unfulfilled potential for sustainable development; the future is threatened by environmental degradation and deteriorating economic conditions; the region is marked by a growing problem of youths restiveness, socially disruptive behaviour and crime. In addition, Ibeanu (2006) remarked that the socio-economic conditions in the zone are worrisome because 73% of the people lack access to safe drinking water, approximately 70% of households lack electricity, 94% of the population lacks access to telephones and the primary school enrolment rate is below 40%.


CONCLUSION AND RECOMMENDATIONS

This study concludes that, when project locations are similar in terms of linguistics, ethnicity, cultural practices, climatic conditions and socio-economic conditions, as was the case with the study area, variations in labour management practices tend to have insignificant effects on the productivity of construction labour. In other words, labour management practices in such cases are relatively equivalent and, therefore, construction labour productivities do not vary. Hence, in such cases, construction managers and policy makers may not have to worry about discrepancies in construction labour productivity due to anticipated variations in labour management practices that could have affected project costs across different locations.

It was also concluded that building craftsmen and project supervisors/engineers, who serve as important project team members, emphasised 13 opportunities related to the management of labour for construction labour productivity improvement on building sites. The labour productivity improvement areas are “instilling pride in building artisans through increased workers’ participation in decision making”, “improving artisan’s skills through on-the-job training”, “minimising rework through improved supervision and adequate project planning”, “recruiting and engaging competent supervisors”, “showing concern in addressing labourers’ personal problems/poor economic conditions of workers”, “using experienced workers”, “improved health and safety policies”, “obtaining workers’ assurances before scheduling them for work, especially on weekends when they are prone to attend social functions”, “investigating the causes of worker’s absenteeism and taking appropriate measures to minimise it”, “maintaining good relationship with labour unions”, “promoting good working relationship among workers”, “ensuring workers’ satisfaction by adequately motivating construction workers and operating satisfactory conditions of service” and “avoiding the use of over-aged artisans”. Therefore, the study recommends that improved labour management practices are potent productivity improvement strategies for enhancing construction labour productivity.
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Abstract: Construction process activities are very complex in nature and there have been attempts to simulate them via numerous methods. Manual work, which constitutes a large proportion of total construction in India and developing countries, requires emphasis. Field data-based mathematical simulations develop an empirical relation between inputs and outputs; once the model is developed and weaknesses have been identified, methods can be easily improved and optimised for output goals. This paper covers in detail the process of developing models for the rebar cutting subactivity of reinforced concrete construction in residential buildings. These models are evaluated using sensitivity analysis, optimisation techniques and reliability analysis and are validated using artificial neural networks.
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INTRODUCTION

A construction activity (Lucko et al., 2009) appears simple in execution, but there is a complex relationship between inputs and outputs (Schenck, 1961; Suhad et al., 2008; Ahn and Paquet, 2000). The creation of all modern structures features reinforced concrete work as a major activity; concrete has high compressive strength but a low tensile strength; thus, it is reinforced with steel bars commonly known as rebar (Slaughter and Eraso, 1997).

This paper features doctoral work regarding the mathematical simulation of the manual rebar cutting subactivity of reiforced concrete construction (RCC) with the goal of obtaining a generalised mathematical model. All data for the simulation were collected from different construction sites during the execution of the applicable work. The purpose of developing this model was to overcome the deficiencies in current methods, to discover best practices for process improvement and process management and to reduce musculoskeletal injuries and fatigue in the workers.

This approach has been motivated by the principles of construction management and work study in industrial engineering (Ahn and Paquet, 2000; Rwamamara and Holzmann, 2007; Dalela, 1999; Murrel, 1967). When using a mathematical model and a simulation model, they need to be well defined (Maria, 1997).

The terms simulation and model are often used synonymously. However, the distinction between these two terms should be noted.

A model is a product (physical or digital) that represents a system of interest. A model is similar to, but simpler than, the system it represents while approximating most of the same salient features of the real system as closely as possible. A good model presents a judicious trade-off between realism and simplicity. A key feature of a model is manipulability. There are physical models, conceptual models, statistical models, mathematical models, business models and so on. Modelling is the act of creating a model of a phenomenon.

Simulation is the process of using a model to study the behaviour and performance of an actual or theoretical system. In a simulation, models can be used to study the existing or proposed characteristics of a system. The purpose of a simulation is to study the characteristics of a real-life or fictional system by manipulating variables that cannot be controlled in a real system. Simulations allow for the evaluation of a model to optimise system performance or to make predictions about a real system. Simulations are useful for studying the properties of a model of a real-life system that would otherwise be too complex, too large/small, too fast/slow, not accessible, too dangerous or unacceptable to engage. While a model aims to be true to the system it represents, a simulation can use a model to explore states that would not be possible in the original system. Simulating is the act of using a model for a simulation.

In this research, the mathematical models are developed using field-based data and contemporary mathematical tools.

The research design includes the following steps:

1.      Formulation of the Field Data Based Mathematical Simulation (FDBM) model

a.      Study of the present method of manual rebar cutting

b.      Identification of causes and responses

c.      Decision on observation table format, instruments for measurements and method of measurement

d.      Selection of a suitable mathematical approach for the development of the model

2.      Results and analysis

3.      Validation of the model through Artificial Neural Network (ANN)

FORMULATION OF FDBM MODEL

Study of the Present Method

Rod cutting work consists of removing bundles of bars of a required size from a stack, straightening them and bringing them to the work station and marking the rods with chalk based on measurements from the design and bar cutting schedule.

The layout of the work station is shown in Figure 1. Operator M1 holds the bundle of rods with one hand and the chisel handle with the other hand; he must resist the impact of the hammer on the chisel and his legs are considerably bent (Lin and Wang, 2007) around the knee (the weakness of this posture).



[image: art]

Figure 1. Layout of Work Station



Identification of Causes and Responses: Causes or Inputs to the Activity

The causes, or inputs (Schenck, 1961) have been grouped into five major categories:


	Workers data: These include static anthropometric data (Eastman Kodak Co., 1983) (specific body segments), height, weight and age of each worker, which vary from site-to-site.

	Environmental data: The temperature, relative humidity, wind velocity and acceleration due to gravity collected and recorded for each set of observations.

	Tools data: The tools used for rebar cutting were found to be traditional and not designed according to the workers’ anthropometry. The tools commonly used were a hammer with wooden handle and a chisel with a handle; the geometric dimensions of each have been recorded appropriately.

	Work Station data: These data include the height of the seat of worker 1, height of the anvil, height of hammer dropped by worker M2 and their relative positions from the anvil center.

	Materials data: These data include material properties, such as the hardness of rebar, the hardness of the hammer and chisel and the hardnesses of their handles, which affect the performance of the work.


Response data

In performing the rebar cutting subactivity, the responses of this operation considered for study are as follows: (Y1) Extent of work done, (Y2) Human energy consumed and (Y3) Percentage performance error in shearing of the rebar.


Extraneous variables

The variables that affect the responses are difficult to measure or identify. These variables include vibrations generated in the anvil by the hammer, motivation of the workers and the type of organisational setup.

Decision on Observation Table Format, Instruments for Measurements and Method of Measurement

A suitable observation table was designed to record all of the data systematically.

Table 1. Observation Table of Mild Steel (MS) Rods Cutting Operation based on Independent Variables (Causes)



	Workers Data

	Environmental Data

	Tools Data

	Work Station Data

	Materials Data




	Anthropometric data, height, weight, age
	Ambient temperature, humidity, wind velocity, acceleration due to gravity
	Geometries, weights, material properties of the tools
	Distance, height of anvil, height of workers seat
	Hardness, shear strength




Table 2. Observation Table of MS Rods Cutting Operation based on Dependent Variables



	Time Taken For Activity

	Extent of Work Done

	Human Energy

	Error in Work Executed




	minute

	kg

	Pulse/minute

	%





Selecting a Suitable Mathematical Approach for Development of Model

The mathematical relationship between inputs and outputs could be of any form, be it polynomial, exponential or log linear. The Buckingham theorem (Mishra, Parbat and Modak, 2011b; Moncari et al., 1981) is suitable for developing the model because it states that if the inputs and outputs can be represented as dimensionless pi terms by dimensional analysis, then they can be represented by their product and the indices can be obtained by multiple regressions and the control over the variables is not affected. The variables are listed in the table with their symbols, units and dimensional equation.


Table 3. Name of Variables, Symbols and Dimensional Equation of Input Variables



	Name of Variables
	Symbols

	Unit of Measurement

	Dimensional Formula




	Anthropometric data of worker 1
	A1

	cm

	L




	Weight of worker 1
	W1

	kg

	M




	Age of worker 1
	Ag1

	Years

	–




	Height of worker 1
	Ht1

	cm

	L




	Anthropometric data of worker 2
	A2

	cm

	L




	Weight of worker 2
	W2

	kg

	M




	Age of worker 2
	Ag2

	Years

	–




	Height of worker 2
	ht2

	cm

	L




	Wind speed
	vs

	meters/second

	LT–1




	Humidity in percentage
	hu

	%

	–




	Acceleration due to gravity
	g

	meters/second2

	LT–2




	Time
	t

	minute

	T




	Wt of head of hammer
	Wh

	kg

	M




	Wt of wooden handle
	Wwh

	kg

	M




	Length of hammer head
	Hl

	cm

	L




	Diameter of hammer handle
	d2

	cm

	L




	Length of chisel
	lc

	cm

	L




	Length of chisel handle
	lch

	cm

	L




	Diameter of chisel handle
	D1

	cm

	L




	Angle of chisel tip
	α

	Angle in degrees

	–




	Seat height of worker 1
	S2

	cm

	L




	Distance of worker 2 from anvil centre
	X2

	cm

	L




	Height of anvil
	S1

	cm

	L




	Distance of worker 1 from anvil centre
	X1

	cm

	L




	Height of hammer drop
	Hd

	cm

	L




	Diameter of bar
	Ø

	cm

	L




	Hardness of hammer
	Hroh

	no.

	–




	Hardness of chisel
	Hroc

	no.

	–




	Hardness of hammer handle wood
	Hrow

	no.

	–




	Number of rods at a time
	N

	no.

	–




	Modulus of elasticity of rebar
	E

	kg/cm2

	ML–2




	Strength of rebar in shear
	Ssh

	kg/cm2

	ML–2





Combining of variables

The obtained independent variables were converted into dimensionless pi terms in Table 4 and arranged by observations in the dimensionless pi terms.


Table 4. Combining of Independent Variables in Pi Terms



	Pi Terms

	Variables




	π1

	[image: art]




	π2

	[image: art]




	π3

	[image: art]




	π4

	[image: art]




	π5

	[image: art]




	π6

	[image: art]




	π7

	[image: art]




	π8

	[image: art]




	π9

	[image: art]




	π10

	[image: art]





Table 4 shows the combination of the field data using dimensional analysis; thus, each pi term is a dimensionless quantity.

Combining pi terms: Derived from Table 4

To make dimensionless terms by observing their dimensions,

[image: art]
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Conversion of dependent variables into pi terms: Extent of work done,

[image: art]

Human energy pi term: Human energy measured in average pulse rate increase (Murrel, 1967),

[image: art]

Y3 = Performance Error in %

[image: art]

where l is the required length of rebar to be cut and l’ is the actual length found after cutting.

Mapping Buckingham’s theorem, the dependent and independent variables can be written in the following form as a homogeneous dimensionless equation:

[image: art]

where A, B, C, D and E are the independent pi terms that represent workers data, environmental data, tools data, workstation and materials data and the dependent pi terms in terms of Y1, Y2 and Y3, respectively.

To determine the indices of the relationship between outputs and inputs, we use multiple regressions and MATLAB software. Because of the detailed analysis and data involved, the calculation of indices has not been included in this paper.

Thus, the models for (Y1) extent of work done, (Y2) human energy consumed and (Y3) percentage performance error in shearing of the rebars have been formulated as follows:

[image: art]
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RESULTS AND ANALYSIS

Using the developed the empirical relationship between inputs and outputs, the sensitivity and optimisation analyses suggest modifying the present method of rebar cutting.

Sensitivity Analysis

To determine the sensitivity of each model, the set of minimum error outputs and corresponding input parameters were selected. Then, by setting the values of the variables to 10% positive and 10% negative, the effects on Y1, Y2 and Y3 were determined, as shown in Figures 2, 3 and 4.


[image: art]

Figures 1(a) and 1(b). Degree of Influence of the Input Variables in Percentage on Y1



Figures 1(a) and 1(b) show the relative influences of the inputs; some variables have a low influence on Y1 (productivity of work), the influence of B (environmental data) is maximum and D (workstation data) has minimal effect on Y1. If one wanted to increase the value of output Y1, then the values of B and D should be reduced to their minimum values.

The above figure implies that the input variable A is the most influential and that C is the least influential. The variable A reflects the ratio of workers, i.e., [image: art] and because A has an inverse effect on Y2 (that is, a positive increase in A results in a reduction in Y2), to reduce human energy consumption, worker 2 should be selected such that their anthropometric data are higher than those of worker 1.



[image: art]

Figures 2(a) and 2(b). Degree of Influence of Individual Input Variables in Percentage on Y2
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Figure 3(a) and 3(b). Degree of Influence of Individual Input Variables as Percentages on Y3



The above figure clearly indicates that input variable B is highly influential to Y3; therefore, to reduce Y3, we should reduce B, which is a function of wind velocity and humidity. Thus, better quality can be obtained if the work can be performed under favourable environmental conditions.

Model Optimisation

The primary objective of this work is not only to develop the models but also to determine the best set of independent variables that will result in maximisation/minimisation of the objective functions. The models have a nonlinear form; hence, they must be converted into a linear form for optimisation purposes. This conversion can be achieved by taking the log of both sides of the model. The linear programming technique is then applied, which is detailed below.

The optimisation is subject to the constraints given in Table: 4, which are the ranges obtained from the results of the field observations.


Table 4. Optimisation Constraints



	Variable

	Maximum

	Minimum




	A

	1.235156

	0.701931




	B

	0.399724

	0.097689




	C

	2500

	599.4932




	D

	549.5

	48.14333




	E

	4100

	2677.751





Multi-variate optimisation provides the values of A, B, C, D and E that correspond to the optimal situation, as described below:

1.      For maximising Y1, i.e., the extent of work done, the set of inputs A, B, C, D and E in Equation 1 should be 0.701, 0.098, 599.493, 48.143 and 4100, respectively.

2.      For minimising Y2, i.e., human energy, the set of inputs A, B, C, D and E in Equation 2 should be 1.23, 0.399, 2500, 549.5 and 2677.751, respectively.

3.      For minimising Y3, i.e., % Error on work done, the set of inputs A, B, C, D and E in Equation 3 should be 1.235156, 0.097689, 599.4932, 549.5 and 4100, respectively.

VALIDATION OF MATHEMATICAL MODELS

The validation of the results was achieved as follows:

1.      By comparing the ANN simulation results with the output values observed in the field.

2.      By performing a reliability analysis.

Validation of Productivity Model (Y1)

Figure 4 compares the observed field data, the model-derived data and the corresponding neural network values and it shows that the field data and neural predictions exhibit similar trends.

In Figure 4, the ordinate plots productivity (converted into dimensionless pi terms) and the abscissa plots the number of observations; this figure illustrates that the proximity and variations in the observed output Y1 and the model output Y1cal with the ANN predictions Y1nn validate the developed model for the extent of work done, i.e., productivity in manual rebar cutting operations.
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Figure 4. Comparative Plot of Y1, Y1cal and Y1nn (Neural Prediction)
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Figure 5. Comparative Plot of Error (%) in the Results of the Mathematical Model and ANN Prediction for Y1



In Figure 5, the ordinate represents productivity in dimensionless pi terms and the abscissa represents the number of observations; the proximity and variations in observed the output Y1 and the model output Y1cal with the ANN predictions Y1nn validate the developed model for the extent of work done, i.e., productivity in manual formwork operations.

Validation of Human Energy Model (Y2)

In Figure 6, the y-axis represents pulse rate increase and the x-axis represents the number of observations; the proximity and variations in the observed values Y2 and the model output Y2cal with the ANN predictions Y2nn validate the developed model for the extent of human energy consumed in manual rebar cutting operations. Figure 6 compares the error in the Y1 model results and the error in the Y1nn ANN simulation.
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Figure 6. Comparative Plot of Pulse Rate Increase Y2, Y2cal and Y2nn (Neural Prediction)
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Figure 7. Comparative Plot of Error (%) in the Results of the Mathematical Model and ANN Prediction



Figure 7 plots the error percentage against the number of observations; it indicates productivity errors in the mathematical model Y2me and the neural prediction Y2nne corresponding to field observations. The proximity of the observed values of human energy Y2, the values calculated from the mathematical model Y2cal and the neural network simulation results are plotted in Figure 7, which validate the mathematical model.
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Figure 8. Plot of Y3, Performance Error




Similarly, Figure 8 presents the comparative plot of % error in productivity obtained through construction site data, values calculated using the FDBM model and ANN predictions. The graphs are plotted with % error in rebar cutting operations compared against the number of observations, which shows variations and proximity of the model Y3.
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Figure 9. Comparative Plot of Difference in % Error in Work Done Shown By Two FDBM Models: Y3me and ANN Y3nne



Figure 9 shows the plot of % error in work done obtained from ANN simulation and mathematical simulation, which indicates the proximity to the variations. The close proximity of the plot of model error Y2me and simulation error Y2nn is shown in Figure 9.

Reliability

The reliabilities of the individual models were determined using the following relation:

[image: art]

where xi is error and fi is frequency of occurrence.

Table 5. Reliabilities of the FDBM Models Compared With the ANN Results



	
FDBM model

	
ANN results




	Y1m

	0.80

	Y11nn

	0.93




	Y1m

	0.82

	Y12nn

	0.92




	Y1m

	–0.05

	Y13nn

	0.24






Table 5 compares the reliabilities of the mathematical models. The results indicate that the reliability of the mathematical model is slightly less than that of the neural prediction, but it is still quite good and validates the model.

DISCUSSION

The following primary statements appear to be justified from the interpretation of the above models:

1.      In the previous equations, the first multiple numeral indicates the extraneous variables of the process for respective responses that could not be defined or identified.

2.      By comparing the indices of Equation 1 so as to maximise the productivity Y1, the absolute value of the indices of D was found to be the most influencing because it is highest, whereas the negative sign indicates that it should be minimised. It further indicates that the indices of E should be maximised as they are positive and the second highest. Thus, by analysing the variables combined in developing the D and E major pi terms, one can easily suggest method improvements to obtain the required results.

3.      Similarly, in Equation 2, Y2, human energy, should be minimum. The indices of A, workers data, were the highest and negatively signed and it was found to be the most influencing and in need of minimisation.

4.      In Equation 3, the indices of B, environmental conditions of the work place, were found to be the most influencing in regards to minimising the error in the shearing of rebar.

5.      The sensitivity analysis revealed the degree of influence of variables A, B, C, D and E on outputs Y1, Y2 and Y3. Desired values of the outputs were obtained by adjusting the inputs according to this analysis.

6.      The multi-variate optimisation results can be used for modifying the performance of the activity.

7.      The ANN simulations validated the model for productivity, human energy and performance error.

8.      The reliability of the FDBM model is found to be satisfactory.

CONCLUSION AND SUGGESTIONS FOR FUTURE WORK

Field data-based modelling concepts were found very useful and can be applied to any complex construction activity because the observations for the variables are obtained directly from the work place. Relevant variables and data include worker anthropometrics, environmental conditions, tools used and their geometry, layout of work stations and material properties. Modelling and proper analysis can suggest a correct method for performing such activities and making changes to tool geometry, tool materials, work station layouts and so on will improve productivity and construction ergonomics and reduce losses of materials and losses due to errors in construction work.

It is suggested that, for countries where the construction work involves intensive manual labour, each component of construction activity should be analysed by creating FDBM models. A new method of performing work can be developed for all types of infrastructure construction; it has been observed that the non-availability of construction workers leads to delays of major projects; therefore, ergonomic construction is in need for the present scenario.
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Abstract: There is great concern regarding the escalation of project costs and delayed completion of road work in Uganda. This has been partly associated with a lack of constructability. Studies have demonstrated that improved constructability leads to significant improvements in project cost savings and reduced completion times. The main aim of this study was to establish design phase constructability improvement strategies for highway projects in Uganda. A pragmatic approach of both qualitative and quantitative research methods was used for this study. Concepts of constructability were identified and rated. Using factor analysis, major design phase constructability improvement recommendations were identified. These factors include conducting formal constructability reviews; ensuring adequate materials design, communication, coordination and scheduling; analysing jobsite accessibility and storage requirements; engaging experienced personnel and adopting Computer Aided Design (CAD); ensuring thorough site investigation and clear design information; and developing designs that are sensitive to safety and weather conditions. The primary recommendation is to include constructability reviews to form part of the formal design process, using a separate team of construction experts (consultants) that are distinct from the design consultant before the construction stage of the project.
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INTRODUCTION

There has been increasing concern across the world among transportation officials, contractors and design professionals that the plans and specifications do not always allow highway projects to be constructed as designed (American Association of State Highways and Transportation Officials [AASHTO], 2000). When this occurs, projects are delayed, project costs increase and, frequently, costly construction claims develop. Of equal concern are the delays and disruptions to motorists and the impact of delayed transportation projects on the economy (AASHTO, 2000). In Uganda, several road projects have experienced delays and cost overruns because of the lack of constructability as manifested by design disputes among the clients, contractors and consultants. According to the Public Accounts Committee (PAC) Report (2010), the 21-km-long Kampala–Northern bypass road was delayed twice because of design disputes and both disputes were settled by awarding costly claims to the contractor. The Auditor General’s Report (2010) on the roads reported that some designs for road works were found to be improper, with excessive or inadequate designs and often lacked the necessary drawings. Furthermore, the same report noted that most designs did not take into account the most appropriate and economical solutions.

According to Anderson, Fisher and Rahman (1999), constructability is seen as one of the best solutions to problems in which there is demonstrated potential to minimise the number and magnitude of changes, disputes, cost overruns and delays during construction. According to Bambang (2004), the concept of constructability emerged in the late 1970s from research on how improvements could be achieved to increase cost efficiency and quality in the construction industry. Studies in the USA, UK and later in Australia have demonstrated that improved constructability leads to significant savings in both the cost and time required for completing construction projects (Bambang, 2004). According to Wright and Obrien-Kreitzberg (1994), early constructability efforts result in a significant payback to the project, with cost reductions of between 6% and 23%, benefit/cost ratios of up to 10:1 and large schedule reductions. However, as with most construction projects, implementing highway constructability improvement can be very challenging because it is important to consider each country’s unique construction industry. Researchers in the developed countries have identified this shortcoming and suggested various approaches to mitigate it (Bambang, 2004). However, in developing countries, there is a dearth of knowledge concerning efforts to improve constructability. This could be partly because constructability has not been understood by the stakeholders. This study’s overall objective was to establish design phase constructability improvement strategies for highway projects in Uganda.

LITERATURE REVIEW

According to the Construction Industry Institute (CII) (1986), constructability is defined as “the optimum use of construction knowledge and experience in planning, designing, procurement and field operations to achieve the overall project objective”, while the Construction Industry Institute Australia (CIIA) (1996) defined constructability as “the integration of construction knowledge in the project delivery process and balancing the various project and environmental constraints to achieve project goals and building performance at an optimal level”. These definitions highlight the blending of construction knowledge into the project delivery process, encompassing all project stages and paying attention to environmental constraints to achieve desired project goals at an optimal level. The aim is to focus on design phase constructability concepts. Constructability was taken as an approach that integrates construction knowledge and experience in the project delivery process, especially at the design stage to minimize the cost and time required to complete the project. To achieve this, experienced construction personnel are involved with the project from the earliest stages – especially at the design stage.

Several studies on constructability have been conducted since the late 1970s. From these studies, several concepts have been identified for the various project stages. For purposes of this research, focus has been on design phase constructability concepts. According to Anderson, Fisher and Rahman (1999), it is generally agreed that the maximum benefits of constructability occur when constructability is initiated at the inception of a project. It is during the early project phases that key decisions regarding project scope are made and that scope changes are implemented with minimum difficulty. These decisions, if made in a timely manner, can result in maximum savings to the project.

The Construction Industry Research and Information Association (CIRIA, 1983) conducted one of the earliest studies on design phase constructability concepts in the UK. According to its study, CIRIA identified seven concepts for implementation during the design phase. The following concepts were included: conduct a thorough investigation and design; plan for essential site production requirements; plan for a practical sequence of operations and early enclosure; plan for simplicity of assembly and logical trade sequences; detail for maximum repetition and standardisation; detail for achievable tolerances; and specify robust and suitable materials. Research by Adam (1989) identified the following early phase constructability concepts: Investigate thoroughly; Consider access at the design stage; consider storage at the design stage; design for minimum time below ground; design for early enclosure; use suitable materials; design for the skills available; design for simple assembly; plan for maximum repetition and/or standardisation; maximise the use of a plant; allow for sensible tolerances; allow for a practical sequence of operations; avoid return visits by trades; plan to avoid change to work by subsequent operations; design for safe construction; and communicate clearly.

The other basic study was written by Boyce (1991), in which he offered 10 concepts for improving constructability during the design phase only. He called them “The 10 Commandments of KISS Design”: Keep it straight and simple; Keep its specification simple; Keep it shop standard; Keep its standards simple; Keep it standard size; Keep it same size; Keep it square and squatty; Keep it support simple; Keep it site suitable; and Keep its schedule sacred. From the study conducted by Rosli (2004), there are 18 concepts for the design phase: carry out thorough investigation of the site; design for minimum time below ground; design for simple assembly; encourage standardisation/repetition; design for preassembly and/or modularisation; analyse accessibility of the jobsite; employ any visualisation tools to avoid physical interference; investigate any unsuspected, unrealistic or incompatible tolerances; investigate the practical sequence of construction; design to avoid return visit by trade; plan to avoid damage to work by subsequent operations; consider storage requirements at the jobsite; investigate the impacts of design on safety during construction; design for the skills and resources available; consider suitability of designed materials; provide detailed and clear design information; consider adverse weather effects in selecting materials or construction methods; and design for early enclosure.

The constructability concepts that were identified to be applicable to the design phase are summarised in Table 1.

METHODS

This research was carried out in two stages. Stage one involved a wide literature review to identify design phase constructability concepts applicable in highway projects. Stage two involved data collection to establish the level of importance and application of the identified design phase constructability concepts. Then, the level of importance and the level of application of the identified design phase constructability concepts on highway projects in Uganda were factored and analysed.

The research was conducted using a questionnaire survey. The questionnaire was compiled based on the concepts identified during the literature review and refined during the pilot study. The piloting was to capture the concepts that were not identified during the literature review and to improve the wording and increase the reliability of the questions. The questions were of closed type because it is easier and faster to analyse the information collected. The respondents were requested to give the level of importance of each concept with the scale ranging from “very important”, “important”, “moderate”, “little importance” to “not important” rated 5, 4, 3, 2, 1, respectively, a 5-point Likert scale. For each of these 22 constructability principles, the survey respondents were also asked to rate the perceived or known degree of application of each of the concepts based on their experience. They had to choose from “always applied”, “often applied”, “sometimes applied”, “rarely applied” and “never applied” (rated 5, 4, 3, 2, 1 respectively).

Table 1. Summary of Design Phase Constructability Concepts



	Design Phase Constructability Concepts
	References



	Carry out thorough investigation of the site
	CIRIA, 1983



	Provide detailed and clear design information, including plans and specifications
	Nima et al., 2002; Rosli, 2004



	Carry out formal and adequate early review of the designs
	Rosli, 2004; Siti, 2005



	Plan for adequate coordination of designs, plans and specifications
	Adam, 1989; Anderson, Fisher and Rahman, 1999



	Design for effective traffic control
	Adam, 1989; Anderson, Fisher and Rahman, 1999



	Analyse accessibility of the jobsite
	Adam, 1989



	Investigate the practical construction phasing and scheduling
	Boyce, 1991; Rosli, 2004



	Investigate any unsuspected, unrealistic or incompatible tolerances
	CIRIA, 1983; Adam, 1989; Siti, 2005



	Consider suitability of designed materials
	Boyce, 1991; Rosli, 2004



	Design for the skills and resources available
	Adam, 1989; Rosli, 2004



	Employ computer software design and visualization tools
	Newton, 1998; Rosli, 2004



	Consider storage requirements at the jobsite
	CIRIA, 1983; Adam, 1989; Rosli, 2004



	Investigate the impacts of design on safety during construction
	Adam, 1989; Rosli, 2004; Siti, 2005



	Consider adverse weather effects in selecting materials or construction methods
	Nima et al., 2002; Rosli, 2004



	Design for simple assembly
	Boyce, 1991; Rosli, 2004



	Design for preassembly and/or modularisation
	O’Connor, Larimore and Tucker, 1986; Rosli, 2004



	Plan to avoid damage to work by subsequent operations
	Adam, 1989; Rosli, 2004



	Engage design personnel that have practical experience and knowledge of highway construction
	Anderson, Fisher and Rahman, 1999



	Encourage standardisation/repetition
	CIRIA, 1983; Rosli, 2004



	Design for minimum time below ground
	Adam, 1989; Rosli, 2004



	Design to avoid return visit by trade
	Adam, 1989; Rosli, 2004



	Design for early enclosure
	CIRIA, 1983; Adam, 1989




This study targeted tarmac road projects completed within the period of 1 January 2004 and 31 December 2009. This is because according to the Public Procurement and Disposal of Public Assets (PPDA) Act 40 (1), the Procuring and Disposing Entity (PDE) must retain its procuring and disposal records for up to seven years. This period was selected to analyse projects that had been completed after the PPDA Act (2003) went into effect, while keeping within the seven-year period. The respondents were the professionals, including consultants, engineers, project managers and architects involved in their design and construction. A list of 20 projects fitting the scope of this study was obtained from the Uganda National Roads Authority (UNRA) (2009) and from this list, 10 projects were selected and 80 questionnaires were sent randomly to professionals working for the corresponding private and public institutions involved.

RESULTS AND DISCUSSIONS

Respondents

Data analysis was performed for 60 questionnaires (out of the 80 respondents) that were duly completed and returned to the researcher, equating to a response rate of 75%. As Figure 1 shows, 58.3% of the respondents work in consultancy firms, 26.7% work with highway contractors and 15.0% work with the UNRA. The distribution of respondents is representative because the biggest players at the design stage are the consultancy firms. Contractors are the next key players, involved in the project implementation and UNRA’s role is profound during the conceptual and design stage.
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Figure 1. Distribution of Respondents by Type of Organisation



Of the respondents, 70% are engineering professionals with a Bachelor of Science in Engineering or equivalent qualifications, 25% are engineers with advanced degrees and the other 5% have higher diplomas in Civil Engineering or the equivalent. This implies that most of the respondents are professionals that are knowledgeable about the subject matter. Figure 2 shows the position held by the respondent in the organization. As is evident, all the categories listed have key roles in the design process.
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Figure 2. Distribution of Respondents by Role



Five per cent of the respondents had zero to five years of experience working on highway projects, 60% of the respondents had six to 10 years of experience, while 30% of the respondents had 11–15 years of experience. Five per cent of the respondents had more than 15 years of experience, as shown in Figure 3.
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Figure 3. Distribution of Respondents by Experience



Ninety-five per cent of the respondents knew about constructability before this survey, as defined in the questionnaire. The other 5% of the respondents had never heard this term before. It is indicative that the majority of the respondents were aware of constructability prior to the survey, hence making the survey much more meaningful because these respondents knew about the subject of the study.

Cronbach’s Alpha Reliability Testing

The Cronbach’s Alpha Reliability analysis of the questionnaire was performed to determine whether the questionnaire was capable of yielding similar scores if the respondents used it twice. The alpha values obtained were 0.873 and 0.903 for level of importance and level of application, respectively, for all of the items. According to Reynold and Santos (1999), an alpha greater than 0.7 implies the instrument is acceptable. Therefore, according to the above results, the instrument was found to be of high reliability and thus acceptable.

Average Index Analysis for the Degree of Importance and Application

Average index analysis was used in the study to show the degree of importance and application of the various constructability concepts in the design phase of highway projects. It was computed using the following formula adopted from Al-Khalil and Al-Ghafly (1999: 649)
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where

a = constant expressing the weight assigned to each responses,

fi = frequency of each response and

N = total number of responses.

Table 3 shows the overall results for the average index analysis values for the identified constructability concepts during the design phase degree for the level of importance and the level of application. The concept with the highest average index value was ranked 1st and the concept with the lowest value was ranked last. The concept serial numbers are according to those given in Table 1.


Factor Analysis

Factor analysis was conducted on the degree of importance and the level of application of the 22 design phase constructability concepts. During the factor analysis, the principle component analysis was used to extract components whose Eigenvalues were over 1.000. According to Amin (2005), components whose Eigenvalues are less than 1 are no better than individual variables. Before carrying out the factor analysis, the Bartlett’s test of sphericity and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy were used to determine whether factor analysis was possible.

Table 2. Indices for Importance and Application Ranks of Constructability Concepts



	Concept No.

	Average Index

	Importance Rank

	Average Index

	Application Rank




	C1

	4.93

	1

	3.90

	1




	C2

	4.90

	2

	3.87

	2




	C3

	4.55

	5

	3.62

	4




	C4

	4.45

	6

	3.55

	5




	C5

	4.15

	11

	3.13

	12




	C6

	4.17

	10

	3.27

	8




	C7

	4.28

	7

	3.28

	7




	C8

	3.98

	14

	2.80

	16




	C9

	4.67

	3

	3.52

	6




	C10

	4.22

	9

	2.93

	14




	C11

	3.90

	15

	3.27

	9




	C12

	3.57

	16

	2.93

	15




	C13

	4.15

	12

	3.17

	11




	C14

	4.27

	8

	3.08

	13




	C15

	3.53

	17

	2.58

	17




	C16

	3.15

	18

	2.52

	18




	C17

	4.05

	13

	3.22

	10




	C18

	4.62

	4

	3.73

	3




	C19

	2.75

	21

	2.30

	21




	C20

	2.92

	20

	2.42

	19




	C21

	3.03

	19

	2.32

	20




	C22

	2.75

	22

	2.17

	22





Furthermore, according to Field (2005), a value of 0 indicates that the sum of partial correlations is large relative to the sum of correlations, indicating diffusion in the pattern of correlations (hence, factor analysis is likely to be inappropriate). A value close to 1 indicates that patterns of correlations are relatively compact; therefore, factor analysis should yield distinct and reliable factors. It also indicates that values between 0.5 and 0.7 are mediocre, values between 0.7 and 0.8 are good, values between 0.8 and 0.9 are great and values above 0.9 are superb. These tests were carried out on the overall responses to the degree of importance and the level of application of the 22 design phase constructability concepts.

The KMO measure was found to be 0.712. The approximate Chi-square in the Bartlett’s Test of Sphericity was 686.360 and the significance of the Bartlett’s test was 0.000. Therefore, for these data, the KMO falls in the range of good; therefore, factor analysis was possible. Table 3 shows the Rotated Component Analysis for the level of importance and the level of application.

Table 3. Rotated Component Matrix for the Level of Importance and Application
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Notes:

1. Five components were extracted for level of importance

2. Five components extracted for application


Five components were extracted for level of importance and five factors were extracted for the level of application, as in Table 3. With these components, 69.9% of the total variances were accounted for by both importance and application.

DISCUSSION

Table 2 shows the results for the average index analysis values for the degree of importance and applicability of the various constructability concepts during the design phase. The overall average index is 3.95, which is “important”, according to the adopted classification of the index scales in Table 4.

Table 4. Classification of Index Scales



	Index scale
	Importance Range
	Application Range



	1.0 ≤ Average Index < 1.5
	Not important
	Never applied



	1.5 ≤ Average Index < 2.5
	Little importance
	Rarely applied



	2.5 ≤ Average Index < 3.5
	Moderate
	Sometimes applied



	3.5 ≤ Average Index < 4.5
	Important
	Often applied



	4.5 ≤ Average Index < 5.0
	Very important
	Always applied




Hence, from the results obtained, it is indicative that overall, respondents consider all of the listed constructability concepts to be “important” during the design phase. The highest average index obtained is 4.93 for the concept “Carry Out Thorough Investigation of the Site”, which is “very important” and the lowest is 2.75 for the concept “Design for Early Enclosure”. Five concepts were rated as being “very important”, 12 concepts were rated as being “important” and five concepts were rated as being “moderate”. Hence, the results show that 17 out of the 22 concepts are rated as “very important” or “important” and only five concepts are rated as being “moderate”.

Table 2 also shows results for the average index analysis for the degree of application of the various constructability concepts during the design phase. The overall average index is 3.07, which is “sometimes applied”. Hence, the results indicate that overall, respondents consider all of the listed constructability concepts to be “sometimes applied” during the design phase. The highest average index obtained is 3.90 for the concept “Carry Out Thorough Investigation of the Site”, which is “often applied” and the lowest is 2.17 for the concept “Design for Early Enclosure”, which is “rarely applied”. None of the concepts is rated as being “always applied”. This suggests that none of these concepts is “always applied” according to the classification of the index scales in Table 4.

Six concepts were rated as being “often applied”, 12 were rated as “sometimes applied” and four were rated as “rarely applied”. With the overall average index of 3.07, which is rated as “sometimes applied”, these results indicate that these concepts are judged as being “sometimes applied” during the design phase of highway projects. By comparison to the perception of importance, this is a lower rating. It is apparent that the respondents are of the view that the application of these concepts is not that high, but rather a low application on the projects they have participated in.

Five factors for the level of application were extracted in the factor analysis. These were identified as: ensure thorough site investigation and clear design information; develop designs that are sensitive to safety and weather conditions; assess the jobsite accessibility, storage requirements and encourage standardisation; engage experienced personnel and adopt CAD; and ensure adequate design of materials, communication, coordination and schedules.

Six factors for the level of importance were extracted in the factor analysis: carry out formal constructability reviews; ensure adequate design of materials, communication, coordination and schedules; analyse the jobsite accessibility and storage requirements; engage experienced personnel and adopt CAD, ensure thorough site investigation and clear design information; develop designs that are sensitive to safety and weather conditions.

Formal constructability reviews involving an independent and detailed analysis of all of the contract drawings and construction documents should be conducted before their release for construction. This review should ensure that the final design is simple to execute. The simplicity of design should encompass adoption of preassembly and modularisation where suitable instead of using in situ members, especially for works involving the application of concrete, such as bridges and fly-overs (Siti, 2005). This factor should also focus on the elimination of return visits by trade and encourage early enclosures and the standardisation and repetition of best practices in highway construction based on lessons learned.

The project management team should ensure that there is adequate communication throughout the entire project, with appropriate mechanisms for regular coordination of designs, plans and specifications. Joint reviews regarding the practical construction phasing and scheduling of the project should be carried out to monitor progress and avoid delayed completion. Similarly, compatibility of specifications and suitability of materials should be regularly reviewed by both the contractor and the designer to ensure suitability and to preempt the possibility of disputes. For highway projects, jobsite accessibility is more complex than for building construction sites. This includes the client ensuring that the proposed highway route is secure and available to the contractor prior to the commencement of construction. Such access also includes the prior design for required road diversions as well as the conclusion of all settlements requiring compensation of residents along the project route, including the road diversion areas (Nima et al., 2002).

Proper planning for material storage is also key in ensuring the reduction of multiple handling of materials and the protection from weather damage of materials or finished work (Rosli, 2004). Planning reduces damage through general carelessness and loss resulting from handling and stacking materials during delivery, storage and movement around the site. This factor is more pronounced for highway projects in congested urban areas.

Design personnel with practical construction experience should take the lead in the design process. These personnel should make use of CAD technologies to investigate the design suitability and carry out a value analysis before construction commences on site (Nima et al., 2002). Consequently, they should be able to foresee any potential problems with the design before actual construction starts. With the aid of such technological tools, the designers will be able to match the completed design with the skills and resources to execute it.

One of the major challenges has been commencement of highway construction before designs are complete (Alinaitwe, 2008). Site investigations should be thorough, complete and clearly presented. The findings of such investigations should be made available to the contractor before the tendering procedure and thus before the start of construction. These investigations should include ground conditions, underground hazards and other geotechnical data suitable for the proper execution of the project. Additionally, detailed and clear design information, including plans and specifications, should be prepared before the commencement of construction. This core activity must be budgeted for and sufficient time and resources should be permitted in the project budget to provide complete project information and reliable design information to the contractor.

Designs should be developed with consideration for construction site safety (Alinaitwe, Mwakali and Hansson, 2007). As part of the safety considerations, designers should ensure that the executed works involve a minimum risk of damage from subsequent operations. Also, considerations should include a practical plan for traffic control during construction. Assessment should be made of on-site characteristics and traffic patterns prior to the commencement of construction and a comprehensive traffic control plan should be developed. Designers also ought to consider the effects of adverse weather, such as heavy rains, on the entire construction process. Construction methods, schedules and materials should therefore be specified after a project-specific assessment. Therefore, the role of project managers cannot be over-emphasised on construction projects if constructability is to be achieved.

CONCLUSION AND RECOMMENDATIONS

This study investigated design phase constructability improvement strategies for highway projects in Uganda. Twenty-two design phase concepts were identified from the literature and used in the questionnaire to determine their level of importance and degree of application. It was found that whereas the degree of importance of the identified concepts was very high, with an overall average index of 3.95, the level of application of the identified concepts was low, with an overall average index of 3.07. From this study, therefore, it is apparent that whereas the respondents consider all the identified concepts to be important, they consider their level of application to be low. Factor analysis was used to determine the most important design phase constructability improvement factors for highway projects in Uganda. Five main design phase constructability improvement factors were identified: conduct formal constructability reviews; ensure adequate design of materials, communication, coordination and schedules; analyse the jobsite accessibility and storage requirements; engage experienced personnel and adopt CAD; ensure thorough site investigation and clear design information; and develop designs that are sensitive to safety and weather conditions. These factors, when applied, should serve as a basis for strategies to improve design phase constructability for highway projects in Uganda.


Constructability will achieve greater success when its improvement factors become a formal part of the way in which a construction project is conceived, organised and managed. For benefits to be guaranteed, therefore, the sector regulator should have a formal constructability review policy according to which these factors are applied. This policy should be actively pursued through a structured programme of measures designed to encourage constructability from day one of the project’s conception.

Because highway projects in Uganda are primarily delivered using the traditional approach, a project management consultant should be retained separately from the design consultant, whose task should include constructability review as well as incorporation of construction inputs into the design from the beginning of the design process. These lessons learned should be maintained as guides, as they could ultimately lead to constructability improvement of subsequent highway projects in Uganda. Furthermore, there should be adequate communication between the project management consultants, the clients and the contractors for the project to benefit from the constructability reviews.
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