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ABSTRACT 

 
 

This study examines and analyses the salient factors that constrain work schedule 
performance and their contributions to the level of project time overrun in 
construction industries in Nigeria. The realization of project work schedule objectives 
is usually not achieved with certainly due to myriads of constraining factors 
encountered during the implementation stage of project life cycle. The survey 
method of research design was adopted. The primary data used in the study was 
captured with the instrument of research questionnaire and measured with Likert 
five-point scale. The methods of data analyses were the multiple regression and 
correlation analyses. From the analysis, both F-ratio and student t-test were used in 
testing the research hypotheses. The results of the analyses indicate that all the 
constraining factors contributed to poor performance of work schedules during 
project implementation. The most significant factor is the time constraint that arises 
due to wrong estimation, unforeseen public holidays, unpredicted whether and 
climatic changes etc. Other significant constraining factors are materials and 
machinery arising due to occasional, unavailability, cost escalations and scarcity. The 
study therefore recommends adoption of in-depth forecasting and scenario analysis 
of resources, effective project monitoring and control and proactive material 
management practice.  
 
Keywords: Analysis, constrain, work schedule, performance, construction, project. 
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CHAPTER ONE 
 

INTRODUCTION 
 

1.1 BACKGROUND OF THE STUDY 

 Work scheduling performance objectives are not easy to 

realize due to certain constraints especially during the 

implementation stage of project management. There is need 

therefore for effective time phased plan that would list all the 

work to be done and when to do each of them prior to project 

implementation. It is also imperative to examine the concepts of 

planning along side with project planning so that scheduling can 

be addressed and examined as one of the major components of 

planning. Also, Whitemore (1979) observes that the project to be 

scheduled is first analysed into clearly defined jobs or activities. 

Work scheduling in project management is analogous to 

timetable of activities or programmes. Wrong preparation of 

timetable or work scheduling could scuttle the plans and result to 

unrealistic project objectives by either late commencement of 

work or poor schedule performance. It is therefore necessary to 

examine those factors that affect work scheduling in project 

management in order to prepare feasible work schedules needed 

for successful project delivery. The scheduling of a project has to 

take into consideration, many variables like time, resources and 

financial constraints in order to achieve the set objectives. These 

factors, if not properly examined and analysed will mar the 

project success because projects starting and completion times 

would not be properly estimated or forecasted. Also project time 

overrun, which is akin to project cost overrun, will be imminent. 

Scheduling therefore establishes times at which to begin and 
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complete each activity comprising a project. The principal aim of 

scheduling in project management could be to plan the sequence 

of work so that activities can be systematically arranged towards 

the end of completion of the project. It is not enough to plan a 

project by simply drawing a few lines on a piece of paper, calling 

it a bar chart, and attempting to use it as a working programme. 

Scheduling have to be thought and worked out carefully, taking 

into account all tasks interdependences, resource constraints, 

etc. A workable schedule should be the one which does not 

expect impossible things to happen on the resources employed. A 

good schedule is to a project management what a properly 

authorized budget is to cost control. Efficient progress 

management; according to Lock (1996) seeks to plan the project 

effectively, to see possible risks to the programme, to monitor 

work in progress and identify any current problems, to assess 

priorities for using scarce resources and (above all) to take action 

whenever problems seem to arise which, if left alone, would 

threaten the programme. 

 The first step in total program scheduling is understanding 

the project objective. These goals may be to develop expertise in 

a given area, to become competitive, to modify an existing 

facility for later use, or simply to keep personnel employed. The 

schedule includes such things as: start date, end date, major 

milestone and written reports. In the same vane, the project 

milestone schedules contain such information as project start 

date, project end date, project progress review dates, other 

major milestones and data items (deliverables or reports). 

Therefore, the successful accomplishment of both contract and 

corporate objectives requires a plan that defines all efforts to be 
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expended, assign responsibility to specially identified 

organizational elements and establishes schedules and budgets 

for the accomplishment of the work. According to Chitkara 

(1998) the preparation of this plan is the responsibility of the 

program manager, who is assisted by the program, team 

assigned in accordance with the program management system 

directives. Not only that, program manager requests the 

preparation of the program master schedules and provides it for 

integration with the division composite schedules. He also defines 

work to be accomplish through preparation of the subdivided 

work description package. Program manager provides program 

guidance and director for the preparation of the program plans 

that establish program cost, schedule and technical performance; 

and that define the major events and tasks to ensure the orderly 

progress of the program. 

 According to Kerzner (2004), the scheduling of activities is 

the first major requirement of the program office after program 

go-ahead. The program office normally assumes full 

responsibility for activity scheduling if the activity is not too 

complex. For large programs, functional management input is 

required before scheduling can be completed. Depending on 

program size and contractual requirements, it is not unusual for 

the program office to maintain at all times a program staff 

member whose responsibility is that of a scheduler. This 

individual continuously develops and updates activity schedules 

to provide a means of tracking program work. The resulting 

information is then supplied to the program office personnel, 

functional manager, and team members, and, last but note least, 

is presented to the customer. Choo, et al, (1999) assert that 
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scheduling of construction work is usually done with the support 

of computer tools that implement the Critical Path Method (CPM). 

These tools have served project managers well in their effort to 

plan and oversee construction projects in the process of 

administering contracts. They also have presented a common 

representation (based on activities of given duration and unit 

resources allocated to them as well as predecessor relationship 

between activities) for different parties involved in a construction 

project to communicate with one another who should be doing 

what work and when. However these tools are inadequate in 

terms of use and expressiveness when it comes to supporting 

production planning, that is, supporting those who are 

performing construction work in the field. 

 Activity scheduling is probably the single most important 

tool for determining how company resources should be 

integrated so that synergy is produced. Activity schedules are 

invaluable for projecting time-phased resource utilization 

requirements as well as providing a basis for visually tracking 

performance. Most programs begin with the development of 

schedules so that accurate cost estimate can be made. The 

schedules serve as master plans from which both the customer 

and management have an up-to-date picture of operations. 

 Certain guidelines should be followed in the preparation of 

schedules, regardless of the projected use or complexity: 

 All major events and dates must be clearly identified. If a 

statement of work is supplied by the customer, then those 

dates shown on the accompanying schedules must be 

included. If for any reason the customer’s milestone dates 
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cannot be met, then the customer should be notified 

immediately. 

 The exact sequence of work should be defined through a 

network in which interrelationships between events can be 

identified. 

 Schedules should be directly relatable to the work 

breakdown structure (WBS). If the WBS is developed 

according to a specific sequence of work, then it becomes 

an easy task to identify work sequences in schedules using 

the same numbering system as the WBS. The minimum 

requirement should be to show where and when all tasks 

start and finish. 

 All schedules must identify the time constraints and, if 

possible, should identify those resources required for each 

event. 

Although these four guidelines relates to schedule 

preparation, and they do not define how complex the schedules 

should be. Before preparing schedules, three questions need to 

be considered: 

 How many events or activities should each network have? 

 How much of a detailed technical breakdown should be 

included? 

 Who is the intended audience for this schedule? 

Most organizations develop multiple schedules; summary 

schedules for management and planners and detailed schedules 

for the doers and lower-level control. The detailed schedules may 

be strictly for interdepartmental activities. Program management 

must approve all schedules down through the first three levels of 

the work breakdown structure. For lower-level schedules (i.e., 
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detailed interdepartmental) program management may or not 

request a signature for approval. 

In large complicated projects, planning and status review 

by different echelons are facilitated by the use of detailed and 

summary networks. Higher levels of management can view the 

entire project and the interrelationships of major tasks without 

looking into the detail of the individual subtasks. Lower levels of 

management and supervision can examine their parts of the 

project in detail without being distracted by those parts of the 

project with which they have no interface. 

One of the most difficult problems to identify in schedules is 

a hedge position. A hedge position is a situation in which the 

contractor may not be able to meet a customer’s milestone date 

without incurring a risk, or may not be able to meet activity 

requirements following a milestone date because of contractual 

requirements. 

Time and cost are the most important twin variables in 

project management. Project managers are viewed as managers 

of resources and time. Scheduling is a time-phased plan, and 

effective time management in projects may not be possible 

because of continuous stream of unexpected problems that 

develop. Any project that overruns time also overruns cost and 

such is a failed project. By examining the scheduling constraints 

and taking care of them during project planning, project time 

overrun during the implementation stage will be reduced or 

eliminated.  

1.2 STATEMENT OF PROBLEMS 

 Project management practice in Nigeria is being confronted 

by the following problems. 
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(i) Many projects have failed because the constraining factors 

affecting work scheduling were not properly examined and 

taken into consideration during the course of project 

planning and resources allocation to activities. Project time 

overrun usually starts from the failure to complete the 

individual work packages according to work schedules.  

(ii) Work scheduling in project management are usually 

complex and defective and hence, fail to achieve the 

intended objectives of progress tracking, monitoring and 

control. It is therefore necessary to examine the factors 

affecting work scheduling in order to mitigate the problems. 

(iii) There are difficulties in the prediction or forecasting of 

future scenarios, resources requirements and utilization as 

a result of project work scheduling constraints. The analysis 

of factors affecting and constraining work scheduling in 

project management would expose and address these 

constraints if properly identified, examined and taken into 

consideration during planning stage of project 

management. 

(iv) The construction project execution are usually characterized 

by low earned work-hours and poor scheduling performance 

index due to scheduling uncertainties and these have 

resulted to so many project failures in the country; for 

example; Owerri modern market and Owerri-Onitsha dual 

carriage road under CCC Company Ltd before Julies Berger 

PLC took over the contract. 
 

1.3 OBJECTIVES OF THE STUDY 

 The main objective of the study is to develop a predictive 

regression model that will be used to address the problems of 
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poor work schedule performance in the management of 

construction projects in Nigeria. The specific objectives are; 

(i) To identify, the constraining factors affecting project work 

schedule performance in construction projects so as to 

reduce schedule variance, enhance realistic work 

scheduling, effect timely completion, tracking of progress, 

monitoring and control of projects. 

(ii) To analyse the level of these constraining factors on project 

schedule performance both collectively and individually.  

(iii) To rank the constraining factors in order to isolate the 

salient ones that make significant contribution poor 

schedule performance and establish a baseline for 

scheduling decision making processes.. 

  The results of the analysis and ranking will guide the 

project managers in designing and scheduling projects for 

enhanced schedule performance. It will also reduce the gap 

associated with scheduling uncertainties that cannot be 

realistically predicted during project planning. 
 

1.4 RESEARCH QUESTIONS 

1. What are the constraining factors that affect work 

scheduling in the implementation stage of construction 

projects? 

2. What are the effects of these factors on the time overrun of 

construction projects? 

3. Which of these factors is more significant than others? 
 

1.5 STATEMENT OF RESEARCH HYPOTHESES 

HO1: The constraining factors and variables in project execution 

such as manpower, time and weather condition, capital, 
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materials and machineries have no significant contribution 

to poor schedule performance and time overrun in 

construction projects. 

HO2: Capital and materials sourcing, availability and budgeting 

are not significant constraints to schedule performance in 

construction projects. 

HO3: Prerequisite work and site condition do not pose significant 

constraints on the schedule performance of construction 

projects. 

HO4: Engineering and contract review and changes are not 

significant factors that constrain schedule performance in 

construction project. 

HO5: Manpower planning and human technical effort are not 

significant constraints to schedule performance index in 

construction projects. 

HO6: Time estimation and weather condition do not lead to 

significant time overrun and poor schedule performance 

index in construction projects. 
 

1.6 SIGNIFICANCE OF THE STUDY 

  The analysis of factors that constrain work scheduling and 

their effects on the time overrun of construction project is 

significance to many stakeholders in construction project 

management and scholars especially in the areas of project and 

construction management. The study will equip the project 

designer and planner with the necessary information and 

guideline to come up with reliable project schedule that will meet 

the target of high schedule performance index. 

 The study will also isolate the most significant and salient 

factors that contribute to project time overrun and give them due 
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consideration in the course of project scheduling. This is 

necessary because prevention is better than remedial actions. 

The study will bring to the proper perspective the underlying 

factors and constraints that can contribute to significant time 

overrun and failure of construction projects. For the benefit of 

scholars, the content of this study contributes to knowledge and 

expand the existing literature in the area of project scheduling. 
 

1.7 SCOPE AND LIMITATION OF THE STUDY 

 In view of the constraints in data accessibility, time and 

fund, the study could not cover a variety of construction projects 

in Nigeria, hence the case study and sampling approaches were 

adopted. 

 The scope of the study is limited to the experiences of 

stakeholders, project planners and controllers in the selected 

construction companies; (Zerock, New Idea and Rhas Nig. 

Limited) operating in Imo state. 

 The primary data used for the study was not easy to 

generate. Many respondents were restrictive to answer the 

questions contained in the questionnaire. Inspite of all the above 

constraints, enough data were generated for analysis to ensure 

that results obtained are statistically reliable within acceptable 

limits of tolerance. 
 

1.8 ORGANIZATION OF WORK 

 The study is organized in five major chapters as follows: 

 Chapter one presents an introduction to the study. It is 

made up of the overview of the study, the statement of problem; 

objectives of the study, research questions, research hypotheses, 
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significance of the study, scope and limitation of the study, as 

well as how the study was organized. 

 Chapter two present a review of related literature in the 

areas of project planning/scheduling and construction projects.  

 Chapter three presents the methodology adopted for the 

study. It is made up of the type and sources of data, research 

design and method, sampling design, methods of data analysis 

etc. 

 Chapter four presents the data collected from the field 

survey, the results of the analysis, interpretation and discussion 

of the results and findings. 

 Chapter five consists of summary, conclusion and 

recommendations of the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 21

CHAPTER TWO 

LITERATURE REVIEW 

2.1 REVIEW OF CONSTRAINTS TO PROJECT MANAGEMENT  

 This chapter reviews the related literature, research 

findings etc from scholars and authors in the areas of constraints 

to project management, project planning cum scheduling and 

construction project management. Literature review is a very 

important component of research study and it tends to reveal the 

work of previous scholars and researchers on the problem areas. 

This will also enable intending scholars who might be interested 

in carrying out research in the subject area so as to examine the 

philosophy of the problem area. Also, to determine if the area 

worth delving into for the elucidation of the subject matter. The 

literature review enables the researcher to judge whether it 

would be flexible to do the planned research by revealing 

difficulties encountered by previous researchers on the problem 

area. The information obtained from the literature review would 

provide the background for the research. 

 In a research conducted by Nkado and Mbachu (2010), they 

find that owing to its unique socio-cultural setting, the South 

African building industry is beset with some constraints, which 

militate against the achievement of set building project 

objectives. According to them, high prevalence of clients 

dissatisfaction in the South African building industry attests to 

the existence and gravity of these constraints and their 

consequences. The result showed that a set of consultants’ and 

contractors acts of omissions or commissions is the most 

influential and most frequently occurring factor constraining 

successful project delivery in the South African building industry. 
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In quantitative terms, this accounts for 33 percent of the 

discrepancies between expected and actual outcomes of project 

development. 

 In the construction industry, in order to create and retain 

satisfied clients, service providers must meet the expectations 

and requirements of their clients in the delivery of projects. In 

terms of project development, the clients expectation is chiefly 

the delivery of the project within time, quality and cost targets 

(Raftery 1990). However Nkado and Mbachu (2001) argue that if 

clients stated needs (developmental requirements) could 

sufficiently address the real (latent) needs and objectives for 

investment, delivery the project within time, quality and cost 

targets could translate to clients satisfaction, other things being 

equal. Achievement of these development objectives proves to 

be difficult owing to some controllable and uncontrollable 

constraints (Nkado and Mbachu 2010). Similar research titled; 

“Managing Constructability to Reduce Highway Project Durations” 

was conducted by Ford, et al, (2004). 

 Highway projects durations that are longer than necessary 

delay the delivery of benefits to road users. Budget constraints 

often preclude the use of additional funds to shorten total project 

duration. Therefore, state highway agencies seek ways to 

decrease construction project durations without increasing costs. 

Research has recommended formal constructability reviews as an 

effective approach to meeting this goal. Formalized 

constructability reviews have been effective in isolated cases but 

only about one-quarter of state highway agencies currently have 

a formal constructability review program. An inadequate 

understanding of implementation issues, including the effective 
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use of resources, is a potential cause. The effects of 

constructability reviews on the design phase, construction phase, 

and project durations are modeled and analyzed by Ford, et al, 

(2004). Results illustrate and explain how intermediate-sized 

constructability reviews reduce project durations more than very 

large or small reviews and the potential impacts of a design-build 

approach on constructability review effectiveness. 

 Information regarding these constraints is equally important 

at the early and late start and finish dates, as well as the cost of 

an activity. Since constraints are specific to each work package, 

they should be tracked as part of the work package information. 

These constraints are categorized in five types, as constraints on 

contract, engineering, material, labour, equipment, and 

prerequisite work. Choo, et al, (1999) argue on these constraints 

with the following questions: 

1. Contract: Is this work package in the contract? Is it the 

result of newly-issued change order? Has the client 

approved this work? Has all coordination information been 

confirmed? Has the subcontract been issued. 

2. Engineering: Have all submittals been turned in? Have all 

submittals been approved? Have all shop drawings been 

turned in? Have they all been approved? Are there any 

outstanding requests for information? Have all methods and 

procedures been decided? Have special permits that may be 

required been secured? Have assembly drawings been 

received? 

3. Materials: Have all fabrication drawings been produced? 

Have all material requirements and sources for 

procurement been established? Have all requests for 
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quotation (RFQs) been sent? Have all materials been 

purchased? Have all materials been fabricated? Have all the 

materials been delivered? Have all the materials been 

allocated? 

4. Labour and equipment: Has the work package been 

scheduled? Are the required labourers available for the 

duration of the work? Is the required equipment available 

for the duration of the work? 

5. Prerequisite work and site conditions: Has all 

prerequisite physical work been completed? Have all work 

areas been cleared so that the work package can begin? Is 

adequate storage space available to stage materials? Is the 

site readily accessible? Are weather forecasts compatible 

with work requirements? 

Even though a specific work package may require 

constraints in addition to those listed, at least the most 

frequently recurring constraints have been covered here. The 

length of our the indicates that the amount of work that goes into 

preparing a work package is large and possibly more involved 

than performing construction itself. If any of these constraints is 

not met for a specific work package, that work package should 

not be started or its execution will likely be slowed down or 

interrupted during construction. All constraints should be 

satisfied prior to the release of a work package to the site for 

construction. 

The ability to actually get work done at the construction 

work face depends on the availability of resources. Resource 

availability must be checked prior to starting the work. Choo, et 

al, (1999) observe that resources relevant to field workers, 
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namely erection drawings, materials, equipment and tools, 

available work space, and methods specifications, rarely, if ever, 

are explicitly described in Critical Path Method (CPM) schedules. 

Using CPM, one can allocate resources to activities, however, 

CPM does not make it easy to specify and check prerequisite 

resources. A CPM user could add a predecessor activity, one for 

each prerequisite. Not only is it tedious to do so, it also requires 

a different mind set, not to mention that the activity network 

would explode in size.  

Accordingly, field workers developed their own special 

purpose planning systems called weekly work plans, but they 

have done so with varying degrees of success. Although, systems 

tend to differ from one company to the other, the information in 

them is usually work-to-be-done, people and equipment assigned 

for specific days or hours, and materials needed. Even though 

actual resource allocation and checking is done in preparation of 

the weekly work plan, resources do get cross-allocated or over-

allocated, resulting in conflict. This occurs because there is no 

easy mechanism to verify resource assignment when the weekly 

work plan is spelled out on paper. 

Therefore, the biggest problem field workers face is coping 

with discrepancies between anticipated, actually needed, and 

available resources. Numerous uncertainties (e.g., ambiguities in 

design drawings, errors in take-off, fabrication errors, requiring 

rework, delays in shipment, damage during handling, etc.) affect 

the flow of resources prior to their application. Shielding field 

workers from that uncertainty by means of proper planning is 

key to minimizing impact on their productivity.  
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This issue is addressed in this paper first by presenting a 

crew-level planning system that implements such a shielding 

method in order to overcome this deficiency in current practice 

with regard to weekly work planning. More importantly, lean 

construction techniques have been implemented in a database 

application called Work Plan. Work plan systematically guides 

users through the steps required for creating a quality work plan. 

Its underlying data-checking mechanism helps maintain data 

consistency. Work Plan allows the data to be organized in various 

ways for accounting purposes and to display performance 

measures. 

In traditional approach to project scheduling weekly work 

planning is planning with the highest level of detail prior to 

having (skilled) labourers carry out the work. Actual resource 

allocation and checking is done in the preparation stage of the 

weekly work plan. Currently, most weekly work plans are drawn 

up by hand, using pen and paper. If a work package spans more 

than one week, its description will have to be rewritten each time 

a new plan is made, week after week. Also, information regarding 

labourers and equipment required in multiple work packages will 

have to be duplicated from one form to the next. Most paper-

based weekly work plans are discarded after they have served 

their purpose: crew supervisors use them as “cribsheets” to 

sequence work, assign work, and mobilize resources. Russell and 

Froese (1997), therefore, referred to such plans as “throw-away” 

schedules. 

Ford, et al, (2004) examine several approaches to reduce 

total project durations. A variety of approaches is available, 

including alternate contracting (e.g., incentives), nontraditional 
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procurement methods, improved construction operation 

productivity, training, and the increased use of information 

technology. Frequently accelerating projects increases costs. 

Research confirms that schedule compression has led to 

increases in project cost (CII 1989). However, many SHA 

projects cannot obtain the necessary funding to take advantage 

of these schedule compression approaches. 

Other research suggests that schedule reduction can be 

achieved without increases in project cost provided certain 

techniques are applied during project development and especially 

during design (CII 1995). The Construction Industry Institute 

(CII) identified five techniques that are believed to have the 

highest potential to reduce project duration without increasing 

total project cost. Project duration was defined as the “entire 

project cycle from conceptual design (after business planning) 

through start-up (CII 1995).” The five techniques are as follows: 

 Constructability, 

 Freeze of project scope, 

 Concurrent engineering,  

 Cycle time analysis, and  

 Use of electronic media. 

Two key success factors identified by CII for reducing project 

durations without increasing costs were (1) having end-users 

involved in reviewing and revising project specifications while still 

meeting owner requirements and (2) having continuity and a 

structured process to achieve the maximum benefits of 

constructability (i.e., a formal process). Fisher and Rajan (1996) 

described the constructability of designs as the integration of 

construction knowledge, resources, technology, and experience 
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into the engineering and design of a project. Discovering and 

addressing design errors and omissions in a timely manner is 

critical for short project durations. Constructability problems are 

one type of these errors and omissions. Construability problems 

that are not identified and addressed during design can have a 

negative impact on project schedule performance by slowing 

construction operations and generating unplanned delays. The 

same research identified “constructability: and “methods to 

minimize project duration” as two of several critical issues 

necessary for improving construction and the quality of highway 

projects. Therefore, reviewing design and specifications to 

identify and address constructability issues is a primary means of 

reducing highway project durations.   
 

 

2.2 PROJECT PLAN IN RELATIONSHIP WITH SCHEDULING 

 Project scheduling involves charting the resources 

requirements of anticipated progress in completing component 

activities over project’s time horizon. Stoner and Freeman (1992) 

describe schedule as an inevitable part of life and essential part 

of every plan. Without them, managers cannot be certain when 

they are actually progressing towards their goals. It is based on 

the assertion of Stoner and Freeman (1992) that the study 

reviewed scheduling in relationship with project plan; therefore 

presenting an elaborate review of project plan in this segment of 

the study as follows. 

 According to Kerzner (2004) the most important 

responsibilities of a project manager are planning, integrating, 

and executing plans. Almost all projects because of their 

relatively short duration and often prioritized control of 

resources, require formal detailed planning. The integration of 
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the planning activities is necessary because each functional unit 

may develop its own planning documentation with little regard 

for other functional units. 

 Planning, in general, can best be described as the function 

of selecting the enterprise objectives and establishing the 

policies, procedures, and programs necessary for achieving them. 

Planning in a project environment may be described as 

establishing a predetermined course of action within a forecasted 

environment. The project’s requirements set the major 

milestones, and the line managers hope that they can meet 

them. If the line manager cannot commit enough resources 

because the milestones are perceived as unrealistic, the project 

manager may have to develop alternatives, one of which may be 

to move the milestones. Upper-level management must become 

involved in the selection of alternatives during the planning 

stage. Planning is, of course, decision making, since it involves 

choosing among alternatives. Planning is a required management 

function to facilitate the comprehension of complex problems 

involving interacting factors. 

 The project manager is the key to successful project 

planning. It is desirable that the project manager be involved 

from project conception through execution. Project planning must 

be systematic, flexible enough to handle unique activities, 

disciplined through reviews and controls, and capable of 

accepting multifunctional inputs. Successful project managers 

realize that project planning is an iterative process and must be 

performed throughout the life of the project. 

 One of the objectives of project planning is to completely 

define all work required (possibly through the development of a 
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documented project plan) so that it will be readily identifiable to 

each project participant. This is a necessity in a project 

environment because. 

 If the task is well understood prior to being performed, 

much of he work can be preplanned. 

 If the task is not understood, then during the actual task 

execution more knowledge is learned that, in turn, leads to 

changes in resource allocations, schedules, and priorities. 

 The more uncertain the task, the greater the amount of 

information that must be processed in order to ensure 

effective performance. 

These considerations are important in a project 

environment because each project can be different from the 

others, requiring a variety of different resources, but having to 

be performed under time, cost, and performance constraints with 

little margin for error. Difference types of project planning are 

required to establish an effective monitoring and control system.  

Without proper planning, programs and projects can start 

off “behind schedules” because of poorly defined requirements 

during the initial planning phase. Below is a list of the typical 

consequences of poor planning: 

 Poor project initiation 

 Wild enthusiasm  

 Disillusionment  

 Chaos 

 Search for the guilty 

 Punishment of the innocent 

 Promotion of the non-participants 

 Definition of the requirement. 
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Obviously, the definition of the requirements should have 

been the first step. 

There are four basic reasons for project planning: 

 To eliminate or reduce uncertainty 

 To improve efficiency of the operation 

 To obtain a better understanding of the objectives 

 To provide a basis for monitoring and controlling work. 

There are involuntary and voluntary reasons for planning. 

Involuntary reasons can be internally mandatory functions of the 

organizational complexity and an organizational lag in response 

to time; or they can be externally correlated to environmental 

fluctuations, uncertainty, and discontinuity. The voluntary 

reasons for planning are attempts to secure efficient and 

effective operations. 

Planning is decision-making process based upon futurity. It 

is a continuous process of making entrepreneurial decisions with 

an eye to the future, and methodically organizing the effort 

needed to carry out these decisions. Furthermore, systematic 

planning allows an organization to set goals. The alternative to 

systematic planning is decision making based upon history. This 

generally results in reactive management leading to crisis 

management, conflict management, and firefighting. 

Planning is the process of determining what needs to be 

done, by whom, and by when, in order to fulfill one’s assigned 

responsibility. There are nine components of the planning phase: 

and they are presented as follow by Kerzner (2004). 

 Objective: A goal, target, or quota to be achieved by a 

certain time. 
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 Program: The strategy to be followed and major actions to 

be taken in order to achieve or exceed objectives. 

 Schedule: A plan showing when individual or group 

activities or accomplishments will be started and/or 

completed. 

 Budget: Planned expenditure required to achieve or exceed 

objectives. 

 Forecast: A projection of what will happen by a certain 

time. 

 Organization: Design of the number and kinds of 

positions, along with corresponding duties and 

responsibilities, required to achieve or exceed objectives.  

 Policy: A general guide for decision making and individuals 

actions. 

 Procedure: A detailed method for carrying out a policy. 

 Standard: A level of individual or group performance 

defined as adequate or acceptable. 

Several of these factors require additional comment. 

Forecasting what will happen may not be easy, especially if 

predictions of environmental reactions are required. For example, 

planning is customarily defined as either strategic, tactical, or 

operational. Strategic planning is generally for five years or 

more, tactical can be for one to five years, and operational is six 

months to one year. Although most projects are operational, they 

can be considered as strategic, especially if spin-offs or follow-up 

work is promising. Forecasting also requires an understanding of 

strengths and weaknesses as found in; 

 The competitive situation 

 Marketing 



 33

 Research and development 

 Production 

 Financing. 
 

2.3 DETAILED PROJECT PLANS AND PLANNING 

 It is expected that project implementation progress status 

would to a considerable extent conform to the project plan for 

successful performance and this is where the project control 

procedures come into play to address the problems of deviation 

or variation of project plan if any. 

 The plan involves all the necessary details-designs, 

materials equipments etc. for the accomplishment of the 

task/project under consideration. (Akpan and Chizea 2002). They 

assert that, it is expected that project implementation would to a 

considerable extent conform to the project plan and this is where 

the project control procedures come into play. 

 The critical project risk potentials in Nigeria, and possible 

sources of concern to lenders, apart from inadequate scope 

descriptions and documentations are the ever present possibility 

that the project might not be executed as planned or projected, 

including the possibility that the forecasted operational profile, 

market demand, and the like might not be attainted thus 

creating difficulties and bottlenecks in the planned debt service 

arrangement etc. For a plan to be effective, it must be explicit, 

intelligible, capable of accepting change and capable of being 

monitored. 

 There are different types of plans based on duration. These 

include: strategic plan: 5 years and above, tactical plan, 1 to 5 

years and operational plan; 6 months to a year. 
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 Project planning is therefore the process of identifying and 

establishing projects policies. Procedures and programmes for 

achieving the desired objectives within the constraints of time, 

performance, budget and other resources. In the process of 

planning, what need to be done, be whom and when, are 

determined. Assignment of responsibility and time sequence, use 

of resources for project execution are delineated. The planning 

function serves the purposes by identifying priorities and guiding 

managers in acquiring and committing resources whether 

manpower, materials of finance. 

 The following are steps in the planning processes: 

(i) Analysis of the current status, forecasting of the future 

environment and determination of the organization’s 

strength, weakness, possible environmental opportunities 

and threats. 

(ii) Establishment or determination of goals and objectives 

which will spell our what to do. According to Telsang 

(2005), this step involves setting project target and results 

to be obtained, time, cost and performance standard to 

achieve the objectives. 

(iii) Selection of alternative ways of achieving objectives in light 

of the problems and opportunities likely to be encountered 

in future. 

(iv) Selection of the best alternatives for achieving the 

objectives. 

(v) Implementation of plan. 

 In the light of the above, major activities involved in project 

planning include: 
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 Work Breakdown structure (WBS) which is the breaking 

down of the project into sets of individual jobs, work 

packages or events. It defines and list various tasks needs 

to achieve the project objectives. 

 Arrangement of the individual activities/jobs into a logical 

sequence of operations or network. 

 Estimation for time duration, activity schedules, budget, 

cost and other resources plans or requirements of each job, 

producing a schedule and finding which jobs control the 

completion of the project. Schedule indicates the timing of 

each activities, deadline and milestone.  

 Re-allocation of money and other resources to improve the 

schedules and creating the project organization. 

 The master schedule; the project master schedule 

interrelate all tasks on a common time scale. For simple 

projects, the master schedule may consist of a bar or Gantt 

chart, while a complex project will necessitates the use of 

network analysis techniques like Programm Evaluation and 

Review Techniques like Programm Path Method (CPM). A 

master schedule should contain the following information; 

name of work packages listed in WBS, name of persons 

having responsibilities for work packages, starting date and 

expected duration or each work package, and the 

completion date for each work package. 

 Other contents of a detailed project plan are; budgets and 

control system, activity or event network plan, materials and 

equipment forecast, responsibility matrix, project organization 

and project personnel plan, reporting and review procedures. 

Telsang (2005) further identifies the following as project planning 



 36

techniques; work breakdown structure, project responsibility 

matrix and project management manual, while PERT, CPM and 

line of balance techniques are classified as project scheduling and 

coordinating techniques. 

 According to Waters (1989), without normal planning, 

mistakes would be inevitable. He further acknowledges that 

project managers have a number of goals including; speedy 

reactions to deviation from plans and alteration of plans and 

schedules as required. 
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(what, for how much when) 

 

Identification of specific work activities   
(what is to be done) 
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Preparation of project schedule 
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Preparation of budget and resource plan 
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Forecasting time, cost and performance  

Step in Project Planning 
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2.4  IMPORTANCES AND BENEFITS OF WORK SCHEDULING 
 

 Though Kerzner (2002) identifies scheduling as one of the 

major components of a project plan, and other components 

collaborate with schedule to achieve objectives. 

 The objective of planning in construction project is to 

determine how the project objectives will be achieved. Planning 

precedes all managerial activities and the process combines 

systematic creative thinking with planning techniques to develop 

a project plan. The project plan comprises time plan, resources 

plan and plan for controlling projects. It also includes schedules 

of design and drawing preparation, work quantities, progress of 

work planned, resources allocation, budget costs and cash flow 

estimates. According to Chitkara (2006), project plan clearly 

defines project’s scope of work. It breaks down projects 

objectives into clear, identifiable, quantifiable, attainable and 

verifiable goals which are assigned to individuals and 

responsibility centers for accomplishment.  

Work scheduling serves a five-fold purpose as follow. 

(a) Schedule simplifies a project plan. The bar chart type work 

schedule provides a simplified version of the work plan 

which can be easily understood by all concerned with 

planning, coordination, execution and control of projects. 

(b) Schedule to validate time objectives. Work schedule shows 

the planned sequence of activities, date-wise. It takes into 

considerations, the reduction in efficiency resulting from 

climatic effects on resources while putting the plan of work 

on calendar basis. A schedule verifies the accomplishment 

of tasks on dates imposed for completion of the project and 

the achievement of milestones. 
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(c) Schedule aids in the optimization of resources employed. 

Work schedule is based on economical employment of the 

resources of men, materials, and machinery. It avoids 

abrupt changes from time to time. 

(d) Schedule enables forecasting of input resources and earned 

value to indicate the pattern of requirement and the 

financial state of the project in terms of investment, 

expenditure, output and income. 

(e) Schedule bring out implications of time and resources 

constraints and enables preparation of a plan of work within 

the framework of these constraints. 

 It could therefore be said that a schedule aims at optimizing 

resources for completion of the project within stipulated time 

objectives. Resources optimization implies scheduling resources 

according to the given pattern of their employment. Optimization 

is achieved by suitably adjusting the schedule of non critical 

activities using available floats in a such a manner that 

fluctuations from the desired pattern of resource utilization is 

minimized. It could be argued that working scheduling serves the 

following purposes. 

(a) It simplifies the project plan: The bar-chart work 

schedule provides a simplified version of the work plan, 

which can easily be understood by all concerned with 

planning, coordination, execution and control of the project. 
 

(b) It validates the time objectives: A work schedule shows 

the planned sequence of activities, date-wise. While putting 

the work plan on a calendar basis, it takes into account 

reduced efficiency of resources to adverse climate 

conditions and other factors. It verified the deadlines 
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imposed for completion of the project and achievement of 

the milestones. 
 

(c) Optimizes the resources employed: A work schedule is 

based on the most economical employment of the resources 

of men, materials and machinery. It smoothens abrupt 

changes which may occur from time to time. 

 Resource optimization is achieved by a systematic 

utilization of the floats of non-critical activities. Unless otherwise 

constrained, a project is scheduled using either the optimum or 

the available patter of resources. 
 

(d) It forecasts the input resources, and predicts the 

output: A work schedule enables the forecasting of 

resources and also indicates the pattern of resource 

consumption. The time schedule of work forms the basis for 

predicting the resource requirement as well as the financial 

state of the project in terms of investment, expenditure, 

output and income. 
 

(e) It evaluates the implications of scheduling 

constraints: A work scheduled brings out the implications 

of constraints, and enables preparation of a plan of work 

within the framework of these constraints. 

 The scheduling constraints are therefore instrumental to 

low percent completion, declining earned work-hours and low 

schedule performance index. According to Oberlender (2002), the 

percent complete at any point in time is found by dividing hours 

(or costs) spent to date by the current estimate of hours (or 

cost) at completion. 
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Also, the earned work-hours = Budged work-hours x 

percent completed. Earned work-hours technique can be used to 

summarize overall work status. The schedule performance index 

(SPI) relates the amount or work performed to the amount 

scheduled to a point in time. 
 

 

  

The SPI for the total project, or for a work package, is 

somewhat of an indicator of schedule performance. It compares 

volume of work performed to volume of work scheduled. 
 

2.5 PROJECT WORK SCHEDULING TECHNIQUES 

 Akpan and Chizea (2002) and Monks (1985) broadly 

classify project scheduling techniques into: Gantt chart and 

Network techniques. The network technique is further classified 

into Critical path method (CPM) Programm Evaluation and Review 

Techniques (PERT), Graphical Evaluation and Review Techniques 

(GERT) etc. 

 The focus of this study is on the factors that constrain 

project schedule performance in combination with their effects on 

project cost overrun and delays. 
 
 

2.6 GANTT CHART OR BAR CHART METHOD OF WORK 

SCHEDULING 

 One of the earliest approaches to scheduling was developed 

by Henry L. Gantt. Gantt chart is a graphic planning and control 

method in which a project is broken down into separate tasks 
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and estimates are made on how much time each is required, as 

well as the total time needed to complete the entire project 

(Stoner and Freeman 1992). According to Akpan and Chizea 

(2002), Gantt charts with their formats have the ability to 

simultaneously show both the planned and actual progress and 

this singular characteristic makes the Gantt chart/bar chart an 

efficient tool for project reporting. Though Gantt chart involves 

depiction of work progress over a period of time and it is similar 

to milestone scheduling. The milestone scheduling and control 

procedure employees bar charts, which are used to monitor 

progress. In this way, Hodgetts (1979) observes that managers 

can determine which segments of the undertaking are ahead of 

schedule, on time, or behind schedule. Unlike Gantt chart, 

instead of being used exclusively for production, it can be 

employed for virtually any undertaking. Though Gantt chart is a 

simple and efficient format, it cannot handle complex projects 

with many activities. The chart is not effective for capturing the 

interrelationship of project activities, so it has given way to such 

tools as CPM and PERT. It could not be on this premise that 

Chitkara (2006) posits in the bar chart method, the works are 

first split into activities. These activities are then listed in the 

order of construction priorities, generally on the lefthand side 

column, while the time scale is plotted horizontally on the top 

and/or bottom of the chart. The bar against each activity 

represents its schedule of work. The start of the bar marks the 

commencement of the activity and the end of the bar, its 

completion. The length of the bar on the calendar scale 

represents the duration of the activity. Horizontally, each row 
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depicts the activity description, activity data and the rectangular 

shape bar represents the activity schedule. 

 The time base of bar charts – and, for that matter, all 

scheduling techniques is the project calendar. Generally, this 

calendar covers a bar or tabulated format, a project’s life span 

from the date it started to the date of its final completion. It 

specifies the dates when the activities can be scheduled for 

execution. It shows all calendar months, weeks, working days, 

weekend non-working days and holidays. 
 

2.7 NETWORK SCHEDULING TECHNIQUES AND ANALYSIS 

 Network analysis is one of the numerous names used to 

describe what is perhaps the best-known analytical planning 

technique (Wild 1980). It has been widely used in industry and 

elsewhere in planning and controlling large complex projects of 

the types found in civil engineering, aerospace industry, 

shipbuilding etc. Similarly Whitmore (1979) observes that 

network techniques called CPM are used to plan a variety of 

projects from bridge building to electronics units and computers 

and CPM is employed where the only factor is time. Gantt chart 

and CPM techniques are the most commonly used methods 

considering the deterministic nature of activity duration in the 

construction projects. 
 
 

2.8 HISTORY OF NETWORK SCHEDULING TECHNIQUES 

 CPM and PERT have so far recorded tremendous successes 

in their applications. According to Render and Stair (1982), and 

Akpan and Chizea (2002), the United Kingdom (U.K) in 1957 

devised a technique called irreducible sequence of events (later 

named; major sequence of events which was used to 
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experimentally over haul a power station. The overall time was 

reduced by 42%. Further improvement reduced the time to 32% 

of the previous normal time. In another development, Dr. C.E. 

Clark, a member of a team set up by the United States (US) 

Navy in collaboration with, Booz, Allen and Hamilton consultants 

developed PERT model for dealing with the designing, planning, 

development and subsequent control of complex work. By 

October 1958, PERT was applied to the fleet ballistic missiles 

program where it saved two years in the development of Polaris 

missiles. Also, in 1959, the E.I Du Pont de Nemours used a 

similar technique called CPM to scheduled and control very large 

maintenance and overhaul projects. It was credited with saving 

one million US dollars in the first year of use, and the planned 

downtime was reduced by 40% within the same period. However, 

the authors did not address the constrains imposed by work 

scheduling factors which are capable of jeopardizing the 

successes recorded by the application of CPM/PERT to the 

projects. 
 
 

2.9   THEORETICAL FRAMEWORK OF NETWORK ANALYSIS 

2.9.1   ELEMENTS OF A NETWORK 

 An arrow diagram used to represent a project has two basic 

elements; 

(i) An activity; which is an element of work entailed in the 

project. It is a task, which must be carried out. 

(ii) An event; which is the start or finish of an activity or group 

of activities. 

  One of the useful by-products of drawing a network is that 

the diagram can be used as a means of communication to 

persons other than those that prepared it. Both events and 
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activities should therefore be unequivocal statements in positive 

terms, which have significance within the context of the tasks 

being considered. In the network conventions, time flows from 

left to right, and head events always have a number higher than 

that of the tail event. It is not necessary for all numbers to be in 

sequence or follow each other in a natural manner. Numbers 

usually in circles or other convenient shape represents events. 

Activities are represented by arrows, the arrowhead being at the 

completion of the activities. 

 An activity, which depends upon, another activity is shown 

to emerge from the head event of the activity upon which it 

depends and only dependent activities are drawn in this way. 
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 It could then be said that: 

(i) An event cannot be said to occur (be reached or achieved) 

until all activities leading into it are completed.  

(ii) No activity can start until its tails event is reached. i.e, no 

activity may start unit all previous activities in the same are 

completed. 

 There are some cases where multiple starts and finished 

occur in the network. These are called merge and burst 
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respectively. Merge nodes are events into which a number of 

activities enter and one or several entering activities and a 

number of emerging activities. A node is called a star if it has 

more than one arrow on the input side and also more than one 

on the output side. 

 

 

 

 

 

  

 

Fig. 2.3 a)  (b)  (c) 

 Activities, which do not require either resource or time, are 

called dummies. They are usually drawn as broken arrows or 

solid arrow with a label. However drawn, dummy activity is 

always subject to basic dependency rule that an activity 

emerging from the head of another activity depends upon that 

activity. In a paper on a network flow computation for project 

cost curves through linear programming, Fulkerson (1960) 

assumes dummy jobs to have lower bound, a(ij) = o, upper 

bound b(ij) = o and costs c(ij) = o. Dummies have neither time 

value nor cost element in the network logic. 
 

2.9.2 NETWORK SCHEDULING TECHNIQUES 

 For any task such as building, designing a product, etc, 

there has to be a timetable of activities, which make up the task 

i.e. a plan, must be prepared.  

 Network analysis is a technique for planning work. It 

reduces the examination of a project to three stages. 
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1. Work breakdown structure (WBS), which is breaking down 

the project into a set of individual jobs or activities and 

arranging them into a sequential logical network. 

2. Estimating the duration and resources requirement of each 

job activity, deducing a schedule and finding which 

jobs/activities control the completion of the project or the 

critical activities. 

3. Cost breakdown structure (CBS) and reallocation of money 

and other resources to improve the schedules. 

  Network analysis is very essential in project management 

activities because of the following reasons. 

(i) It forces a thorough planning of the work and increases 

coordination. 

(ii) It identifies troubles spots, often in advance and pinpoints 

responsibilities. 

(iii) It focuses management’s attention on to those activities 

which are, or likely to be in difficulties, rather than on the 

activities which are progressing smoothly and hence need 

not attention. 

(iv) It indicates optimum start and finish times for each activity 

in an operation. 

(v) It enables the plan to be revised in the best way to suit 

changed circumstances. 
 

2.9.3   TYPES OF NETWORK SCHEDULING TECHNIQUES 

 Yoshitsugu, et al, (2001) assert that well known Program 

Evaluation and Review Techniques (PERT) and Critical Path 

Method (CPM) are representative of scheduling techniques. They 

are used to aid management of a single project without resource 



 47

constraints. Similarly Akpan and Chizea (2002) identify CPM, 

PERT, Graphical Evaluation and Review Techniques (GERT) etc as 

network scheduling techniques and noted that they have received 

considerable attention since they were first conceived. It is 

therefore pertinent to overview different types of network 

scheduling techniques. 

(i) CPM: The CPM scheduling provides the ability to chart 

multiple paths that depend upon the completion of other 

tasks while providing the flexibility necessary to 

successfully manage the project (Yoshitsugu, et al, 2001). 

The time estimate in CPM is deterministic and it could be 

used where activity durations are known or estimated with 

certainty. 

(ii) PERT: Has an endearing followership when project tools are 

mentioned and it is proper to briefly look at its 

methodology. The time estimation in PERT is probabilistic or 

stochastic in nature. Stochastic approach of PERT based 

entirely on beta distribution derived from three times 

estimate for each activity; the pessimistic, most likely and 

optimistic (Akpan and Chizea 2002). Because of the little 

difference in CPM and PERT, they are usually considered 

together. However, PERT is applied in complex research and 

development projects (among others) where time 

estimation is very difficult. 

(iii) GERT: According to Akpan and Chizea (2002), GERT is a 

procedure for analyzing stochastic network composed of; 

Exclusive-or; inclusive-or, and nodes (vertices), multiple 

parameter branches (transmittance or edges). GERT can be 
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used to model many systems arising in reliability, queuing 

theory, inventory control, network analysis etc. 

 It could be said that CPM are more popular and widely used 

network scheduling techniques that CPM/PERT is widely used 

across a variety of organizations as they are designed to offer 

project managers effective tool for planning, scheduling and 

control aimed at only one project performance dimension, time 

performance. Also, Olhager and Wikner (2000) observe that 

some manufacturers of large discrete and moveable products 

typically use a project planning system based on activity 

network, example CPM and PERT, to calculate minimum project 

duration taking into account, all the activities that can be 

performed in parallel. Project planning and control dominates all 

other applications of CPM/PERT, while production planning and 

control, and maintenance planning and control round out 86 

percent of the uses CPM/PERT as shown in Table 2.1 below: 
 

Table 2.1: Application of CPM/PERT 

 CPM/PERT Use Frequency of CPM/PERT Use 

1. Project planning and control 46% 

2. Production planning and control 22 

3. Maintenance planning and control 18 

4. All others 14 
  

  Source: Gaither (1990) 
  

 CPM/PERT therefore offers managers an activity-by-activity 

planning and control system that is usually computerized. 

Periodic status reports give managers updated project duration, 

critical activities, activity slacks/floats; network diagrams and 

exception reports from which to determine what must be done to 
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ensure successful project completion. Materials delivery plan 

could be noted as major components in construction project and 

therefore need to be coordinated with CPM/PERT scheduling 

technique as well. 
 

Scheduling Critical Activities at Their Earliest Starting 

Time (EST) 

 For the project to be completed on time, all critical activities 

have to commence at their ESTs, and the resources required 

have to be earmarked, accordingly. The extent of remaining 

resources needing leveling can then be easily assessed by 

subtracting date-wise the resources required for critical activities 

from the desired level resources. 

Scheduling the Non-Critical Activities 

 The procedure for scheduling non-critical activities can be 

divided into the following two stages. 

(a) Schedule non-critical activities in order of sensitivity at 

EST till loading does not exceed the desired level of 

optimum resources. 

(b) Thereafter, take the next non-critical activity in the 

order of sensitivity, and suitably schedule it within the 

desired level of vital resource by: 

 Consuming free float (if available) to smoothen resources. 

Note that the EST of the subsequent activity/ies in the 

chain is not affect. 

 If free float is not available, then utilize interference float 

and adjust the EST of subsequent affected activity/ies. 
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 If available floats are not sufficient to smoothen resources, 

then adjust floats existing in the already scheduled 

activities. 

Proceed similarly, with the next non-critical activity and continue 

till all the activities are scheduled. 

Advantages of network scheduling techniques as identified 

by Monks (1985) include: 

(i) Coordination of total project and interrelated activities; ie 

shows relationship of each activity to the whole project. 

(ii) Forces logical planning of all activities. 

(iii) PERT identifies precedence relationship and activity 

sequence that are especially critical. 

(iv) CPM/PERT also provides completion times and/or cost 

estimate and a standard for comparing with actual values. 

(v) It facilities better use of resources by identifying areas 

where human, materials or financial resource can be 

shifted. 
 

2.9.4   DISTINGUISHING FEATURES OF CPM/PERT 

 Despite similarities in purpose of CPM and PERT, there are 

major differences between then which centre mainly on time 

estimation and the probability of an activity in question being 

realized. CPM assumes time to be deterministic by giving one 

time estimate for each activity and that all the activities will be 

realized. PERT on the other hand, assumes a probabilistic or 

stochastic time estimates for all the activities with the same 

notion that all the activities will be realized. The CPM model is 

appropriate in situations where sufficient data and information 

relating to the task are available. It assumes that both the time 

to complete each activity and the cost of doing so are known with 
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certainty. In the time-cost trade off analysis, two sets of time 

and cost for each activity are used, i.e. normal cost and time, 

and crashed cost and time. These are used to obtain the cost 

slope as follows. 

Cost Slope – (Crashed Cost – Normal Cost)/(Normal Cost – 

Crashed Cost) 

 Also, the necessary time estimate could further be obtained 

from either past data or the experiences of those responsible for 

completing a particular activity. In some instances, the time will 

be educated guesses by the management. 

 One the other hand, PERT has been found to be useful in 

highly uncertain areas, and the model is suited for research and 

development projects where adequate information may be 

lacking. Render and Stair (1982) highlight that PERT makes two 

assumptions as follows; 

(i) Total project completion times follows a normal probability 

distribution function. 

(ii) Activity times are statistically independent. 

 It follows that without solid historical data like in CPM, 

managers are often uncertain as to activity times. For this 

reason; the developers of PERT employ the beta probability 

distribution based on three time estimates as follows. 

(i) Optiministic time (a) = the time an activity will take if 

everything goes as well as possible.  

(ii) Most likely time (m) = most realistic time estimate to 

complete an activity. 

(iii) Pessimistic time (b) = the time an activity would take 

assuming very unfavourable conditions. 
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 Render and Stair (1982) found that continuous probability 

distribution function is an appropriate method for determining an 

expected value and variance for an activity completion time. The 

expected time (t), which is the estimate with a 50-50 chance of 

being over or under achieved i.e. the mean time for the activity 

could be expressed as; 

  

 
Similarly, the variance (v) of the expected time estimated is given as. 
  

 
 The overall project variance = ∑ (variance of activities on the 

critical paths). 

 
 
 These parameters could be helpful in estimating the probability 

of completing the project within the deadline, through the standard 

normal distribution equation as follows: 
 

 
 The probability of project completion could therefore be 

obtained from the normal distribution table. 
 

2.10 SCHEDULING HIERARCHY 

 Scheduling hierarchy is expected to elucidate which 

management or responsibility level at which scheduling starts to 

result to time deviation and overrun. Scheduling hierarchy as 

identified by Chitkara (2006) depicts levels of various schedules 

in relation to each other. Each level of schedule is meant to serve 

the information needs of the corresponding management level. 

 A typical pyramidal structure of schedule hierarchy five 

levels is shown figure. 
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2.1. This schedule consists of the following: 

  Level   Schedule Title 

  1    Project summary schedule  

  2    Project master schedule 

  3    Contracts master schedules 

  4    Responsibility centers schedules 

  5    Supervisors weekly schedules 

 
 

 

 

 

 

 

 

 
 

 The characteristic associated with the various levels of 

schedules are given in figure 2.1. The purpose of each schedule 

is outlined in the following: 

(i) Project summary schedule: It shows the outline of the 

time plan for executing the project. It contains the schedule 

of sub-projects and tasks. The time scale unit is taken as a 

month or a week. These schedules are used at the top 

management level to highlight the plan and progress of 

various project milestones. 

(ii) Project master schedule: It shows the project plan for 

execution of work packages and other important activities. 

It is the project management’s plan for commencing, 

progressing, monitoring and controlling of works. It is 

Figure: 2.4 Schedule Hiararchy 
Source: Chitkara (2006) 

Project 
summary 

schedule(s) 
Project Master 
Schedule(s) 

Contract Master Schedules  

Quarterly Work Schedules   

Monthly/Weekly Work Programme   
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prepared by integrating the schedules of subprojects and 

tasks, or by scheduling the project network. 

(iii) Contract master schedule: A contract schedule depicts 

the plan of execution of activities involved in the execution 

of contracted work. The contract master schedule is used 

to: 

 (a) Systematically control the contracted work, and  

 (b) Determine the time effects of work deviation and 

unforeseen circumstance. The contract master 

schedule is linked up with the project master schedule 

and is supplemented by the respective contract 

master network. 

(iv) Responsibility centre work schedule: It reflects the 

work programme of the responsibility centre and its scope 

ranges from a quarter or a month to the entire life span of 

the centre. It prepares in sufficient details to enable the 

supervisors to plan their weekly work programme. 

(v) Supervisors work programme: This shows the day-to-to-

day work execution schedule of the supervisors or foremen 

incharge of works. These programmes are prepared on a 

fortnightly or weekly basis, and are detailed enough to 

include the operations or processes of each construction 

activity. 

 The number of levels in a schedule hierarchy is not fixed, 

but depends upon the nature, type and complexity of the project. 

A simple project being executed by a contractor may hardly need 

two or three schedule levels, where as a large size complex 

project may require even more than five levels. In the schedule 

hierarchy structure, the schedule levels are related to the 
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management and work breakdown structure levels. Consistency 

in this correlation can go a long way in building up an integrated 

schedule for planning and monitoring the project work and 

providing appropriate information at the various management 

levels. 
 

2.11  FACTORS AFFECTING WORK SCHEDULING 

 The evaluation of effects of factors that contrain work 

scheduling performance on project resultant time overrun has 

not been properly addressed. Chitkara (2006) identifies five 

factors that constrain work schedules. According to him the 

scheduling of a project plan has to take into consideration many 

variables like time, resources, and financial constraints. It is 

difficult to enumerate principles governing all such factors which 

may vary from project to project. However, the guidelines given 

in the following can be considered for developing the schedule of 

a project work. 
 

Time: The availability of time is a crucial limiting factor in a 

project. More time normally, implies less investment. Time and 

cost are correlated factors. There are three aspects of time which 

have to be considered during scheduling. 

(a) Most of the projects carry time constraints in the form 

imposed dates. These dates may include constraints on 

start and completion of activities. A schedule must meet the 

project time constraints in such a way that project duration 

is not exceeded, and such a schedule is called time limited 

scheduled. 

(b) The schedule must account for holidays, bad weather days 

and the non-working periods. Further, effect of the working 
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season on production efficiency must also be considered 

while scheduling activities, and the schedule and connecting 

resources adjusted suitably. Such a schedule details the 

work programme for execution. 

(c) Scheduling must make use of the reserved of time available 

in floats of non-critical activities to reduce fluctuations in 

resource requirements or conform to a given predetermined 

pattern of resources. For minor fluctuations, working 

overtime may also be resorted to. The schedule prepared 

under resource constraints is termed as resource limited 

schedule. 
 

Manpower: Manpower is one of the main factors in the 

successful execution of projects. No amount of automation or 

machinery can replace the manpower needed for completion of a 

project. It cannot be treated like a commodity and cannot be 

dismissed or re-employed at will. Technical hands once employed 

are normally continued till their requirement ceases. The idle 

labour time is paid for and the strikes and breakdown of work are 

kept in view by the management. The task  efficiency of labour, 

weather conditions, nature of work and the supervisors, 

leadership – all of these affect labour productivity. 

 The non-availability of suitable labour is generally, a 

limiting factor. The labour turnover, sickness and absenteeism 

further aggravate the problem. The working hours, overtime and 

other incentives have to be considered while deciding the 

manpower schedule. The management-labour agreements and 

the governing labor laws considerably, affect labour employment. 

A schedule cannot take care of all the variables but these can be 

reduced considerably, by working out uniform trade category-
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wise manpower requirement schedule, or by fixing a pattern 

depending upon the manpower available and working conditions. 
 

Materials: No project can ever be started without materials. 

Construction materials are increasingly becoming scare, and their 

procurement is a time consuming process. The schedule aids in 

forecasting or materials, and their timely supply determines the 

economics and progress of work. 

 One method could be, to stock materials well before they 

are required so as to ensure timely supply, but the stock 

inventory costs money. Generally, the inventory should be zero 

before the commencement and after the completion of the 

project. To go a step forward, this rules should be made 

applicable to each activity. But for certain materials, the 

procurement action can be based on the guiding principle that 

materials inventory must be kept to the minimum. In case of 

materials in short supply, the schedule may have to be based on 

availability constraints. 
 

Machinery: They availability of machinery is normally, a limiting 

factor. For example, in an activity involving excavation, the 

schedule may specify a requirement of two dozers, but one may 

actually be available or allotted. This would entail a recasting of 

the whole schedule. In such circumstances, various alternatives 

like delay-penalty costs, cost of time crashing and the cost of 

procurement or hiring of additional machinery have to be 

weighed before making the final decision. The aim of machinery-

and-equipment scheduling should be to find out the minimum 

duration schedule in which the employment equipment and 
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machinery is systematically and uniformly distributed based on 

its availability or allotment. 
 

Capital: Capital is the core of all project activities. The project 

management aims at economics and the contractor works for 

earning profits. The proper management of money results in 

savings while its improper use proves ruinous. For example, 

consider the investment implications of starting works at their 

EST and LST. 

 In EST schedule, the large production costs get staggered 

over a longer period of time, thus reducing investments. But this 

schedule may not prove attractive to a builder as the saving on 

investments in the earliest stages can be best utilized either on 

another project or even in earning interest. Therefore, a builder’s 

schedule, would generally aim to execute those jobs earlier, 

which are more profitable, involve least investment and benefit 

his cash flow. On the other hand, the client would aim at phasing 

or construction for early completion. In their own contribution, 

Choo, et al, (1999) examine that work package has constraints 

that must be satisfied in order for it likely to be carried out 

successfully and without interruptions. Similar constraints to 

schedule performance identified by Choo et al, (1999) are 

categorized into five types, as constraints on contract, 

engineering, materials, labour, equipment and prerequisite work. 

Further examination on the reasons for variance difference 

between scheduled and actual included additional constraints of 

weather and accident. 
 

 

 

 

 

 

 

 

 



 59

 

2.12   WORK SCHEDULING PROCESSES 

 Scheduling means putting the plan on calendar basis. A 

project network shows the sequence and interdependence of 

activities, their time duration and their earliest and latest 

completion times, but this needs to be scheduled to determine 

commencement and termination dates of each activity, using 

optimum resources or working within resource constraints. 

According to Chitkara (2006) a time schedule outlines the project 

work programme, it is a time table of work. 

 Scheduling methodology varies with the planning technique 

and the nature of task. Projects can be scheduled using bar chart 

methodology, and line of balance (LOB) technique is widely 

accepted for scheduling repetitive work projects. Network 

scheduling methodology is suitable for all types of projects; 

however, there are many other scheduling techniques. Method of 

presentation for schedule depends upon the technique used for 

scheduling. Generally, all scheduling techniques use time scale 

along horizontal axis. This time schedule for most of the 

schedules use week as the unit of time and the weeks are then 

related to calendar dates. Each technique has its merit and 

demerits. But ultimately, schedules are best presented in the bar 

chart from for ease of comprehension and communication. These 

bar charts are supplemented with appropriate planning technique 

for monitoring time progress. It could be noted that scheduling is 

not an automatic mechanical process, but it needs work 

experience to schedule work. 

 According to Hodgetts (1979), managers can determine 

which segments of the undertaken are ahead of schedule, on 

time or behind schedule. Unlike Gantt chart, the milestone 
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scheduling and control procedure employ bar charts, which are 

used to monitor progress. However, instead of being exclusively 

for production activities, it can be employed for virtually any 

undertaking. Though Gantt chart is a simple and efficient format, 

it cannot handle complex projects with many activities. The chart 

is not effective at capturing the interrelation ship of project 

activities, so it has given way to such tools as Critical Path 

Method (CPM) and program evaluation and review technique 

(PERT). 

 Chitkara (2006) states that the scheduling procedures, 

depending upon type of project can be broadly divided into two 

categories. 

 (i) Scheduling non-repetitive network based projects 

 (ii) Scheduling repetitive project using LOB techniques. 

 According to him, the procedures for scheduling network 

based plan are as follow: 

 Outline scheduling constraints 

 Design scheduling calendar 

 List activities in order of sensitivity 

 Determine resources optimization criteria 

 Schedule critical activities 

 Validate time objectives 

 Schedule other resources 

 Scheduling within resources constraints 

 Scheduling repetitive works projects. 

 Chitkara (2006) also lists the procedure for scheduling 

repetitive projects using LOB techniques as follows: 

 Outline scheduling constraints 

 Tabulate scheduling data of a unit work cycle 

 Prepare of logic diagram of a unit work cycle 

 Chart scheduling calendar 
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 Prepare earliest start time schedule 

 Analyses earliest start time schedule 

 Prepare optimum schedule leaving adequate buffer  

 Draw LOB work schedule. 

 The schedule of work serve many purposes; it simplifies the 

projects time plan by putting it on a calendar basis; it verifies 

fulfillment of time objectives; it aids in optimizing resources; it 

evaluates implications of resources constraints; and it enables 

forecasting of input resources, expenditure and income. These 

resources forecast cover manpower, materials, machinery, sales-

income and cash-flow. 

 Despite work scheduling to the last detailed, and applying 

all the principles and process of scheduling activities and projects 

still overrun time. This study therefore intends to evaluate the 

factors that constraint work schedules and their effects on 

project time overrun so as to take corrective action during 

project scheduling. Also, it would serve as a decision-making 

framework in project design and estimation of project completion 

dates. 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 OVERVIEW OF METHODOLOGY  

 This chapter presents the planning of the study vis-à-vis, 

the approach and procedures used in the study as well as 

detailing the various steps adopted in the research. The chapter 

also covers the detailed description of sources of data, research 

design, sampling design and procedure, data collection 

instrument, methods of data administration and measurement. It 

is also in this chapter that methods of date analysis/procedures 

for processing the collected data and hypotheses testing were 

discussed. A simple and precise description to all parameters and 

variables used for the analysis both dependent and independent 

variables(s) were presented. 
 

3.2 SOURCE OF DATA AND INSTRUMENT OF DATA 

COLLECTION 

 The primary source of data was used for the research. The 

data was obtained from the experts opinions in the three selected 

construction companies operating in Owerri, capital city of Imo 

State Nigeria. The respondents are experienced professionals in 

the areas of construction management and engineering, project 

management, civil engineering and architecture. They were 

requested to provide their expert opinion on the effects of 

constraints of selected factors on work scheduling performance 

and project delay, which is a common phenomenon in the 

construction project management. 

 The instrument of data collection was the questionnaire 

method. Well structured and standardized questionnaires were 
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distributed to the experts in road and building construction and 

engineers executing road and building construction projects in 

Imo State Nigeria. Based on their perception, opinions and 

expertise, skills; they were requested to provide independent and 

judgmental opinions on the constraints of factors affecting work 

schedule and their effects on projects completion time and delay. 
 

3.3 RESEARCH DESIGN 

 The research design constitutes the blue print for the 

collection, measurement and analysis of data. It is a plan and 

structure of investigation so conceived as to obtain answers to 

research questions. The research design is therefore the blue 

print for fulfilling objectives. The research process for the entire 

work plan in mapped out. The methods of research design 

adopted for the study are the ex-post facto and survey 

techniques. Responses from the respondents elucidate and 

assess the level of project time overrun resulting from factors 

that constrain work scheduling. Such factors, based on their level 

of significance effects would be taken into consideration during 

activities scheduling process and project design in order to 

forestall project time overrun. The factors that constrain work 

scheduling which will be used as independent variables for the 

study as presented by Chitkara (2006) and Choo et al (1999). 

Chitkara (2006) favours constraints imposed by time, manpower, 

materials, machinery and capital. Choo, et al, (1999) identify the 

following constraints as well; contract, engineering, materials, 

labour and equipment, prerequisite work and site and weather 

conditions. The constructs of these constraints provided five 

independent variables (interrelated categories) used in 
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questionnaire design, data collection and analysis. This study is 

of the view that if these factors are not properly examined and 

taken into consideration during scheduling process, they could 

result to inefficient activities schedules, poor schedule 

performance index and project time overrun. These factors were 

analysed collectively and individually and their effects on the 

project time overrun and work schedule performance were 

established. 
 

3.4 CHARACTERISTICS OF RESEARCH POPULATION 

 Both building and road construction projects are sine qua 

non to the socioeconomic development of Nigeria. Such project, 

when completed on time with design specifications could help to 

improve socioeconomic activities and standard of living of the 

populace. The population of the study is all the construction 

projects going on in Imo State. The research population is 

characterized by dualisation of the existing roads leading into the 

state capital, linking roads between urban areas and rural areas 

as well as low cost housing estate called heartland housing 

estate. From the field survey and interview, the estimated 

targeted population of respondents in the three selected 

construction companies were estimated to the 300 in number.  

 

3.5 SAMPLING DESIGN AND PROCEDURE 

 A sample is any portion of the population selected for the 

study. A decision can be made regarding the characteristics of 

the entire population using information derived from a sample. 

According to Eheduru and Okafor (2002), a sample may have to 

be used because of a number of reasons; the population is very 

large, all units of the population cannot be reached, some 
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members of the population are unwilling to give response or 

cooperate with the research effort, the entire population is not 

available for data collection and measurement and some may lost 

on transits. Sampling helps to reduce the survey time and cost of 

the study. The sampling however must be representative enough 

to permit drawing of conclusion from the study population. The 

sampling methods used in the study are ex-post facts, 

judgmental and area sampling techniques. A sample size of 60 

was used for the study. According to Nworuh (2001) the sample 

size was determined from the from the population size using the 

formula.      
21 e

N
n


   

Where n = samples size, N  = population size  

   e =  error margin. The value of e used is 2 

with N  =  300 and e = 2, then n = 60. 

 The projects are constructed in Owerri, the Imo State 

capital considering its state capital status, high population and 

traffic density as well as high level of socioeconomic activities. 

The construction companies used for the study are; Zerock 

Nigeria Limited, New Idea construction limited and Rhas Nigeria 

Limited. These construction companies were found to be 

executing building and road constructions projects in the state 

capital Owerri as well as the link roads. 
 

3.6 QUESTIONNAIRE DESIGN AND DATA MEASUREMENT 

INSTRUMENT   

 The study adopted the method of Likert five point scale in 

the questionnaire designed measurement of data. The Likert 

summated scale involves a list of statements related to attitude 

in question and in which respondent are required to indicate the 



 66

degree of agreement or disagreement with each of the statement 

(Osuala 1982). A numerical score is assigned to each degree of 

agreement or disagreement. The scores from all the statements 

are added up to obtain the total score of each respondent. For 

each statement, respondents were requested to select only one 

position and the scale point ranges from among a scale that has 

five categories as follows; 

 Strongly disagree = 1 point 

 Disagree   = 2 points 

 Neutral    = 3 points 

 Agree   = 4 points 

 Strongly agree  = 5 points 

 The steps below as described by Boyd et al, (1977) were 

closely followed in applying the Likert scale: 

(i) A large number of favourable and unfavourable statements 

on the factors that constrain work scheduling in order to 

form expert opinion on the level of project delay and work 

schedule performance constraints. 

(ii) Responses such as strongly agree, agree, neutral, disagree 

and strongly disagree based on the subject matter were 

selected and subjected to scoring based on the subjective 

assessment of the adverse effects of scheduling factors on 

project completion date. 

(iii) Collected statement on the level of project work schedule 

performance constraint and time overrun due to these 

factors that constrain work scheduling of project in the form 

of a questionnaire were administered to a sample deemed 

to be reasonably representative of the population being 
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studied. The respondents were requested to mark one of 

the classes of agreement or disagreement. 

(iv) Each respondents total score was obtained by adding up the 

scores of the responses to each statement. 

 The Likert scale provided adequate measurement tool in 

this study with respect to data collection based on the expert 

opinion and attitudes of the respondents on the level of project 

work schedule performance and time overruns due to constraints 

imposed by work scheduling factors in the execution of 

construction projects. 
 

3.7 QUESTIONNAIRE DISTRIBUTION AND ADMINISTATION 

 The questionnaires were distributed to the top officers in 

the construction industries who are experts in 

project/construction management, civil engineering, project 

monitors/controllers, analyst and architects. The exclusive nature 

of the selected respondents is due to high technical and 

educational skill in construction project management/technology 

for the subjective assessment and scoring of the questionnaires. 

The guidelines and requirements adopted in the administration of 

the questionnaires are as follow: 

(i) The respondent must be skilled and professional employee 

of any of the building and road construction companies. 

They must posses minimum educational qualification of 

higher national diploma or first degree in the areas of 

project/construction management and technology, civil 

engineering, architecture etc. 

(ii) Must not have less than 3 years practical experience in the 

areas of project management. 
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(iii) Must not be less than 30 years of age from the researchers 

assessment. 

(iv) Must be willing to respond to questionnaires. 

 However, these requirements were satisfied and the 

questionnaires were collected after their responses. 

 Considering the small number of experts and respondents 

that satisfied the requirements, the questionnaire distribution or 

allocation are as shown below: 
 

Table 3.1: Questionnaire allocation and distribution 

 Company No of questionnaires 

1. Zerock Nigeria Limited 20 

2. New Idea Construction Limited 20 

3. Rhas Nigeria Ltd 20 

 Total 60 

 

3.8 METHODS OF DATA ANALYSIS 

 The analytical tools used for the study are multiple 

regression and correlation analyses. Regression analysis is a 

forecasting or prediction technique that establishes relationship 

between dependent and independent variables. 

 Regression is a technique for fitting a line to a set of point. 

Regression is the primary method of analysis used in associative 

technique. According to Stevension (2002), associative 

techniques rely on identification of related variables that can be 

used to predict values of the variable of the interest. The essence 

of associative techniques is the development of an equation that 

summarizes the effects of predictor variables. Predictor variables 

are the variables that can be used to predict values of the 

variables of interest. Regression analysis is therefore a statistical 
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tool, which, helps to predict one variable from the other variable 

or variables on the basis of assumed nature of the relationship 

between the variables. The variables being predicted are usually 

referred to as the unknown or dependent variables, because their 

values are dependent on the values of other variables called 

independent variables. The values of the dependent variables are 

determined by the values of independent variables. The 

dependent variables are a function of the dependent variable or 

variables; a relationship that is usually represented explicitly by 

equations as follows:  

 

 

 (for multiple regression). 

where y1, y2 are the dependent variables. 

 x, x1, x2, ………………. xn are the independent variables. 

 e is the random error term, a0 = a constant. The values of 

a1, a2, … an are unknown parameters to be estimated. 

 In regression analysis, one attempts to determine how 

given changes in certain variables affect some other variables. If 

the problem involves only one dependent variable and one 

independent variable, it is a simple regression. For one 

dependent variable, with two or more independent variables is it 

called multiple regressions. Nworuh (2003) asserts that in 

economic and business, the nature of the problems encountered 

in real life is often expressed in more than two variables. Multiple 

regressions approximate these real life problems where it 

measures the relationship existing between two or more 

variables, multiple regressions examine the nature of the 

relationship between a given dependent variable and two or more 
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independent variables in a regression function. In a multiple 

regression, the model describing the linear relationship between 

the dependent variable y and set of n independent variables; x1, 

x2……… xn and an error term e has been expressed as;  

 

 Therefore, the relationship existing between two or more 

variables could be expressed in a mathematical form by 

constructing an equation or model connecting the variables. Such 

an equation describes the average relationship between this 

variable and relationship is used to predict or control the 

dependent variables. 

 This study adopted the multiple regression and correlation 

analyses to predict and asses the level of project time overrun 

due to constraints imposed by factors affecting work scheduling 

in building and roads construction projects. Correlation coefficient 

measures the strength and direction between two variables. 

Correlation can range from – 1.00 to + 1.00. A correlation of + 

1.00 indicates that changes in one variable are always matched 

by changes in the other; or a correlation of – 1.00 indicates that 

increase in one variable are matched by decreases in the others; 

and a correlation close to zero indicates little linear relationship 

between the two variables. For a simple regression analysis, the 

correlation between two variables can be computed using the 

equation.  

 
 

Where y = dependent variable, x = independent variable;          

n = number of paired observation. 
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 The square of the correlation coefficient r2, provides a 

measure of percentage of variability in the value of y that is 

explained by the independent variable. The possible value of r2 

ranges from 0 to 1.00. 

 The closer r2 is to 1.00, the greater the percentage of 

explained variation. A high value of r2, say 0.80 or more, would 

indicate that the independent variable is a good predictor of 

values of the dependent variable. A low value, say 0.25 or less, 

would indicate a poor predictor, and a value between 0.25 and 

0.80 would indicate a moderate predictor. 

 Correlation analysis was used to predict and evaluate the 

strength of relationship existing between the schedule 

performance constraints and the factors affecting work 

schedules. These analytical tools were used to establish the level 

of time overrun of projects due to schedule performance as a 

result of constraint imposed by those factors affecting work 

scheduling. The factors are; time, manpower, materials, 

machinery and capital; all being the independent variables while 

the level of schedule performance constraints/project time 

overrun/delay is the dependent variable. According to Eheduru 

and Okafor (2002), multiple regression analysis shows in what 

proportion the independent variables determine or predict the 

dependent variable. The adverse effects of these factors 

constraining work scheduling performance vis-a-vis project delay 

would be determine individually and collectively. As a result of 

limitations and constraints imposed by these factors, the original 

project schedules usually deviate from the actual project 

progress. It is therefore necessary to determine the relationship 

between these factors as the independent variables and work 
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schedule performance/project delay as the dependent variable. It 

is on this note that multiple regression and correlation analyses 

were adopted in order to improve on the ability of the research to 

analyses, asses and predict the level of project work schedule 

performance constraints and time overruns as a result of the 

constraints imposed by the factors affecting work scheduling. 

 The data were captured and measured by the used of 

questionnaire method based on Likert five-point scale. The likert 

summated scale or rating was used to elicit responses to 

questions, based on the subjective assessment of expert opinion. 

The target respondents are experts in both building and road 

construction projects. The construction project experts are from 

the sampled population of construction companies. The 

companies are; Zerock, New Idea and Rhas construction 

companies. The experts from these companies were requested to 

provide their subjective opinion on the level of project work 

schedule performance constraints that result to time overruns as 

a result of these factors. 

 These factors were related, statistically and quantitatively 

assessed the level of project work schedule performance 

constraints  and time overruns as a result of constraints imposed 

by factors affecting work scheduling. Considering the large 

volume of data generated and the need for accuracy and 

precision in calculation, the study avoided the use of manual 

approach to the analysis, but used computer software called 

Statistical Program for Social Sciences (SPSS). In the analysis, 

correlation matrix was produced in order to identify any multi-

colinearity problem in any of the selected variable for analysis. 
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The test of statistical hypotheses and significance were carried 

out using a combination of f-test and t-test. 

 The regression or relationship model between the project 

work schedule performance constraint/overrun level and the 

constraining factors of work scheduling is presented as: 

 

Where a0, b1, … b4 represents the parameters to be estimated. 

y  =  Dependent variable representing the level of schedule performance constraints  

x1 =  Independent variable representing constraints imposed materials and capital 

x2 =  Independent variable representing constraints imposed prerequisite work and site condition 

x3 =  Independent variable representing constraints imposed by contract and engineering 

x4 =  Independent variable representing constraints imposed by labour and equipment 

x5 =  Independent variable representing constraints imposed by time and weather condition 

 Other regression parameters to be determined are as 

follow: 

 Coefficient of correlation (R): The multiple correlation 

coefficient R measures the strength of relationship between 

the factors that constrain work scheduling and level of 

project work schedule performance constraints time 

overrun. In other words, the strength or extent of 

contribution of the constraining factors to the schedule 

performance index. 

 Coefficient of determination (R2) measures the proportion of 

the total variation in the project work schedule performance 

index vis-à-vis time overrun y as explained by variables in 

the contribution of constraints imposed by factors affecting 

work scheduling. 

The value of R is the range of  
While the value of R2 is in the range of   
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3.8.1  TEST OF SIGNIFICANCE: F-RATIO TEST 

 The F-ratio is used to test the significance of the 

contributions of the aggregate work schedule performance index 

vis-a-vis constraining factors on the level of project time 

overruns in construction projects. 

 This is carried out by using analysis of variance (NOVA) 

table at 0.05 level of significance α: the value of α is high due to 

expected high margin of error expected in opinion pool. 
 

Table 3.2     ANOVA TABLE 

Sources of 
variation 

Sum of square Degree of 
freedom 

Mean square F-ratio 

 
Regression  

 

SSR = ∑yi
2 – (∑yi)

2 
                       n 

 
K 

 
MSR = SSR 
          K 

 

 

Error  
 

SSE = ∑yi
2 - ∑yi

2
 

 
 

n-k-1 
 

MSE =  SSE 
          n-k-1 

 

F = MSR 
      MSE 

Total  

SSR = ∑yi
2 – (∑yi)

2 
                       n 

 

n-1 
  

 

Source: Onyeka (1999) 

Where SSR  = sum of square due to regression  

  SST = total sum of square = SSR + SSE 

  MSR = mean square due to regression = SSR 

  SSE = sum of square due to error 

     K = the number of independent variables 

     n = the number of observations. 

 
Where 

  
      

 
 
 

 

^ 

^ 

K 
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Where y = estimated or fitted value of y in the regression 

equation. Having computed the F – value, the null hypotheses 

(H0) is accepted at α = 0.05 level of significant if 

 Fcal. < F(11-α) at k, n-k-1, degree of freedom; otherwise H0 

is rejected in favour of the alternative hypotheses (HA) for a one-

tailed test. 

 F(1-α) at k, n-k-1, is the critical value obtained from the F-

distribution table. 
 

3.8.2  TEST OF SIGNIFICANCE: THE STUDENTS t-TEST 

 If the F-ratio test rejects the null hypotheses, that are 

accepting that the identified and selected work scheduling factors 

contributed significantly to the poor schedule performance index 

or level of delay or time overrun, then, the student t-test is 

carried out to find out which of the identified and selected 

constraining factors adversely contributed significantly to the 

project time overrun poor work performance.  

                                
 

For n – k – 1 degree of freedom. 

 The decision rule for F and t test were taken as follows: 

when SPSS is in used. Reject null hypotheses if the P-value is 

less than level of significance  = 0.05 otherwise accept. Also, 

accept alternative hypotheses HA if p-value is less than  = 0.05, 

otherwise reject. In the t-test, the H0 is accepted at α = 0.05 

significant level and n-k-1 degree of freedom if tcal < t(1 – 
α/2): n – 

k – 1 degree of freedom.  
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Where t(1 = 
α/2): n – k – 1 is the critical value obtainable from the 

t – distribution table; otherwise, the alternative hypothesis Ha is 

accepted if tcal ≥ t(1 – 
α/2): n – k – 1. 

 

3.9 SUMMARY 

 This chapter presented all the methods, tools and 

techniques adopted and use for the presentation and analysis of 

all relevant data generated from the field survey. The conclusion 

and recommendation made by this study are based on the 

findings made and results obtained using these tools and 

technique of analysis. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 
 

4.1 INTRODUCTION 

 This chapter analyses the data obtained from the field 

survey. A test was conducted which aimed at ascertaining the 

effectiveness and significance of some variables hypothesized to 

impose constraints to the work scheduling factors and their 

effects on project time overrun. To this effect, multiple 

regression prediction model based on the ordinary least square 

method was formulated. The data was presented and analysed in 

a simple statistical formats and table. Considering the number of 

independent variables and volume of data generated, the 

researcher made use of a computer software; statistical 

programme for social sciences (SPSS) in the analysis of data. 

Results were generated from the data analysis, which were 

subjected to in-depth examination and discussion. 
 

4.2 SUMMARY OF DATA COLLECTED FROM FIELD SURVERY 

 The responses from the respondents on the subject matter 

are based on the following factors as they concern work 

scheduling factor and their constraints scheduling performance 

and project time overruns. The responses were obtained from the 

construction experts from the following companies; Zerock, New 

Idea and Rhas Nig. Ltd. The questionnaires allocation and return 

were shown in the table below: Out of 60 (100%) copies of 

questionnaire distributed, 52 (8.67%) were returned. 

 The causative factors that constrain work schedule 

performance were adopted from Chitkara (2006) and Choo, et al, 

(1999) after careful examination and reasoning of their 

constructs, some similarities, interrelationship and interaction 

that provided the needed broad categories used in the analysis. 
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 Constructs underlying each factor were investigated, the 

results of which were incorporated into the questionnaires. The 

respondents rating of the magnitudes were based on the Likert 

five point scale. The focused and target construction companies 

and their respective questionnaires allocations and returns were 

shown in table 4.1. 
 

 

 

 

Table 4.1: Return of Questionnaires 

Construction 
company 

Questionnaire 
allocated  

Returned  Percentage 
returned 

Zerock 20 19 95 

New Idea 20 19 95 

Rhas Nigeria Ltd 20 20 100 

Total  60 58 96.7 

 

 The constraining factors that captured respondents opinion 

poll are: 

 X1 = Material and capital 

 X2 = Prerequisite work and site condition 

 X3 = Contract and engineering  

 X4 = Labour and equipment/machinery (human technical effort)  

 X5 = Time and weather condition 

y = Level of Schedule Performance Constraint (LSPC) 

representing the dependent variable.  

 The factors; x1, x2, x3, x4, and x5 are the independent 

variables used in the multiple regression analysis. The 

constraints imposed by these factors adversely affect the 

actualization of enhanced schedule performance. The means and 

percentage score of the factors that contributed to the work 

schedule performance constraints and project time overrun and 

their level of effects on the realization of project time objectives 

were presented as descriptive statistics in table 4.3 shown below: 
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Table 4.2: Summary of data collection from the field survey. 

Respondent Y X1 X2 X3 X4 X5 

1 43 18 14 21 19 21 
2 39 16 15 19 18 15 
3 42 20 20 21 15 19 
4 40 19 19 18 17 16 
5 36 15 16 19 15 11 
6 38 16 17 17 15 17 
7 42 20 22 20 17 20 
8 38 16 20 17 18 15 
9 43 18 23 21 19 21 
10 39 16 23 19 18 15 
11 41 20 24 20 17 18 
12 38 17 22 16 14 14 
13 43 19 23 19 15 20 
14 45 21 24 22 18 21 
15 40 17 17 19 18 19 
16 38 13 16 18 19 14 
17 39 15 17 16 18 15 
18 39 18 16 17 20 12 
19 41 20 18 19 19 18 
20 40 18 17 19 20 17 
21 42 20 20 21 15 19 
22 38 17 22 16 14 14 
23 43 19 13 19 15 20 
24 45 21 24 22 18 21 
25 40 18 20 18 16 18 
26 41 19 21 19 17 20 
27 39 15 19 20 17 15 
28 39 15 17 16 18 15 
29 39 18 16 17 20 12 
30 41 20 18 19 19 18 
31 40 18 17 19 20 17 
32 42 20 20 21 15 19 
33 40 19 19 18 17 16 
34 36 15 16 19 15 14 
35 38 16 17 17 15 17 
36 42 20 22 20 17 20 
37 38 16 20 17 18 15 
38 43 18 23 21 19 21 
39 39 16 22 19 18 15 
40 41 20 24 20 17 18 
41 38 17 22 16 14 14 
42 43 19 23 19 15 20 
43 45 21 24 22 18 21 
44 40 18 20 18 16 18 
45 41 19 21 19 17 20 
46 39 15 19 20 17 15 
47 40 18 21 19 17 18 
48 40 17 17 19 18 19 
49 38 13 16 18 19 14 
50 40 19 19 18 17 16 
51 36 15 16 19 15 14 
52 40 17 17 19 18 19 
53 42 20 12 20 17 20 
54 38 16 20 17 18 15 
55 43 18 14 21 19 21 
56 39 16 15 19 18 15 
57 42 20 20 21 15 19 
58 40 19 19 18 17 16 

 

Source: Field Survey Report (2010).  
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Table 4.3: Descriptive Statistics. 
 

Level of Schedule Performance Constraint (LSPC) Mean Std. Deviation N 
Level of Schedule Performance Constraints  40.19 2.190 58 
Materials    x1 17.70 2.043 58 
Manpower  x2 19.24 3.059 58 
Capital       x3 18.85 1.697 58 
Machinery  x4 17.13 1.683 58 
Time          x5 17.19 2.614 58 

 

Source: Computer Analysis Print-out. 
 

 

 The summary of the data collected from the field survey is 

shown in table 4.1 above. Based on the data, the research 

hypotheses were tested at 0.05 level of significance α. The large 

value of α was considered in order to address the problem of 

large error associated with opinion pool, being the only source 

data. 
 

4.3 ASSESSING THE LEVEL OF RELATIONSHIP EXISTING 

AMONG THE VARIABLES SELECTED FOR ANALYSIS 

 The assessment is done with the help of correlation matrix 

as shown to table 4.4 below. The objective is to determine 

whether the variables selected for analysis and the data relating 

to them are significantly different from each other. Where the 

correlation coefficient value for two variables in the stream of 

independent variables is found to be unity (1.0), it means that a 

multi-co-linearity problem exist between the two variables, which 

implies that they are not significantly different from each other. 

Therefore, the two variables can be worthy of introduction as 

separate independent variables in the regression analysis. The 

correlation matrix is shown on table 4.3 below: The distribution 

of the Pearson correlation coefficients shows that the highest 

absolute value of correlation of independent variable is 0.72 for 

variables x3 and x5 and the lowest value is 0.001 for x4 and x5. 

The implication of the above distribution is that the correlation 
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coefficients are far from being unity (1.0) and therefore indicates 

that each of the variables selected is significantly different from 

the others and exhibits no problem of multi-co linearity. The 

variables are therefore accepted as being worthy of introduction 

into the regression analysis model adopted for the study. 
 

Table 4.4: Correlations Matrix. 
 

 LSPC X1 X2 X3 X4 X5 

Pearson Correlation:  LSPC 1.000 .805 .404 .721 .157 .867 

                                   x1   .808 1.000 .419 .544 .027 .696 

                                   x2 .404 .419 1.000 .272 .164 .322 

                                   x3 .721 .544 .272 1.000 .133 .712 

                                   x4 .157 -027 .164 .133 1.000 .001 

                                   x5 .867 .696 .322 .712 .001 1.00 

Sig. (1-tailed):             LSPC   .000 .001 .000 .128 .000 

                                   x1  .000  .001 .000 .423 .000 

                                   x2 .001 .001  .023 .118 .009 

                                   x3 .000 .000 .023  .169 .000 

                                   x4 .128 .423 .118 .169  .496 

                                   x5 .000 .000 .009 .000 .496  

 

 Source: computer print out of data analysis using SPSS 
 

4.4 RESULTS OF THE MULTIPLE REGRESSION ANALYSIS 

 The results of the analysis are therefore interpreted as 

follow. The relationship or predictor’s equations for the analysis, 

coefficient of multiple regression and F-test at 5% level of 

significance are deuced from tables 4.6, 4.4 and 4.5 respectively. 

 The relationships or predictor’s equation: 

Y = 18.942 + 0.484x1 + 0.082x2 + 0.164x3 + 0.218x4 + 0.428x5 …... 4.1 

with coefficients of multiple correlation R and determination R2 of 

0.935 and 0.861 respectively. 

 This is an indication of strong relationship between the 

dependent variable and independent variables. Also, the t-test 

and their respective significances p-values are shown on table 

4.7. The results of the t-test of significance would be used for 
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test of hypotheses on the significant of contribution of work 

scheduling constraints to project work schedule performance and 

time overrun by each independent variable and effect of 

individual independent variables on the project time overrun vis-

à-vis poor work schedule performance index. 

Table 4.5: Model Summary 
   

 
Model 

 
R 

 
R Square 

Adjusted  
R Square 

St. Error of 
the Estimate 

Durbin- 
Waston 

1 .888a .789 .776 .928 1.834 
 

 a. Predictors: (Constant), x5, x4, x2, x1, x3. 

 b. Dependent Variable: Level of Schedule Performance Constraint (LSPC) 
 

a. Predictors: (Constant), Manpower, Capital Materials and 

Machinery Constraints. 

b. Dependent Variable: Level of work schedule performance 

constraints of Project/Time Overruns (due to constraints impose 

by these factors). 
 

 

Table 4.6:  ANOVAb 

Source: Computer Analysis Using SPSS. 

Model Sum of 
Squares 

df Mean 
Square 

F Sig. 

1.       Regression 232.058 5 44.412 74.58 .000 

          Residual      33.090     52        .768   

          Total    304.148     60    
    

 a. Predictors: (Constant), x5, x4, x2, x1, x3. 

 b. Dependent Variable: Level of Schedule Performance Constraint (LSPC) 
 

Table 4.7: coefficientsa 

 
Model 
 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

 
 

t 

 
 

Sig. B Std. Error Beta 
1.                   (Constant) 18.944 1.814  10.001 .000 
                                   x1     .484   .090 .388 4.954 .003 

                                   x2    .082   .051 .098 1.801 .148 

                                   x3    .164   .109       .133 2.038 .109 

                                   x4    .245   .189       .105 3.209 .004 

                                   x5    .428   .092       .608 6.069 .001 
 

 a. Dependent Variable: Level of Schedule Performance Constraint (LSPC) 

   Source: Computer Analysis using SPSS 
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 The interpretation of the regression result shows that; the 

strength of the relationship between the project work schedule 

performance constraint/time overrun and the independent 

variables is 88.8%. Equally, the proportion of total variation of 

work scheduling constraints and their effects on the project 

schedule performance/time overrun level explained by the 

cumulative variations in all the selected independent variables is 

77.6%. 
 

4.4.1   STATISTICAL TEST OF RESEARCH HYPOTHESES 

 The study formulated a total of six research hypotheses; 

which were tested as follow: 

 The effects of aggregate factors that constrain work 

scheduling was tested with F-ratio through ANOVA table. 

HO1: Constraining factors and variables in project management 

such as manpower and machinery, time, capital and 

materials engineering and contract etc. have no significant 

effects on the project time overrun and poor schedule 

performance index. 

HA1: Constraining factors and variables in project management 

such as manpower and machinery time, capital, materials, 

contract and engineering etc. have significant contribution 

to time overrun and poor schedule performance index in 

construction projects. 

 This hypothesis was tested with the F-ratio test through 

ANOVA table at 0.05 level of significance α. From table 4.6, the 

F-significant i.e P-value (F-sig) for the dependent variable y = 

0.000. Therefore since p-value = 0.000 < α = 0.05, the test is 

significant. The null hypothesis HO1 is rejected in favour of 

alternative hypothesis HA1. The study therefore concludes that as 
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a result of constraints associated with the work scheduling 

factors such as manpower, time, capital, materials and 

machinery, etc. there is significant project time overrun and poor 

work schedule performance index. 

 The hypotheses; HO2, HO3, HO4, and HO5 were tested with 

t-test. 

HO2: Capital and materials sourcing, rationing, budgeting and 

availability are not significant constraints to schedule 

performance and work progress. 

HA2: Capital and materials sourcing supply and availability in 

project scheduling have no significant constraint to the time 

overrun and schedule performance index. 
 

 The P-value of x1 used for HO2 = 0.003. Since P-value of x1 

= 0.003 < α = 0.05, level of significant. The study concludes that 

constraints associated with capital and material supply and 

availability in work schedule significantly lead to project time 

overrun and poor work schedule performance index in 

construction projects. That is to say that the test is significant. 

HO3: The constraints due to prerequisite work and site condition 

during project execution do not result to significant poor 

scheduling performance and time overrun of construction 

projects. 

HA3: The constraints due to prerequisite work and site condition 

during project execution result to significant poor project 

work scheduling performance and time overrun of 

construction projects. 

 The HO3 was tested based on x2. From table 4.7, the P-

value of x2 for HO3 = 0.148. The test result is not significant, 

since the P-value = 0.148 > α = 0.05. The study concludes that 
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the constraints associated prerequisite work and site conditions 

are not significant constraints on work schedule performance 

during project implementation. They do not result to significant 

poor scheduling performance and time overrun in construction 

projects. 

HO4: Constraints due to contract and engineering changes and 

review do not result to significant time overrun and poor 

schedule performance index. 

HA4: Constraints due to contract and engineering changes and 

review result to significant time overrun and poor schedule 

performance index. 
 

 The HO4 was tested with x3 from table 4.7, the P-value of x3 

for HO4 = 0.109. The result of the test is significant because the 

P-value for x3 = 0.109 > α = 0.05. The null hypothesis HO5 is 

accepted. The study concludes that the constraints associated 

with engineering and contract reviews and changes have no 

significant time overruns and poor work schedule performance 

index in construction projects. 

HO5: Manpower, equipment, machinery and human technical 

effort have no significant contribution to project time 

overrun and poor schedule performance index. 

HA5: Manpower, equipment, machinery and human technical 

effort have significant contribution to time overrun and poor 

schedule performance index. 
 

 From table 4.7, the HO5 with its P-value for x4 = 0.004 < α 

= 0.05 hypothesis HO5 is accepted. The study concludes that 

technical effort, manpower and machinery constraints have 
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significant effects on project time overrun and poor work 

schedule performance constraints. 
 

HO6: Time estimation and weather condition do not significantly 

lead to project time-overrun and poor schedule 

performance index. 

HA6: Time estimation and weather condition result to significant 

project time overrun and poor schedule performance index. 

 The HO6 was test with x5. From table 4.6, the p-value of 

HO6 was tested with x2. From table 4.7, P-value for x5 = 0.001. 

The test of HO6 is significant since P-value = 0.001 < α = 0.05. 

The study concludes that the constraints associated with timing 

and weather condition in work scheduling lead to or increase 

project time overrun and poor schedule performance index. 
 

 

4.4.2 DISCUSSION OF THE RESULTS 

 From table 4.6, the relationship model of the study is         

y = 18.944 + 0.484x1 + 0.182x2 – 0.164x3 + 0.245x4 + 0.428x5. 

 The five independent variables together indicated 0.84 

(84%) level of relationship with the dependent variable y i.e. 

level of time overrun and work schedule performance constraints 

in construction projects.. 

 The ranking of the independent variables (factors) in their 

order of significant effects on the project time overrun and poor 

work schedule performance is presented in table 4.8 below. 
 

Table 4.9: Ranking of the factors (independent variables). 

Factor t-value Significance 
(p-value) 

Rank 

Materials and capital constraints (x1)  4.751 0.003 2nd  
Prerequisite works and site condition (x2)  1.501 0.148 5th  

Contract and engineering constraints (x3)  1.838 0.109 4th  
Machinery and manpower constraint (x4)  3.107 0.004 3rd  

Time constraint and weather condition (x5)  5.867 0.001 1st  
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 The statistical tests results of the hypotheses have provided 

important information and statistics which will guide project 

managers in decision-making during the project planning and 

design. It is believed that  the study will help in improving 

schedule performance and project success through reliable time 

estimation for project completion with little or no delays. 

Significant scheduling errors are usually encountered during the 

project execution due to lack of evaluation of the impact of these 

constraining work scheduling factors. 

 The work schedule can form the basis for making forecast. 

According to Chitkara (2006), the forecast predicts, date wise, 

the future projections, in respect of input resources and 

production outputs. They are educated guesses based on 

assumptions and judgment. The assumption made at the time of 

forecasting is based on the then available information which may 

or may not hold good in the future. Unforeseen situations may 

arise which affect the decisions made at the time of preparation 

of forecast. 

 From the analysis, the aggregate effects of constraining 

factors on the poor work schedule performance index are 

significant. It is therefore imperative to carryout in-depth 

analysis prior to project implementation on the effects of these 

constraining factors so that they will be given appropriate 

consideration during work scheduling in order to forestall project 

time overruns. 

 The constraints associated with the availability of time and 

weather conditions are the most significant crucial factors 

causing project poor scheduled performance and time overrun. 

This could be as a result of unreliable time estimation and timing 
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error of works due to incessant and unscheduled public holidays, 

seasonal changes e.g. unscheduled stoppage of construction 

work as a result of heavy rainy days, weeks or even months, 

absenteeism of workers, downtimes of work due to certain 

reasons etc. Irrespective of all odd, a schedule is suppose to take 

into consideration or meet the project time constraints in a such 

a way that project duration is not exceeded. The scheduled must 

account for holidays, bad weather days, force majeure and the 

non-working periods. 

 Material and capital constraints rank second in the analysis 

of the study. The country economic situation is characterized by 

construction materials scarcity and fluctuation in prices. Also, the 

scheduled delivery of construction materials is neither reliable 

nor realistic in some cases. Therefore, any work schedule that 

depends on the schedule delivery is bound to disappointment; 

because materials hardly arrive at the schedule date when they 

have been programmed for usage in accordance with the work 

schedule. As a result, project is prolonged leading to time 

overrun. According to Chitkara (2006), construction materials are 

increasingly becoming scarce, and their procurement is a time 

consuming process. The schedule aids in forecasting of materials, 

and their timely supply helps to determine the economics and 

progress of work. For materials in short supply, the schedule may 

have to be based on availability constraints. In Nigerian context, 

funds for project execution are not easily released to buy the 

materials, pay workers and maintain equipment. Due to the 

delay, project activities may not be executed as scheduled and 

when due. 
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 The third factor in rank that constraints work schedule 

performance in project implementation stage is machinery, 

labour and human technical efforts coupled with other 

technological constraints. There are many problems associated 

with machinery especially in the developing countries ranging 

from inadequate capacity to low technological skills and 

acquisitions. The machines are usually characterized by incessant 

breakdown without back-up system and competent maintenance 

crew. Sometime the spare parts and the machines themselves 

are scare or costly to acquire. Both the machines, spare parts 

and technicians to operate the machines are imported and 

excessive order lead times contribute to project time overrun or 

delay. Because of low technical efforts and lack of local experts in 

some construction projects, exports are hired from abroad. Lead 

times for hiring of expatriate staff are usually too long and work 

stoppage is imminent while waiting for the arrival of expatriate 

staff. 

 Other constraints of work scheduling such as engineering 

and contract changes and reviews, prerequisite work and site 

conditions, though their effects on project time overruns are not 

significant, they should also be given attention and consideration 

during work schedule in order to reduce project time overrun to 

the barest minimum vis-à-vis poor work schedule performance 

during the implementation stage of project life cycle. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 CONCLUSION 

 The study makes the following conclusions based on the 

research finding. 

(i) Work scheduling is a very important deciding factor in 

achieving project success. Therefore, all the constraints 

associated with the factors affecting work scheduling should 

be properly assessed and use for scheduling prior to project 

implementation. The result of the assessment would serve 

as a framework and road map that guide the managers in 

decision making, project design and work scheduling as 

veritable factors for project success. 

(ii) Project time overrun and poor schedule performance index 

are due to time and material supply constraints. It could be 

that these constraints lead to significant variation between 

actual project progress and scheduled progress with 

resultant time overrun. 

(iii) Also the constraints to work scheduling performance 

imposed by other factors such as manpower, and capital 

are significant and should be monitored from time to time 

in order to prevent them from causing project failure in the 

course of project management. 

 Time management is very crucial and indispensable 

because the results of other factors affect time. In order to 

achieve a reliable work scheduling performance needed to 

forestall project delay, the scheduling constraining factors must 

be identified and addressed accordingly with proper tracking and 

control of project activities. Scheduling performance index and 
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earned work-hours can be improved by comparing the actual 

scheduled progress with planned scheduled progress and taking 

timely corrective action where deviations result. 

 

5.2 RECOMMENDATIONS 

 In view of the research findings, the study therefore 

recommends as follows: 

1. As time is a major determinant of work scheduling, in-depth 

and accurate forecast and scenario analysis of time should 

always be carried out prior to work implementation. This 

would help to dampen the uncertainties associated with 

hidden calendar days and enhance time estimation accuracy 

during work scheduling. The length of rainy reason which 

disrupts works should be incorporated into the work 

schedule work plan. 

2. Strict compliance with schedules and time discipline are 

important in order to minimize the difference between 

actual work progress and schedule work progress and to 

avoid project time overrun. 

3. Effective work scheduling should be put in place which 

could be backup with control mechanism for tracking and 

controlling project progress. 

4. There should be feasibility studies on the sustainable 

materials availability that should last throughout the project 

life cycle. Forecasting and other analytical tool could be 

used to study the future trend of construction materials and 

the result should be used for work scheduling. 

5. The management should put in place efficient purchasing 

and materials management practice. The purchasing 
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functions should be followed-up to improve scheduled 

supply of materials. Two-bin method of inventory control 

system should be adopted in order to forestall materials 

shortages that usually result to downtimes and operational 

delays. 

 The above recommendations if properly implemented are 

capable of ensuring reliable information needed for effective time 

estimation and work scheduling as well as enhanced schedule 

performance index of construction projects. 
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APPENDIX 1 

LETTER OF INTRODUCTION 

 

Department of Project Management Technology, 

Federal University of Technology 

Owerri Nigeria. 

4th May 2011. 

Dear Respondent, 
 

 I am an MSc. Student of Department of Project 

Management Technology of the above University. I am presently 

undertaking a research project titled; Analysis of Factors that 

Constrain Word Schedule Performance in Construction Industries 

in Nigeria. To give the study the practical touch it deserves the 

researcher has selected your company as one of the operating 

construction industries in Imo State of Nigeria found suitable to 

be used as a case study. To enable me carry out this research 

work, I have identified you as one of those who perform key role 

in the course of the above project. Could you please respond to 

the following questions which would help me tremendously in this 

research. Be assured that information given will be strictly used 

for this academic exercise and will be treated in confidence for 

the purpose of the research only. 

 

         

        Yours faithfully, 

 

        Azi Dennis Anayo. 
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APPENDIX 2 

QUESTIONAIRE 

SECTION A 
 

Fill the blank spaces or tick ( ) where applicable.  

1. Name (optional):…………………………………………………………………………… 

2. Profession/Trade:…………………………………………………………………………… 

3. How long have you worked in this company? 

4. Education Background. 

 (i) SSCE/GCE   (ii) OND/NCE   

 (iii) HND/BSc.   (iv) MSc. And Above  

5. What is the nature of your participation in RAS 8 project. 

 (i) Sponsor/Promoter 

 (ii) Consultant/Technical Partner 

 (iii) Engineering Design 

 (iv) Engineering Consultant 

 (v) Others (Specify) 
 

6. At what stage were you introduced to the project? 

 (i) Inception/Conception   (ii) Planning/Design 

 (iii) Feasibility Study 

 (iv) Implementation/Construction  (v) Completion 

 (vi) Others; (Specify)…………………………………………………….. 
 

SECTION B 

  In this section, you are required to indicate the extent to 

which you agree or disagree with the questions on; Analysis of Factors 

that Constrain Work Schedule Performance in Construction Industries 

in Nigeria taking your experience into consideration. Five point scale 

has been provided and you are required to tick ( ) at the point that 

represents your feelings and opinion. The points are as follows: 

 SD = Strongly disagree  = 1 point 

   D = Disagree   = 2 points 

   N = Neutral   = 3 points 

   A = Agree    = 4 points 

 SA = Strong agree  = 5 points 
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  RESPONSES 

 FACTORS SA A N D SD 
 CAPITAL AND MATERIALS AVAILABILITY 

AND SUPPLY (X1) 
     

11. Capital and materials are not always available 
when needed 

     

12. The cost of capital and materials are high and 
always takes unspecified time to obtain. 

     

13. Only short term loans are available and requires 
periodic sourcing. 

     

14. Materials supply lead time is long due to bad 
road network 

     

15. Project scheduling are completed before 
sourcing for project finance and material supply. 

     

 

2 

CAPITAL AND MATERIALS AVAILABILITY 
SUPPLY (X1) 
The required skilled manpower is very costly 

     

2. Only the unskilled manpower is available      

3. The labour cost is generally very high      

4. Long time for training of new staff      

5. The rate of training of new staff is low      

 PREREQUISITE WORK AND SITE CONDITIONS 
X2 

     

6. Rugged geographical and swampy terrain for 
the project site. 

     

7. Precedence and logical execution of tasks are 
not followed. 

     

8. Host communities interference and youth 
restiveness. 

     

9. Lack of shelter and recreational facilities at the 
site. 

     

10. Precedence and prerequisite activities are 
usually completed with mistakes, hence long 
time for correction. 

     

 CONTRACT AND ENGINEERING X3      

11. Ambiguous procedures and methods      

12. Incomplete design information       
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 FACTORS SA A N D SD 

13. Wrong interpretation of designs       

14. Frequent changes and review of engineering 
designs by clients. 

     

15. Subcontractors do not keep to time.      

 CONSTRAINING FACTORS 
MANPOWER, MACHINERY AND TECHNICAL 
EFFORTS  (X4) 

     

16. The required skilled manpower is very costly       

17. Obsolete machines with poor maintenance 
policy. 

     

18. Poor human development programme      

19. Replacement of machines very costly      

20. Low capacity utilization due to breakdown.      

 TIME AND WEATHER CONDITIONS (X5)      

21. Scheduling errors are too frequent and not 
taken care of during work scheduling. 

     

22. Unscheduled and unexpected holidays are too 
rampant. 

     

23. The effects and duration of rainy season not 
considered during working scheduling. 

     

24. Workers unauthourised absenteeism is too 
frequent. 

     

25. Wrong logical sequencing of project activities      

 DEPENDENT VARIABLE (Y) 
LEVEL OF SCHEDULE PERFORMANCE, 
CONSTRAINTS (Y) 

     

1. The labour productivity and standard time of the 
available manpower are rated too low. 

     

2. The workers are not motivated for better 
performance. 

     

3. Workers make too much mistakes and take 
longer time for rectification and corrective 
actions. 

     

4. Activity times estimation are longer than actual 
times for project schedules. 
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 FACTORS SA A N D SD 

5. Ample capacity for construction work activities      

6. Timely maintenance of broken down machines 
and equipment. 

     

7. Qualify engineers are not always available for 
good designs 

     

8. Incessant strike and poor industrial relations 
lead to project time overrun. 

     

9. Material and funds are not supplied as and when 
due. 

     

10. Subcontractors do not keep to schedules as 
contained in terms of contract. 
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