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Abstract

The Nigerian construction industry is expanding at a rapid rate both in terms of complexity and
volume, with that comes a host of issues with project cost and time overruns being at the top. As
a result of this, it has become important to conduct this study with the aim of developing cost and
time models that can be used by stakeholders in the construction industry. The objectives of this
study are to: determine the relationship between cost per kilometer and cost overrun in Nigeria,
ascertain the relationship between cost per kilometer and time overrun in Nigeria, analyze the
relationship between initial cost and cost overrun in Nigeria and determine the relationship
between initial time and time overrun in Nigeria. Secondary data of a population size of 229
extracted from a document released by the Federal Ministry of Works and Housing in 2017 on
the ongoing highway projects in Nigeria was the source of data for this study. Linear regression
was the form of analysis performed in order to develop the models in this study. The models
obtained in this study are as follows:

C1=-4.681 x 10'° + (5.946 x 10%) Log Cinm + &,
T\ =-322.174 + (58.454) Log Cim + i,
C1=-4.336 x 10° + (1.088) Co + &i.
Ti=-15.463 + (1.333) To + &i

The four models developed posted R? values, ranging from >10% to <30%. In conclusion, the
relationship between the initial cost of highway projects and its corresponding cost overrun
posted the highest R? value of 30.2% with an adjusted R? value of 29.1%. This study
recommends that reliable cost and time models should more often than not be utilized in
predicting the actual time and cost it would take to complete a highway project in Nigeria.



CHAPTER ONE

INTRODUCTION
1.1  Background of the Study

Over the last few decades, the Nigerian Construction Industry is one that is getting more and
more intricate. With Industrial development having a stronger effect on the Industry. Structures
are only getting more complex, making it even more difficult to complete the projects within
quality standards, budgeted cost limits and on time. These complex structures often result in
equally complex risk situations which can if not handled properly, easily lead to cost and time

overruns.

Unfortunately, this has been the case when it comes to the Nigerian Construction Industry, with
most of the Federal Highway projects in the last two decades experiencing either cost overruns,
time overruns or both. According to the Federal Ministry of Works and Housing, (2017), the
Nigerian Construction Industry has experienced severe cost and time overruns which has led to
drastic time delays and hundreds of billions over the original contract agreement. To improve
upon this situation, it is necessary to begin cost management early on in the project. This is

where the concept of modeling comes into play.

A basic definition of a model is a procedure developed to reflect, by means of derived processes,
adequately acceptable output for an established series of input data. Ideally a model should be
simple enough for manipulation and understanding by those who use it, representative enough in
the total range of the implications it may have, and complex enough to accurately represent the
system. It is also advantageous for models to be able to react and adapt to changes and maintain

its accuracy (Seeleyl1996). The purpose of modeling is to create an algorithm or parametric



equation that can be used to predict within a reasonable margin, the cost or time to execute a new
project. Developing these models has been very crucial to estimators as it allows an estimator to
promptly provide a reasonable estimate for a new project, in terms of the cost of the project and
when the project is likely to be completed. It is highly unlikely that the output of the models will
be exactly correct. However, the process of forecasting through models should not be mistaken
for guessing as it involves analyzing the data from similar historical projects and extrapolating
probable outcomes.

Cost modeling may be defined as a symbolic formation of a system and the content of it is
defined with the factors affecting the cost [Holm, 2005]. Essentially, cost modeling is the
development of the anticipated costs with very little project specific information (Chapman,
2012). The cost estimation models can also be classified according to their characteristics. In
general, the first one is the traditional cost estimation models based on quantities; e.g. mono-
priced cost estimation models used in the schematic design phase (such as unit, square, cube and
building envelope models), resource-based models used in the construction phase, models based
on functional elements and building operational units. The second one is the untraditional models
that is to say, models comprising new techniques and practices; e.g. the experimental models,
regression models and simulation models. The untraditional cost models are considered to be
more accurate due to their ability to capture a lot more features than that of the traditional models

(Akintoye and Fitzgerald, 2000).

Time for the performance of a construction project is usually a particularly important
consideration for the parties involved. However, it is very common that projects are seldom
completed on time (Nassa et al, 2005). The need for developing efficient time models is fast

rising, this is due to the fact that for the more complex projects, the financers are less focused on



the cost of the executing the project and are now more focused on time it would take to complete
the project. Thus, there is more dissatisfaction among clients when the project is no longer
progressing at the proposed pace. However, with efficient time models the client is provided with
realistic projections on how long construction is expected to take depending on the scale and
complexity of the project.

1.2 Statement of the Research Problem

It is all too common for projects in the Nigerian construction industry to experience both cost
and time overruns. This is due to a host of factors such as optimism bias, inaccurate
measurements and estimates, corruption, delayed payments to contractors, variation and so on
Gbahabo and Ajuwon(2017). Projects that experience either one or both of these forms of
overruns could have their success completely undermined and could potentially result in billions
wasted if the project becomes too costly to complete. In this case, the Nigerian construction
industry has not been spared as it reports billions in overruns on highway projects alone each
year.

Highway construction duration estimates are often prepared very early in the design phase and
are usually based on individual experiences on similar projects (William et al, 2008). These
estimates are often biased, unrealistic or just simply inaccurate. It is for this reason that the need
for pragmatic and robust models for the efficient prediction of construction duration at the design
phase is needed.

There have been cost and time models developed by scholars in Nigeria in the past, however
there is limited literature of cost and time models in northern and southern Nigeria.

1.3 Research Questions

This study will attempt to answer the following questions.



1. What is the relationship between cost per kilometer and cost overrun of highway projects
Nigeria?

2. What is the relationship between cost per kilometer and time overrun of highway projects
Nigeria?

3. What is the relationship between initial cost and cost overrun of highway projects Nigeria?

4. What is the relationship between initial time and cost overrun of highway projects
Nigeria?

1.4 Aim and Objectives of the Study

The aim of this study is to develop a functional model based on historical data for the
prediction of highway project duration and cost with a view to minimizing overruns in
Nigeria. To achieve this aim, the following objectives are to be accomplished:
1. To determine the relationship between cost per kilometer and cost overrun of highway
projects in Nigeria.
2. To ascertain the relationship between cost per kilometer and time overrun of highway
projects in Nigeria.
3. To analyze the relationship between initial cost and cost overrun of highway projects in
Nigeria.
4. To determine the relationship between initial time and time overrun of highway projects
in Nigeria.
1.5 Scope of the study
The data used for this study was obtained from the Federal Ministry of Works and Housing and

covered highway projects across Nigeria from 2002 to 2015. Other public sector projects outside



this data base were not covered by the study particularly due to the cost of obtaining the required

data, and the timeline for the submission of this project.

1.6 Significance of the study

The benefits of developing reliable models for determining cost and time estimates cannot be
over emphasized as it could drastically reduce the rate at which cost and time overruns occur and
also significantly reduce the effect that these overruns have on the construction industry when
they do occur. These overruns have plagued the Nigerian construction for decades and as such, if
the industry is looking to improve on its efficiency, productivity and output, then it is necessary
to develop these models. The significance of this study is to empower construction professional
and to have an easy access to a functional model for predicting the degree of cost and time

overruns in the Nigerian construction industry.



CHAPTER TWO

LITERATURE REVIEW

The topic of cost and time modelling is one that has certainly been explored by professionals and
scholars in the construction industry, this is due to its effectiveness and also the unique
functionality it can bring to a project. Several scholars have done extensive work on cost and
time models on construction projects, each focusing on diverse methods, locations and types.
The main reason why so much research has been done on the topic is to develop more effective

methods on curbing cost and time overruns.

Construction project time overrun can be defined as an extension of time beyond the contractual
time agree during the tender and cost overrun as an extra cost beyond the contractual cost agreed
during the tender. Literature by notable scholars in the industry were reviewed in order to get a
grasp on what scholars have contributed on the topic of cost and time models in the construction
industry. Delays in the industry generally do not benefit either party on a construction project,
they usually have a negative effect on clients, contractors, and consultants in terms of growth in
adversarial relationships, mistrust, litigation, arbitration, cash-flow problems, and a general
feeling of trepidation toward one other (Ahmed et al. 2003). A project may not be regarded as a
successful endeavor until it satisfies the cost, time, and quality limitations applied to it. However,
it is not uncommon to see a construction project failing to achieve its goal within the specified

cost, time, and quality (Nega 2008).



2.1 Cost Overruns

Cost overrun is considered as one of the most important problems that encumber projects
progress, since it reduces the contractor’s profit and can lead to enormous losses and also
potential undermine the success of the project Sindhu et al(2018). Lambert (2020) described cost
overrun as any unexpected incurred cost that causes a project exceed the budget of a contract in
order to successfully carry out the objectives agreed with the client. Ideally projects should not
experience any overruns. However, Omoregie and Radford (2006) reported that the cost of
projects in Nigeria escalated by 14% by the time the project was coming to completion. The
issue of cost overrun is not one that is solely associated with Nigeria as it is a phenomenon that
can be found globally. Al-hazim et al (2017) illustrated the extent of cost overruns in Jordan and
similarly Samarghandi et al (2016) studied the reasons for delays and cost overruns in Iran.

Venkateswaran and Murugasan (2017) study the extent of cost overruns in India.

2.1.1 Factors Causing Cost Overruns

There are so many factors that could lead to cost overruns during the life cycle to a project.
Ameh et al (2010) found that mode of financing, bonds and payment where the most likely factor
to cause cost overruns in projects. On the other hand, Omoregie and Radford (2006) showed that
price fluctuation was the most sever cause of project cost escalation in Nigeria. Susanti and
Nurdiana (2020) concluded that rework was the most influential factor in causing cost escalation.
Mahmud et al, (2021) concluded from their research findings that the triggers of cost overrun in
highway projects are contextually driven by the complex nature of the project management,
societal, macroeconomic and leadership triggers specific to the Nigerian context. Kamaruddeen
et al (2020) found that shortage of material was the most influential factor leading to cost

overruns in Malaysia.



2.2 Time Overrun

Time overruns or delays is a very serious problem in both developed and developing countries
(Soomro et al, 2019). However, the situation is worse in developing nations and Mobbs (1982)
found that developed nations are better at completing construction projects in time. Time
overruns have the potential to significantly undermine the success of a project based on the fact
that project duration or time is one of the main criteria for a successful project (Silva et al, 2016).
There are no benefits of time overruns in a construction projects as it often causes disorder in
workflow and is costly to all the stakeholders involved (Hamzal et al, 2011). In Nigeria, overruns
are given as the most important factor for project abandonment or contractor failure (Elinwa and
Buba 2001). According to Elinwa and Buba (1993), Nigerian construction projects typically
experience time overruns between 50 and 420% of the initial durations of the projects. This
situation can potentially get even worse than it is currently due to the increasing level of

complexity of projects these days (Hassan et al. 2022).

Contractors are constantly being put under pressure to maintain project prices as low as feasibly
possibly due to the competitive nature of the industry. Contractors are unable to spend
considerable amounts of time or money on project cost and duration estimation in order to avoid
excessive overheads associated with abortive bidding. Many contractors simply assume that the
client's contract period is reasonable and prepare bids accordingly (Pauline, 2018). This practice
has been shown to be detrimental to the overall success of any road construction project, Okosun
et al, (2021) conducted a study on time and cost models in Ondo and Ekiti state, the results
revealed that the average rate of time overruns or delay is 26.32% and 19.92% for Ondo and

Ekiti states respectively.



2.2.1 Factors Causing Time Overrun

Avoiding time overruns in construction projects is ideal however, there are so many factors that
can trigger the occurrence of time overrun in a construction project. Odeh and Battaineh (2002)
found that contractors and consultants agreed that owner interference, inadequate contractor
experience, financing and payments, labor productivity, slow decision making, improper
planning, and subcontractors are among the top 10 most important causes of construction delay.
Al-Momani (2000) investigated causes of delay in 130 public projects in Jordan. The main
causes of delay were related to the designer, user changes, weather, site conditions, late
deliveries, economic conditions, and increase in quantity. Egila et al (2019) concluded that the
factors influencing delays and cost overruns in road construction projects are; man related,
money-related, machine-related, material related, environmental-related, and method related
factors. Analysis using RII and MV ranked man and money related as the highest factors for
delay and cost overrun respectively. Shanmugapriya and Subramanian (2013) found that that
the major cause for time overruns are material market rate, contract modification, and high level

of quality requirement.

Mezher et al. (2006) conducted a survey of the causes of delays in the construction industry in
Lebanon from the viewpoint of owners, contractors, and architectural/engineering firms. It was
found that owners had more concerns with regard to financial issues; and contractors regarded
contractual relationships the most important, whereas consultants considered project
management issues to be the most important causes of delays. Omoregie and Radford (2006)
reported that the minimum average percentage escalation period of projects in Nigeria was found
to be 18.8%. Oluyemi and Omolayo (2021) found that inaccurate evaluation of projects time and

duration was the most critical factor in contributing to time overruns in Nigeria.
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2.3 Usefulness of Time and Cost Models

Seeley (1996) provides a basic definition for a model as a procedure developed to reflect, by
means of derived processes, adequately acceptable output for an established series of input data.
This definition perfectly sums up the idea behind this study. Seeley (1996) also places emphasis
on the need for models to be simple enough that they can be manipulated and flexible enough

that it can adapt to changes and retain its accuracy.

The purpose of developing time and cost models is to create an algorithm or parametric equation
that can be used to predict within a reasonable margin. It is highly unlikely that the output of the
models will be exactly correct. However, the process of forecasting through models should not
be mistaken for guessing as it involves analyzing the data from similar historical projects and
extrapolating probable outcomes.

Using data from the Florida Department of Transportation, Shr and Chen (2006) built a model to
illustrate the cost-time relationship of highway improvements. State transportation authorities
and contractors have more control and awareness of the time value of highway development
projects thanks to the model. The concept, however, was not appropriate for projects with a high

degree of change order.

Martin et al. (2006) developed a regression analysis-based forecasting model based on real
building construction time in the United Kingdom. The end result is a tool that clients and
contractors may use to estimate or benchmark the construction duration of future projects at an
early stage. By refining the parameters that affect construction length, Hoffman et al. (2007)
created a multiple regression model to forecast highway construction duration. The BTC Model
and regression analysis were used to analyze the study's data. With the least amount of error, the

regression model outperformed the BTC Model. Assadulla (2010) used stepwise regression and
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an Artificial Neural Network to construct a highway time model. The study's findings
demonstrated that the ANN had higher accuracy and reliability than more conventional models.
Petruseva et al. (2013) used support vector machines to conduct research and develop a
construction time forecasting model. The study looked at 75 artefacts from the Federation of
Bosnia and Herzegovina that were structured between 1999 and 2011. The findings revealed an
accurate representation of construction activities and suggested that it could be valuable for

construction industry planning.

Waziri et al, (2014) conducted a study on the application of the Bromilow’s Time-Cost model.
The study revealed a positive correlation betweenn the variables with R and R? values of 0.734
and 0.549 respectively. A log-log regression was also produced in order to determine the K and 3
value which indicated the general level of time performance and the influence of complexity on

the project respectively. The K value was 2.8 while the B was 0.53.

Lowe et al (2006), developed linear regressions models in order to most accurately predict the
cost of construction of buildings. The models were based on 286 sets that were collected in the
United Kingdom. In the study, raw cost was rejected as alternatives like cost/m?, log of cost and
log of cost/m?. This was done because the raw cost is not seen as a reliable dependent variable as
it removes all necessary context for preparing a proper regression model. The study concluded
that the most suitable regression model was the log of cost of backward model which gave an R?

of 0.661 and a MAPE of 19.3%.
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CHAPTER THREE

RESEARCH METHOD

3.1  Research design

The research in this study was executed with a quantitative approach in order to sufficiently
conduct this study. Quantitative research is defined as the process of collecting and analyzing
numerical data sets. The analysis of said data can then be used to find patterns and make

predictions. (Bhandari, 2022).

3.2 Regression Models

There are a host of different regression models that could be utilized, some of which include;
linear regression, logistics regression, ridge regression, lasso regression, polynomial regression
and bayesian linear regression. Each form of regression has different attributes and features that
make them useful and unique, therefore making them more suited towards a specific assignment

or task (Gogtay et al, 2017).

A linear regression is a form of analysis where the value of a variable is predicted or forecasted
based on the value of another variable. The purpose of regression analysis is to use data to
determine empirical relationships and to use those relationships to predict an outcome (Kahane
2001). Linear regression was preferred for developing time and cost models in this study
because it expresses the relation between a dependent and an independent variable in the form of
a linear model .Subsequent semi-log regressions were conducted after the untransformed

independent variables were found to not be normally distributed.

A typical linear regression model is shown in equation 3.1 (Seiber and Lee, 2003).
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Yi=a+pXi+ei Eq.3.1

Where Y; is the dependent variable (the predicted variable), a is the intercept (when X; is equal
to 0), g is the slope of the line and X7 is the independent variable (the predictor variable). A lin-
log model has the independent variable transformed to a logarithmic state and the dependent

variable is left untransformed.

A typical lin-log regression model is shown in equation 3.2 (Seiber and Lee, 2003).

Yi=a+ LogXi + & Eq.3.2

3.3 Data Collection

Secondary data for analysis and modelling were obtained from the documents released by
Federal Ministry of Works (2017), which presented a list of highway projects in all zones of the
nation, on-going or completed during the period 2002 and 2015. The sample frame contained a
total of 229. The data was divided in the six zones of Nigeria. The data also revealed useful
information about projects. Some of this information includes; length (Km), original contract

sum, revised contract sum, commencement date, completion date, and extended completion date.

3.3.1 Data Treatment

3.3.1.1 Erroneous / Incomplete Records

It was discovered that a total of 30 projects did not have the “length” of the project stated and

therefore were excluded from the study. This reduced the population size from 299 to 199.

3.3.1.2 Data Focusing
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Upon analysis, it was determined that all bridges should be excluded from the population. This is
because the inclusion of the bridges would skew the output of the models since bridges typically
have much higher cost/m figures compared to those of typical highway (road) projects. This is
due to the fact that road and bridge construction involve different operations, materials and
components (Williams et al, 2008). This also meant that the population size had reduced from

199 to 175. See appendix A.

3.4 Method of Data Analysis

From the documents released by the Federal Ministry of Works and Housing (2017), several

crucial variables for model development were extracted. The variables extracted are indicated in

table 3.1.
Table 3.1: Illustrates the crucial extracted variables for analysis.
S/N  Variable Description Code
1 Initial Cost Initial cost is the original cost it would take to successfully complete the Co
project. This value is free from any overruns.
2 Initial Time  Initial time is the original agreed upon period it would take to complete the To
project
3 Time A condition where a construction project does not complete within the T
Overrun designed schedule. The value can be achieved by subtracting the
commencement date from the completion date or the extended completion
date in cases of extension.
4 Cost Cost overrun is an unexpected change in the project budget that ends up Ci
Overrun increasing the total project cost. The value can be achieved by subtracting
the original contract sum form the contract sum.
5 Cost/ Km This is the cost it will take to produce one kilometer of the highway or road Cim

project. The value can be achieved by dividing the contract sum by the
length.
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Simple linear and semi-log regression analysis were executed by establishing the linear
relationship between two significant variables that affect highway construction duration with the
aim of developing a functional model that considers construction duration. A functional model
which considers cost was also developed in order to predict the degree of overruns to be

expected in cost for a highway project.

The variables to be considered for the model were examined to determine whether or not there is
a significant relationship between them. The variables were analyzed in SPSS to determine if

there is any significant level of correlation between them. These variables analyzed include:

1. Time Overrun
ii.  Cost Overrun
iii.  Initial Time
iv.  Initial Cost

v. Log Cim

3.5 Test of Assumptions of Linear Regression.

3.5.1 Multi Co-Linearity/Independence Assumption

The multi co-linearity/independence assumption deals with ensuring that all the observations or
independent variable are independent of each other. This is vital to the development of a viable
model because it shows that the individual observations do not influence each other. This
assumption was confirmed by computing the Variance Inflation Factor (VIF) of the independent

variable (Montgomery et al. 2006).
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3.5.2 Normality

The normality assumption ensures that the independent variables or predictors variables are all
normally distributed. This ensures that for any fixed value of Independent variable, the
dependent variable is normally distributed. The variable is confirmed to be normally distributed

if the Shapiro Wilk value is greater than 0.05 (Kumari and Yadav, 2018).

3.5.3 Homoscedasticity

Homoscedasticity, or homogeneity of variances, is an assumption of equal or similar variances in
different groups being compared. This is an important assumption of parametric statistical

tests because they are sensitive to any dissimilarities. Uneven variances in samples result in
biased and skewed test results. The model is confirmed to have passed the requirement if after
plotting the standardized residuals against the standardized predictors, produced a graph with no

consistent pattern. (Kumari and Yadav, 2018).

3.5.4 Sample Size

The minimum requirement for each variable through all the models developed was 30 (Ganti,
2022). This requirement was passed by all the variables utilized in model development in this

study, with the minimum number of variables being 60 and the maximum being 173.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Models Developed

A Total of 4 models were developed during the course of this study. The models were developed
with respect to the area that the data was collected and the models aimed to represent the
relationship between only two variables. The breakdown of the linear models developed are

shown in the table 4.1

Table 4.1: showing breakdown of the models developed

S/N  Location Dependent Predictor / Independent Number of
Variable Variable Models
1 Nigeria Cost Overrun (Cr) Log of Ckm 1
2 Nigeria Time Overrun T)) Log of Ckm 1
3 Nigeria Cost Overrun (Cr) Initial Cost (Co) 1
4 Nigeria Time Overrun (T1) Initial Time (To) 1
TOTAL 4

4.2  Assumption for Linear Regression
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4.2.1 Multi Co-Linearity/Independence Assumption.

The table 4.2 shows the Variance Inflation Factor (VIF) values for all the variables that were

used in model development in this study.

Table 4.2: Showing the Variance Inflation Factor (VIF) of the variables used for model

development.

S/N  Area Models Independent  Variance Inflation
Variable Factor(VIF)

1 Nigeria Cost overrun Initial Cost 1.00
(Co)

2 Nigeria Time overrun Initial Time 1.00
(To)

3 Nigeria Cost overrun Log Ckm 1.00

3 Nigeria Time overrun Log Ckm 1.00

The table 4.2 shows the Variance Inflation Factor which measures how much the variance of an
independent variable is influenced by its correlation with the other independent variable. If the
VIF equals 1, it means that there is no correlation between the independent variable. However, if
the VIF is 5 or higher, it indicates that there is a high degree of multi-colinearity. This test was
conducted to ensure that the independent variables did not possess a high degree of multi-
colinearity. From the test results in the table 4.2 it clearly shows that all independent variables
that were used in this study have a VIF score of 1 which indicates that the variables do not

possess a high degree of multi-colinearity.

4.2.2 Normality Assumption



19

The table 4.3 show the Shapiro Wilk values for all the variables that were used in model
development in this study. The histogram-normality graphs were developed and are shown in the

appendix. See appendix B.

Table 4.3: Shapiro Wilk value of the independent variables used for model development.

S/N  Location Dependent Variable  Predictor Shapiro-Wilk
Variable set

1 Nigeria Cost overrun Log Cim 0.613

2 Nigeria Time overrun Log Cim 0.613

3 Nigeria Cost overrun Initial Cost(Co) 0.013

4 Nigeria Time overrun Initial Time (To) 0.019

The test results in the table 4.3 shows that the independent variables that were utilized in this
study have a Shapiro Wilk value of at least 0.005 which shows that the variables are normally
distributed which is a necessary attribute for independent variables in developing regression

based models.

4.2.3 Homoscedasticity Assumptions

The level of homoscedasticity was observed by plotting the regression standard residual against
the standardized predicted value. The results are considered homoscedastic if the graphs do not
have a consistent pattern (Kumari and Yadav, 2018). The level of homoscedasticity was

graphically shown and was represented in the appendix. See appendix C

4.2.4 Sample Size
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Table 4.2.4 shows the sample size of each model that was developed in this study. The minimum

requirement for the models used in this study was 30. Citation

Table 4.4: Sample size of all models developed.

S/N  Location Dependent Predictor Model sample size
Variable Variable

1 Nigeria Cost overrun Initial Cost 86

2 Nigeria Time overrun Initial Time 60

3 Nigeria Cost overrun Log Ckm 173

4 Nigeria Time overrun Log Ckm 173

4.3  Cost/km-Cost Overrun Relationship

Data Refinement

In Nigeria, the total number of viable projects for model development is 175. However, that does
not mean that all the projects were used in model development. The data had to be analyzed to
ensure that the dependent and independent variables used met the requirements for regression
based models. A predictive relationship was established between cost overrun and cost per
kilometer by transforming the latter (independent variable) to its log form. After transforming the
data, normality tests were conducted to confirm that the data was normally distributed. However
this was not the case as the data posted a Shapiro Wilk value of less than 0.005. Due to the data
not passing the normality test, the two (2) identified outliers were eliminated and the data then
produced a normally distributed independent variable with a Shapiro Wilk value of 0.613. This

brought the model size to 173. Subsequent multi-collinearity and homoscedasticity test were
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carried out on developed models to ensure that the models were able to meet the other

requirements for regression based models.

4.3.1 Semi-Log Regression (Lin-Log)

A semi log regression model was developed to predict cost overruns in Nigeria. The variables to
be considered for the model were examined to determine whether or not there is a significant
relationship between them. The variables were analyzed to determine if there is a significant

level of correlation between them. These variables analyzed include:

1. Cost Overrun (C)
11. LOngm
The variables were plotted in a scatterplot to give a visual representation of the level of

correlation. See appendix D to see scatterplot.

Regression Model for Cost Overrun

The linear regression model that depicts the relationship between time overrun and initial time is
shown in table 4.5 below:

Table 4.5a: Model Summary for Cost overrun in Nigeria.

Model Summary

Model
Change Statistics
Adjusted R Std. Error of R Square Sig. F
R R Square  Square the Estimate  Change F Change dfl df2 Change
1 3972 158 153 5383365406.3 .158 31.886 1 170 .000
9189

a Predictors: (Constant), log of cost per kilometer

The model shown in table 4.5 is the model that depicts the relationship between cost overrun and

the inverse of the log of cost per kilometer in southern Nigeria. From table 4.5, it is evident that
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the model posted an ‘R” value of 0.397 and an “R?” value of 0.158 which is the statistical
measure of fit that determine the proportion of variance in cost overrun can be explained by the
initial cost. The model also posted and adjusted R? of 0.153 which accounts for predictors that
were deemed not significant. The standard error of the estimate is 5383365406.39189 which
serves as the estimate of the accuracy of the prediction.

The model for predicting cost overrun is mathematically expressed in equation 4.1.

Cost overrun=C; = -4.681 x 10'° + (5.946 x 10°) Log Cxm + &i. eq 4.1

4.4 Cost/km-Time Overrun Relationship

Data Refinement
The same independent variable (Log Cim) used in objective one was also used to develop the
model for predicting time overrun. Therefore a similar process of data refinement was

implemented.
4.4.1 Semi-Log Regression (Lin-Log)

A semi log regression model were developed to predict time overruns in Nigeria. The variables
to be considered for the model were examined to determine whether or not there is a significant
relationship between them. The variables were analyzed to determine if there is a significant

level of correlation between them. These variables analyzed include:

i.  Time Overrun (To)

ii.  LogCim
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The variables were plotted in a scatterplot to give a visual representation of the level of

correlation. See appendix D to see scatterplot.

Regression Model for Time Overrun

The linear regression model that depicts the relationship between time overrun and initial time is

shown in table 4.6 below:

Table 4.6a: Model Summary for Time overrun in Nigeria.

Model Summary

Model )
Change Statistics
Adjusted R Std. Error of R Square Sig. F
R R Square  Square the Estimate  Change F Change dfl df2 Change
1 .208? .043 .033 112.40561 .043 4.105 1 91 .046

a Predictors: (Constant), log of cost per kilometer

The model shown in table 4.6 is the model that depicts the relationship between time overrun and
the initial cost in southern Nigeria. From table 4.6, it is evident that the model posted an ‘R”
value of 0.208 and an “R?” value of 0.043 which is the statistical measure of fit that determines
the proportion of variance in cost overrun that can be explained by the initial cost. The model
also posted and adjusted R? of 0.033 which accounts for predictors that were deemed not
significant. The standard error of the estimate is 112.41 which serves as the estimate of the
accuracy of the prediction. The model for predicting cost overrun is mathematically expressed in
equation 4.2.

Time overrun=T;=-322.174 + (58.454) Log Cxm + &i. eq4.2

4.5 Initial Cost-Cost Overrun Relationship

Data Refinement
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As previously established, the total of viable projects for model development was 175. However,
that does not mean that all the projects were used in model development. The data had to be
refined to ensure that the model met all the requirements for producing a regression-based model.
A predictive relationship was established between cost overrun and initial cost by running a
simple linear regression. Normality tests were conducted to confirm that the data was normally
distributed. However, this was not the case as the data posted a Shapiro Wilk value of less than
0.005. Due to the data not passing the normality test, 89 identified outliers were eliminated and
the data then produced a normally distributed independent variable with a Shapiro Wilk value of
0.613. Subsequent multi-collinearity and homoscedasticity test were carried out on developed
models to ensure that the models were able to meet the other requirements for regression based

models.

4.5.1 Simple Linear Regression Model

Simple linear regression was carried out in order to develop models for predicting cost overrun
in Nigeria. The regression was executed to determine if the relationship between initial cost (Co)

and cost overrun (Ci) is a good predictor for cost overrun in Nigeria.

The variables to be considered for the model were examined to determine whether or not there is

a significant relationship between them. The variables analyzed include:

i.  Cost Overrun (C1)

ii.  Initial Cost (Co)

The variables were plotted in a scatterplot to give a visual representation of the level of

correlation. See appendix D to see scatterplot

Regression Model for Cost Overrun



25

The linear regression model that depicts the relationship between cost overrun and initial cost is
shown in table 4.7:

Table 4.5b: Model Summary for Cost overrun in Nigeria.

Model Summary

Model
Change Statistics
Adjusted R Std. Error of R Square Sig. F
R R Square  Square the Estimate  Change F Change dfl df2 Change
1 .549° 302 291 5214561499.0 .302 29.380 1 68 .000
3410

a Predictors: (Constant), Initial Cost

The model shown in table 4.7 is the model that depicts the relationship between cost overrun and
the initial cost in Nigeria. From table 4.7, it is evident that the model posted an ‘R” value of
0.549 and an “R?” value of 0.302 which is the statistical measure of fit that determines the
proportion of variance in cost overrun that can be explained by the initial cost. The model also
posted and adjusted R? of 0.291 which accounts for predictors that were deemed not significant.
The standard error of the estimate is 5214561499.03 which serves as the estimate of the accuracy
of the prediction. The model for predicting time overrun is mathematically expressed in equation
4.3.

Cost overrun = C1=-4.336 x 10° + (1.088) Cy + ;. eq4.3

4.6 Initial Time-Time Overrun Relationship

Data Refinement

The data to be utilized had to be refined to ensure that the model produced met all the

requirements for producing a regression-based model. A predictive relationship was established
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between time overrun and initial time by running a simple linear regression. Normality tests were
conducted to confirm that the data was normally distributed. However, this was not the case as
the data posted a Shapiro Wilk value of less than 0.005. Due to the data not passing the normality
test, 115 identified outliers were eliminated and the data then produced a normally distributed
independent variable with a Shapiro Wilk value of 0.019. Subsequent multi-collinearity and
homoscedasticity test were carried out on developed models to ensure that the models were able

to meet the other requirements for regression based models.

4.6.1 Simple Linear Regression Model
Simple linear regression was carried out in order to develop models for predicting time overrun
in Nigeria. The regression was executed to determine if the relationship between initial time (To)

and time overrun (T1) is a good predictor for time overrun in Nigeria.

The variables to be considered for the model were examined to determine whether or not there is

a significant relationship between them. The variables analyzed include:

1. Time Overrun (T1)

ii.  Initial Time (To)

The variables were plotted in a scatterplot to give a visual representation of the level of

correlation. See appendix D to see scatterplot.

Regression Model for Time Overrun

The linear regression model that depicts the relationship between cost overrun and initial cost is
shown in table 4.8:

Table 4.6b; Model Summary for Time overrun in Nigeria.
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Model Summary

Model
Change Statistics
Adjusted R Std. Error of R Square Sig. F
R R Square  Square the Estimate  Change F Change dfl df2 Change
1 .381° .145 130 134.27636 .145 9.823 1 58 .003

a Predictors: (Constant), Initial time

b. Dependent Variable: Time overrun

The model shown in table 4.8 is the model that depicts the relationship between time overrun and
Initial time (To) in northern Nigeria. It is evident that the model posted an ‘R” value of 0.381 and
an “R?” value of 0.145 which is the statistical measure of fit that determine the proportion of
variance in the time overrun can be explained by the log of cost per kilometer. The model also
posted and adjusted R? of 0.130 which accounts for predictors that were deemed not significant.
The standard error of the estimate is 132.28 which serves as the estimate of the accuracy of the
prediction. The model for predicting time overrun is mathematically expressed in equation 4.4

Time Overrun = T1=-15.463 + (1.333) To+ . eq 4.4

4.7 Summary Of Findings
The results of this study are summarized in table 4.9.

Table 4.7: Models developed in the study.

S/N  Location Dependent Predictor Model Adjusted
Variable Variable set R?

1 Nigeria  Cost Log Cxm Ci1=-4.681 x 10'° + (5.946 x 10°) Log Cxm + &i. 0.153
overrun

2 Nigeria  Time Log Ckm T1=-322.174 + (58.454) Log Cym + &i. 0.033
overrun

3 Nigeria Cost Initial C1=-4.336 x 10° + (1.088) Cy + & 0.291
overrun Cost(Cy)

4 Nigeria Time Initial Time T1=-15.463 + (1.333) To+ &i. 0.130
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overrun

(To)
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

From the models developed in this study, the following conclusions have been drawn.

5.2

The relationship between the cost per kilometer of highway projects and its
corresponding cost was able to produce decent models for predicting cost overrun with
the model posting relatively decent adjusted R? value of 15.3% respectively.

The relationship between the cost per kilometer of highway projects and its
corresponding cost was able to produce decent models for predicting time overrun with
the model posting poor adjusted R? value of 3.3% respectively.

The relationship between the initial cost of highway projects and its corresponding cost
was able to produce decent models for predicting cost overrun with the model posting
relatively decent adjusted R? value of 29.1% respectively.

The relationship between the duration (time) of highway projects and its corresponding
initial time was able to produce decent models for predicting cost overrun with the model

posting relatively decent adjusted R? value of 13.0% respectively.

Recommendations

Based on the research findings, the following recommendations were made:

The practice of developing cost and time models would be greatly improved with better

record keeping. This was observed during the process of data collection for this study as a
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number of projects were missing key figures that are necessary for developing time and
cost models.
Reliable cost and time models should more often than not be utilized in predicting the

actual time and cost it would take to complete a highway project.
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