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Abstract

Abstract

Cost overruns in construction projects have been a pervasive and challenging issue within the
construction industry. Over the years, the researchers explored the causes, effects, and mitigation
strategies for the cost overrun issue. However, there has been no major improvement, and projects
still experience significant cost overruns. Due to the long project duration, scope, higher coverage
of ground, and involvement of public funds, road construction faces more uncertainty compared
to building projects. Thus, the cost overrun in road projects has become a crucial issue. Therefore,
this study focused on mitigating the cost overrun issue by minimising the errors in conceptual cost

estimation by developing a new cost model for the pre-design stage of road projects.

This research followed a secondary data collection through systematic and bibliometric literature
review and primary data collection from the New Zealand (NZ) Road construction industry to fill
the above research gap and achieve the research aim. The multi-method quantitative research
approach, including a questionnaire survey and multiple case study data, was used in this research.
Initial cost overrun evaluation used one hundred and six cases from NZ road projects, while fifty-

nine detailed cases were utilised to develop and validate the cost model.

Firstly, the research identified ten crucial factors that affect the cost of NZ road projects: frequent
design changes, poor planning and scheduling, poor and incomplete tender documentation, delays
in design, mistakes/ errors in design and drawings, unforeseen ground conditions, inaccurate cost
estimates, poor site management and supervision, poor project management, and inaccurate

quantity take-off.

Secondly, the research investigated the severity of the cost overruns in NZ road projects.
According to the findings, NZ road projects experience approximately 20% of cost overruns, while
the project size and duration significantly impact the magnitude of the cost overruns. Thirdly,

using the case study data, the research developed three models to improve the conceptual cost



Abstract

estimation. Since the conceptual estimate is prepared during the pre-design stage, the variables
should be calculated using less information. The performance of the models was evaluated as an
error percentage comparing the estimated cost from the model with the actual project cost. The
measure was the Mean Absolute Percentage Error (MAPE). The first model was developed using
regression analysis (RA), which showed a MAPE of 21.35%. Then, another model was developed
using artificial neural networks (ANN) with a MAPE of 11.82%. However, both models
considered only the technical aspects of the projects. Therefore, the final model combined ANN
with Monte Carlo simulation (MCS). The hybrid model demonstrated a minimum MAPE of
3.53%, significantly improved results compared to the continuous cost overruns experienced in

the NZ road construction section.

The findings of this research greatly support the NZ road construction sector to be aware of the
severity of the cost overrun issue. Further, the model introduced in the research can be used in the

industry to improve the current estimation practices.

The study was conducted using the case study data from NZ road projects. However, the variables
considered for the models were selected with the possibility to generalise the mode to the other
countries. Further, the findings and conclusions were limited to the modelling techniques identified

in this research.

Although other hybrid models are available, very little research was conducted on developing cost
estimations for road projects. Most of the developed cost models considered technical
characteristics in a project but did not consider any project risk factors. There were a few models
considered both using only one modelling technique but failed to produce reliable output.
Therefore, hybrid models can be developed by combining several techniques without mixing the
technical and risk variables. This research developed the first ANN and MCS hybrid model,

considering technical characteristics and risk factors with a significantly lower error.
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Chapter 01 - Introduction

1 Introduction

1.1 Prologue

This chapter gives the introduction to the thesis. Firstly, the background of the research is provided,
this is followed by a research gap analysis. After that, the following sections discuss the research
problem and the research rationale, developed in accordance with the thesis aim. The thesis aim is
later subdivided into respective research questions and research objectives. Finally, the chapter
briefly explains the thesis structure and how the publication outputs connect and answer the

research questions.

1.2 Background

The construction industry in New Zealand (NZ) is crucial to the country’s economy in terms of
Gross Domestic Product (GDP) and employment (PWC, 2022). The construction sector
contributed to 6.7% of the GDP, approximately 18.1 billion NZ Dollars (NZD) in the year ending
March 2022 (MBIE, 2022). In addition, the report also stated that 295,200 workers (1.5% out of

the total workforce) and 70,629 enterprises (12.6%) contributed to the construction sector.

NZTA (2020) reported that 17 road projects in NZ delivered between 2017 and 2020 faced overall
cost overruns of 1.1 billion NZD. The NZTA report further stated that out of these 17 projects, the
minimum cost overrun experienced by a project was 8%, while the maximum cost overrun was
147%. NZTA emphasised that the cost overrun value is approximately equal to the entire annual
budget for state highway improvements. According to recent reports, the Auckland City Link rail

project was significantly over the budget (www.citylink.co.nz). The City Link website reported

that the estimate in 2014 was $3.4 billion, which increased to $4.419 billion by 2019

(www.citylink.co.nz). Therefore, the cost overrun in this project was more than $1 billion. The

same website also reported that the total infrastructure work in Australasia in 2018 was $80 billion.


http://www.citylink.co.nz/
http://www.citylink.co.nz/
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However, by 2019, the total cost overruns experienced by all the above projects were $230 billion

(www.citylink.co.nz).

Subsequently, the cost overruns can severely impact other budgetary plans. If the additional risks
and cost overruns can be minimised or forecasted during the conceptual estimate, the decision-
making process of the project initiation would be more fruitful, and the project would be planned

effectively to sustain any unexpected financial blowouts.

According to the New Zealand Transport Agency (NZTA), for the decade from 2021-2031, there
are four significant investment projects in motion, namely, ‘The Auckland Transport Alignment’
project (ATAP), ‘Let’s get Wellington moving” (LGWM), the ‘road to zero’ strategy, and the NZ
new rail plan (NZTA, 2020). According to reports, all four projects above were allocated
approximately 32 billion NZD (NZTA, 2020). Further, more than 2700 transportation
infrastructure projects worth a total of 65.8 billion NZD approximately have been planned for the

next decade by the government (Infrastructure Commission, 2022)

Therefore, the NZ government has allocated significant investment into road development.
However, if the initial investment is poorly calculated, the funding allocation and decision-making
will also be affected. However, according to a project management survey by KPMG-NZ (2017),
71% of New Zealand projects face cost overruns, significantly impacting the NZ economy.
Furthermore, KPMG NZ published some critical insights into the projects completed in NZ in

2010, 2013 and 2017 (refer to Table 1.1).

Table 1.1. Project management survey findings (KPMG, 2010, 2013, 2017)

2010 2013 2017
Projects delivered on budget 48% 33% 29%
Project delivered on time 36% 29% 31%
Projects delivered on scope 59% 35% 33%

According to the findings in Table 1.1, in NZ, the number of projects delivered within the budget

has decreased significantly over the years. Furthermore, as mentioned above, NZ transportation


http://www.citylink.co.nz/
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infrastructure is planned to substantially contribute to the national economy due to significant
investment in road construction, with the vital involvement of NZTA and Auckland Transport
(AT). Nevertheless, according to the findings in Table 1.1, it seems inevitable that the projects will
experience cost overruns. However, this assumption must be tested with actual data before making
conclusions. Therefore, it is essential to ensure the funding is well-spent as it is mainly public
funds. Based on the above discussion, the following section confers the research gap analysis of

this thesis.

1.3 Problem statement

According to the American Association of Cost Engineering — International (AACE), conceptual
estimates belong to class 5 of the estimate classification (AACE, 2020). The project definition is
at 0% to 2% level at this stage. That means the availability of information is deficient. Therefore,
based on the traditional estimate practices, the accuracy of the conceptual estimate will vary
between a lower margin of -20% to -50% and an upper margin of +30% to 100%. Consequently,
the traditional estimation practices will cause more cost overruns due to the higher percentage of
uncertainty in the estimate. Additionally, the conventional estimation process requires a significant
amount of manual work and expert judgement, which leads to less accuracy and reliability (Wang

etal., 2021).

Therefore, the cost estimation needs automation to improve accuracy because the automated
method will investigate the project’s nature and characteristics, comparing them with the
completed projects (Choi, et al., 2015; Kim et al., 2012). Unlike manual methods, automated
estimation methods will have fewer errors due to human judgement (Choi, et al., 2015; Salmi et

al., 2016). Therefore, cost modelling has become an emerging and highly demanded research area.

On the other hand, the manual and current cost estimation process primarily focuses on the

technical variables of the project. However, there are innumerable uncertain factors that a project



Chapter 01 - Introduction

faces throughout the design, tendering, and construction phases (Choi, et al., 2015; Kim et al.,
2012; Salmi et al., 2016). That is even more crucial for infrastructure projects than building
projects, considering their geographical spread, longer durations, and higher interaction with the

public (Grimsey and Lewis, 2002; Siraj and Fayek, 2019; Vickerman, 2007).

Even though infrastructure projects incur massive funding, a high level of activities, and
significantly longer durations, the existing empirical knowledge on the costs and risks involved is
considerably lacking (Flyvbjerg et al., 2003; Tan and Zhao, 2019). Therefore, considering the
background and the problem statement, the following section analyses in-depth the research gap

relevant to cost estimation issues in infrastructure projects.

1.4 Research gap

With the increase in urbanisation and industrialisation, transportation infrastructure has become a
fundamental requirement in recent years. Therefore, in emerging economies, transportation
infrastructure development plays a significant role (Andri¢ et al. 2019; Daniel and Kumar, 2023).
Andri¢ et al. (2019) explained that due to various reasons such as complexity, large scale, longer
construction durations, higher investments, geographical spread over larger site areas and varying
site conditions, transportation infrastructure projects face much higher uncertainties than vertical
sector projects. However, finishing the project within the allocated budget is a crucial factor in

defining the project’s success (Kim et al., 2004; lka and Pinto, 2022).

Lee (2008) investigated cost overruns using 138 road projects in Korea. The researcher observed
that 82% of the projects face a maximum of 50% cost overruns. Further, Flyvbjerg et al. (2003)
investigation found that nine out of ten projects face significant cost overruns. In addition to that,
road projects globally would meet 20% of average cost overruns (Flyvbjerg et al., 2003). Since
roads and other transportation infrastructure projects gain large amounts of funding, the cost

overruns, as mentioned above, can be crucial for the funding parties. Most of the infrastructure
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projects are primarily funded by the public sector. Hence, if the budget was not initially planned
accurately, cost overruns will draw unexpected additional funds from the public sector.
Nevertheless, Flyvbjerg et al. (2003) also found that the cost overrun issue has remained
unchanged over the past 70 years with no improvement. Consequently, the estimates used for
critical decision-making and budget allocation process of infrastructure projects are mostly

unreliable.

Looking at construction projects worldwide, it is evident that only a little research has been done
to study cost overruns in road projects. Further, Ismail et al. (2021) conducted a systematic
literature review of cost overrun research in construction projects in developed and developing
countries. According to their findings, during the 2010 — 2020 period, out of 152 research studies
into cost overruns, only 9% related to road projects in developed countries. Further, out of the 9%,
no research was done to study the cost overruns in any NZ construction project types. Table 1.2
summarises the most recent research done on cost overruns. According to Table 1.2, all the
research was mainly on developing countries, and the majority were from African countries
(Amadi and Higham, 2019; Ammar et al., 2022; Akinradewo et al., 2022; Mahmud et al., 2021,
Melaku Belay et al., 2021). Therefore, the findings of recent studies cannot apply to the NZ
context, as the authors mentioned that the findings can only be generalised to similar developing
countries. Much research was done to study the factors affecting cost overruns (Al Hosani et al.,
2020; Ammar et al., 2022; Andri¢ et al., 2019; Anish et al., 2019; Akinradewo et al., 2022; Huo et
al., 2018; Mahmud et al., 2021; Sohu et al., 2017). However, only a few research studies have been
conducted on finding solutions to cost overruns through addressing the issues of cost estimating.
Various models were developed to address the cost estimating issues (Cirilovic et al., 2014; EI-
Kholy, 2019; Jaafari et al., 2021; Mahalakshmi and Rajasekaran, 2018). Nevertheless, such models

only focused on the tender stage or post-contract stages. To overcome the cost overruns, the
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conceptual estimate must be accurate and reliable as it is used for budget allocations and decision-

making.

Table 1.2. Recent research conducted on cost overruns

Reference Project type Location Scope of the paper Research gap/ limitations
Ammar et al. Roads Egypt  To identify the factors that Only 75 projects were used to
(2022) significantly contribute to cost  analyse the cost overruns.

overrun for road projects in The focus is only on factors
Egypt during the affecting the implementation
implementation phase. phase.
Akinradewo et Roads Ghana  To identify the crucial The study was carried out only
al. (2022) variables of cost overruns in a specific region in Ghana.
Hence, the findings were not
generalised to other contexts
Heravi and Roads and Iran To investigate how the delay To generalise the findings the
Mohammadian buildings and cost overruns depend on paper suggested conducting
(2021) planned time, cost, type, and more case studies.
nature of the projects
Mahmud et al. Roads Nigeria  To explore the driving factors ~ The sample size is small — 16.
(2021) of cost overrun. The findings can only be
generalised to the other
Nigerian context or similar
developing countries.
Melaku Belay et Roads and Ethiopia  To explore the extent of cost The cost overrun effect on the
al. (2021) buildings overrun and schedule delays project size was not considered
since all the contract values
were in the same range.
Al Hosani et al. Roads UAE to generate an understanding The study only focussed on the
(2020) of the causes and possible identification of the causes.
solutions to cost overruns as a
form of project failure in the
UAE
Calahorra- Roads Chile To propose a structured The results were not validated
Jimenez et al. approach to provide measures  properly. The international
(2020) based on design-build research findings were used to
practices that can help design-  triangulate the findings and
bid-built road projects to suggest conducting more case
mitigate the principal reasons studies to analyse the topic in-
that lead to cost overruns depth.
Paraskevopoulou Tunnel UK To investigate the impact of The dataset was not strong due
and Boutsis unforeseen geological to the reluctance
(2020). conditions due to the limited of the parties to give the
geological investigation that details.
may lead to poor and unsound
designs.
Amadi and Roads Nigeria  To investigate the lack of The study emphasised the
Higham (2019). adherence to geotechnical best  necessity of further studies on
practices from a logical conceptual cost estimation of
theoretical perspective, it is highway projects. The authors
necessary to understand the noted that the findings can be
cost overruns experienced in generalised to developing
delivering highway projects in  countries only.
the Niger Delta.
Andri¢ et al. Infrastructure Asia To determine the cost 102 cases were selected

(2019)

performance of infrastructure
projects, to examine the impact
of project type, size and

covering roads, railways, and
energy projects through the
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implementation period on cost
overrun and to identify the
causes of cost overruns

Asian Development Bank
(ADB)

Anish et al.
(2019)

Roads India

To analyse factors leading to
time delay and cost overrun

The factors were identified.
However, the way forward to
OVercome cost overruns was
not explored.

Huo et al. (2018) Infrastructure Hong

Kong

to examine the characteristics
of the cost overruns in mega-
infrastructure projects

The study only focussed on the
impact of cost overruns based
on project type,
implementation period and
project size. Further, the
findings were based on a case
study from Hong Kong. The
number of cases was only 57,
covering roads, rails, bridges,
and tunnels.

Sohu et al. Roads Pakistan

(2017)

To find the major causes of
cost overrun and to determine
possible mitigation measures
from experienced respondents
for the identified causes.

Mitigation measures are
identified for the causes.
However, if the cause cannot
be mitigated, then there will be
a financial impact on the
project. That gap is not
covered.

Table 1.3 shows the fundamental research conducted in NZ to address issues related to cost

estimation and overruns. However, none of these were focused on infrastructure projects.

Table 1.3. Research conducted in NZ related to construction cost

Citation

Focus

Topic

Factors influencing the accuracy of
pre-contract stage estimation of final
contract price in New Zealand

1 Jietal (2014)

This study focuses on identifying the risk
factors surrounding the tender estimation.

Adafin et al. An evaluation of risk factors impacting

2 project budget performance in New
(2020) Zealand

Although the study focusses on identifying
the risk factors affecting the project budget
the focus is on general construction
project. But to develop a cost model, the
factors must be specific to the
transportation infrastructure projects.

Forecasting residential building costs
in New Zealand using a univariate
approach

3  Zhaoetal. (2019)

The research was done on residential
projects. The model cannot be directly
applied to road projects sue to differences
between the two project types.

In light of this lack of suitable research, this thesis investigates project cost issues in NZ

transportation infrastructure projects to fill the research gap discussed above. The following

section discusses the scope and limitations to narrow the broad research gap.
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1.5 Research scope and limitations

According to the research gap analysis, no research has been done to study and find solutions for
cost overruns in NZ transportation infrastructure. However, it is too broad to cover all the Tl
project types in one research. Therefore, this research focussed on NZ road projects only. First,
the research explores the causes of the cost overruns. Then, this study further analysed how
significant the cost overruns are in NZ road projects. Later, based on the findings, a solution was
provided to overcome the cost overrun problem in NZ road projects. The conclusions chapter

concludes the overall limitations in detail (Chapter 10).

The research scope is described in detail in the chapter 2. The aim of the research, as specified
above, is to improve the current estimation process, and the developed model is to be applied to
NZ road projects. To achieve the aim, this research adopted the quantitative research methodology
(questionnaire survey and project cost document analysis). The road projects in NZ and the
selected quantitative research approach form the unit of analysis and observations in this study.
Considering the research scope, the collected data for this project covers various locations and
regions throughout NZ. Therefore, the model developed in this research applies to any
geographical location within NZ. Further, the study is limited to new constructions and significant
alteration projects and data collected from projects completed between 2002 and 2022. For the
model development, the study used forty-three cases and sixteen more cases for model validation.
Subsequently, the study was conducted using the primary data collected within the NZ context

only.

Since the research aims to provide a solution to the conceptual estimation, it is necessary to briefly
understand the estimation stages and their accuracy levels. This understanding enables us to

connect the cost overruns with the estimation issues.
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The following sub-section discusses the estimation classes in a construction project.

1.5.1 Construction project estimation classification

The American Association of Cost Engineering: International classifies construction project
estimation into five classes (AACE, 2020). First, the class 01 estimate is a detailed estimate
prepared as a check estimate. At this stage, most of the information is available. This estimate may
be prepared for a part of the project to compare with the tender estimate or the contract value. This
estimation is used for subcontracting, claims, variations, and dispute resolution. Thus, at this stage,
the estimation method is a detailed unit rate method based on detailed quantity take-off. However,
the estimation cannot be 100% accurate. According to AACE (2020), an estimate would be

between -3% to -10% of underestimation and +3% to +15% over estimation.

Secondly, the class 2 estimate is the final tender estimate that would become the contract value of
the project. At this stage, based on the procurement strategy and the contract type, the availability
of information would be between 30% and 70%. Also, at this stage, the estimation method is
detailed unit rate build-up using the quantity take-off. In this class, the estimation would have

underestimation from -5% to -15% or overestimation from +5% to +20%.

Next, the class 3 estimate is prepared for budget authorisation and funding. At this stage, the
project is defined up to 10% to 40%. Therefore, the detailed unit rate is not feasible for the entire
project. Hence, the estimation method is semi-detailed unit cost. Consequently, this estimate class

shows an underestimation between -10% and -20% and overestimation between +10% to +30%.

Class 4, the conceptual estimate is prepared for feasibility studies of the project when the project
is defined only between 1% and 15%. Therefore, equipment factored or parametric models can be

used to calculate the cost at this stage.
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Finally, the class 5 estimate is the conceptual estimate prepared at the beginning of the project
with 0% to 2% project information. The client’s requirements are the only information available
at this stage. Therefore, the commonly used estimation methods at this stage are capacity factoring,
parametric models, judgement, or analogy methods. Due to the lack of information, this estimate
may have the highest error compared to other classes. Further, the estimate can be -20% to -50%
underestimated to +30% to +100% overestimated. Therefore, it is evidenced that current
conceptual estimation methods need upgrading to overcome these massive errors, which is the
focus of this research. Within the research scope, it is clear which estimation class this research

targets. The following sub-section explains the road classification in NZ.

1.5.2 Road classifications

New Zealand Transport Agency (NZTA) has a road classification system based on the road’s
function (NZTA, 2018). The first category is the ‘national roads’, which make the most significant
contribution to the NZ economy. These roads connect the major cities with high populations, major
ports, and international airports and have a significant volume of traffic with general and
commercial vehicles. The second category is ‘regional roads’, which connect the regionally
significant places and contribute to the regional economy. Next, the third category is ‘arterial
roads’, which also contribute substantially to social and economic well-being and link significant
places within the region. This road type may have heavy traffic movement within the urban areas.
The fourth category is the ‘primary collector’. These roads connect the urban areas within a
particular region with moderate traffic. The fifth category is ‘secondary collector’, which consists
of roads that connect local areas that contain daily traffic and moderate traffic of commercial
vehicles. The final road type is ‘access roads’, which provide access and connections to day-to-

day travelling for houses, shops, and schools.

10
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In addition to the above, two more road types appear in the One Network Road Classification Map

produced by NZTA (https://nzta.maps.archgis.com). The first type is the high-volume roads,

which generally comprise state highways. The second type is the low-volume roads, which are

below the access road category.

In contrast, Auckland Transport (AT) provides a different classification. However, there are
similarities between the two classifications. According to AT, there are two major categories:
‘arterial’ and ‘non-arterial’ roads. Arterial roads are further categorised into four types:
motorways, strategic routes, primary arterials, and secondary arterials. Non-arterials are

subdivided into collector roads, local streets, lanes and service lanes, and shared spaces/ zones.

Figure 1.1 shows the NZTA road classification more clearly. As specified in the above discussion,
this research considers only arterial roads, those that make a significant contribution to the national
economy, compared to non-arterial roads. Therefore, regarding NZTA classification, this research
collected data from high-volume, national, regional, and arterial road types. On the other hand,
based on AT classification, this research considered motorways, strategic, primary, and secondary

arterial road types. The following section discusses the problem statement of this research.

11


https://nzta.maps.archgis.com/

Chapter 01 - Introduction

Figure 1.1 - NZ Road Classification (Source: NZTA, 2018)

Legend for Figure 1.1: red — national; brown — regional; dark blue — arterial; light blue — primary
collector; dark green — secondary collector; and light green — access roads

1.6 Research rationale

Appraisal of the research background and problem statement indicates the necessity of addressing
the risk factors associated with cost estimation, requiring a proper cost model comprised of reliable
statistical analysis techniques for early design stage conceptual cost estimation of road projects in
NZ. This research thesis addresses the contextual background and theoretical concepts surrounding
the cost overruns, cost-related risk factors affecting the project cost, and cost modelling for NZ

road projects by addressing the following needs:

12
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1. The need to identify the major risk factors affecting the project cost to prioritise the factors
to be incorporated in the cost estimation to overcome the cost overrun issue.

2. The need to investigate the severity of cost overruns in NZ road projects to identify if the
issue is significant and needs an immediate solution.

3. The need to identify the statistical techniques that are being used to predict construction
project costs.

4. The need to investigate existing cost models developed for road projects to identify the
statistical techniques most suitable for road project estimation.

5. The need to develop a cost model specific to NZ road projects using identified cost
modelling techniques to improve the conceptual cost estimation practices.

6. The need to validate the developed model using additional case data to test the performance

of the project and make recommendations to the cost estimation practises accordingly.

The enlisted research rationale forms the motivation for this thesis. The research rationale
specifically forms the knowledge gaps in conceptual cost estimation in the NZ road projects
domain. The following section discusses the primary aim of the research and how the aim is

achieved through a series of research questions under several research objectives.

1.7 Research aim, research questions, and research objectives

This study aims to improve the accuracy of the current early-design stage cost estimation practice
used in NZ road projects. The research proposes an improved cost estimation model based on
statistical analysis-based techniques to improve performance to achieve the aforesaid aim.
Therefore, the aim has been split into four research questions, then further split into ten research

objectives as summarised in Table 1.4.
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Table 1.4. Research questions and objectives

Research Aim

Research questions

Research Objectives

To explore the risk factors affecting the

What are the primary risk RO1 ) )
) ) cost of construction projects.
RQ1 factors affecting the final __ R i
) To distinguish the significant risk factors
cost of NZ road projects? RO2 ) .
affecting the cost of NZ road projects.
RO3 To identify the severity of cost overrun
Does the cost overrun a issues in NZ road projects.
RQ2  significant issue in NZ road To investigate the relationship between
projects? RO4 the project size and time with the cost
To improve the overrun.
accuracy of the To examine the modelling techniques
conceptual cost Which modelling RO5 used for developing cost models for
estimation practice at techniques can be used to construction projects.
the pre-design stage develop a prediction model To investigate appropriate conceptual
in NZ road projects. for cost estimation of cost modelling techniques to use the pre-
transportation RO6 design stage for ensuring more accurate
infrastructure projects? out-turn cost prediction in transportation
infrastructure projects.
) ) To develop and validate the best cost
Can modelling techniques o
RO7  model for conceptual estimation for pre-
be used to develop a ) ) .
design stage of road projects in NZ.
RQ4  reliable cost estimation S
To examine if the model performance can
model for NZ road ROS8 . o
. be improved by combining several
projects?

methods.

1.8 Ethical approval

Since this research is human-based, only human ethics are considered here. The researcher must

always ensure that the research is conducted in an environment that ensures the safety, protection,

and rights of the researcher and other human participants. Potential ethical issues are identified

and discussed in the research methodology chapter. The thesis was assessed as low-risk research

under the Massey University Human Ethics Committee. Upon the ethical approval of the

committee, the research topic was assigned to an ethics code compliance number 4000023063 in

2020 for three years, starting 29" July 2020.
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1.9 Thesis outline

The official document is a doctoral thesis with publications. It comprises ten chapters, including
an introduction, methodology, literature review, data findings and analysis, discussion, and a
conclusion. The chapters based on publications have been developed to cover all the research

objectives. The chapters are arranged chronologically to show the proper flow of information.

Chapter 1 addresses the background of the study the knowledge gap, targeted objectives, the

significance of the research, and other required outlines.

Chapter 2 discusses the research design, approach and research methodology adopted in this

study, based on the general research philosophy.

Chapter 3 identifies the significant risk factors that affect the final cost or the cost overruns of NZ

road projects.

Chapter 4 investigates the significance of cost overruns in NZ road projects to identify the

necessity of improvement in the current early design stage cost estimation practice.

Chapter 5 explores the possible modelling techniques that can be used as cost forecasting models.
At the end of the chapter, it concludes which techniques showed higher performance levels in

infrastructure project cost estimation.

Using the findings of Chapter 5, Chapter 6 investigates the reliability of multiple linear regression

as a cost estimation technique for the early design stage of road projects in NZ.

Furthermore, Chapter 7 investigates the possibility of using the artificial neural network as a

reliable technique in cost estimation for road projects in NZ at the early design stage.
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Finally, Chapter 8 discusses the findings of Chapters 3, 4, 5, 6, and 7 and investigates the idea of

having a hybrid model, combining several models to improve the performance of mono-technique-

based models developed in this research.

Subsequently, Chapter 9 discusses and connects all the chapters as a whole towards achieving

one aim. Finally, Chapter 10 concludes the research by presenting the theoretical and industrial

impact and provides recommendations for further research. The chapter also highlights the

limitations of the research.

At the end of the chapters, the references and apendices are provided. The appendices include: the

ethics approval letter, sample questionnaire, and statements of contribution to the publications.

Table 1.5 summarises the thesis outline of this research.

Table 1.5. Summary of thesis outline

Chapter Chapter title Publication
number number
1 Introduction -

2 Research Methodology -

3 Risk factors affect the final cost of New Zealand Transportation Infrastructure 1
projects

4 Significance of cost overruns in New Zealand Road projects 2

5 Statistical cost modelling techniques for conceptual stage cost estimation of 3
infrastructure projects

6 Conceptual cost estimation at the pre-design stage of road projects in New Zealand 4
using regression analysis

7 Conceptual cost estimation at the pre-design stage of road projects in New Zealand 5
using artificial neural network

8 A Hybrid model for conceptual cost estimation at the pre-design stage of road 6
projects in New Zealand based on neural networks and Monte Carlo simulation.

9 Discussion -

10 Conclusions and recommendations for further research -
Reference -
Appendices -

1.10 Literature review

This thesis follows the guidelines of the thesis by publication provided by Massey University.

Hence, the chapters do not follow the traditional thesis structure comprising an introduction,

literature review, research methodology, results, discussion, and conclusion. Under the thesis by
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publication guideline, the publications are considered as chapters. Therefore, literature reviews are
also scattered into several chapters. The following Table 1.6 summarises the literature review

sections with reference to their locations of the thesis.

Table 1.6. Literature review summary

Description Chapter number
1 Background study Chapter 01
Literature review — Causes of cost overruns in transportation infrastructure
2 : Chapter 03
projects
3 Literature review — Significance of cost overruns in NZ road projects Chapter 04
4 Literature review — Cost modelling techniques Chapter 05
5 theraturej review - Rggre§3|on analysis-based models developed for Chapter 06
construction projects’ estimation
Literature review — Aurtificial neural network-based models developed for
6 . T Chapter 07
construction projects’ estimation
Literature review — Risk-based estimation and Monte Carlo Simulation as a
7 Chapter 08

technique for risk-based estimation

1.11 Epilogue

This chapter discussed the background related to the selected research topic problem statement
and identified the research gap based on that. Later, the aim of the research was to answer the
research problem within the research gap. Next, the research questions were defined to address the
primary research aim. Based on the research questions, relevant objectives were set up to be

achieved. The next chapter discusses the research methodology of this research.
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2 Research methodology

2.1 Prologue

In pursuing of knowledge and understanding, the methodology employed in a research study plays
a crucial role in shaping the outcome and credibility of the findings. This chapter serves as a
guideline that discusses the methodological framework used to address the research questions
identified in the first chapter. This chapter explains research design to justify the approach to
uncovering insights, testing hypotheses, and drawing meaningful conclusions. It begins with
introducing to the existing research perspectives, and then the adopted philosophical stance. Based
on the philosophical stance, the research approach, research strategy, data collection and analysis
methods will be justified. This chapter also encompasses the ethical considerations that have
safeguarded the rights of the researcher, the participants of the data collection process, and all the
human participants who supported this research. The following section discusses the research

purpose.

2.2 Research purpose

This study aims to develop an early-design stage cost estimation model based on the factors
affecting cost overruns for road projects in NZ. Research studies differ based on the purpose of
the research questions or the intended answers being looked for at the end of the research.
Therefore, depending on the intentions, research studies could be categorised into exploratory,

descriptive, explanatory, and Evaluative (Cooper and Schindler, 2008; Saunders et al., 2016).

Saunders et al. (2016) emphasised that exploratory studies focus on ‘What’ or ‘How’ related
research questions. Therefore, these studies can be used to gain an in-depth understanding of an

area of interest by asking open-ended questions to develop hypotheses and propositions for further
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inquiry (Saunders et al., 2016; Yin, 2009). In addition, exploratory research starts with a broader
focus and then narrows it to the primary research problem through the research progress. On the
other hand, Ghauri and Gronhaug (2010), Gill and Johnson (2010), and Saunders et al. (2016)
explained that descriptive studies focus on questions based on ‘Who’, ‘What’, ‘Where’, or ‘How’.
Therefore, these studies aim to gain an accurate profile of happening, people, or situations.
Conversely, explanatory studies can be used to understand the causal relationships among the
variables (Ghauri and Gronhaug, 2010; Saunders et al., 2016). Subsequently, the authors clarified
that evaluative studies aim to find how well something works or to evaluate the performance or

effectiveness of a strategy, policy, programme, initiative, or process.

Saunders et al. (2016) confirmed that it is possible for several purposes to co-exist in one research
design. Similarly, through the literature review, this research intends to find the causes of cost
overruns and the statistical cost modelling techniques that can be used for cost estimation at the
early design stage of construction projects. Therefore, the research starts with a broader
perspective, and then, towards the end, the focus is narrowed down to the road projects in NZ.
Using the broader information, a cost estimation model is developed for road projects in NZ.
Hence, this part of the research is designed as an exploratory study. In addition, it is necessary to
explore and understand the relationships and correlations among the model’s variables to develop
the model. Consequently, this research must accommodate both exploratory and explanatory

aspects. The following section discusses the research design.

2.3 Research design

Before conducting the research, it is crucial to have a proper research design to justify the research
process. The research design includes research philosophy, approach, methodology, strategy, time
horizon, techniques, and procedures. Several authors have introduced research designs but with

varying terminologies. Tan (2002) noted six research design types: case studies, surveys,
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experiments, correlational research, causal-comparative research, and historical research. Yin
(2003) introduced experiments, surveys, archival analysis, history, and case studies as research

design types.

Further, Bryman (2004) identified five types of research designs: experimental, cross-sectional,
longitudinal, case study, and comparative study. Saunders et al. (2016) introduced the research
onion, which comprises six layers. According to his view, research design is one of the six layers
of research strategy. This layer introduced seven strategies: experiment, survey, archival research,
case study, ethnography, action research, grounded theory, and narrative inquiry. In contrast to
Bryman (2004), cross-sectional and longitudinal were identified as the separate layers of time
horizon in Saunders et al.'s (2016) research onion. Selection of research design through research
onion needs careful step-by-step consideration of each layer. Since the process is more
straightforward than other research designs, this research adopted the research onion to design the

research process.

2.4 Research Philosophy

Research is undertaken to develop new knowledge or theories to address an issue or a problem
that cannot be solved with the existing knowledge. That is done through a systematic, in-depth
study of the problem, its surroundings, and its nature (Cavana et al., 2001; Fellows and Liu, 2015;
Sekaran and Bougie, 2016). It was further emphasised that research must be testable, replicable,
objective, able to be generalised, purposive, precise, rigorous, and parsimonious (Sekaran and
Bougie, 2016). Similarly, in their studies on research methodology, Esterby-Smith et al. (2002)
and Saunders et al. (2016) explained that a belief system and a set of assumptions regarding the
world, its reality, the nature of the reality and existing knowledge are required to develop new
knowledge based on the nature of research. That was defined as the research philosophy. Hence,

in designing the research, the first step is to identify the philosophical stance of the research.
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The appropriate philosophical stance will depend on the researcher's ontological, epistemological,
and axiological assumptions. In addition to these three philosophical assumptions, Creswell and
Poth (2016) identified two more assumptions: rhetorical and methodological. On the other hand,
the two extreme stances in philosophical assumptions are objectivism and subjectivism. Table 2.1

summarises the views of these two extremes. Understanding the assumptions of using these

terminologies helps to understand the research question, methods, and findings.

Table 2.1. Comparison between objectivism and constructivism
Source: (Elander and Johannes, 2016; Johannes, 2006)

Category Objectivism Constructivism
The real has characteristics that can be grouped is designed based on human interactions
world... based on their properties and relations. and individual minds
Reality is... common despite the difference in human personal to individuals. Individual realities

thoughts of the knowers. So, it can be

mapped and shared with others.

are mapped based on individual perception.

Symbols are...

representations of reality are only
meaningful to the degree they correspond

to reality.

products of a culture that are used to

construct reality.

The human

mind...

processes abstract symbols and fashions

them so that they mirror nature.

observes and interprets the world by

creating symbols.

Human thought

is...

symbol-manipulation and is independent

of the human organism.

is imaginative, and develops out of
awareness, sensory experiences, and social
interaction.

Meaning...

exists objectively, does not depend on the

human mind, external to the apprehender.

is an outcome of an interpretation process
which highly depends on the expertise
level, experience and understanding of the

apprehender.

Ontological assumptions are based on how we see the world's social reality (Bhattacherjee, 2012;
Bryman and Bell, 2015; Saunders et al., 2016). Therefore, it helps to outline the means of
understanding or seeing the research objects by the researcher. Ontological objectivism embraces
realism, or materialism, and regards the world as a tangible, physical entity. Objectivism considers
that objects, procedures, and social phenomena exist without the individuals who interact with

them, and only one reality is experienced by all. On the other hand, ontological subjectivism,
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known as Nominalism, considers multiple realities and does not regard any reality beyond the
people who constructed it. A less extreme form of subjectivism is constructivism, which regards
the world as a collection of shared meanings and realities as a product of the interaction between

individuals (Bryman & Bell, 2015; Johannes, 2006; Saunders et al., 2016).

Epistemology considers the information that is valid and acceptable, focusing on the origins,
nature, method, and limit of human knowledge (Fellows and Liu, 2015; Knight and Ruddock,
2008). Epistemological assumptions can also be divided into two extremes: positivism and
interpretivism. Positivism, also known as epistemological objectivism, denotes that the knowledge
confirmed by our senses can be true knowledge. It uses experience and observation to justify new
knowledge and tries to generate universally generalised social realities through these observable

and measurable facts (Drake et al., 1998; Saunders et al., 2016; Tan, 2002).

On the other hand, interpretivism, or epistemological subjectivism, uses reasoning and logical
argument to gain new knowledge (Bryman and Bell, 2015; Heal and Perry, 2000; Silverman,
1998). It considers that social phenomena are in constant flux and change due to social interaction
between the actors. To understand the current reality in detail, interpretivism focuses on
rationalisation and logical justification used to observe and justify idealistic views. Thus, it focuses

on different opinions and narratives to understand different realities.

The ideology of every researcher plays a role in the research output. Axiology refers to the
researcher's views on the study's values, ethics, and scope (Creswell and Creswell, 2018). Even
though there are many research philosophies and methodologies, the researcher's view plays a
significant role in the credibility of the output. In the objectivist stance, researchers believe that
social entities and actors are independent. Researchers keep themselves detached from their values

and beliefs to make them unbiased and value-free. In axiological subjectivism, people and social
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entities survive dependently, continuously changing and value bound. Therefore, the researcher

should engage with the people to understand their views of the people (Saunders et al., 2016).

2.5 The philosophical stance adopted for this research

Researchers conduct research based on assumptions about what they will learn and how they will
learn from it (Creswell, 2003; Creswell and Creswell, 2018). This research has focussed on what
can be learnt from the existing knowledge. Furthermore, based on the facts from the already
completed projects, what more knowledge can be generated, and how can that knowledge be used
for other projects? According to Sounders (2016), assumptions based on acceptable, valid, and
legitimate knowledge and how to communicate that knowledge to others are known as
epistemological assumptions. Similarly, in this research, the primary source of knowledge is the
numerical data gained from already completed road projects in NZ. Therefore, the knowledge is
acceptable, valid, and legitimate. Consequently, it can be confirmed that this research is based on
the epistemological assumption. Next, deciding which philosophy to adopt under this assumption

is required.

The epistemological assumption could be on the two extremes of positivism or interpretivism or
otherwise be neutral. This research believes that the actual numerical data from the projects gives
a better perspective on the project than observing the perceptions of humans, such as industry
experts or the members of the project teams. That is because the ideas can be biased or sometimes
affected by the level of people's knowledge of the area or understanding of the questions.
Therefore, generating new knowledge to develop a cost estimation model depending on human
perceptions is challenging. Subsequently, this research focuses on observable and measurable facts
to analyse the data and generate a model based on its trends and behaviours for future projects’
applications. Hence, the philosophical view of this research can be concluded as epistemological

positivism.
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2.6 Approach to theory development

Sounders et al. (2016) explained that epistemological positivism is rather deductive and uses a
larger sample size to collect data in a well-structured manner. According to Fellows and Liu
(2015), the deductive method provides accurate interpretations, provided the premises from which
the interpretation is made are true. Therefore, this type of research occurs within the limitation of
the existing knowledge and may reinforce the boundaries. Blaikie (2010) explained the deductive
method in six sequential steps. He explained that the first step is establishing a hypothesis or an
idea to form a theory. Then, a literature review is used to establish a testable proposition or a
framework. Thirdly, that proposition or the conceptual framework must be tested with the existing
theories to determine if it is still valid. If valid, the required data can be collected and analysed to
measure or examine the concept. If the test fails, which means the results are inconsistent, the
theory or the concept is false for the examined population. In that case, the theory must be rejected
or modified and re-tested. In contrast, if the results are constant, as expected, then the theory is

valid and accepted.

In this research, it was necessary to establish three assumptions at the beginning. Then, through

the in-depth study, these assumptions were tested to create new knowledge to fill the research gap.

1. The factors that affect the cost of general construction projects can be the same factors that

affect the cost of road projects in NZ.

2. Cost overrun is a significant issue in road projects in NZ; therefore, the traditional

conceptual estimation practice needs improvement.

3. The statistical analysis techniques in estimating other construction projects can be adapted

to develop a model for NZ road project cost estimation.
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Thus, the literature gave a broader perspective of the research problem. Then, through the
literature, it was further established that there is a need for reliable cost estimation models due to
the constant issue of cost overruns. The next step is to identify the causes of cost overruns or, in
other words, factors affecting the project cost. Fifty-three factors were identified in the literature,
which should be tested to identify the NZ-specific factors. The factors were presented to NZ
experts with experience in transportation infrastructure projects in a questionnaire survey. It was

identified that the factors were still valid with different severity levels.

Subsequently, the first data collection was done to identify the significance of cost overruns in NZ
road projects. If the issue is not significant, there is no need to continue the research to develop a
new model. However, the data analysis revealed that the cost overrun is significant in NZ road

projects.

The third part of the study was to develop the cost model. The literature identified several cost
modelling techniques and narrowed them down to the ones with higher performance levels. Then,
using the data from completed road projects in NZ, several models were developed using the best
techniques. Based on the model validation results, a theory and conclusion were developed to

strengthen the boundaries of the existing knowledge.

Therefore, this research was conducted following the deductive approach in theory development.
Generally, deductive research in epistemological positivism is either mono or multi-method

quantitative.

2.7 Research methodology

Once the theory development method is identified, it is necessary to identify what method or
methods should be followed. Since this research required three areas of propositions to be tested,

the multi-method quantitative approach was selected. However, Fellows and Liu (2015) stated that
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there should be either no or minimum influence possible by the researcher on the data collected.
That is because the quantitative methods are objective and value-free of the researcher’s influence.

Therefore, the strategy or strategies must be selected accordingly.

2.8 Research strategy

2.8.1 Survey

One of the objectives of this research was to identify the factors affecting the cost of road projects
in New Zealand. As discussed under theory development, the literature identified the broader
perspective of the factors affecting the cost of construction projects. The findings should be tested

for applicability to the NZ road projects. The questions associated with this study were as follows.

1. What are the factors affecting the cost of NZ road projects?

2. How much severity or significant impact does each factor make on the cost?

In the deductive approach, the above types of questions can be answered through the survey.
According to Tan (2002), a survey systematically collects primary data based on a sample.
Furthermore, Saunders et al. (2016) emphasised that the survey can be used to answer the questions
of ‘who’, ‘what’, ‘where’, ‘how much’, and ‘how many’. Therefore, this research used the survey
strategy to identify and rank the factors. According to Bougie and Sekaran (2020), the survey can
collect information from or about people to understand, compare and explain their knowledge,
understanding, behaviour and attitudes. Under the survey, several methods can be followed in data
collection and analysis, which depend on the intention of the research problem. Fellows and Liu
(2015) state that the surveys can be qualitative or quantitative. However, this research expects to
measure the severity to rank the factors affecting the cost. Hence, the quantitative survey method

was selected. Survey design will be discussed in detail under the data collection methods.

The following section discusses the case study strategy.
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2.8.2 Case study

According to Yin (2014), a case study is an in-depth investigation of a topic or phenomenon in a
real-life context. The author further highlighted that case studies are helpful when the boundaries
between the phenomenon being studied and the context within which it is being studied are not
clear. According to Tan (2002), case studies can be used to test theories guided by hypothesis.
Case studies answer the ‘why’, ‘how’, and ‘what’ research questions (Gerring, 2007; Saunders et
al., 2016). Several data collection methods are within the case study method, such as interviews,
observations, documentary evidence, and questionnaires (Yin, 2014). A distinctive feature of the
case study, or between several case studies, is the use of multiple sources of evidence to examine
the case holistically and in-depth (Gering, 2007; Yin, 2014). Yin (2014) further added that

triangulation is also possible within case studies.

This research conducted case studies with two objectives.

1. To study the significance of the cost overruns in NZ road projects.

2. To collect relevant project information for the independent variables for the model

development.

In both situations, the case was considered the completed road projects in NZ. For the first
objective, cases were collected from the past twenty years in NZ to understand the trend and nature
of cost overruns. One hundred and six projects with various sizes and scales were collected for the
first objective. Further, the information required for the analysis was minimal in this objective.
(The required data and analysis methods are discussed in detail in Chapter 4). Auckland Transport
(AT) and New Zealand Transport Agency (NZTA) were approached to obtain the required data.
However, only one hundred and six cases from the past twenty years were collected. Although

more projects were completed within this timeline, the data required for the analysis were not

27



Chapter 02 — Research Methodology

available in other projects due to various reasons. One reason was the poor record keeping. For
example, some projects completed more than ten years before were recorded only on paper.
Therefore, some detailed records were not available. Secondly, for some of the projects, the person

responsible left the agency and did not correctly transfer the records to the others.

On the other hand, as described in Chapter 1, the scope was limited to new construction or
significant alterations only. Therefore, all the medium to low maintenance and alteration work-
related cases were eliminated. Further, from the Road Classification of NZ, only the major road
types, such as high volume, national, regional, and arterial, were considered for the case study, as

explained in Chapter 1.

However, more in-depth information is required from the projects for the second objective. That
is because, in this step, the model is developed using the independent variables. Therefore,
independent variables should have information from all the cases selected for the model
development. Nevertheless, getting all the required data from all one hundred and six cases was
impossible. Subsequently, based on the data availability, fifty-nine cases were considered for the
second objective. Out of fifty-nine, forty-three cases were used for model development, while
another sixteen were used for model validation. Meanwhile, seven cases were eliminated as

outliers.

Sampling

According to Saunders et al. (2016), several sampling methods exist. Figure 2.1 summarises the
sampling approaches. A simple random sampling approach was used to collect the fifty-nine cases
for the model development and one-hundred and six cases for the cost overrun analysis. Chapters
6, 7, and 8 further explain the case selection process. The following section discusses the time

horizon of the research study.
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Sampling
|
Probability Non-Probability
Simple  Systematic  Stratified Random Quota  Purposive Volunteer Haphazard
random random random  Cluster Convenience
\% Snowhball Self-
selection
Multi-stage # ‘ %
Extreme Homogeneous Typical case
case purposive purposive
purposive
Heterogeneous  Critical case Theoretical
purposive purposive

Figure 2.1. Sampling methods (Source: Saunders et al., 2016)

2.8.3 Time horizon

This research was conducted as a partial fulfilment of the degree of Doctor of Philosophy.
Therefore, the duration was limited to three years. Hence, according to Saunders et al. (2016), the
time horizon applied for this research is cross-sectional. Subsequently, based on the above

discussion, the research design of this research can be summarised as shown in Figure 2.2.
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Theory development
approach

Time horizon

realism

Philosophy

Mono-method
quantitative

Mono-method
qualitative

Multi-method
qualitative

Archival research
Ethnography
Experiment

Case study Multi-method

quantitative Post-

Quantitative
data collection
and analysis

Cross-
sectional

Survey

modernism

Longitudinal

Action research
Grounded theory

Mixed method

Narrative inquiry simple

Mixed method
complex Abduction

Interpretivism

Pragmatism Methodology

Strategies

Figure 2.2. The research design of this research: Source: Saunders et al. (2016)

2.9 Data collection

Figure 2.3 explains the overall picture of the research process adopted in this research. Based on

the process, the data collection steps are discussed in the following sections.
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Cost overruns in NZ

Research gap identified

Literature review

What are the causes of cost
overruns?

What are the risk factors
affecting the project cost?

Significance of cost What is the solution Bibliometric Systematic literature
overruns in NZ —»  to minimize cost literature review review
road projects overruns?
A
106 cases selected 59 cases selected Modelling techniques 53 factors identified
(43 - model identified from from the literature
l development + 16 - literature
validation) T

Documentation and

records analysis

Cost overrun is
significant and
continuous. Needs
a solution.

v

Documentation
and records

analysis

l

Model development

Questionnaire survey

NZ specific factors
identified

Figure 2.3. Research process and data collection
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2.9.1 Literature review

A literature review is a selection of available documents (both published and unpublished) on the
topic, which contains information, ideas, data, and evidence written from a particular standpoint
to fulfil specific aims or express certain views on the nature of the topic and how it is to be
investigated, and the practical evaluation of these documents in relation to the research being
proposed (Hart, 2018). Sekaran and Bougie (2016) point out that the functions of the literature
review are to prevent the rediscovery of known knowledge, be familiar with the terminologies,
have a better structure to the research, replicate methods of other researchers and include a
contextual and theoretical background for the research providing a broader debate. Saunders et al.
(2016) added that a literature review would generate and refine your ideas and place the research
within the context of the broader body of knowledge. Therefore, the literature review process is

an essential part of the research.

Two significant areas needed the propositions to be identified from the literature before conducting

the data collection.

1. What are the factors affecting the cost of construction projects?

2. What cost modelling techniques were already used as cost estimation models in

construction projects?

The literature sources reviewed were relevant journal articles, conference papers, books, reports
from acceptable entities and government reports. The literature search was conducted on local and
online databases, including the Massey University library database, Discover, Google Scholar,

Google, Scopus, and Web of Science.
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Systematic literature review

The first part of the literature survey identified the factors affecting construction project cost
overruns. A systematic literature review is critical to examine all the literature related to the topic.
The literature review search started with keywords such as ‘cost overruns’, ‘cost increase’, ‘cost
escalation’, ‘budget overrun’, ‘construction’, ‘infrastructure’, ‘factor’, ‘determinant’, and
‘predictor’. The search was extended using the ‘snowball’ method by referring to the references
and critical authors. The literature search was also conducted on research methodologies to identify
the current knowledge on philosophical stances, research methods, research designs, data analysis
methods and the most appropriate research design for this study. The primary aspiration was to
identify the factors affecting the cost of construction projects. Therefore, other types of systematic
reviews were not conducted, such as publications, country, and author reviews. However, the
review also comprised a summary of primary findings from the literature. The systematic literature
review process and justification are further explained in Chapter 03. The following section

explains the bibliometric literature review process.

Bibliometric literature review

Initially, the literature identified seven cost modelling techniques used for cost modelling in
construction projects. Conducting a systematic literature review was not easy, considering the
number of sources to be reviewed. Another primary reason for selecting a bibliometric review over
a systematic review was that it reduced the time and effort of reviewing literature for different
modelling techniques. Systematic review would be lengthy and time-consuming because of several
different techniques. For instance, in this study, seven modelling techniques were identified.
Therefore, the literature review must be conducted in-depth for all seven techniques. If the selected
method were systematic, seven different systematic reviews would have to be conducted.

However, using a bibliometric review, it is possible to conduct the review for all the techniques
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together using VOS-Viewer software. Therefore, a bibliometric literature review was conducted
to review the significance of these techniques and the performance of the models developed for

infrastructure projects.

As explained in Chapter 5, the Scopus database was used to gather the literature because it is the
journal database supported by VOS-Viewer, which was used for the bibliometric analysis. The
search terms used were ‘cost estimation model’, ‘cost model’, statistical cost model’, ‘estimation
model’, ‘construction’, ‘artificial neural network’, ‘regression analysis’, ‘support vector machine’,
‘case-based reasoning’, ‘reference class forecasting’, ‘Monte Carlo simulation’, and ‘fuzzy’. Once
the bibliometric review was carried out, the findings were visualised using the VOS-Viewer
mapping tools. Several reviews were carried out under the bibliometric analysis. The primary
study was the keyword co-occurrence analysis, where the occurrences and the relationship
between the keywords were related to the above search terms. This primary concern for the
analysis was identifying the major statistical techniques and their significance in cost estimation.
The analysis was further extended to identify the sources of publications, significant countries,
and authors involved in the relevant research areas. Subsequently, the key publications from the

primary authors involved in the research area were reviewed, and the findings were summarised.

Based on the information acquired, the literature review is structured logically. A background
review identifies the necessity for an early-design stage cost estimation model for road projects;

this was further explored in the literature review.

The bibliometric literature review process and justification are further explained in Chapter 05.

The following section discusses the questionnaire survey as a data collection tool.
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2.9.2 Questionnaire survey

The literature presents neither a precise evaluation nor many research studies into the impact of
the factors affecting the cost of road projects. Instead, it has emphasised a need for research in this
field. As a part of the exploratory phase of the research, the survey research design was selected
to capture a broad view of the research issues. A survey is a systematic method of collecting
primary data based on a broader population using economic data collection methods, such as
questionnaires and structured interviews (Fellows and Liu, 2015). Furthermore, the research
questions were to be investigated in the form of “what”, and views were to be captured at once
from many respondents. Thus, a cross-sectional survey design was considered an appropriate
research design. The cross-sectional design best suits studies that determine the prevalence of a
phenomenon, situation, problem, attitude, or issue by taking a cross-section at once (Saunders et

al., 2016).

Additionally, as the philosophical stance of the research was based on epistemological
interpretivism, it was expected to collect only quantitative data. Furthermore, data collected
through surveys provides the opportunity to use statistical analysis. However, the type of data
collected through surveys depends on the data collection method. Therefore, the data collection
method of this research was an online questionnaire survey. It is an economical method and
facilitates the collection of data from respondents scattered over a large geographical area during

a specific period (Bougie and Sekaran, 2020).

Furthermore, the questionnaire survey was carried out during the initial phase of COVID-19.
Therefore, meeting the participants in person made it impossible to distribute the questionnaire.
Further, the selection was appropriate as the questionnaires could be used in descriptive and

explanatory research.
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Questionnaire design and development

The questions were designed to capture “opinions” (i.e. variables record how respondents feel
about something or what they think or believe is true or false), “behaviour”, i.e. what respondents
do — concrete experience (did/do now/will do) and “attributes” — respondent characteristics
(exploring how opinion and behaviour differ between respondents/to check that data collected are
representative of the total population) (Saunders et al., 2016) from the survey respondents. Fellows
and Liu (2015) explained that questionnaires can be open or closed based on the type of answers
the researcher expects. The delivery mode was set to online, as the survey was conducted during
the initial stage of COVID-19. Therefore, participants may have generally been reluctant to answer
open-ended questions that need time if there is no personal connection with the researcher during
the survey. Moreover, Saunders et al. (2016) explained that questionnaires delivered over the web
or email should not be too complex. Hence, it was decided to have only closed-ended questions.
The questionnaire was divided into seven sections, including background (8 questions) and rating
of factors (10 categories - 53 questions). Refer to Annexure 02 for the final version of the
questionnaire. The questionnaire design and sampling method are explained and justified in detail

in Chapter 04.

Questionnaire sampling method

The main aim of the questionnaire was to identify the risk factors affecting the project cost.
Therefore, the sample should contain the experts who mainly handle the project cost management.
Therefore, the selected sample was the Quantity Surveyors, Estimators and other professionals
who work closely with the project cost of transportation infrastructure projects. However, it is also
recommended to have the opinions of other construction professionals working on the project.
Nevertheless, the study was conducted during the alert level 3 and 4 lockdowns of COVID-19.

Therefore, there were restrictions in meeting people to gather questionnaire answers.
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Subsequently, the questionnaire was distributed through the New Zealand Institute of Quantity
Surveyors (NZIQS) to its members in all grades. Therefore, the other professionals’ opinions are

recommended for further research.

Questionnaire sample size

The calculation method of the questionnaire sample size is described in detail in Chapter 3.

The following section discusses the documents and record analysis as a data collection tool.

2.9.3 Documents and record analysis

Under the case study research strategy, the adopted data collection method was documents and
record analysis. Documentation prepared for more formal use is called records, and information
recorded for personal use is called ‘documents’ (Hodder, 1994). The author added that building
contracts and legal agreements are records, whereas memos, letters, and field notes are documents.
Further, Bowen Glenn (2009) and O’leary (2017) emphasised that there are three types of primary
sources for document analysis. First, organisations officially publish public records such as annual
reports, strategic plans and mission statements. The second source is personal documents
containing personal experiences or individual events, such as blogs, newspapers, journals, and
Facebook posts. The third source is physical evidence, such as training materials, posters, and
flyers. Document analysis can provide background information within a specified context,
monitoring growth or decline trends, and complement findings from an existing source of

information (Angrosino and Mays de Perez, 2000; Bowen Glenn, 2009)

Acquiring cost data from projects is difficult; due to the sensitivity of the details, acquiring cost
and time details will depend on participants’ willingness to supply these. Therefore, the sampling
method to acquire such data will be the snowball method (Saunders et al., 2016). Cost data from

databases do not have such limitations, so that the total data population can be acquired for
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research. The limitations of not having data from specific projects could be minimised by using

information from databases.

This research requires the analysis of records such as government reports, contract documents, and
final accounts documents. The document analysis collected two primary data types: actual cost
data from completed road projects and generic cost data from databases such as cost indices. The
required cost data for the models’ parameters were collected from the final accounts, contract
documents, government reports, and relevant standard methods of measurement. Contract
documents specify the exact time and cost estimate for the project and the type of payment method.
In addition, the final accounts provide the actual cost and time spent on the various elements of
the project by the end of the contract completion, as well as the time that has elapsed. These
documents give the cost and time deviation between estimation and actual. Cost databases provide
indices that can be utilised to calculate cost fluctuations over time. Therefore, document analysis
was the primary data collection method for model development and validation. Data collection for

document analysis is explained in detail under Chapters 3, 4, 5, 6, 7, and 8.

2.10 Quantitative data analysis

This research contains three types of quantitative data to be analysed. The first type is the
questionnaire data analysis, and the second type is the non-parametric analysis of the cost data to
identify the significance of the cost overruns. The last is the model development. The following

sections discuss these three types of data analysis.

2.10.1 Non-parametric analysis

Before developing the model or identifying the factors affecting the cost of road projects, it was
crucial to identify if the cost overrun is a crucial issue in NZ road projects. Therefore, the data

were collected from 106 road projects. Before conducting any quantitative analysis, it is necessary
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to determine the normality of the distribution because the test type will depend on the distribution.
If the distribution is normal, then parametric tests can be conducted. In contrast, the tests must be

non-parametric if the data is not from a normal distribution.

There are two commonly used normality tests supported by SPSS. They are Kolmogorov-Smirnov
and Shapiro-Wilk tests. However, the Kolmogorov-Smirnov test could perform well with larger
data sets (Grech and Calleja, 2018), while the Shapiro-Wilk test could be used for smaller data
sets (Villasenor and Estrada, 2009). Therefore, the Shapiro-Wilk test was used for the normality
test as the data set was only 106 projects. In addition to this, the normal Q-Q plot was also
examined for normality. According to Augustin et al. (2012), the data points would fall on a 45-
degree reference line if the data distribution is normal. However, the data set did not meet the

normality requirement. Therefore, the data were analysed using non-parametric tests.

Kruskal-Wallis H test

The Kruskal-Wallis (KW) test is a non-parametric test similar to the Analysis of Variance
(ANOVA). To apply the KW test, there should be a defined hypothesis. The null hypothesis was
that there is no effect on the cost overrun by the project size or the time. In other terms, if there is
no effect, the mean cost overrun of all projects with different sizes or completed any year should
be equal. The alternate hypothesis was that the project size and the time affect the magnitude of
cost overruns. To conduct the KW test, all one hundred and six projects were categorised into
small, medium, and large-scale projects based on the contract price. If the p-value of the test is
higher than 0.05 alpha level, the null hypothesis can be accepted (Tan, 2002; Bryman and Cramer,

2005; llozor, 2009). The test is further explained in Chapter 4.

2.10.2 Questionnaire survey data analysis

The second part of the data collection was the questionnaire survey. The data analysis techniques

depend on the data type and their measurement scales, such as nominal, ordinal, interval, and ratio.
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It is possible to conduct quantitative analysis manually or using Microsoft Excel because all the
tests are mathematical calculations. However, it will take a considerably long to analyse the data,
and the results may be influenced by the researcher’s capacity to handle all the functions and
equations. Using computer-aided statistical software, the data can easily be manipulated,
interpreted, and displayed differently (Robson, 2002). Therefore, SPSS (Statistical Product and

Service Solutions) version 28.0.1.1(15) was used for the analysis.

The primary objective of the questionnaire was to identify the significant factors that affect the
cost of transportation infrastructure projects. The Likert scale is the most used rating scale. Jacoby
(1971) emphasised that the Likert scale can be used in measuring attitude and image and is often
considered an interval estimate. The data collected through the questionnaire were tested for

reliability using Cronbach’s alpha. Data reliability is explained in further sections of this chapter.

Three major measurements were taken: severity index (SI), coefficient of variance (COV), and
coefficient of correlation (COC). Sl was used to identify the significance of the factors, while COV
was used to measure the agreement of the level of significance of the factor among the participants.
Based on the Sl and COV, the factors were ranked to identify the significant factors affecting the
cost of transportation infrastructure projects in NZ. The justification and further details of these

measures are explained in Chapter 3.

2.10.3 Parametric Analysis

Through the literature review, seven cost modelling techniques were identified, and out of those
seven, three techniques performed well with the infrastructure projects. These were namely:
regression analysis (RA), artificial neural network (ANN), and support vector machine (SVM). Of
those three, RA and ANN were common and performed well for road projects, and the industry
experts were very familiar with the techniques. Therefore, SVM was not considered for model

development. However, none of the three abovementioned techniques work well with risk
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analysis. However, Monte Carlo simulation (MCS) is an excellent technique identified from the
literature that works well with risk-based estimation. Therefore, in this research, three models were
developed using the data collected from road projects in NZ using RA, ANN, and MCS. The

following subsections discuss the overview of the modelling techniques used.

Multiple linear regression analysis (MLRA)

Table 2.2. Regression assumptions and tests

Assumption Description Hypotheses To accept the Ho
Linearity Independent variables Ho: coefficients of the regression Regression model
and dependent equations are equal to zero statistics
variables have a linear Ha: any of the coefficients or at leastone  F-value > F (critical
relationship coefficient is not equal to zero value)
And
p-value > 0.05
Normality The residuals of the Ho: the errors follow a normal Kolmogorov-Smirnov
regression are distribution test, Shapiro-Wilk test
normally distributed Ha: the errors do not follow a normal p-value <0.05
distribution
Independence Independent variables Ho: the independent variables do not Correlation analysis and

do not correlate.

have any correlation
Ha: the independent variables are not
independent of each other

multicollinearity

The correlation
coefficient should be
lower.

VIF <10

Homoscedasticity Data points have a

constant variance.

Ho: the data points have
homoscedasticity behaviour
Ha: the data points have

heteroscedasticity behaviour

The scatter plot of the
predicted value against
the residuals must not
indicate any pattern but

scattered randomly.

The first model was developed based on MLRA using SPSS software. Hair et al. (2007) stated that
regression analysis is the most widely used analytical technique in measuring linear relationships.
The model was developed to predict the final cost of road projects based on the details available
at the early design stage of the project. The ANOVA test is used to analyse the model's fitness,
validity, and significance in predicting the cost of road projects. The regression model depends on
the validity of four assumptions. Once the model is developed, the assumptions must be tested to

validate the model. The assumptions are linearity, normality, independence, and homoscedasticity.
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These assumptions were tested using a hypothesis. Table 2.2 elaborates on the assumptions and

hypotheses used in this research. Chapter 6 discusses the regression analysis process in detail.

Artificial neural network (ANN)

The ANN has simply adopted the architecture and functions of human brain cells and the nervous
system that learn from previous experience and respond to complex problems (Tijanic et al., 2020).
Silva et al. (2017) state that ANN can be used in universal functional approximation, pattern

recognition, process identification and control, predictions, and system optimisation.

ANN models comprise three primary layers: input, hidden and output. The input layer receives the
information/ data to the model. The number of neurons in this layer depends on the number of
independent variables selected for the model. Each independent variable represents one neuron in
the input layer. Thenceforth, the centre part of the model contains the hidden layer. Depending on
the model architecture, an ANN model can have one or more hidden layers. This layer extracts
patterns associated with the process or system being analysed (Silva et al., 2017). The number of
neurons in the hidden layer can be decided based on the model's performance. The model can be
re-run, adjusting the number of neurons in the hidden layer, and the model with the highest
performance will be comprised of the ideal number of neurons. Ultimately, the output layer is
composed of the neurons that produce the result or the outcome based on the analysis and
calculations performed in the model. The number of neurons is based on the model's expected
output. Usually, the output layer consists of one neuron because most estimation models are

developed to forecast the project's final cost.
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Figure 2.4. ANN Architecture (Source: Chapter 7)

The multiple-layer feedforward method is the most used architecture in ANN models because the
single-layer feedforward models do not contain any hidden layers (Silva et al., 2017). Figure 2.4
shows a sample multiple-layer feedforward network with an 'n' number of independent variables
(x) and two hidden layers with 'i" and 'j' numbers of neurons, respectively. The output layer has
only 'm' neurons representing the respective output of the problem being analysed by the model.
The Multiple Perceptron (MLP) and the Radial Basis Function (RBF) are the most widely
recognised multiple-layer feedforward architectures (Ahiaga-Dagbui and Smith, 2012; Silva et al.,
2017; Tijanic et al., 2020). These two models utilise the generalised delta and competitive/delta
rules, respectively, as the learning algorithm in the training phase. However, Ahiaga-Dahbui and
Smith (2012) emphasised that the MLP model is superior to the RBF model. That is because the
MLP model focuses on identifying the relationships between the inputs and the output, whereas
the RBF model performs in two stages. The first stage performs a probability distribution of the
inputs and identifies the relationships in the second stage. Therefore, this study only focuses on
developing the ANN model adopting the MLP principles. ANN model concept and development

is further explained in Chapter 7.

Monte Carlo simulation

In Chapter 5, it was noticed that statistical techniques such as regression analysis, artificial neural

networks, and support vector machines do not perform well with risk-related variables. Therefore,
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these techniques cannot correctly predict the risk involved in construction projects. However, risk
estimation is a significant component of the project cost. Without proper risk analysis and
estimation, the project may experience cost overruns. Therefore, this chapter investigates the risk

estimation of construction projects.

Construction risk cannot be estimated with exact figures because the risk is an uncertain future
situation, which could either happen or not happen. Sometimes, the risk may occur but at a
different magnitude than estimated. Therefore, the best way to estimate the risk is through its
probability. However, Peleskei et al. (2015) stated that proper risk analysis is often challenging
during the estimation stage, yet it is very significant for the reliability of the estimation. Over the
years, researchers have developed several models and techniques to analyse the project risk. Monte
Carlo simulation (MCS) is a well-known technique commonly used in the construction industry
to estimate risk probability. Therefore, this study analyses the road project data used in chapters 6

and 7 to analyse the risk probability using MCS.

According to the estimation classification system introduced by AACE (2020), at the conceptual
stage, usually, the estimate should be expected to have -20% to -50% of a lower range to +30% to
+100% of a higher range of variation. Therefore, the project risk level is higher at this stage due
to the limited information availability. However, the conceptual estimate will lead to significant
project decisions and budget establishment. Hence, it is essential to have a reliable estimate.
Consequently, risk estimation is required to ascertain the possible percentage of variation from the
primary estimate. AACE (2020) defined contingency as an amount added to the project estimate
to allow for items, conditions, or events for which the state, occurrence, or effect is uncertain and
that occurrence will possibly demand additional cost. Generally, the contingency is estimated
using statistical analysis of experts’ judgement based on past experience or lessons learnt

(Maronati and Petrovic, 2019). However, it was observed that some of the projects allow a general
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contingency sum as a percentage of the estimated value (Gbajobi et al., 2018; Peleskei et al., 2015).
However, allowing the contingency without a proper risk analysis creates a riskier situation as it
IS uncertain what to expect during construction. Further, if the project faces unexpected risk with
a higher financial impact, the allowed contingency may not be sufficient (Gbajobi et al., 2018).
Therefore, this study investigates MCS as a technique for risk estimation that combines with the

ANN-based model developed in Chapter 7 to improve its performance and reliability.

2.11 Data Validity and reliability

Evaluating the quality of the research is required to decide upon the dependability of the research
outcome. The significant concerns about the quality of the research focus on its validity and
reliability. These measures focus more on qualitative research, but some concerns relate to

guantitative and mixed-method research. Thus, these measures must be discussed in this research.

2.11.1 Research bias

Bias is a crucial concern in both quantitative and qualitative approaches. That is because if the
survey participants are biased toward a person or a group, then the answers provided may not be
valid. Therefore, survey findings may deviate from the factual findings (Shuttleworth, 2009).
However, in quantitative research, bias can be eliminated through statistical analysis (Bougie and
Sekaran, 2020). Therefore, under the quantitative analysis, how to use the analytical tools to test

the validity and reliability of the data and findings will be discussed.

2.11.2 Data triangulation

The need for triangulation arose from the ethical need to confirm the validity of the processes.
Denzin (1984) identified four (04) types of triangulation: (a) Data source triangulation when the
researcher looks for the data to remain the same in different contexts; (b) Investigator triangulation,

when several investigators examine the same phenomenon; (¢) Theory triangulation, when
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investigators with different viewpoints interpreted the same results; and (d) Methodological
triangulation, when one approach is followed by another, to increase confidence in the
interpretation. This research study used data source triangulation and methodological

triangulation.

Firstly, under data source triangulation, several data sources in NZ were approached to collect
data, assuming that the data from all sources react to the tests similarly to ensure the reliability of
the data. Under methodological triangulation, this research followed several approaches to the

same study to ensure the validity and reliability of the outcome.

2.11.3 Data validity

The measure used to check the correctness of the research is called the research's validity (Creswell
and Poth, 2016). There are many definitions and subcategories of validity. Validity is the process
of verifying collected data, data analysis and interpretation of the data to verify its validity,
authenticity, and credibility (Saunders et al., 2016). Bougie and Sekaran (2020) defined validity
as the Evidence that the instrument, techniques, or process used to measure a concept indeed
measures the intended concept. Thus, the research validity is an essential factor in the research.
There are three approaches to assessing the validity of the research. They are content validity,
construct validity and criterion validity (Bougie and Sekaran, 2020; Hair et al., 2007; Saunders et

al., 2016).

Researchers explain that content validity, or face validity, measures the ability or the extent of the
coverage of the investigation related to the research question addressed in the data collection
(Bougie and Sekaran, 2020; Hair et al., 2007; Saunders et al., 2016). Construct validity is
comprised of two approaches: convergent and discriminant validity. Convergent validity is
established if the two different instruments that measure the same concept receive highly

correlated scores (Bougie and Sekaran, 2020). In contrast, discriminant validity is established
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when two variables show low or no correlation when the expectation is to have two distinctive

variables (Bougie and Sekaran, 2020; Saunders et al., 2016).

Finally, criterion validity also has two approaches: predictive and concurrent. Predictive validity
concerns the ability to predict the outcome using the measures or the questions used in the
instrument. Conversely, concurrent validity establishes when the participant/variable's different
perspectives/ criteria should be measured and identified differently by the measurement. For
example, while the review identifies the statistical analytical tools, it is also necessary that the tools
can be used for developing prediction models. That is because the findings cannot be valid if the
review does not differentiate the tools based on their ability to be used as a predictive model.
Therefore, the results should discuss the tools that satisfy both criteria. Table 2.3 explains in detail

the above three approaches, with solutions.

Table 2.3. Research validity measures (Source: Bougie and Sekaran, 2020; Hair et al., 2007; Saunders et al., 2016)

Approach Description Method of achievement
The systematic literature review and
bibliometric review were aimed to cover the
entire area within the expected scope of the
Does the questionnaire cover the questionnaire or model development.
Content . required scope? Once the questionnaire was developed, it
. Face validity . . .
validity If the review considered all the was presented to several industry experts to
models developed for get their opinions on its validity.
Finally, the PhD supervisor approved the
questionnaire before commencing the data
collection.
Convergent Do the two instruments measuring the
validity same concept highly correlate?
Construct Does the measure have a low . .
. L . . . . Search terms of the literature review were
Validity ~ Discriminant correlation with a variable that is . . -
. . chosen to satisfy the required criteria of the
validity supposed to be uncorrelated to this
) research.
variable? - . .
- - Statistical analytical tests such as correlation
- Does the measure differentiate . .
Predictive AN . analysis and factor analysis were used to
. individuals in a manner that helps .
I validity . I measure the validity
Criterion predict a future criterion?
validity Does the measure differentiate in a
Concurrent .
L manner that helps to predict a
validity

criterion variable currently?
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2.11.4 Data reliability

Reliability refers to the consistency of the data collected. Researchers have identified three ways
of achieving data reliability. They are test re-test, internal consistency, and alternative form
(Bougie and Sekaran, 2020; Hair et al., 2007; Saunders et al., 2016). However, in this research,
the test re-test was not adopted as it required administering the questionnaire to the same
participants twice. Moreover, re-distributing the same questionnaire may be interpreted negatively
by the participants. On the other hand, identifying the position held by the participant who
completed the questionnaire is another way of assuring the data’s reliability (Oppenheim, 1992;
Love, 2002). Also, the questionnaire ensured that only professionals with experience in

transportation infrastructure projects completed it.

Similar to the first method, alternative forms measure the same concept in two instances with the
same participants (Hair et al., 2007). However, by achieving this, the questionnaire may be
lengthier than expected. Hence, the participants may lose interest, notice similar measures in
different areas, and refer to the previous response. Therefore, this method was also not tested as

the survey was conducted online, and it was crucial to minimise it as much as possible.

Table 2.4. Data reliability measures

Threat

Description

Mitigation method

Participant error

Factors affecting the
performance of the
participants

The questionnaire survey was designed to complete within
short period of time to keep participants interest and to
make it easier to read, understand and answers the questions
easily.

Participant bias

Factors affecting the false
response

Participants identity was secured and not disclosed to
others. Participant bias also minimised using triangulation
methods.

Researcher error

Factors altering the
researcher interpretation of
the data

The data analysed were checked by other researchers such
as main supervisor and co-supervisor.

Researcher bias

Factors that induce bias of
the researcher

The final output of the research was validated with actual
case study data by statistical validation. (Refer model
validation in chapter 6, 7, and 8)

Source reliability

To ensure the data reliable it
must be ensured that the data

In the questionnaire survey, the position and the experience
of the participants were recorded and analysed to enhance
the reliability.
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is gathered from a reliable For the case study, the data was collected from the
source. responsible personnel for completed projects from the
NZTA and AT.
Internal consistency  The extent to which the Before analysing the survey data Cronbach’s alpha test is
items in the questionnaire or  conducted. The test identifies problem items that should be
items in a question are excluded from the scale.

related to each other.

In contrast, internal consistency is used to measure the consistency of responses across the
subgroup of questions. That can be measured statistically. This test determines the extent to which
the questions or items in the same subgroup or category are related to each other. Cronbach’s alpha
is the most used internal consistency test (Bougie and Sekaran, 2020; Hair et al., 2007; Saunders
et al., 2016). Therefore, the quantitative data analysis also used this test for the reliability of the
questionnaire. Based on the above discussion, Table 2.4 summarises the reliability methods

adopted in this research.

The following section discusses the achievement of research questions through the adopted

research methodology discussed above.

2.12 Research questions versus research methodology

Figure 2.5 illustrates how the research methodology adopted in this research is used to achieve the

research objectives and answer the research questions.
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2.13 Ethical considerations

This thesis was assessed as low-risk research under the Massey University Human Ethics
Committee. Upon the ethical approval of the committee, the research topic was assigned to an

ethics code compliance number 4000023063 in 2020 for three years from 29th July 2020.

This aims to ensure that the research is not undertaken for harmful purposes, that no harm comes
to anyone involved, and to protect the participants' safety, protection, rights, and confidentiality.
It is required to take the participants' consent to take their details while collecting data, and the
information must not be accessed by anyone else but the researcher. The issues concerned with
gaining ethical approval are gaining access to particular subjects, ensuring the information they
give is safeguarded and not spread to others beyond the research, ensuring that participants are
treated with respect, as well as the information they provide and that the information they provide
is only that which is needed in the research, not just gathering information for the sake of it,
ensuring that there are no risks in the gathering of information, either to the participants
(reputation, health, security) or to the researcher (emotional upset, danger to the person) (Wisker,

2007).

The research was peer-reviewed by the supervisors for ethical issues such as the anonymity of
participants and organisations, participants' consent, the confidentiality of information collected
and the conflict of interest. Precautions were taken throughout the research to manage the

participants' sensitive information.

e The anonymity of participants: Only the personal views of study participants were
collected. Identifying information such as name, organisation, and business was not
collected on either person or organisation, and that information does not appear in any part

of the research.
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e Participants' consent: Information on the study was presented to the participants, and their
consent was duly obtained in writing before participating. Participants could withdraw their

participation at any time during and after the study.

e Confidentiality of information: All responses were kept confidential in line with Massey
University's code of ethical conduct for research, teaching and evaluations involving

human participants (Revised code 2017).

e Conflict of interest: The research is generic, and no conflict of interest is engaged with any

party or organisation.

2.14 Research scope

This thesis focuses on improving the reliability of conceptual cost estimation at the early design
stage of NZ road projects. The research scope covers the research domain of investigation,

geographical coverage, and unit of analysis and observation.

2.14.1 Geographical coverage

Considering the above research scope, the collected data for this project covers various locations
and regions throughout NZ. Therefore, the model developed in this research applies to any

geographical location within NZ.

2.14.2 Domain of investigation

This research considers cost overruns of the NZ road projects, their severity, risk factors affecting
the project cost, and their impact. Subsequently, the research develops three models using several
modelling techniques to identify the ways to improve the current estimation practice for NZ road

projects.
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2.14.3 Unit of analysis and observation

This research conducted a questionnaire survey to prioritise and validate the identified risk factors
for Quantity Surveyors and Estimators in NZ with experience in road projects. As specified above,
the research aims to improve the current estimation process, and the developed model is to be
applied to NZ road projects. This research adopted a quantitative method (questionnaire survey
and project cost documents analysis) to achieve the overall research aim. Therefore, the NZ road
projects and the selected quantitative research approach form this study's unit of analysis and

observations.

2.15 Epilogue

This chapter elaborated on the research methodology adopted in this research. The background
and research gap analysis identified the cost overrun as a significant issue commonly faced by
construction projects. Therefore, as the first step, the next chapter will investigate the significant
risk factors affecting the cost of transportation infrastructure projects. That is because, ultimately,

such causes lead the projects to cost overruns or budgetary failure.
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3 Risk factors affect the final cost of New Zealand transportation

infrastructure projects

3.1 Prologue

Understanding the underlying causes of cost overruns is critical to mitigating their occurrence and
improving the efficiency and effectiveness of the project. Factors contributing to cost overruns can
be attributed to a combination of technical complexities, personnel, and external environment
influencers. As construction projects become more intricate and demanding, the need for accurate
cost estimation and effective project management becomes paramount. Therefore, this chapter
investigates the factors that affect the project cost of the road projects in New Zealand. It provides
the background information for further investigation of cost model development because the cost
estimation process should be able to address the significant risk factors. The chapter investigate
in-depth literature to identify the factors. Subsequently, the factors are validated and prioritise
based on the severity using questionnaire survey. The chapter identifies some knowledge gaps in
relation to the risk factors and cost estimation in NZ road projects. Finally, there will be some

recommendations provided that will lead to the next stage of this research®.

1 This chapter is based on the following publications.

Atapattu, C.N., Domingo, N., and Sutrisna, M. (2023). What significant risk factors affect the final cost of road
projects in NZ — Quantity Surveyor’s perception, Built Environment Project and Asset Management, Vol. 13 No. 5,
pp. 756-777. DOI: https://doi.org/10.1108/BEPAM-07-2022-0105.

Atapattu, C. N., Domingo, N. and Sutrisna, M. (2022). Causes and effects of cost overruns in construction projects.
The 45" Australasian Universities Building Education Association Conference (AUBEA 2022), Sydney, Australia,
23-25 Nov.
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3.2 Abstract

Cost overrun is one of the critical issues faced in construction projects, as nine out of ten projects
will likely go over the budget. In particular, transportation infrastructure (TI) projects, such as
roads and bridges, are vastly affected by cost overruns, which can delay the entire project. This
research intends to identify the factors affecting the cost overruns in New Zealand (NZ) TI
projects. The research was conducted using a questionnaire survey involving ninety-two
participants experienced in infrastructure project estimation in NZ. Quantitative methods were
used to analyse the data. Fifty-three factors were identified through literature under ten categories.
Based on the survey, ten significant factors were identified with a high grade of importance. The
three most critical factors were ‘frequent design changes’, ‘poor planning and scheduling’, and
‘inadequate tender documentation’. It was found that the cost overrun is primarily affected by the
pre-contract stage causes. Although much research is done to identify these factors, they are only
considered in a few statistical cost models. These new statistical models mainly focused on
technical variable factors similar to the current standard estimation process. However, the results
of this research, qualitative and quantitative factors, will be used for the future cost model. The
results will improve the current estimation practice by developing a new statistical model
considering all the significant variables for NZTI projects. The data were collected from
professionals involved in NZTI projects. Therefore, the implications may be different for other

contexts.

3.3 Introduction

Construction cost is an important performance indicator of a project’s success. Thus, construction
projects that cannot finish within the budget have been considered projects delivered with poor
performance (Abdul et al., 2013; Ameh et al., 2010). Therefore, the accuracy of the project’s

budget estimate can be partially responsible for the cost overruns as it heavily informs the decision-
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making to go ahead. Accordingly, a better understanding of the behaviour of project cost during
the various project stages from inception to completion would be beneficial in producing more
realistic budget estimates (Creedy et al., 2010). The estimation method used in preliminary
estimation should consider all the critical and possible factors affecting the cost overrun. For
example, the study by Lind and Brunes (2015) on Swedish infrastructure projects reported that
most cost overruns took place at the initial design stages and planning until the design was finalised

due to technical and administrative issues.

Much research has been done to identify the factors affecting the cost overrun in the construction
industry of various countries, as shown in Table 3.1. However, the construction industry heavily
depends upon geographical changes, weather changes, economic capacity, and changes in
construction methodology. Therefore, the significance or the severity of the impact of these factors
can be different to the New Zealand (NZ) context. However, recent research has not been studied
on the NZ transportation infrastructure (TI) projects. Mbachu (2011) researched payment-related
risks in the NZ construction industry and observed that cost estimations do not consider the most

crucial price-related risk factors.

Nevertheless, O'Brien et al. (2014) investigated the challenges the NZ Quantity Surveyors (QS)
faced. They identified that the cost estimation needs to be more reliable and accurate due to the
unavailability of information. Further, the research suggested finding the significant factors

affecting the project cost, which should be considered in estimations.

According to the sources identified through the literature review, TI, such as roads/ highways,
bridges, tunnels, and rail projects, face considerable cost overruns in NZ. For example, Auckland
City link rail has faced a one-billion-dollar cost overrun. Also, from 2010 to 2017, the number of
projects delivered within the budget decreased from 48% to 29% (KPMG, 2017). Therefore, it is

necessary to identify the factors critical to NZTI projects, even if it is impossible to eliminate the
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causes. However, identifying and addressing the essential variables through a cost model is the

best way to mitigate them (Adam et al., 2017).

Furthermore, TI projects are mainly funded by the public sector. Therefore, facing significant cost
overruns will affect public funds as the project's budget was not planned for the additional funds
at the decision-making stage. That will lead to substantial delays in the projects. Moreover, it will
affect the public as TI projects impact traffic controls, route diversions, and road closures.
Therefore, having an accurate and reliable budget at the decision-making stage of a project will
allow the project team to be prepared for all eventualities. This research aims to identify the factors
that can be used as variables to develop a cost model to mitigate these issues in pre-contract

estimation.

The following section details the research methodology adopted in this study.

3.4 Research methodology

3.4.1 Systematic literature review (SLR)

A two-stage research methodology was implemented for this study. The first stage involved an
SLR of relevant literature to identify the factors previously found to affect cost overruns. The SLR
provides an evidence-based approach to identify relevant data for particular research while
eliminating bias issues and errors arising due to its transparency, inclusivity, explanatory, and
heuristic nature (Denyer and Tranfield, 2009). An SLR is vital as the researchers need up-to-date
information, reviews, and discussions on a particular research area to investigate current issues

and problems before conducting an actual field investigation (Lipsey and Wilson, 2001).

The literature search was based on keywords related to the cost overruns of Tl projects. The

databases were selected to ensure a wide range of publications were retrieved. Scopus, Web of
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Science, and Science Direct are the most used databases. Figure 3.1 explains the criteria used to

gather literature for the SLR in detail.

(TITLE-ABS-KEY ("Cost overrun*" OR "cost increase* OR "cost escalation* OR
"budget overrun*') AND TITLE-ABS-KEY (infrastructure* OR construction*) AND TITLE-
ABS-KEY (factor* OR determinant* OR cause* OR explanation* OR predictor*))

Scopus Web of Science Science Direct
Total - 1350 Total - 982 Total - 3615
P Filter only the
A B articles in English
1321 916 3542
< < Filter only the
journal articles
760 741 2468
P T Filter only the
* [ < Engineering
519 541 1020 related articles
< < < Filter only the
Construction
499 229 567 related articles

Total of 1295 records

were retrieved :
: 772 articles were removed

| due to duplications and other
areas not relevant

523 Articles
203 articles were removed
after the screening by title,
320 Articles abstract and keywords

» 120 articles were removed
after the content screening

Total of 200 records were
considered for in-depth
study
T 37 articles were removed after

| | the in-depth study

Final 163 articles were selected to
identify the factors based on the
in-depth study

Figure 3.1. Systematic literature review process

3.4.2 Questionnaire survey

The second stage of the methodology was to identify and prioritise the most significant factors
found through the literature survey, particularly concerning NZTI projects. Due to the COVID-19

restrictions, an online questionnaire survey was carried out. Since the research requires a
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knowledge of estimation procedures, it was decided to select professional QSs or other
professionals involved in estimating Tl projects. Therefore, this research's results indicate the

Quantity Surveyor's perception of the TI project cost.

Sample size.

Considering the infinite population, the following equation was used to calculate the sample size

(Israel, 1992).

t’pq
ny = 7
Where;
no :Sample size
2 :abscissa of the normal curve that cuts off an area a at the tail (1.96 for 95% confidence
level)

p - estimated proportion of an attribute that is present in the population (0.5 is considered)
q :(1-p

d?  :the desired level of precision

Therefore, when considering a 10% margin of error, the equation would look as follows

_1.96%x0.5x (1-0.5) _
0~ 0.12

96.04 = 97 QSs

However, the above calculation is for an infinite population. Therefore, the sample size should be

readjusted for the finite population using the following equation (Israel, 1992).

Ny

(ng — 1)
1+T

n=

Where,

n : Sample size
no : Sample size for infinite population

N  :Population
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According to NZIQS, the organisation had 1243 members, including all the membership grades,

in 2021. Therefore, according to the above equation;

n =97/ (1+ ((97-1)/1,243)) = 90.05 = 91 QSs

Hence, the minimum sample size was ninety-one. The questionnaire was circulated via email with
a link to the survey to all NZIQS members. The Survey allowed the collection of the responses for

one month and collected ninety-two completed responses.

In the questionnaire, the respondents were asked to rate factors identified through the literature
review (refer to Table 1) on a scale of one to five, where five means the factor is significant. At
the same time, one is assigned to a factor of very low importance. Since the questionnaire survey
only comprises closed-end questions, it is easier to code each possible response for each question
using numbers. For instance, a five-point Likert scale would have six possible codes, one for each
response and another for a missing response. In addition, the survey was designed to rank all 53
factors compulsory before submitting the response to ensure all data is present in all responses.

Therefore, the collected 92 responses contain answers for all the factors.

Before conducting any statistical tests, it is required to test the normality of the data distribution.
The Shapiro-Wilk test was used for that. The data is considered a normal distribution if the p-value
is higher than 0.05. The mean rating or severity index (SI) representing the average responses for

a particular variable was computed using the equation below (Knight and Ruddock, 2008).

100%
n

Sl = (sti X fi) X
1
Where,

SI :severity index
wi  : rating points ranging from 1 to 5 on the Likert scale
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fi : frequency of response, i.e., the number of responses associating a cost factor with a
particular rating point

n : the total number of respondents rating a particular cost factor in the survey.

The coefficient of variation (COV) indicates the standard deviation (SD) as a percentage of the
mean. COV helps compare the relative variability of different responses. The COV results will
reflect the divergence or convergence of opinions among the participants in their ratings. A lower

COV value means a higher agreement between all participants (Ji et al., 2014).

However, COV cannot be used solely to decide the validity and reliability of the research design,
measuring instrument, and findings. Therefore, Cronbach’s Alpha is used to measure the reliability
of the collected data. Generally, if Cronbach’s Alpha of the data set is higher than 0.7, it is

understood that the data set is reliable and valid (Bonett and Wright, 2015).

In addition, correlation analysis was conducted to evaluate the factors with the same rank. The
correlations of the factors can support deciding the significance of the factors over those with the
same rank. The correlation coefficient is varied between +1 and -1. +1 means a perfect positive
correlation, while -1 means an ideal negative or no linear correlation between the two factors

(Adafin et al., 2016).

The following section will analyse the significant findings of the systematic literature review.

3.5 Literature review

A considerable amount of research has been done to study the factors affecting cost overruns and
their effects by categorising them differently. One of the most common classifications was
technical; economic; contractual; psychological; and political factors (Plebankiewicz, 2018).
However, it should be noted that environmental factors have yet to be included in this
classification, even though they can affect the project’s cost overruns. Nevertheless, most

environmental factors are unpredictable, which can cause a considerable amount of cost overruns

61



Chapter 03 — Risk factors affect the final cost of NZ transportation infrastructure projects

for a project (Adam et al., 2017; Allahaim and Liu, 2012; Ameh et al., 2010; Johnson and Babu,
2018; Kumar, 2020). Therefore, those factors will be considered in this analysis. Furthermore,
after reviewing various research articles in different countries in different contexts, such as
building, high-rise projects, groundwater projects, highways, and infrastructure projects, Ameh et
al. (2010) identified environmental factors as an essential category among the factor classification.
Still, it needs to be clear how these unpredictable causes should be fully addressed or accounted

for in a project cost estimate.

Allahaim and Liu (2012) took a different approach to studying cost overrun factors by categorising
them into five groups: market volatility, pressure for distorting estimation, novelty, complexity,
and time pressure. In contrast to Plebankiewicz’s (2018) classification, Abdul et al. (2013) divided
the factors into seven major fields: contractor related; design documentation related; financial
management related; information and communication technology-related; labour management-
related; material and machinery-related; and project management and contract administration
related. This classification is more detailed than others as it covers every aspect of the construction
project. Hence, it would be easy to identify which areas would be affected by the factor. Therefore,
the above classification is adopted in this research with three additional and significant areas:
environmental, psychological, and political factors. Hence, this research used a classification
system with ten important categories to identify the factors. Table 1 below uses these ten categories
with the factors identified under each category and how many recently published journal papers

identified these factors as significant in cost overrun.

According to Table 1, most articles identified ‘poor project management’ as a significant cause of
cost overrun. In addition, ‘frequent design changes’, ‘unpredictable weather conditions’, ‘lack of

experience in similar projects’, and ‘shortage of technical personnel’ were also identified by a
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higher number of articles as they were ranked within the top five in Table 3.1. On the other hand,

the lowest two ranks were taken by ‘deception’ and ‘manipulation of forecast’.

Table 3.1. The factors leading to cost overruns in construction projects

Rank based on the

Category Factors Numberff number of
articles X
articles**
Contractor Poor site management and supervision 68 15
related Incompetent sub-contractors 46 23
Poor planning and scheduling 62 18
Poor monitoring and controlling 57 19
Lack of experience in similar projects 91 4
Inaccurate cost estimates 76 10
Mistakes during construction/ rework 83 28
Improper construction methods/ techniques 64 17
Project Tendering strategy 31 30
management Type of contract 28 33
and contract Procurement method 25 35
administration  Type of client 18 39
related Project complexity and scope 71 13
Project duration 69 14
Project location 50 21
Poor risk assessment 23 37
Poor project management 93 1
Delays in decision-making and approvals 48 22
Inaccurate quantity take-off 9 49
Design and Freguent design changes 92 2
documentation  Delays in designs 45 24
related Mistakes/ errors in designs/ drawings 42 7
Inadequate tender documentation 75 11
Variations and extra works 43 26
Financial Financial difficulties of the Contractor 38 29
management Financial difficulties of the client 24 36
related Poor financial planning and control 21 38
Delayed payments to the Main Contractor 28 33
Delayed payments to the supplier/ sub-contractor 11 44
Contractual claims such as the extension of time with 8 50
cost claims
Information Lack of coordination and communication between 82 8
and parties
communication _Slow information flow 10 45
technology Poor team coordination 10 45
related
Labour Poor labour productivity 56 20
management Shortage of site workers/ labours 74 12
related Shortage of technical personnel 91 4
High cost of labour 43 26
Lack of incentives 12 41
Labour absenteeism 10 45
Material Price fluctuation 66 16
management Shortage of materials 81 9
related Delay in delivery of materials/ equipment 45 24
Unavailability or failure in equipment 29 32
Environment-  Unpredictable weather condition 92 2
related Conflicts with neighbours 11 43
Unforeseen ground conditions 85 6
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Psychological ~ Optimism bias among local officials 12 41
related The cognitive bias of people 10 45
Cautious attitude towards risk 6 51
Deception 5 52
Political Government initiatives 31 30
related Deliberate cost under-estimation 13 40
Manipulation of forecasts 5 52

* Number of articles — How many journal articles identified each factor as a significant cause of cost overrun
** Rank based on the number of articles — rank 1 being the factor with the most cited number of articles and
last rank with the lowest number of articles

3.5.1 Contractor-related.

Eight factors were identified in the literature relevant to this category. Out of those, lack of
experience in similar projects and inaccurate cost estimates were cited by more research compared
to the other factors. The finding is arguably valid since a contractor without proper experience can
lead to unnecessary cost overruns. At the same time, mistakes in the tender estimation will cause
issues for the contractor’s cash flow and may lead to disputes with clients (Adam et al., 2017;

Ameh et al., 2010; Shah, 2016).

3.5.2 Project management and contract administration related.

Previous research has identified that the project size may also significantly affect the cost
estimation because when the size of the project becomes more extensive, the probability of having
cost overruns also becomes higher (Adam et al., 2017; Allahaim and Liu, 2012; Ameh et al., 2010;
Flyvbjerg et al., 2004; Creedy, 2006; Ji et al., 2014). However, based on the geographical location,
the project size and complexity definition parameters can be changed. For instance, a mega-scale
project in a developing country may be defined as a medium or small-scale project in a developed
country (Adam et al.,2017). As the project size or the scope is known during the pre-contract stage,
the impact of this factor as a variable on the cost overrun should be minor as it is predictable.
However, the research did not identify the cause of why this predictable factor becomes significant
in cost overruns (Adam et al., 2017). On the other hand, the study acknowledged that the project's

location could be a critical cause of cost overruns, especially for a Tl rather than a building project
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(Mbachu and Cross, 2015). Most of the factors under this category represent the general project
characteristics of the projects. However, based on the literature, these factors only significantly

Impact project cost if poor project management, which is the highest cited factor in the literature.

3.5.3 Design and documentation-related.

Previous research identified that most of the cost overruns occur during the planning and design
stage due to technical and administrative matters of the design team (Lind and Brunes, 2015;
Plebankiewicz, 2018). However, Mbachu and Cross (2015); Shanmugam et al. (2006) showed that
variations are the most significant factor impacting cost overruns. However, according to the
literature, variations did not rank significantly. Conversely, frequent design changes and design
mistakes were ranked within the top ten based on the literature. Furthermore, Mbachu and Cross
(2015) explained that the quality of design documentation and unbalanced bidding at the tendering

stage also significantly impact cost overruns.

3.5.4 Financial management-related.

A study by Abdul et al. (2013) based on 274 questionnaires done among professionals in Malaysia
identified the contractor's and client’s financial difficulties and payment delays as the most
common causes of cost overruns. However, considering the number of research that identified
these factors, it was noticed that none of the factors in this category was significant compared to

the top ten factors.

3.5.,5 Information and communication technology-related.

Three factors were identified that affect the project cost due to the issues in communication and
coordination issues. However, the lack of coordination and communication between the parties
was primarily cited in the literature, as this issue will lead to disputes and delays (Adam et al.,

2017; Abdul et al., 2013).
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3.5.6 Labour management-related.

Generally, 40% of projects’ essential cost is considered labour cost (Masu et al., 2012). Therefore,
it is vital to consider the factors related to the workforce. Nevertheless, the shortage of technical
personnel was the significant factor in this category, while the shortage of site labours also

achieved rank 12 based on the literature. But the other factors were not that substantial.

3.5.7 Material management-related.

Adam et al. (2017) also found that price fluctuation causes a significant impact on cost overrun
and further explained that 20 — 25% of the cost overruns were based on price fluctuations.
However, price fluctuations should also be predictable based on construction cost indices. Hence,
it is unclear why a predictable factor significantly impacts project cost overruns. Further, most of
the projects allow additional claims for price fluctuations. Therefore, predicting the cost during

the tendering in such projects is not required.

3.5.8 Environment-related.

Unpredictable weather conditions and unforeseen ground conditions are the most significant
factors in this category. The other remaining factor is a conflict with neighbours, which is

insignificant towards project cost.

3.5.9 Psychology-related.

Psychology is an essential factor that can impact the project cost. According to the researchers,
there are four factors under this category. However, they were insignificant according to the
literature compared to the other factors. It was widely recognised that strategic misrepresentation
and deception cause under-estimation construction projects in common and more critically in

construction projects (Adam et al., 2017; Allahaim and Liu, 2012; Cantarelli et al., 2012;
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Flyvbjerg et al., 2003; Flyvbjerg et al., 2002). In addition, an optimism-biased decision-making

tendency is another side of this failure of proper estimation (Allahaim and Liu, 2012).

3.5.10 Political-related.

Under this category majority of the researchers identified three significant factors government
initiatives, deliberate cost under-estimation and manipulation of forecasts. However, these factors
ranked less based on the literature. Mainly the manipulation of the estimates was identified only

in five articles.

Jietal. (2014), Adafin et al. (2016), and Zhao et al. (2019) studied the NZ context to identify the
factors affecting the accuracy of the pre-contract stage estimation of building projects, which
impacts the cost overruns. The identified factors were categorised into six different categories.
Those research emphasised that inadequate tender documentation is the most critical factor
affecting tender estimation. The other top factors influencing the estimate were ‘the complexity of
design and construction’, ‘completeness of project information’, ‘insufficient estimating time’, and
‘the client's financial ability’. The study implies that inaccurate pre-contract estimations will likely
lead to cost overruns. Although the above results focused on tendering, the above factors may also
impact the preliminary estimation (Adafin et al., 2016; Zhao et al., 2019). However, the above
NZ-based studies were all focused on building projects. Considering the differences in type,
magnitude, scope, duration, and risk involved in the building versus TI projects, the above results

can only be used to develop a cost model for TI projects after an in-depth investigation.

The government reports of NZ stated that the coming years are planned for significant investments
in the TI development in the country. For example, $ 16.3 billion is allocated for the “Auckland
transport alignment” project, while $ 3.8 billion is earmarked for the “Let us get Wellington
moving” project. In addition, the “road to zero” project will be initiated with a budget of § 10

billion while another $ 1.2 billion is allocated for developing the NZ rail network. Therefore, it is
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vital to have a reliable cost estimate at the beginning of the project. Otherwise, these public funds
will not be well-spent due to cost overruns. Hence, this study aims to identify the causes of cost
overrun of NZTI projects aiming to improve the current estimation practices. Although the
literature identified 53 factors that impact the project cost, the severity of the impact cannot be
determined based on the literature. Hence, a survey needs to be conducted on NZ professionals to
identify the significant factors. The following section will summarise the survey’s findings and

data analysis.

3.6 Survey results and analysis

Ninety-two participants completed the survey. Of these participants, 93% practice as QSs, while
7% work in project management and other related professions. Further, 43% of the participants
have had five years of experience, 21% with 11 to 20 years of experience, and 19% with more than
20 years in construction. 80% have up to five years of experience, and the rest have six to ten years

of experience in Tl projects in NZ.

Table 3.2 summarises the survey results and contains the normality test p-value, Cronbach’s
Alpha, average Sl, and average COV for each sub-category. First, the data were tested for
normality using the Shapiro-Wilk test, and the p-value was higher than 0.05. Therefore, the data
set can be considered normally distributed (refer to Table 3.2). Second, the reliability of the data
set was tested using Cronbach’s Alpha. According to Bonnet and Wright (2015), the data set is
considered reliable if the Alpha value is greater than 0.7. Table 3.2 shows the Cronbach’s Alpha
of each category, and all the values are greater than 0.7. Therefore, the collected data can be

considered reliable.
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Table 3.2. Data analysis

Normality S
Factors test Cg"’:m‘;h S| ;g;akl %?nulf ) cov Coefficient of correlation
p-value
3.2.1.2 3.28.1 3.26.1 3.2.6.2 3.2.10.1 3214 3.2.2.3
3.2.1 Contractor-related 0.921 70% 23.771%
1 Poor planning and scheduling 0.067 84% 2 1 078 1879% | 816 0.330 554 0459 510 568 0.275
2 Inaccurate cost estimates 0.086 78% 6 2 089 2267% - -0.027 0.491 0.248 576" 607" -0.083
3 Poor site management and supervision 0.072 76% 8 3 083 21.94% 814” -0.029 522" 0.414 0.450 0.485 -0.133
4 Incompetent sub-contractors 0.065 69% 15 4 081 23429% | 0491 683" - 0.020 8477 590" 0.370
5 Lack of experience in similar projects 0.095 68% 17 5 0.73 21.53% 7597 0.211 534 0.456 517" 0.435 0.107
6  Mistakes during construction/ rework 0.078 59% 34 6 079  26.44% 7597 0.403 543" 522" 566" 0.373 499"
7 Improper construction methods/ 0.089 58% 35 7 092  3157% 0.489 0.353 0.461 0.321 497 0.068 0.466
techniques
32, Project management and contract 0.854 65% 26.14%
administration-related
1 Poor project management 0.059 75% 9 1 081 2142% | 752 -0.076 0.236 610 0.377 590 -0.139
2 Inaccurate quantity take-off 0.065 75% 10 2 085 22.78% | -0.033 0.288 -0.200 7677 -0.249  -0.253 6477
3 Tendering strategy 0.068 69% 15 3 078 2236% 0.248 0.181 0.020 - -0.054 0.152 0.300
4 Type of contract 0.069 6% 18 4 075 2273% | 0.3%0 0.126 -0.324 0.070 0228 -0.234 0.439
5 Project duration 0.058 65% 19 5 083 2551% | 0334 0.387 0.402 0.234 0.496 0.383 0.236
6 Project complexity and scope 0.078 65% 20 6 0.84  26.03% 0.355 0.251 0.214 0.436 0.326 7307 0.065
7 Lack of experience in similar projects 0.082 64% 21 7 076 2366% | 0112 0.49 0.222 0.221 0.253 -0.069 7457
8  Procurement method 0.084 64% 23 8 101 3191% | 0209 666" 0.411 0.226 525" 0.132 690
9 Project location 0.054 64% 23 8 08 2696% | /517 0494 731" 0188 8317 538" 0.399
10 Delays in decision-making and 0.091 63% 25 9 100 31.90% 0.102 702" 0.348 0.007 532" 0.205 .691™
approval ) ' )
11 Poor risk assessment 0.084 62% 29 10 078 2529% | /37 0.494 683 0.377 814 821 0.232
12 Typeof client 0.092 51% 42 11 085 3309% | 5017 0472 740" 0.439 5147 578" 0.263
3.2.3  Design and documentation-related 0.890 80% 20.02%
1 Frequent design changes 0.100 95% 1 1 078 16.44% 0.472 0.113 0.151 0.387 0.483 554" -0.101
2 Poor and incomplete tender 0123 82% 3 2 072 17.44% 0.331 0.252 0.199 0.167 .608" 0.422 0.131
documentation ) ) )
5 e i 0.082 79% 4 3 079 1978% | 0201 0.268 0.186 0.056 0.400 0.035 0.247
4 Mistakes/ errors in design and 0.059 79% 5 4 076  19.40% .508" -0.141 0.008 0.410 0.306 0.337 -0.185
drawings ) ) )
5 Variations and extra works 0.076 64% 21 5 0.87 27.04% -0.024 6327 0.359 0.129 0.494 0.144 0.406
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3.2.4  Financial management-related 0.912 55% 30.51%
1 z(())s&’ I(l)r;gg;;il planning, such as cash 0095 74% 11 1 0.83 22 58% 0.399 0.491 .665 -0.124 .524 0.296 0.486
2 Financial difficulties of the client 0.058 62% 27 2 072 2303% | 0250 552" 0.453 -0.038 559" 538" 0.443
3 S(?Sr:tgil;:itrlil claims such as EOT with 0.068 6% 29 s 070 22700 | 7% 0.274 681 0.256 578 556 0.253
4 Financial difficulties of the contractor 0.057 41% 47 4 084 3553% | 0152 6807 6477 -0030  049% 0.174 679"
5 sDuiJIS?ll ‘fra;yments to the sub-contractors/ 0.082 44% 51 5 092  42.39% 0.302 .638 .652 -0.114 .586 0.259 .616
6  Delay payments to the main contractor 0.102 4% 52 6 075 3681% | 0144 8417 656™ 0121 683" 0272 7337
325 iggﬂ;’;igsf‘r;';‘t’ez"mm“”icati"" 0934  58% 31.45%
1 tg;kmoufnci'ggtri%i:itggz ;nndparties 0.091 63% 25 1 088  27.93% 0.234 .736™ .506" 0.016 .605" 514" .588"
2 Slow information flow 0.058 61% 32 2 087 2852% | 0.158 7727 0.452 0.095 600" 0.344 7047
3 Poor team working skills 0.061 50% 43 3 095 37.89% 0.390 .688™ 737" -0.172 832" 514" 515"
3.2.6 Labour management-related 0.958 64% 24.58%
1 Shortage of labour 0.105 73% 12 1 090 24.78% 576 552" 847 -0.054 - 759" 0.199
2 Shortage of technical personnel 0.089 73% 12 2 087 2387% 607" 0.305 590" 0.152 759” - -0.107
3 Poor labour productivity 0.095 62% 29 3 082 26.48% 741" 0.319 677" 0.223 795" 910 0.037
4 High cost of labour 0.066 60% 33 4 077 2557% | 0488 604" 84” 0.065 897" 793" 0.192
5 Labour absenteeism 0.081 56% 36 5 0.72 24.91% 818™ 0.410 673" 0.295 690 703 0.324
6  Lack of incentives 0.118 58% 38 6 066 2348% | 0471 518" 556" 0177 755" 860 0291
3.2.7 Material management-related 0.964 48% 36.92%
1 Unavailability or failure of equipment 0.072 49% 44 1 095  38.72% -0.056 542" 650 -0.435 569" 0.191 0.275
2 Shortage of materials 0.059 48% 45 2 084 3501% | 0099 649™ 7627 0212 618" 0.328 0.459
3 quel:?glnl]r;:tellvery of materials/ 0.063 48% 46 3 087 36.73% -0.013 716 .664 -0.073 .587 0.219 .626
4 Price fluctuation 0.084 4% 49 4 087 37.23% | 0288 7277 8157 0091 7817 0435 536"
3.2.8  Environment-related 0.820 62% 24.65%
1 Unforeseen ground conditions 0.135 78% 6 1 061  15.65% -0.027 : 683" 0.181 552" 0.305 810™
2 Unpredictable weather conditions 0.086 62% 27 2 076 2431% | 0083 7757 506" 0.249 0.400 0.014 912”
3 Conflicts with neighbours 0.075 7% 47 3 080  34.00% 0.258 0.343 0.315 651" 0.453 0.399 0.170
3.2.9 Psychology-related 0.913 47% 35.86%
1 Optimism bias among local officials 0.095 56% 40 1 076 27.14% | 0171 530" 0318 0.206 0.224 0.098 768”
2 Cautious attitude towards risk 0.058 56% 40 2 058 2087% | 0043 0.485 0.088 0.387 0.034 -0.037 790"
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s The cognitive bias of people 0.106 24% 50 3 0.76 34.38% 0.365 0.205 0.139 0.312 0.289 0.380 0.408
. Deception 0.085 30% 53 4 0.92 61.04% 0.432 0.414 0.400 0.398 0.432 0.322 611"
31'3' Political-related 0.844 62% 28.55%
1 Deliberate cost underestimation 0.096 73% 12 1 1.05  28.90% -0.083 810" L e 0.199 0.107 )
2 Manipulation of forecasts 0.091 58% 36 2 0.63  21.89% 519" 0.052 0.096 0.435 0.286 552" 0.101
3 Government initiatives 0.052 56% 38 3 0.98 34.86% 501" 0.436 0.383 0.490 0.477 0.485 531"

Legend: SI — Severity Index; SD — Standard Deviation; COV — Coefficient of Variation

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).
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Ten factors were identified with SI on or above 75%, namely, ‘frequent design changes’, ‘poor
planning and scheduling’, ‘inadequate tender documentation’, ‘delays in design’, ‘mistakes/ errors
in design and drawings’, ‘unforeseen ground conditions’, ‘inaccurate cost estimates’, ‘poor site
management and supervision’, ‘poor project management’, and ‘inaccurate quantity take-off’. Out
of these ten factors, eight relate to the pre-contract stage. ‘Poor site management and supervision’;
and ‘poor project management’ are the only factors associated with the post-contract stage. Except
for three factors, all other factors have an SD of less than 1. However, the SD values are
considerably high, indicating that the selection spread is higher. A higher SD means a higher COV.
Therefore, any factor with higher COV shows high dispersion. So lower COV means the
agreement among the participants is higher (Knight and Ruddock, 2008). The following sections

will discuss the findings under each category.

3.6.1 Contractor related-factors

Three factors in this category achieved more than 75% of the SI. Those factors were ranked within
the top ten (two, six, and eight) of the most highly rated factors overall, which means that
professionals believe these three factors significantly impact the cost of the TI projects in NZ and
can therefore be responsible for cost overruns. According to the SDs, the average value is spread
away from the mean. Conversely, five factors achieved COV of less than 25%. Therefore, the
lower COV means industry professionals' agreement on the selection was comparatively similar.
Thus, the fact that the respondents agreed about the severity level of the factors suggests that ‘poor
planning and scheduling’, ‘inaccurate cost estimates’, and ‘poor site management and supervision’

critically impact the cost of the NZTI projects.

3.6.2 Project management and contract administration-related factors

Two factors achieved 75% of the SI with an overall ranking of 9 and 10, namely ‘poor project

management’ and ‘inaccurate quantity take-off’. They both achieved higher SD and COV below
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23%. Therefore, although the agreement among the parties is comparatively high, the average
deviated considerably from the mean. Even though ‘tendering strategy’, ‘type of contract’, ‘project
duration’, and ‘project scope and complexity’ were essential factors in estimation, they were
ranked 15, 18, 19, and 20, respectively, having a SI between 65% - 69%. Then, ‘lack of experience
in similar projects’, ‘procurement method’, ‘delay in decision making and approval’, and ‘poor
risk management’ were ranked between 21 to 30 overall, with an S| between 62% to 64%.
According to the results, the type of client makes the most negligible impact on the cost under this
category. Three factors show COV exceeding 30%. Because even though the factors achieved a

higher rank, the experts have different ideas on these factors.

3.6.3 Design and document-related factors

Four factors were ranked among the top five in the overall ranking. All four achieved over 79% of
SI, and COVs were below 20%. Therefore, the project's design critically impacts the cost in various

ways.

3.6.4 Financial management-related factors

Financial management is a critical aspect of any project. However, as per Table 3.2.4, all six factors
in this category were considered insignificant compared to the others. In contrast, ‘poor financial

planning’ achieved the 11" rank with an Sl of 74% and COV of 22%.

3.6.5 Information and communication technology-related factors

As listed in Table 3.2.5, ‘lack of coordination and communication between parties’ and ‘slow
information flow’ were rated as important factors. The agreement among the participants regarding
ranking these two factors is moderately higher, with COVs between 27% and 29%. Although poor
teamwork can lead to many disputes and issues in any project, the participants ranked this cause

as less critical at 43 out of 53 factors.
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3.6.6 Labour management-related factors

As captured in Table 3.2.6, ‘shortage of labours’ and ‘shortage of technical personnel” are equally
essential as they achieved the same Sl and ranked 12 overall. The other four factors were ranked
above 29, with Sls between 56% and 62%, which means those factors will have a medium impact

on the project cost.

3.6.7 Material management-related factors

Materials and equipment are essential in the construction industry as they are part of the leading
project components. However, compared with other factors, the factors related to materials and
equipment play a minor role in cost overruns. All the factors (Table 3.2.7) achieved Sls below
50% but COVs above 35%. That means there may be doubt among the experts regarding the

significance of the factors.

3.6.8 Environment-related factors

Environment-related factors are not easily foreseen beforehand and are hard to control. As shown
in Table 3.2.8, ‘unforeseen ground conditions’ achieved 78% for its SI, and the level of agreement
was considerably high as the COV was 15.65%. Therefore, this factor ranked 6™ overall. Also,
‘unpredictable weather conditions’ can affect the cost in many ways. Nevertheless, compared to

the other factors, its level of importance was only 62% and ranked 27.

3.6.9 Psychology-related factors

The factors related to the construction team's psychology are often considered significant,
especially in government-related projects. Since TI projects are often public-funded, these factors
must be addressed concerning their effects on the cost. Table 3.2.9 shows four factors identified
for this category, none of which shows any critical importance. All of the factors ranked 40 and

above. ‘Deception’ was considered to have the lowest relevance among all factors. However, the
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COV of ’deception’ is considerably high, as much as 61%. Therefore, there can be changes in this

factor's actual level of importance on the TI project cost.

3.6.10 Political-related factors

Whether a project is public or private, the political background can affect a project in many ways.
As shown in Table 3.2.10, ‘deliberate cost underestimation’ ranked 12 with a 73% SI. However,
the SD of the above was 1.05, while the COV was 28.9%. Therefore, the results may not indicate
the real significance of the factor. ‘Manipulation of forecasts’ and ‘government initiatives’ did not

achieve significant ranks.

3.6.11 Correlation analysis

Several sets of factors ranked the same due to the similar SI. Therefore, it is required to analyse
the correlation coefficient to identify the most important factor out of each set. Table 3.2 shows
the correlation matrix for the factors with the same rank within the top 20. Ranks below 20 were
not considered table due to the less importance of the factors. The first set was ‘inaccurate cost
estimates’ (3.2.1.2) and ‘unforeseen ground conditions’ (3.2.8.1) in rank 6. According to the
correlation matrix, 2.8.1 shows more significant correlations with other factors than 3.2.1.2.
Therefore, out of these two factors, 3.2.8.1 is considered more important. Similarly, ‘labour and
technical personnel shortage’ (3.2.6.1 and 3.2.6.2) and ‘deliberate cost underestimation’ (3.2.10.1)
achieved a rank of 12. However, according to the correlation matrix, 3.2.6.1 and 3.2.6.2 show
higher correlation coefficients than 3.2.10.1. It indicates that the labour and technical personnel
shortage have similar importance and correlation with other factors. Finally, rank 15 was achieved
by ‘incompetent sub-contractors’ (3.2.1.4) and ‘tendering strategy’ (3.2.2.3). According to Table

3.2, 3.2.1.4 shows a significant correlation with other factors compared to 3.2.2.3.
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The following section will analyse, compare, and discuss the above survey findings and data

analysis against the literature review.

3.7 Discussion

According to the survey findings, the top eight factors were related to the pre-contract stage. That
contrasts with previous findings for NZ, as the top three factors identified by Abdul et al. (2013)
were all associated with the post-contract stage. Those three factors were ‘price fluctuation’,
‘financial difficulties of the contractor’, and ‘poor site management and supervision’. Although
‘poor site management and supervision’ also featured in the top 10 ranking in this study, it was
only positioned in eighth place. To some extent, the findings aligned with Ameh et al. (2010), who
found that ‘lack of contractor experience’, ‘frequent design changes’, and ‘economic stability’
were the most critical factors in their study. However, compared to the findings of Ameh et al.
(2010), this analysis showed a lower ranking for ‘lack of contractor's experience’ while ‘frequent
design changes’ ranked first. Similarly, Brunes and Lind’s (2014) study also listed ‘frequent design

changes’ among the most critical factors.

The reason for the above outcome could be due to the selected sample. The survey results are the
perception of QSs, who predominantly examine the estimation factors during the pre-contract
stage. From QS’s perspective, site management may not be vital as one of the top seven factors.
But, if the survey is carried out with the site management team, then more weight may be given to

the post-contract management factors.

The results of this study contrasted with the literature when considering the factor groups as
opposed to individual factors. Thus, conferring to this study, management-related factors were
ranked the highest, and the communication and psychology-related factors groups were ranked the
lowest in Adam et al. (2017) study. However, this study found that the highest-ranking factors are

related to the design-related group, which is also confirmed in the overall literature ranking (Table
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3.1). On the other hand, the literature identified the most crucial factor as poor project
management, whereas this study changed that to poor site management. Other than ‘poor site
management and supervision’, all other factors related to the contractor’s expertise were ranked
outside the first ten. Generally, before awarding the contract, the consultant carries out a detailed
technical evaluation is carried out to find the expert. Therefore, it is rare that these issues can occur.
However, insufficient skilled personnel or labours may lead to poor site management because the
contractor may be urged to use unskilled staff and labours. Accordingly, our study ranked labour
and skill shortage factors higher than the literature. That can be due to the current skill shortage

faced by NZ due to the various border restrictions.

On the other hand, the material-related factors were ranked with low importance. That means all
the issues related to materials and equipment will not significantly impact the cost overrun
compared to the other factors. Finally, although price fluctuation is a persistent problem faced by
construction projects, it still needs to be identified as a critical factor, as most projects allow price

fluctuation claims. Therefore, it is possible to forecast the trend using indices to a greater extent.

Remarkably, “unforeseen ground condition” achieved rank 6 in survey results and literature. The
only financial-related factor ranked with importance was poor financial planning. Although the
financial difficulties of the contractor and the client are significant issues in the construction

projects, the survey did not rank them with high importance.

Six factors within rank 11 to 20 are significant in defining a project. These factors are: ‘tendering
strategy’, ‘procurement strategy’, ‘contract type’, ‘project duration’, ‘project scope’, and
‘location’. These factors could help the client to decide which method/ type of each factor is most
cost-effective. Ji et al. (2014) also explored factors affecting costs, but while their study was also
based in NZ, the main focus was on the accuracy of the tender price of the building projects. Hence,

their findings cannot be compared with our study. However, Ji et al. (2014) ranked ‘incompetent
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tender document’, ‘design and construction complexity’, and ‘completeness of the project
information’ in the top three. Nevertheless, regardless of the project type, ‘poor tender

documentation’ was identified as a significant factor.

According to Table 1, ‘lack of experience in similar projects’, ‘lack of coordination and
communication between parties’, ‘shortage of technical personnel’, ‘shortage of materials’, and
‘unpredictable weather conditions’ were cited by a higher number of articles making these factors
ranked among the top ten factors. However, the survey results did not identify these factors as
crucial in project cost. Nevertheless, based on the sample perceptions, experience level may affect
these decisions. Hence, it is not suggested to disregard these non-critical factors identified in this

study completely.

According to the above comparison of the survey findings with the literature, there were
similarities and discrepancies. Although, as Flyvbjerg et al. (2003) found, the cost overrun
problem has remained the same over the past 70 years all over the world in the construction
industry. Therefore, this common global challenge urge for a resolution. Furthermore, most
research agreed that incomplete design and documentation heavily contribute to significant cost
overruns. Hence, both consultant and the client should pay attention to improving the
documentation quality before tendering. In addition, Flyvbjerg et al. (2004) and Harrera et al.
(2020) emphasised that the design team should be more careful in project planning if the project

delivery is comparatively long.

Consequently, it can be added that adequate planning is mainly required for larger projects rather
than smaller ones (Flyvbjerg et al., 2004; Cantarelli et al., 2012). This remark is primarily
compelling for TI projects since they are large-scale projects with extended construction periods.

Conversely, Andri¢ et al. (2019) argued that the project size would not affect the magnitude of
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cost overrun. Similarly, our study found that the project scope is more significant than the project

size.

The primary aim of this study was to improve the traditional estimation practice in NZTI projects.
The study identified various factors with quantitative and qualitative impacts on projects cost.
Therefore, the results of this study cannot incorporate into the traditional estimation methods as
those considering the technical variables of the project predominantly. However, a statistical
analytical tool can be developed for cost modelling while combining this study. As the factors
mentioned above become the project's risks, combining a risk analysis and estimation tool with a

statistical cost model is feasible to improve the performance.

Based on the above discussion, the next section will conclude the research problem against the

findings and make recommendations while highlighting the research limitations.

3.8 Conclusions and recommendations

The study investigated the factors affecting the cost overruns of NZT1I projects. Nevertheless, using
studies from other countries to make decisions on the NZT]1 projects is only possible with a proper
investigation. So instead, a survey was carried out to collect data through an online questionnaire
distributed to QSs with experience in NZTI projects. The results were thus based on the

participant's perceptions depending on their experience level.

Fifty-three factors were identified that affect cost overruns of T1 projects through an SLR. These
factors were categorised into ten classification groups. Survey results showed the three most
critical factors are ‘frequent design changes’, ‘poor planning and scheduling’, and ‘inadequate and
incomplete tender documentation’. At the other end of the spectrum, ‘delay payments’ and
‘deception’ were the lowest-ranking factors. The findings were then compared with literature

research findings. Although the ranking orders are slightly different, similarities were found.
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Out of the top 10 factors, eight were related to issues encountered in the pre-contract stage. Thus,
the findings suggest that the design team should focus on finalising the design and site
investigation before the tendering phase to avoid issues in the tender documentation. When the
post-contract stage begins, the consultant team should focus more on mitigating design delays,
frequent design changes, and project management issues. On the other hand, the contractor's team
shall pay attention to the site management and supervision capabilities and planning and
scheduling errors. Consequently, the findings support the project team from inception to
completion to monitor the project's cost and minimise cost overruns by conducting a thorough risk
factor analysis. However, it is required to highlight that this argument is based on QS’s perception.
Therefore, to have a proper risk factor analysis, gathering information from all the project

professional insights is recommended.

This study established that design documentation and site management are the crucial controllers
of cost overruns. Furthermore, it can be emphasised that although these factors are well-known,
no action has yet to be taken to control them. From the QS perspective, the control can be done
through estimation. However, all the traditional cost estimation models use technical variables
while ignoring the major non-technical parameters identified in this study. Therefore, it is
recommended to incorporate these factors into a cost model to improve the reliability of the current
estimation practice. The factors used for the survey were identified through the SLR only. Since
the survey was carried out among NZ QSs, the ranking order of these factors may vary in other
countries and professionals. Nevertheless, the findings can be used to improve the current

estimation practice in NZTI projects.

3.9 Epilogue
This chapter introduced several key information in relation to the cost estimation, construction risk

factors and causes of cost overruns for NZTI projects. That includes the main possible risk factors
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affect NZTI project cost and the severity of the factors. The chapter also identify the risks that will
affect significantly on the project cost factors, because these factors should be addressed in the
cost estimation process. It also, emphasised that the traditional estimation process does not
consider the risk factors in the NZTI cost estimation. Next step is to identify the severity of the
impact of these causes on the project. If e projects face significant cost overruns, then based on
that, a solution must be found to mitigate the overruns. Therefore, the next chapter investigate the

cost overruns in NZ road projects as a case study.
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4 Significance of the cost overruns in road projects in New

Zealand

4.1 Prologue

Road infrastructure plays a vital role in the socio-economic development of nations, facilitating
the movement of goods, people, and services. However, despite its importance, road construction
projects often face challenges that hinder their successful completion within allocated budgets.
Cost overruns are among the most persistent and disruptive issues in road construction projects.
Cost overruns occur when the actual expenses of a project exceed its initial budgeted estimates.
These overruns strain public finances and lead to delayed project delivery, compromised quality
and negative impacts on communities and the environment. This chapter investigates the severity
of cost overruns in New Zealand (NZ) road projects. The background study in Chapter 1 identified
that the cost overrun is an ongoing and common issue in the construction industry. Therefore, this
thesis investigates a solution to the problem in NZ Road projects. Before investigating a solution,
this chapter explores whether cost overrun is a significant problem in NZ Road projects. Hence,
this chapter sets the scene for further research on cost estimation of road projects by identifying
the impact of cost overruns on the project size and time. For the study mentioned above, this
chapter considers the contract price to decide the size of the project and the year of completion as

the time.2

2 This chapter is based on the following journal paper (under review).

Atapattu, C.N., Domingo, N., and Sutrisna, M. (2023). How significant is the cost overrun in road projects in New
Zealand? Developments in the Built Environment
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4.2 Abstract

Cost performance in a construction project is crucial to the project’s success. However,
construction projects often completed significantly deviated from the budget. This research
investigated the significant deviation in New Zealand (NZ) road projects. Data were collected from
106 projects completed between 2002 and 2022. The project cost overruns were compared against
the time and the project size. The Results were validated through non-parametric tests. The study
found that the cost overruns of NZ road projects will significantly depend on the project size and
the duration. The mean percentage of cost overrun (MPCO) of road projects was 20%.
Furthermore, the cost performance of road projects has shown no significant improvement over
the past 20 years. Although much research identified the importance of finding a solution to the
cost overrun matter, primary research has yet to be conducted to study the NZ road projects.
Therefore, the findings of this research can be used to investigate further to find a solution to
minimise the consequences. Therefore, the findings and conclusions may differ for contexts other
than NZ road projects. Subsequently, this study emphasises that the current estimation practice in

NZ road projects needs significant improvements.

4.3 Introduction

Various researchers defined the term “cost overrun” in numerous ways. For example, Endut et al.
(2009) explained cost overrun as an extra cost beyond the contract price agreed upon during the
tender. Conversely, other researchers defined it as the ratio of the additional cost to the estimate
made at the decision-making stage of the project to go ahead (Love et al., 2016; Flyvbjerg et al.,
2002; Odeck, 2019). Therefore, it compares the initial budget with the actual final cost of the
project. In a similar view, Danisworo and Latief (2019) defined the term as the actual costs that

exceed the budget. Furthermore, Odeck (2019) emphasised that cost overrun should not be
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described as cost escalation, which is used to explain the effects of inflation on project cost.
Therefore, based on the widely held views of the researchers, our study also defines the cost
overrun as the ratio of extra cost to be expended to accomplish the actual final cost of the project

compared to the preliminary stage project budget.

Cost-benefit analysis (CBA) plays a massive part in the decision-making process. The decision to
proceed with the project will be taken based on the CBA results, and the initial project estimate is
part of the analysis. (Ahiaga-Dagbui et al., 2017; Chambers et al., 1971). Nicolaisen et al. (2012)
and Sodikov (2005) identified that CBA was used as a widely used tool in infrastructure projects
to evaluate the benefits of the project economically to the country, and it demands a high accuracy
level of the initial estimate. Otherwise, it will also affect the public because most infrastructure

projects are funded by the public sector (Creedy et al., 2010).

According to the studies, cost overruns happen in construction projects in various magnitudes
(Nijkamp and Ubbels, 1999; Odeck, 2004; Ellis et al., 2007; Lee, 2008). Based on their findings,
the researchers provided various guidelines and solutions in other contexts. For instance, several
cost models were developed to overcome the issues in estimation (Adel et al., 2016; Ahiaga-

Dagbui et al., 2013; Shr and Chen, 2006; Sodikov, 2005)

In contrast, no study was carried out for transportation infrastructure projects in New Zealand (NZ)
as the researchers mainly focussed on building projects (Adafin et al., 2020; Ji et al., 2014; Zhao
et al., 2019). The NZ government reports say that the expected investment in infrastructure is
significantly high in the coming years (Ministry of Transport NZ, 2020; NZTA, 2020). Therefore,
this study aims to identify the significance of the cost overruns on TI projects in NZ. However,
only a few recently completed projects are available for rails and tunnel projects in NZ. Hence, the
focus will be narrowed down to NZ road projects. Therefore, this study will enable researchers

and industry practitioners to understand the severity of the cost overrun issue. Based on the results,
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conclusions will be drawn to evaluate whether the current estimation practice in road projects is
reliable or needs improvements for policymaking and planning. The following section outlines the

research methodology adopted for this study.

4.4 Literature review

In particular, infrastructure projects face cost overruns frequently and significantly compared to
the other sectors (Adam et al., 2017; Ahiaga-Dagbui et al., 2017; Brunes and Lind, 2014, El-
Sawalhi, 2015; Flyvbjerg et al., 2003; Narayanan et al., 2019; Touran and Lopez, 2006). Cost
overrun in infrastructure projects has been considered one of the significant global issues without
any improvement, control, or solution for the last 70 years (Flyvbjerg et al., 2003). That can affect
the planning and programming of current and future projects (Creedy et al., 2010). Several
researchers have recognised the importance of infrastructure development towards the economic
growth of a country, especially transportation infrastructure (TI) projects such as highways,
bridges, tunnels, and railways (Flyvbjerg et al., 2003; Love et al., 2016; Odeck, 2019). However,
a few research studies were done on the cost of the TI projects, and most were either not recent or

smaller-scale case studies (Creedy et al., 2010; Flyvbjerg et al., 2003; Flyvbjerg et al., 2002).

However, according to the facts, the projects are experiencing a mean percentage of cost overrun
(MPCO) of 28% (Flyvbjerg et al., 2003; Huo et al., 2018; Mok et al., 2015). Lind and Brunes
(2015) studied Swedish infrastructure projects. They identified that cost overruns occur at the
initial stages of design and planning until the design is finalised due to technical and administrative
issues. Considering the avoidable causes of cost overruns, the project team should pay more

attention to these pre-construction issues (Lind and Brunes, 2015).

In a different view, according to Seeley (1996), the vital duty of a Quantity Surveyor is cost

management while giving the value for money set against perceived expectations. Cost
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management comprises estimating, monitoring, and controlling (Owens et al., 2007). Hence, cost
control alone cannot address the issue of cost overruns. Nevertheless, more than focusing only on
the pre-contract stage issue, it is required to look at the overall picture. The cost monitoring and
controlling steps will also fail if the cost estimate fails (Malkanthi et al., 2017; Owens et al., 2007).
Therefore, accurate project estimates are essential to delivering the project within the budget
(Malkanthi et al., 2017). Hence, to execute the project within the expected budget, the accuracy of
the estimation is required so that the decision to go ahead with the project can be taken based on a

reliable project budget (Malkanthi et al., 2017).

Although it is recognised that the project’s successful completion depends on the achievement of
time, cost, and quality factors, it is rare to complete a project within the budget without facing cost
overruns (Endut et al., 2009). Considering its extended construction duration, it is a common
phenomenon in infrastructure projects. It is found that infrastructure projects with significant cost

overruns are much more common than projects finished within or under the budget (Odeck, 2019).

It was emphasised that nine out of ten infrastructure projects faced cost overruns, and the
probability of the actual cost being higher than the estimated budget was 86% (Flyvbjerg et al.,
2002). Furthermore, in their major studies, Flyvbjerg et al. (2002) and Flyvbjerg et al. (2003)
concluded that the Mean Percentage Cost Overrun (MPCO) faced by infrastructure projects, in
general, was 28%. For roads and highway projects, it was around 21%. Moreover, rail and fixed
link projects such as bridges and tunnels were recorded with significantly different MPCOs, 45%
and 34%, respectively. The study used two hundred and fifty-eight infrastructure projects from
twenty nations covering all five continents. On the other hand, Odeck (2004) researched the cost
overruns of six hundred and twenty road projects in Norway and concluded that the cost overruns
could be as high as 183%, which makes it a critical matter to be addressed, especially in public-

funded projects. In contrast to Flyvberg et al. (2002) work, Endut et al. (2009) studied a different
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perspective on public and private projects separately without breaking them down as roads,
bridges, and rails. They found that 47% of the public sector and 37% of the private sector projects
were completed within the budget from research in the Malaysian construction industry. Further,
out of the remaining projects, 84.3% of the private projects faced less than 10% cost overruns.
Nevertheless, that was reduced to 76% in public projects, which means public projects face more
cost overruns than private projects. A different study carried out by (Nicolaisen et al., 2012)
discovered that the MPCO for fixed links, bypass projects, motorways (new), and motorways
(upgrade) would be 28%, 17%, 9%, and 2%, respectively, after studying hundred and forty-six

transportation infrastructure projects in the UK.

Odeck (2019) conducted the most recent research on the MPCO in infrastructure projects through
literature covering all the continents using 20,833 cases from road construction and 579 cases from
rail and light rail. It concluded that road projects would have 26.9% of MPCO while rail projects
would have 36.3% of MPCO. The researcher further emphasised that the percentage is getting
lower over time, but it still needs to be solved. Conversely, (Flyvbjerg et al., 2002) studied and
drafted the data of 111 projects against the time and concluded that there were no significant
improvements over time. However, it was expected to be decreased with the proper technology,
models, and experience. Although the MPCOs are varied from country to country, these studies
emphasised that cost overrun is a global phenomenon that needs to be addressed (Creedy et al.,

2010).

4.5 Research methodology

This research was conducted through a case study. Therefore, the first step of this study was to
collect cost data from road projects in NZ. Therefore, a criterion was established to ensure the
collected data sample is large enough to allow data analysis and identify the trends. The road

projects’ scope includes new construction repair and maintenance work, alterations to existing
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roads, and trim work such as pavements, bus stops, and road markings and painting. However, the
collected data were only for projects with the scope to construct new roads or large-scale

alterations to existing roads.

All the project data were collected through the government agencies that manage road projects in
NZ. The reason for approaching government bodies is that the government has to maintain
transparency in funding construction projects. On the other hand, getting approvals and
permissions to use the project data in the private sector is difficult. Furthermore, some projects
will not release any data to maintain confidentiality and avoid getting into the hands of
competitors. Therefore, collecting all the required data for the study from the private sector was
impossible. Moreover, the study was conducted during the COVID-19 background. Hence,

meeting or approaching the people to collect the data was complex.

However, data were collected from one hundred and six NZ road projects despite the above
restrictions. As mentioned above, the projects were limited to roads, highways, and bridges
associated with roads and highways. Other transportation infrastructure projects, such as rails and
tunnels, were not considered as there were fewer projects in NZ; thus, it is hard to use those data
to study trends or behaviours. The collected project data were categorised into three main
categories based on the project size. The size of the project was decided based on the contract

price.

- Small-scale projects — contract price less than 10 million (NZD) — 41 projects

- Medium-scale projects — contract price between 10 to 100 million NZD — 55 projects

- Large-scale projects — contract price exceeding 100 million NZD — 10 projects
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There were a limited number of projects with contract prices exceeding 100 million NZD.
Moreover, out of the available few, only ten projects were approachable to collect data. Therefore,

the data analysis was conducted considering these limitations.

Once the data was collected, the normality of the data set was tested as the analysis test selection
depended on the distribution type. There are two main tests for normality. The most commonly
used test is the Kolmogorov-Smirnov test. However, this test could perform well with larger data
sets (Grech and Calleja, 2018). Villasenor Alva and Estrada (2009) emphasised that the Shapiro-
Wilk test could be used for smaller data sets. The researchers added that if the p-value is higher
than 0.05, the data set is considered a normal distribution. If the data set is normally distributed,
then the data analysis can be done using parametric tests such as the analysis of the variance

(ANOVA) test (Grech and Calleja, 2018).

In a different view, Grech and Calleja (2018) emphasised that the normal Q-Q plot is a better
normality test than the Shapiro-Wilk test. Q-Q plot compares the quantiles between the data
distribution and the standardised theoretical distribution from a specified family of distributions
(Augustin et al., 2012). It was further explained that the data points would fall on the 45-degree
reference line if the data is normally distributed. Conversely, the points will deviate from the
reference line if the data is not normally distributed. Based on the two contrasting views above,
this study used the Shapiro-Wilk test and the Q-Q plot test to check the normality of the

distribution.

In this analysis, the normal distribution was not completely satisfied as their distribution is skewed
with an enormous upper tail. Therefore, the investigation should be carried out using non-
parametric tests. The Kruskal-Wallis test is a non-parametric test similar to the ANOVA test
(Grech and Calleja, 2018; Vargha and Delaney, 1998). Vargha and Delaney (1998) further

explained that the Kruskal-Wallis test compares several populations. In this study, there were three
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groups of data with different means. Therefore, the Kruskal-Wallis test aimed to test the null

hypothesis that there is no effect on the magnitude of cost overrun by the project size or the time.

Although it was required to consider the start year as the time factor, the required information was
unavailable in most projects. The reason is that the collected data were from projects within the
past twenty years. So, most of the historical records were difficult to find. So, instead, the year of
completion was used as the time factor to analyse the data. Then, histograms were created for all
three groups separately and combined to show and analyse the distribution of the percentage cost
overrun of each project. The following section summarises the key findings of the data analysis of

this study.

4.6 Case study findings

Figure 4.1 shows the histograms of the cost overruns of one hundred and six NZ road projects.
Histograms are categorised according to the project size, considering the project value. The small-
scale projects’ cost overruns were seemingly distributed symmetrically. However, the number of
projects on the right side of the distribution is higher than on the left. Therefore, there is a slight
skewness in the data. However, that will be tested through descriptive statistics before conducting
other statistical tests. According to the histogram, the highest number of projects in small-scale
and large-scale categories were within 10% to 20% of cost overruns. In medium-scale projects,

the majority of the projects faced cost overruns within 0 to 10%.
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Figure 4.1. Cost overruns of 106 projects - histogram based on the project scale

The cost overrun was calculated by taking the difference between the final account and the
forecasted cost as a percentage of the forecasted cost. If the cost overrun percentage is zero, the
project is completed within the forecasted budget. On the other hand, the histogram will be
narrowly concentrated around zero if the difference between the final cost and the forecast is slight.
In addition, when the cost overruns and cost underrun frequencies are the same, the histogram will
be symmetrically distributed with zero skewness (Flyvbjerg et al., 2003). Conversely, according

to Figure 4.1, the histogram is not symmetrical around zero and tends to grow more towards cost
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overruns than cost underruns. According to this sample data, projects had more potential for cost

overruns than underruns.

Further, the skewness indicates that a distribution leans towards the positive or negative side of
the distribution. Through this value, it is possible to identify if the distribution contains an
asymmetrical tail (Cain et al., 2017). Therefore, according to Table 3.1, small-scale projects show
a negative skewness value, while the other two show positive skewness values. According to Cain
et al. (2017), the negative skewness value indicates a tail on the left side, while positive skewness
values indicate that the data set has a tail on the right side. Additionally, if the data set is normal,
the kurtosis should be close to zero (Cain et al., 2017). However, according to Table 4.1, the
Kurtosis values of all three groups are not close to zero. Nevertheless, the medium-scale projects
show a minimum skewness close to zero. Therefore, a normality test is required before deciding

the normality of the distribution.

First, the Shapiro-Wilk test was conducted to check the normality of the data set. As shown in
Table 4.1, the p-values of all three groups separately and together were less than 0.05. Therefore,
the data distribution was not normal. Subsequently, the above observation was further validated
using the Q-Q plot, as shown in Figure 4.2. Although some data points were very close to the trend
line, the slope of the trend line was not at 45 degrees. The data set significantly deviated from the
trend line. Therefore, statistics confirmed that the data set is not a normal distribution.

Accordingly, the data should be analysed using non-parametric tests.
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Table 4.1. Descriptive statistics of the 106 road projects
Small (<10 Medium (>10<100 Large (<100 Total
ota
million NZD) million NZD) million NZD)
Number of projects 41 55 10 106
Number of projects as a percentage 39% 52% 9% 100%
Shapiro-Wilk test 0.04 <0.001 <0.001 <0.001
Skewness -0.127 0.09 2.419
Kurtosis 0.588 -1.826 6.704
MPCO (%) 21.6% 17.8% 19.6% 19.5%
Median 19% 15% 16% 18%
The sum of cost overruns (million
523.3 254.2 38.2 815.7
NZD)
The sum of total project cost (million
240 2,104 2,733 5,077
NZD)
The total cost overruns of all the
projects as a % of the total cost of all 19% 14% 24% 20%

projects

Legend: NZD — New Zealand Dollars; MPCO — Mean Percentage Cost Overrun

According to Table 4.1, small-scale projects faced an MPCO of 22%, the highest among all three
groups. Medium-scale projects faced 18% of MPCO, while large-scale projects faced 20% of
MPCO. In addition, once the total cost overruns of all one hundred and six projects were added

together, it was approximately 815.7 million NZD, a significant amount compared to the NZ
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economy. A major fraction of that came from small-scale projects totalling approximately 523.3
million NZD. Ten large-scale projects faced 38.2 million NZD worth of total cost overruns.
Although the amount appears minor compared to the small and medium-scale projects, it must be
addressed as the figure was calculated using only ten projects. It can be further validated by
converting the total cost overruns into percentages. The total cost overruns of all ten large-scale
projects as a percentage of the total cost of all ten projects were approximately 24%, which was
the highest among all three groups. The same was true in small-scale projects, at 19%, while in

medium-scale projects, it was 14%.
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Figure 4.3. Boxplot comparison of three project groups
Based on the descriptive statistics, a boxplot was created to identify the error percentage ranges of
all three groups. According to Figure 4.3, the means and medians of all three groups were nearly
in the same range with slight deviations. However, the Kruskal-Wallis test will be conducted to

validate the above observation. Hence, the Kruskal-Wallis test was conducted based on the null
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hypothesis that there is no significant difference between the means of the three groups. If the null

hypothesis is accepted, there is no effect or relationship with project size on MPCO.

The Kruskal-Wallis test revealed an impact of the project size on the magnitude of the cost
overruns, X2 (2, N = 106) = 2.416, p = 0.029. Further, cost overruns were higher among small-
scale projects (Mean = 22%) in comparison to medium-scale (Mean = 18%) and large-scale (Mean
= 20%) projects. Therefore, the null hypothesis is rejected and establishes that the project size

significantly affects the magnitude of the cost overrun.
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Figure 4.4. Cost overrun of road projects over the past 20 years in NZ

The second test was to check the relationship between the cost overruns and the time. Figure 4.4

IS a scatter plot showing the spread of cost overrun percentages against the year of completion for
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one hundred and six project data. According to the diagram, no trends or patterns are visible in all
three types of projects. Even if all the projects are considered one group without separating them
according to the project value, no particular pattern is visible. Consequently, the draft denotes no
significant impact on the project cost overrun by the year of completion. However, the observation
has to be validated through the Kruskal-Wallis test before conclusions can be established. Hence,
the Kruskal-Wallis test was conducted based on the null hypothesis that there is no effect on the
cost overrun by the time represented by the year of completion. However, the Kruskal-Wallis test
showed no effect on the magnitude of cost overruns by the time or the year of completion, X2 (18,
N = 106) = 17.93, p = 0.46. Therefore, the null hypothesis is accepted and concludes that the cost
overrun percentage of NZ road projects does not depend on the time when the project is

completed.

Since the study confirmed no connection between the cost overruns and the project execution time,
this study carried out another test to evaluate the connection between the time and the cost
overruns. The measure used for this test was the project duration. All the project durations of the
one hundred and six cases were tested using the Kruskal-Wallis test. According to the Kruskal-
Wallis test, the project’s duration significantly contributes to the magnitude of the cost overrun, X2
(105, N =106) = 12.82, p = 0.04. Therefore, the null hypothesis is rejected and established that the

cost overrun magnitude of the NZ road projects is significantly impacted by the project duration.

4.7 Discussion

The study focussed on identifying the significance of cost overruns in NZ road projects. The paper
presented the results of an investigation using one hundred and six NZ road projects under three
subcategories based on the project size. The project size was differentiated based on the contract
price. The total value of the selected road projects was approximately 1.5 billion NZD. Road

projects would tend to perform differently than planned because none of the projects considered
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in the data analysis faced zero cost overruns. In other words, finishing a road project precisely on
the budget is rare and extremely difficult. Therefore, the project cost is highly uncertain based on

cost, time, and quality constraints.

The following observations can be made based on the above research findings (Table 2 and Figure
4). Only 3.8% (=4%) of the road projects in NZ finished on or below the forecasted budget, while
the rest of the 96.2% (=96%) projects faced cost overruns. That means 96 projects out of 100 have
a higher chance of spending more than the planned budget for the project. According to the
analysis, the general cost overrun percentage of road projects in NZ is 19.5%, with a standard

deviation of 16.07%.

According to the data analysis, 96% of road projects faced positive cost overruns, while 4% faced
negative cost overruns or savings. Flyvbjerg et al. (2003) conducted a similar study based on 258
TI projects across 20 nations. Their analysis considered all T1 project types, including roads, rails,
and fixed links such as bridges and tunnels. According to their study, 9 out of 10 projects (90%)
generally faced cost overruns in any TI project. Although the results were similar, our research
identified that NZ road projects face even more severe issues, as the percentage of projects that

face cost overrun had increased from 90% to 96%.

On the other hand, Love et al. (2016) and Odeck (2004) established that a project's cost overrun
could be as high as 70% and 183%, respectively, more than the estimated budget. In our study, the
maximum cost overrun was noted as 75%. Therefore, this research study is in the same phase as

the findings of Love et al. (2016).

Furthermore, our study revealed that small-scale projects with contract prices of less than 10
million NZD faced 22% of MPCO, while medium-scale projects with contract prices between 10
and 100 million NZD faced 18% of MPCOQO. In addition, large-scale projects with contract prices

exceeding 100 million NZD experienced 20% of MPCO. Therefore, considering all the above
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project categories, the overall MPCO was approximately 20%. Similarly, Flyvbjerg et al. (2002)
found that road projects would face an MPCO of 20%, which matched the results of our study. On
the other hand, Odeck'’s (2019) investigation showed an MPCO of 26% for road projects, which
was slightly higher than the results of our study. Similarly, Creedy (2010) and Lee (2008) also
confirmed relatively closer results of 28.8% and 29.5%, respectively. In a different view, Odeck
(2019) also carried out a literature survey based on 48 publications to examine the MPCO results
and found that the MPCO could be as high as 214% (from the research conducted by Al-Hazim
and Salem (2015)). However, the average of all the MPCOs from 48 publication results was

34.12%. That was approximately 14% higher than the results of our study.

Even though the projects were categorised into three sub-groups, the mean cost overruns of all
three groups were almost similar. Small, medium, and large-scale projects would face 22%, 18%,
and 20% cost overruns. It was found that the project size impacted the cost overrun percentage.
Accordingly, the more significant projects tend to experience lower cost overruns, while the
smaller projects may experience considerably higher cost overruns. Similar findings were

observed in the study carried out by Huo et al. (2018).

In contrast, a similar investigation was conducted by Flyvbjerg et al. (2003) and observed that the
project size did not impact the cost overrun magnitude across all the TI projects. However, if the
project is large-scale, the risk and uncertainties are comparatively higher than in small-scale
projects. Nevertheless, large-scale projects have better planning, management, and monitoring
systems than small projects. Therefore, the cost overruns in large-scale projects can be mitigated.
Further, the project is more straightforward when it requires proper initial planning and

management processes. Therefore, the findings of our research are more sensible.

Furthermore, the study investigated the impact of cost overrun magnitude on time represented by

the year of completion of the project. According to the findings, it was clear that the time or the
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year of completion does not substantially impact the cost overrun percentage. However, the study
further investigated the connection between the cost overrun and the time by considering the
project duration. Findings showed that the scope and definition are inadequate if the project
duration is longer, and the uncertainty level is higher than small-duration projects. Therefore,

planning lengthier road projects requires comprehensive attention compared to shorter projects.

Further, the mean cost overrun of each year varied due to external impacts during the time. For
instance, according to the analysis, the MPCE in 2020 is considerably low. However, after that,
with COVID-19, MPCO started to go up. Currently, the MPCO is showing an increasing trend.
Therefore, the current estimation practice in the NZ road projects has not improved significantly
over the past 20 years. The researchers supported the above observation based on studies over 70
years and concluded that there was no improvement in cost overrun percentage over time in all the
TI project types (Flyvbjerg et al., 2003). Therefore, the cost overruns issue is significant in NZ
road projects. The literature states that NZ has planned several major TI projects in the coming
decade. The five projects mentioned in the literature were budgeted for 31.3 billion NZD.
According to the investigation, MPCO faced by large-scale NZ road projects were around 20%.
Therefore, the above projects may face approximately six billion NZD cost overruns. Considering
the background of the NZ economy, that is a significant amount. The following section concludes

the findings of this research.

4.8 Conclusions

Generally, TI projects incur enormous sums of money over a considerably extended period
compared to most building projects. In addition, it has been common for TI projects to face
significant cost overruns. Although much research has been done to identify the causes of cost
overruns, proper action has yet to be taken to minimise the effect of cost overruns. Therefore, this

research aimed to identify the significance of cost overruns in NZ road projects so that researchers
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and industry practitioners can understand how severe the problem is and investigate further to find
solutions. TI projects generally include roads, bridges, tunnels, and railways. However, due to the
unavailability of enough data to carry out an in-depth analysis, only the road projects and bridges

associated with roads were considered in this study.

It was concluded that cost overrun is an inevitable issue NZ road projects face. Moreover, over the
past twenty years, there has been no improvement in cost performance. Hence, the current
estimation practice must be upgraded to address this issue. 96% of the NZ road projects faced
significant cost overruns, with an MPCO of 20% overall. Moreover, it was found that there is no
substantial effect on the cost overruns from the year of completion. However, the NZ road projects
demonstrated a significant impact on the project cost overrun magnitude by the project size and
the project duration. The project size was considered based on the contract price of the project,

while the time was studied based on the year of project completion.

The study was conducted based on the cost data collected from NZ road projects over the past
twenty years. Therefore, the results can differ for the projects finished before the considered
timeline or the projects in other countries and for other project types. However, the study
concluded that NZ road projects faced significant cost overruns, and this statement is consistent
with the literature findings. Therefore, the study's results can be used as background evidence to

investigate further to find a solution to minimise the cost overruns.

Further, the future pipeline projects of the NZ road construction sector were planned to consume
multi-billions, as identified in the introduction section. Therefore, with several upcoming road
projects of large scale and longer duration, finding a solution to overcome the cost overruns is

essential. Therefore, the client knows the entire budgetary plan from the conceptual stage.

Although the case study was carried out using NZ road projects, the findings on project size and

duration can also be generalised to other contexts. The study recommends further analysing the
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cases to identify potential solutions to overcome the cost overruns. Thus, the author explores the
possibility of addressing the conceptual estimation errors by incorporating proper modelling

techniques into the current estimation practice.

4.9 Epilogue

According to the findings, discussion, and conclusions of this chapter, it was resolved that the
project size (determined by the project value) and the project time (determined by the project's
start date) would not significantly impact the project cost overruns. The phenomenon of cost
overruns in road projects is a complex and multifaceted problem that has garnered the attention of
researchers, practitioners, and policymakers. This issue is not limited to a specific region or type
of project. However, it has been observed worldwide across various project scales, from local road
improvements to large-scale highway construction. The consequences of cost overruns are
profound and extend beyond financial implications, affecting project stakeholders, the general
public and the economy. Therefore, the next chapter investigates the modelling techniques to
address the current conceptual estimation practice issues. If a modelling technique can produce a
more reliable and realistic estimate with minimum cost overrun, that will benefit the project,

project team and the general public.
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5 Cost modelling techniques for conceptual cost estimation of

infrastructure projects — a literature review

5.1 Prologue

Chapter 3 investigated the factors affecting the project's cost as the first step of finding a solution
to the cost overrun matter. Further, in Chapter 4, it was identified that cost overrun is a significant
and continuous ongoing issue in road projects in NZ. Based on the background set in these two
previous chapters, this current chapter examines the literature on the possible statistical techniques
that can be used to develop cost estimation models. Subsequently, the chapter investigates further
the cost modelling techniques for infrastructure projects. Finally, recommendations are provided

for reliable cost-modelling techniques for road projects..

3 This chapter is based on the following journal paper.

Atapattu, C.N., Domingo, N., and Sutrisna, M. (2023). A bibliometric review of the statistical modelling techniques
for cost estimation of infrastructure projects. Smart and Sustainable Built Environment, (Ahead of Print). DOI:
https://doi.org/10.1108/SASBE-01-2023-0005.

Atapattu, C. N., Domingo, N. D. and Sutrisna, M. (2022). Statistical cost modelling for preliminary stage cost
estimation of infrastructure projects. 10P Conference Series: Earth and Environmental Science, Vol. 1101, pp.
052031. DOI: https://doi.org/10.1088/1755-1315/1101/5/052031
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5.2 Abstract

Cost overrun in infrastructure projects is a constant concern with a need for a proper solution. The
current estimation practice needs improvement to reduce cost overruns. This study aimed to find
possible statistical modelling techniques that could be used to develop cost models to produce
more reliable cost estimates. A bibliographic literature review was conducted using a two-stage
selection method to compile the relevant publications from Scopus. Then, VOS-Viewer was used
to develop the visualisation maps for co-occurrence keyword analysis and yearly trends in research
topics. The study found seven primary techniques used as cost models in construction projects:
regression analysis (RA), artificial neural network (ANN), case-based reasoning (CBR), fuzzy
logic, Monte Carlo simulation, support vector machine, and reference class forecasting. RA, ANN
and CBR were the most researched techniques. Furthermore, it was observed that the model's
performance could be improved by combining two or more techniques into one model. This study
mapped the research carried out on cost-modelling techniques and analysed the trends. It also
reviewed the performance of the models developed for infrastructure projects. The findings could
be used to research further to develop more reliable cost models using statistical modelling
techniques with better performances. The research was limited to the findings from the
bibliometric literature review. The findings provided an assessment of statistical techniques that

the industry can adopt to improve the traditional estimation practice of infrastructure projects.

5.3 Introduction

Cost overrun is considered a global phenomenon in the construction industry, especially in long-
run mega-scale projects such as infrastructure projects. For example, Huo et al. (2018) researched
infrastructure projects in Hong Kong. They identified a mean percentage of cost overrun of 32.52%

in road projects, 34.83% in rail projects, and 37.48% in bridge and tunnel projects. A proper cost
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forecasting model is strongly needed because infrastructure projects usually experience extended

construction periods.

On the other hand, the project management survey done by KPMG New Zealand observed that the
number of projects delivered within budget decreased from 48% to 29% from 2010 to 2017
(Barlow et al., 2017). Hence, the budget's reliability and accuracy are decreasing over time. The
project's success will also be affected if the budget is inaccurate. Therefore, cost estimation at the
pre-contract stage plays a significant role. However, Challal and Tkiouat (2012) explained that,
compared to other industries, construction projects face difficulty anticipating the characteristics
and the work to be done in the future, considering the long-term project delivery. Therefore,
achieving a reliable and accurate estimate for the project is not straightforward. Furthermore, they

emphasised the importance of cost estimation to project development.

Researchers also found two types of cost overruns: avoidable and unavoidable. The avoidable
costs are the matters that could have been foreseen by the management beforehand. Conversely,
unavoidable costs are caused by events that cannot be foreseen beforehand (Shanmugam et al.,
2006). According to Shehu et al. (2014), construction projects must deal with various issues,
mainly the waste of funds and investments, the loss of the expected end-product quality of the
outcome, and several other issues arising from project delays. Budget estimation at the preliminary
stage is commonly developed using historical data. Various traditionally used estimation methods
are available at the preliminary stage, where information availability is minor and uncertainty is
high (Challal and Tkiouat, 2012). However, the reliability of these traditional models is often
questioned because proper judgment is critical in estimation. Hence, the estimation methods
should be able to develop robust estimates that address the uncertain factors. However, the

traditional preliminary estimation methods do not support that.
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In a different view, Skitmore and Marston (2005) emphasised that historical trend-based data and
judgment based on construction knowledge and experience are vital components of a proper cost
forecasting technique. Thus, in the past few years, researchers have focused on developing new
cost models that can incorporate both these components while minimising the errors and biases of
the judgments resulting from the human mind's cognitive behaviour. Hence, researchers adapt

various statistical modelling techniques into cost estimation models.

This study aimed to identify the significant statistical modelling techniques that can be used for
the cost estimation of infrastructure projects. The following section discusses the research

methodology of this research.

5.4 Research Methodology

5.4.1 Bibliometric literature review

The methodology was comprised of three major stages. First, the study focussed on identifying
the primary statistical techniques in the cost estimation of construction projects. Second, the study
further evaluated the models developed using the identified techniques but within the selected
literature in the first step. Then, the models developed for infrastructure projects were filtered out
for further review. Finally, it was decided to analyse the keywords related to statistical modelling
used for cost estimation in construction projects. Therefore, the bibliometric literature review
method was implemented because many researchers stressed that bibliometric analysis is much
more suitable for identifying emerging trends in research areas, collaboration patterns, and
performances of articles and journals (Donthu et al., 2021; Hallinger and Kovacevi¢, 2019; Merigo

etal., 2017; Zhao et al., 2019).
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Moreover, Donthu et al. (2021) suggested that the bibliometric review should be used when the
scope is broad, while the systematic literature review is suitable when the scope is specific.

Therefore, the study chose the bibliometric review over the systematic literature review.

Merigo et al. (2017) stated that bibliometric review studies the bibliographic materials
quantitatively by analysing and identifying the trends related to a particular research theme.
According to Hallinger and Kovacevi¢ (2019), bibliometric analysis provides more comprehensive
and deeper analyses with the advancement in text mining and citation analysis tools. Therefore,

the researchers adopting this method for literature review has become a growing trend.

In addition, Falagas et al. (2007) stated that Scopus covers more recent publications than other
digital sources, such as the Web of Science. On the other hand, Zhao et al. (2019) emphasised that
there are no significant differences between the bibliometric analysis results of Scopus and Web
of Science. Therefore, the study used the Scopus database to collect 147 articles for the analysis.
Figure 5.1 illustrates the publication selection process and the criterion used for the bibliometric
literature review. As illustrated in Figure 5.1, the keywords were entered into the Scopus Database

without any restrictions on time.

Consequently, the search contains records that expand from 1997 to 2021. The purpose was to
study the development of the research over the years. The search identified 219 records, out of
which nine records were removed as they were not in English. In the next stage, another 41 records
were removed and 169 were selected for construction. Then, only the journal and conference
papers were retained, and 12 records were removed. The remaining 157 articles went through a
screening of titles, abstracts, and keywords. Finally, 147 articles were retained for the bibliometric

review.
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Scopus Database

(TITLE-ABS-KEY ("cost estimation model*" OR "cost model*" OR "Statistical cost model*" OR "Estimation tool*") AND
TITLE-ABS-KEY ("construction") AND TITLE-ABS-KEY ("Artificial neural network™ OR "Regression analysis" OR "Support
vector machine" OR "Case-based reasoning” OR "Reference class forecasting” OR "Monte Carlo simulation” OR "fuzzy"))

Scopus Database

219 total records
identified

The search criterion
was set to “English”
language-only articles -

210 total d 9 records were
The search criterion was otal records

set to “construction”
related articles - 41

records were removed. l 169 total records l The search criterion
was set to “journal
¢

articles and
conference papers”

: - l 157 total records l only - 12 records were
Screening of the title, removed.

abstract and keywords
10 records were
removed.

L

147 total records
were retrieved for the
bibliometric review

Figure 5.1. Criteria used to retrieve the documents for bibliometric review

In addition, Table 5.1 shows the publication source analysis for the selected articles. The table
contains the publication sources from highest to lowest based on the number of citations received
for the selected articles. The sources with an insignificant number of citations were not considered

here.

Table 5.1. Most cited publication sources

No.  Source Citations Documents
1 Construction Management and Economics. 457 9
2 Building and Environment 360 3
3 Construction Engineering and Management 355 12
4 Automation in construction 105 3
5 Computer-Aided Civil and Infrastructure Engineering 95 2
6 Engineering, Construction and Architectural Management 82 6
7 Canadian Journal of Civil Engineering 74 4
8 Financial Management of Property and Construction 73 2
9 Management in Engineering 52 3
10 Construction Management 14 2
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5.4.2 Visualisation of data analysis

Usually, the network visualisation software provides both options of bibliometric analyses and the
graphic visualisation function (Donthu et al., 2021). Therefore, VOS-Viewer was used to conduct
the analyses, map, and display the findings. Van Eck and Waltman (2014) emphasised that the
VOS-Viewer is a comprehensive tool based on the Visualisation of Similarities (VOS) technology.
They added that it could cluster the fragmented knowledge from different domains according to
their similarity and relatedness. Once the clusters are identified, VOS-Viewer will map the
similarities to visualise the links and connections. A node will denote the keywords, and the node
size of the map signifies the counting of the appraised item, such as citation and occurrence.

Similarly, a link represents the co-citation and co-occurrence (Van Eck and Waltman, 2014).

Therefore, VOS-Viewer can be used for several analyses, such as keyword co-occurrence,
country-specific, co-authorship, and yearly trends in research topic analyses (Randhawa et al.,
2016). However, this study was focused on keyword analysis and yearly trend analysis as the aim

was to identify the statistical modelling techniques and their growth potential in research.

5.5 Research findings

5.5.1 Co-occurrence keyword analysis

According to Randhawa et al. (2016), keywords provide an understanding of the research concept
of the article by being points of reference. The traditional cost estimation practice must be aligned
with the development of design, technology, and construction methodologies. Therefore, more
research has focused on new cost modelling techniques in recent years. As a result, there were
seven basic cost modelling techniques identified through literature: regression analysis (RA),
artificial neural network (ANN), Monte Carlo simulation (MCS), support vector machine (SVM),

case-based reasoning (CBR), reference class forecasting (RCF), and fuzzy logic (Shabniya and
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Dilruba, 2017). While some researchers developed models based on these basic techniques, it was
observed that some studies were performed by combining these techniques or adopting the basics
while developing custom-made models. Therefore, it was not certain what techniques were the
most considered in cost modelling. In that case, keyword occurrence analysis would provide a
fundamental analysis of the importance of the seven techniques mentioned above in cost modelling

for construction projects.
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Figure 5.2. Cluster visualisation map for co-occurring keywords (Source: VOC-Viewer)

Once the publication record was uploaded to VOS-Viewer, keyword analysis was carried out
through VOS-Viewer using the options of "all keywords" and "full counting”. The minimum
occurrence of a keyword was set at 4. Out of 1,289 keywords, 54 met the criteria. The proximity

of keywords determines the degree of co-occurrence (Van Eck and Waltman, 2014). On that basis,
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the identified keywords showed 891 links with 2560 total link strength. Four clusters were
identified in the map as cluster 1 (17 keywords), cluster 2 (13 keywords), cluster 3 (12 keywords),
and cluster 4 (12 keywords). Figure 2 illustrates the cluster visualisation for research keywords
and their co-relationship based on the cost estimation modelling in construction projects.

According to Figure 5.2, the primary cost modelling technique identified was RA.

RA and fuzzy sets/ logics were the techniques identified in Cluster 1. That means there could be
co-occurrence and relationships between these two techniques. Otherwise, researchers might tend
to compare models with the two techniques. Cluster 2 identified the MCS modelling. The rest of
the keywords in this cluster were mainly related to risk. In addition, cluster 3 dominated all clusters
with three effective techniques: RA, ANN, and SVM. It was noted in the literature search that
researchers often compare the three techniques in their models. Finally, the third cluster recognised

CBR as a cost modelling technique.

Furthermore, Figure 5.2 also highlights the primary modelling techniques identified with their
respective number of occurrences and the total links. RA achieved the highest occurrences, while
ANN and CBR were ranked second and third, respectively. According to the analysis, reference
class forecasting was not identified in the keyword occurrence because the number of occurrences

of the word was below the set criteria.

5.5.2 Yearly trends on research topic analysis

The same network visualisation map was converted into a sensor map that analyses the yearly
trend from 1997 to 2021 in researching the areas related to the keywords. The publications in 2022
were not considered since the study was conducted in mid-2022, and the graph would show a
sudden downfall in growth. Therefore, it could suggest wrong conclusions. Figure 5.3 illustrates
the visualisation map generated by VOS-Viewer, analysing the yearly trends in research. It was

observed that recent research was more focused on RA, ANN and SVM. In addition, Figure 5.4
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shows the growth of research related to cost modelling techniques in the construction sector. There

Is an increasing demand for research in this area.
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5.5.3 Country-wise publication distribution

Created with mapehartnet

Figure 5.5. Country-wise publication distribution (created with www.mapchart.net)

Legend for Figure 5.6: C — Number of Citations, D — Number of Documents

Figure 5.5 shows the publication distribution based on the country. The corresponding author's
affiliation was considered for the analysis. First, citations and the number of documents were
obtained through the VOS-Viewer analytical function set for a minimum of five publications per

country. Then, the map was generated through www.mapchart.net. Only the countries with

citations on or above 90 were considered for the analysis.

According to Figure 5.5, South Korea published only 18 articles but received the highest number
of citations. Meanwhile, China had the highest number of publications, with 24 articles.
Nevertheless, based on the number of citations, China was in third place. In addition, the United
Kingdom, Taiwan, Iran, the United States, Canada, and Australia have significantly contributed to
the construction industry's research in cost modelling techniques. The following section will

discuss the findings of the literature search.
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5.6 Discussion

According to the findings, RA and ANN were the most significant statistical modelling techniques
considered in cost estimation in construction projects. Furthermore, there was a strong correlation
between these two techniques. It was observed that most of the research concentrated on both
techniques to compare the models' performances. CBR ranked third, while the fourth, fifth and
sixth were fuzzy logic, MCS, and SVM, respectively. In cluster 2, all the keywords were related
to construction risks, and the technique included in this cluster was the MCS. Cluster 3 comprised
three effective techniques mentioned in the findings: RA, ANN and SVM. Nevertheless, the rest
of the keywords in this cluster were mainly related to road construction. Therefore, the cost

estimation models developed for road projects were mainly based on the above three techniques.

According to Figure 5.4, the research trend on the statistical modelling techniques in the
construction industry showed significant growth. The trend analysis emphasised that with the
current development in design, technology, and construction methods, researchers tend to search
for better and more reliable techniques to improve traditional estimation practices. The following

sections will further discuss the findings of each technique based on the literature review.

5.6.1 Regression analysis (RA)

The bibliometric review emphasised that the RA was the most cited technique. It is a technique
that estimates the relationship between the parameters. RA considers the relationship between each
dependent variable against one or more independent variables. In other words, the model includes
identifying the impact on a dependent parameter when an independent parameter is varied and all
other independent parameters are fixed (Shabniya and Dilruba, 2017). In contrast, a large and
growing body of literature has investigated the drawbacks of RA and emphasised that the

technique needs a more straightforward approach to comparing the new project with historical data
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to identify the most suitable model for the estimation (Kim et al., 2004). Hence, certain
assumptions related to the equations would have to be made to make them suitable for the

regression equations.

Additionally, surveys such as those conducted by Vahdani et al. (2012) emphasised that the
regression technique is based on a linear nature while the cost data of construction projects are
generally non-linear. However, the researchers highlighted that the technique comprises analytical
and predictive capabilities. In contrast, Ahn et al. (2017) argued that the relationship between

project parameters could be either linear or non-linear.

Using the regression model concept, Herbsman (1986) developed a model to forecast the costs of
highway projects using cost indices and historical cost data. However, it was stressed that a cost
forecasting model should be based on price escalation and other influencing factors. ElI-Maaty et
al. (2017) developed a linear regression-based cost model to predict the percentage of cost
overruns using 46 highway projects. The model showed an average percentage error of 30.42%.
Their research also included a statistical fuzzy-based model using the same data set. The
conclusion was that the regression-based model outperformed the fuzzy-based model. In another
significant study, Hammad et al. (2008) highlighted the need for a custom model based on project
type rather than a generic formula. Furthermore, the researchers developed a regression model

with a 95% probability of accuracy. The study used 140 various building projects in Jordan.

Another investigation was carried out by drawing on the concept of RA; Lowe et al. (2006)
developed six cost models that differ based on the number of variables used in each model. The
models were based on cost data from 286 building projects in the United Kingdom. Out of the six,
the best model had an error of 19.3%. The researchers compared the model against ANN using the
same data and variables to validate the model. The best outcome of the ANN utilised 41 variables

and showed a 16.6% error. Therefore, it can be emphasised that ANN is more effective than RA.
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Giinaydin and Dogan (2004) emphasised that RA performs poorly with early-stage design

parameters.

Kim et al. (2013) and Wang et al. (2012) compared ANN, regression, and SVM. They emphasised
that the ANN models produced better output results than the regression models. However, Kim et
al. (2013) achieved a significantly lower MAER of 5.68% for their regression model. Unlike the
other models, Ganiyu and Zubairu (2010) focused on variables significant to cost, with numerical
relationships that are challenging to identify. For example, the complexity level, the project's
importance, on-time completion, and construction complexity level were numerically comprised

in the model. However, the model displayed an error of 23.8%.

According to the above findings, RA has mixed performances. There were both good and poor

models, and the differences could be due to the cost database or the variable selection.

5.6.2 Artificial Neural Network (ANN)

Based on the findings, ANN was recognised as the second technique cited in construction cost
estimation research. Similar to RA, there has been a growing trend in recent years on this topic.
However, according to Ahiaga-Dagbui et al. (2013) and EI-Kholy (2019), ANN is one of the most
sophisticated models capable of non-linear approximation and modelling complex functions.
Nevertheless, much research has stressed that most modelling techniques, such as regression, are
incapable of non-linear approximation (Adel et al., 2016; Cheng and Hoang, 2014). Therefore, RA

is not a good modelling technique for construction project estimation compared to ANN.

It was also identified that ANN could use the lessons learned from previously completed cases and
generalise the knowledge to future projects (Adel et al., 2016; Cheng and Hoang, 2014; El-Kholy,
2019). On the other hand, Cheng and Hoang (2014) stated that the training process of ANN is

overly complex as it is attained through a gradient descent algorithm on the error space. However,
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they also found that the genetic algorithm and Particle Swarm Optimisation (PSO) can be used to

overcome this issue.

Tarek et al. (1998) developed a cost model which adopted the ANN concept using 18 highway
projects in Canada. That model predicted the cost with a weighted error of 0.98. Another study
was carried out by Adel et al. (2016), who developed a model based on ANN using the data from
75 highway projects in Egypt. The study carried out several training, evaluation, and validation
tests to measure the model's performance, and the results were found to be 4.51%, 5.8%, and

16.0%, respectively.

Meanwhile, EI-Kholy (2019) identified fifteen variables to develop two models for predicting the
time and cost overrun based on the ANN technique through the "NeuroSolutions (6.12) (2012)"
software. The model was based on data from 56 highway projects in Egypt. The average error was
concluded to be 39.8%. Therefore, EI-Kholy's (2019) model was comparatively more accurate
than the model developed by El-Maaty et al. (2017) using the same data set based on linear

regression and a fuzzy statistical model.

Kim et al. (2004) took a different approach to neural networks. They combined genetic algorithms
and neural networks to optimise the model by selecting the number of neurons in the hidden layer.
In this study, several models adjusted the number of layers and neurons. The best model consisted
of 2 hidden layers. The number of neurons was 12 in the input layer, 18 in the first hidden layer,
12 in the second hidden layer, and 1 in the output layer. This model achieved an MAER of 2.62%.
The study concluded that the genetic algorithm is better for selecting parameters than the trial-and-

error method.

As discussed previously, the primary study by Kim et al. (2013), comparing three modelling
techniques, concluded that the ANN was better for cost forecasting than RA and SVM because it

can deal with multifaceted problems while producing user-friendly models. Based on ANN, the
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model developed in the study by Kim et al. (2013) they achieved an MAER of 5.27%. Similarly,
Sodikov (2005) compared ANN with RA by developing two models with the same data set from
Poland and Thailand. As expected, the ANN-based model exhibited a lower estimation error rate
than the regression-based model. However, the model developed by Giinaydin and Dogan (2004)
accomplished the lowest error of 3.8%. This model was developed for the early-stage cost
estimation of apartment buildings; however, this model was focused only on design and site-
related variables. Therefore, the contract-related parameters, such as tendering strategy, contract

type, procurement methods, and the like, were not considered.

Therefore, the findings suggested that ANN is an effective modelling technique for cost estimation

in construction projects.

5.6.3 Case-based reasoning (CBR)

CBR is the process of solving a new case or a project based on previously resolved cases using the
knowledge base of the model. Therefore, this model compares the new project with the old data
set and finds a similar case (Agnieszka and Krzysztof, 2018; Tah et al., 1998; Zima, 2015). Several
studies investigating this technique described four steps of the CBR model: retrieve, reuse, revise,
and retain (Ahn et al., 2017; Kim and Shim, 2014; Shabniya and Dilruba, 2017). Furthermore,
researchers emphasised that the model is based on the hypothesis that similar cases will have
similar problems with similar solutions. However, Ahn et al. (2017) argued that this technique
encounters barriers such as distance measurement, selection of characteristics, assigning the
weightage, and thresholds of cases in reuse. In contrast, Won-Gil et al. (2019), Kim and Shim
(2014), and Lee et al. (2013) suggested that CBR can override most of the shortcomings that
regression and neural networks come across by utilising the lessons learned from the historical

data to solve issues in future projects.
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This technique was demonstrated by Agnieszka and Krzysztof (2018) when the cost model was
developed. The study developed a model with an MAER of 14% using the cost data from 143
sports field construction projects in Poland. One of the main focuses of this study was the
sustainable development factors accounted for by the model, which most other models needed to

be considered.

On the other hand, a broader perspective was adopted by Ahn et al. (2017). Firstly, several distance
measurement tools were adopted, such as the Mahalanobis concept, Euclidean concept, arithmetic
summation-based similarity measure, and fractional function-based similarity measures. Then, a
cost model was developed using a database of 99 complex multi-family housing projects in Korea.
In their study, 3 test rounds were carried out on the several models developed using the
measurement concepts. All the models except the Mahalanobis-based model performed well,
showing an MAER between 0.085 and 0.096. However, the model based on the Mahalanobis

concept showed an MAER of 0.31 to 0.47.

In an investigation into optimising the weights of the cost factors of models, Kim and Shim (2014)
and Lee et al. (2013) adapted a genetic algorithm for the CBR model. The former researchers
developed a model for building projects in Korea with a minimal error rate of 5.6%. The latter
developed a cost model for river facility construction projects with an average error rate of 15.49%
using only eight parameters. These findings were also supported by Won-Gil et al. (2019), who
demonstrated the high forecasting capability of their model with a low MAER of 47.9% for
building projects based on the data from South Korea. In another study, Zima (2015) developed a
cost model based on CBR for sports field construction works while accounting for an MAER of
5.7%. This study further stressed that the model encounters more significant errors when

quantifying the numerical impact of the location and inflation factors. The evidence suggests that
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having a more extensive knowledge base of cases is essential to achieve the desired results using

CBR.

5.6.4 Fuzzy logic

Fuzzy logic is recognised as a model used for human communication, reasoning, and decision-
making abilities in a formalised way where the information is conflicting, incomplete, and
uncertain (Ahiaga-Dagbui et al., 2013; Fayek and Rodriguez Flores, 2010). Nevertheless, Fayek
and Rodriguez Flores (2010) added that the fuzzy models are used in risk assessment, range
estimating, forecasting construction performance, contractor selection, working condition
assessment, and determining cost-estimating relationships. Therefore, this technique could be used

more effectively if combined with other techniques.

Researchers have recently started combining several modelling techniques to compare their
performance with the mono-technique models. For instance, Ahiaga-Dagbuiet al. (2013)
developed a model by combining the ANN and fuzzy set theory and considering the data of 98
water infrastructure projects completed between 2007 and 2011 in Scotland. They adopted ANN's
learning and generalisation capabilities and combined them with the positive advantages of fuzzy
logic. Further, the model included the reasoning and decision-making abilities of the human brain
with incomplete information. As a result, the model forecasted the final cost with a significantly
low marginal error between 0.6% and 0.8%. Therefore, combining several techniques while being

aware of how the techniques would co-relate with each other can provide better results.

5.6.5 Monte-Carlo simulation (MCS)

Through drawing on the MCS concept, Touran and Lopez (2006) emphasised that considering
factors of uncertainty in a project will lead to quantifying the project cost overruns. The previous

studies agreed that the simulation could predict complicated systems where the uncertainty of
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available information is higher (Shabniya and Dilruba, 2017). Shanmugam et al. (2006) adapted
the MCS to develop a cost estimation model for building projects that forecast the cost overrun
percentage. Simulation models are time-consuming in optimisation, but they allow for quicker and
easier complex approximations through stage-wise refinements. Their model predicted that 65 of
the 500 projects would expect a 27.49% cost overrun relative to the contract sum. Rather than
providing a single outcome, they proposed various cost overrun possibilities against the respective

occurrence probability.

5.6.6 Support vector machine (SVM)

This technique is based on structural risk minimisation and statistical learning theory.
Additionally, models can be developed based on SVM to identify the factors, data sample
collection, and training process (Cheng and Hoang, 2014). Researchers identified several benefits
of using SVM as a cost model. For example, convex optimisation issues can be solved quicker
than other models and with a reliable and accurate solution (El-Sawalhi, 2015). El-Sawalhi (2015)
further emphasised that many research studies that developed SVM-based cost models performed
better than traditional ones. Also, SVM's generalisation capabilities and sparse representation are

better than other models, such as neural networks.

Additionally, SVM comprises six significant properties identified by El-Sawalhi (2015), who
identified SVM as the best modelling technique in conceptual cost estimates. Finally, the research
concluded with a conceptual stage cost estimation model for road projects in the Gaza Strip. The
study used seventy projects with a 95% accuracy performance. Contrarily, in an investigation
comparing SVM with other models, Kim et al. (2013) identified several disadvantages of SVM.
The algorithmic complexity required for the model is significantly higher than that of other
models, and thus, a widespread memory is essential. Also, the model needs a trial-and-error period

to determine a suitable mathematical function, defined as kernel, and the variables of the selected
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kernel function. Researchers highlighted that the SVM models performed equally or notably better
when comparing their results to ANN and fuzzy system-based models. However, Kim et al. (2013)
developed the SVM-based model for school building projects in Korea, achieving an MAER of

7.48%. In contrast, the ANN model, developed using the same data, achieved better results.

5.6.7 Reference class forecasting (RCF)

The literature identified RCF as a technique for cost modelling. However, the number of
occurrences and the total links of the technique were below the analysis criteria. Therefore, the

technique was excluded from the keyword co-occurrence analysis.

The concept of reference class forecasting is similar to the CBR model. Hence, this technique also
analyses future cases and finds solutions using historical data from similar cases (Shabniya and
Dilruba, 2017). However, Awojobi and Jenkins (2016) highlighted that the two techniques differ
in certain degrees as CBR does not consider human behaviour's irrationality as its outcome
depends on expert judgment. Furthermore, Bayram and Al-Jibouri (2016) recommend RCF at the
early stage of estimation, where the uncertainty is at its highest. These findings were supported by
Bayram and Al-Jibouri (2016) in their model for estimating the cost overruns of public
construction projects in Turkey and concluded that the average cost overrun is 11.33%, which
could vary between 22.94% to 133.48%. Another study by Fridgeirsson (2016) identified that 60%
of Icelandic transportation projects faced cost overruns of 95% of their initial cost plan. Although
the RCF model developed in the study provided a comprehensive insight into this matter, the
researchers emphasised that the current method used in the Icelandic Road Administration
(ICERA) in cost forecasting addressed the matter with a 6% cost overrun for the five years of the

study.

In contrast, Themsen (2019) studied the RCF model application in a Danish mega railing project.

His study concluded that the model did not support the estimation accuracy while the project faced
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cost and time overruns. The research further emphasised that the model could not prevent strategic

misrepresentation and optimism bias.

5.6.8 Cost modelling for infrastructure projects

Table 5.2 displays the finding of the previous studies. It summarises the models used for

infrastructure projects identified in the study, the variables considered in the models, and their

performances. Although CBR was identified as the third technique for cost modelling, no cost

models were developed for infrastructure projects within the selected publications. The reason

could be that the CBR requires an extensive cost database of previously completed projects to

perform well.

Table 5.2. Cost models developed for infrastructure projects

Mod
el
num
ber

Modelling
technique

Reference

Project

type

Variables

Performance
(MSE*)

01

RA

Shr and Chen
(2006)

Roads and
highways

The final cost, awarded bid, days used, actual contract
duration, and initial duration.

+5%

02

RA

El-Maaty et al.
(2017)

Roads and
highways

Inadequate project planning and execution, insufficient cost
planning and monitoring, lack of communication between
construction parties, price fluctuations, lack of proper
technical study before the tender by the contractor, errors in
project quantities measurements, slow decision-making
process, equipment failures, lack of adequate field visits
before tendering by the contractor, inappropriate use of project
site, improper use of materials, inaccurate drawings and
contract documents, material monopoly by suppliers, inflation,
and rework.

+30.42%

03

RA

Sodikov (2005)

Roads and
highways

Predominant work activity, project duration, pavement width,
shoulder width, ground rise fall, average site clear, earthwork
volume, surface class, and base material.

+30% to +36%

04

RA

Sonmez and
Ontepeli (2009)

Urban
railways

Primary parameters

Percentage of tunnel section over the total length of the rail,
percentage of the total length of elevated stations over the total
rail length, percentage of the total length of at-grade stations
over the rail length, percentage of the total length of cut-and-
fill method over the main line length, supply and installation
of the rails, and the number of underground stations.

Secondary parameters

Contract type, number of at-grade stations, number of elevated
stations, the main line length, and percentage of the total
length of depressed-open sections (ramps) to the total rail
length.

+35.2%

05

ANN

Adel et al.
(2016)

Roads and
highways

Project scope, duration, year of construction, project region,
mainline length, mainline classification.

Training -
+4.51%;
Evaluation-
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+5.8%);
Validation -
+16.0%

06

ANN

El-Kholy
(2019)

Roads and
highways

Inadequate project planning and execution, insufficient cost
planning and monitoring, lack of communication between
construction parties, price fluctuations, lack of proper
technical study before the tender by the contractor, errors in
project quantities measurements, slow decision-making
process, equipment failures, lack of adequate field visits
before tendering by the contractor, inappropriate use of project
site, improper use of materials, inaccurate drawings and
contract documents, material monopoly by suppliers, inflation,
and rework.

+39.8%

07

ANN

Sodikov (2005)

Roads and
highways

Predominant work activity, project duration, pavement width,
shoulder width, ground rise fall, average site clear, earthwork
volume, surface class, and the base material.

+24% to +26%

08

ANN

Sonmez and
Ontepeli (2009)

Urban
railways

Primary parameters

Percentage of tunnel section over the total length of the rail,
percentage of the total length of elevated stations over the total
rail length, percentage of the total length of at-grade stations
over the rail length, percentage of the total length of cut-and-
fill method over the main line length, supply and installation
of the rails, and the number of underground stations.

Secondary parameters

Contract type, number of at-grade stations, number of elevated
stations, the main line length, and percentage of the total
length of depressed-open sections (ramps) to the total rail
length.

Model 1 -
+49.8%; Model
2 -+33.3%

09

SVM

El-Sawalhi
(2015)

Roads and
highways

Road area, road surface type, base course type, base course
thickness, interlock thickness, asphalt thickness, pipe
diameter, manhole depth, cut and fill volume, curb length

-5% average
error

Fuzzy logic

El-Maaty et al.
(2017)

Roads and
highways

Inadequate project planning and execution, insufficient cost
planning and monitoring, lack of communication between
construction parties, price fluctuations, lack of proper
technical study before the tender by the contractor, errors in
project quantities measurements, slow decision-making
process, equipment failures, lack of adequate field visits
before tendering by the contractor, inappropriate use of project
site, improper use of materials, inaccurate drawings and
contract documents, material monopoly by suppliers, inflation,
and rework.

+40.37%

11

ANN and
Fuzzy hybrid

Ahiaga-Dagbui
et al. (2013)

Water
infrastructu
re

Tendering strategy, site access, type of location, project type,
Contractor’s need, soil type, initial cost, and the initial
duration.

+0.6% to +0.8%

RA, SVM
and data
mining hybrid

Ahiaga-Dagbui
and Smith
(2014)

Water
infrastructu
re

Tendering strategy, procurement strategy, ground condition,
soil type, delivery partner, scope, the purpose of the project,
and location

-3.83% to
+2.33%

*MSE — Mean Squared Error

The findings of Table 5.2 were further analysed using a boxplot in Figure 5.6. In Table 5.2, it is

not clear how the distribution of error percentage varies. However, the research of Shr and Chen

(2006) and Sonmez and Ontepeli (2009) did not include the details of the error percentages of the
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model for each validation data except the mean error. Therefore, the boxplot did not consider

models 1, 4, and 8.
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Figure 5.6. Model performance comparison based on the Absolute Percentage Error

According to the results, ANN showed a lower performance when the model considered more
variables. For example, the two ANN models that Sonmez and Ontepeli (2009) developed
comprised six primary and five secondary variables. As a result, the models showed a higher rate
of errors ranging from 33% — 50%. However, Adel et al. (2016) created a model that achieved
significantly better performance using only six technical variables. The model achieved a 4.51%
error rate in training, 5.8% error in evaluation and +16% error in validation. Similar behaviour
was noticed with RA as well. The RA model with fewer variables achieved +5% marginal error
(Shrand Chen, 2006). Conversely, Sodikov's (2005) model showed a 30% - 36% error, considering

only seven numerical variables.
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El-Sawalhi (2015) developed a model based on SVM with an error of -5%. Therefore, SVM can
be a sound modelling technique for estimating infrastructure projects. Meanwhile, both of the
models El-Kholy (2019) developed performed poorly. One model was based on ANN, while the
other was based on fuzzy. The error rate of both models was approximately 40%. The reason could
be that the models considered several qualitative risk factors. Therefore, selecting variables for the

model is crucial for the model's performance.

On the other hand, it was observed that hybrid models could achieve better results than mono-
technique-based models. For example, Ahiaga-Dagbui et al. (2013) and Ahiaga-Dagbui and Smith
(2014) developed two hybrid models for the same data set. One model combined ANN and fuzzy
logic, while the other combined RA, SVM, and data mining techniques to develop the hybrid
model. Both models achieved significantly better MAER. Moreover, the ANN-fuzzy hybrid
achieved the lowest performance of the two models (Ahiaga-Dagbui et al., 2013; Ahiaga-Dagbui
and Smith, 2014). Therefore, it can be observed that combining several modelling techniques helps

mitigate the disadvantages of one technique with the advantages of the other.

Consequently, Figure 6 indicates that models 5, 9, 11, and 12 show lower error rates. In addition,
these models exhibit a minimum spread of the error percentage. In contrast, other models express
a widespread error range. Therefore, models 5, 9, 11, and 12 produce more reliable results than
the other models. For instance, although less information was available regarding the error
percentages, model 01 indicates an error range between £5%. Analysing the crucial characteristics
of the models in Table 2, it can be emphasised that the models with fewer variables achieved better
results than those with an extensive list of variables. Significantly, those identified variables were
also simplified and more technical. For instance, model 5 variables were project scope, duration,

year of construction, project region, mainline length, and mainline classification. Therefore,
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modelling techniques such as RA, ANN, and SVM are not suitable for predicting the risk-related

variables because all the other models contain variables related to the qualitative risk factors.

Based on the above findings, the most effective modelling techniques for estimating infrastructure

projects are RA, ANN, SVM, and hybrid models.

5.7 Conclusions

A construction project's cost estimation must be accurate and reliable, especially when the
uncertainty is high and little information is available. Therefore, it is crucial to develop a realistic
budget as it affects most design, construction, and technology decisions. Cost overrun in
construction projects is a global phenomenon due to a need for more accuracy in traditional
estimation techniques. Therefore, researchers have focused on developing cost models using

statistical techniques in the past few years.

The literature review identified seven formidable statistical modelling techniques: RA, ANN,
CBR, fuzzy logic, MCS, SVM, and RCF. These techniques were used in cost estimation as single
technique-based models or multi-techniques combined as hybrids. Further, it was observed that
the cost estimation models based on these techniques could provide more reliable estimates.
Therefore, the above could be used to improve traditional practice. Moreover, the most reliable
modelling techniques with better performance were RA, ANN, SVM, and hybrids. Although CBR
and RCF are also modelling techniques with better performances, they must have a more extensive

cost database to provide more reliable outputs.

Consequently, the study identified twelve models developed for infrastructure projects covering
roads and highways, railway, and water infrastructure. Based on the percentage error, the models
were evaluated and observed that RA, ANN and SVM techniques were used in models with lower

error rates. In addition, models with several techniques combined indicated even lower error rates.
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Subsequently, the study emphasised that the techniques mentioned earlier perform better with

technical variables than qualitative risk-related variables.

Considering the study analysis and findings, it is recommended to incorporate these techniques to
mitigate the current issues and enhance the estimation practice in infrastructure projects. Based on
the findings of this study, several future studies emerged. The hybrid models identified indicated
the lowest error rates. However, those models were developed for water projects. Therefore, is it
possible to develop such a hybrid model with a similar low error rate for other infrastructure project
types? Subsequently, although much research has been done, how much of this research has
impacted the industry? Are these models used in the industry to reduce cost overruns, and if not,

how can these research outcomes impact the industry?

The study was limited to the findings from a bibliometric literature review conducted using the

Scopus database. Therefore, other techniques and models could not be identified in this review.

5.8 Epilogue

This Chapter reviewed the literature systematically to identify the possible and most used
statistical techniques for cost estimation. It also analyses the techniques with low error rates and
high performance. Consequently, the Chapter investigates the models developed for infrastructure
projects and compares them against their performance and the variables considered. Based on the
findings, recommendations were also provided for the future development of cost models for
infrastructure projects, specifically for road projects. The next Chapter develops a cost model for

road projects in NZ using the regression analysis technique.
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6 Conceptual cost estimation model for pre-design stage of
road projects in New Zealand using regression analysis

6.1 Prologue

Based on the findings of Chapter 05, regression analysis is an effective modelling technique often
used in the construction industry for cost estimation. Therefore, in this chapter, a regression
analysis model will be developed, tested, and validated using actual cost data from the NZ road
projects. Subsequently, conclusions and recommendations are presented comparing the model's

performance and reliability of regression analysis as a technique for cost estimation®.

4 This chapter is based on the following journal paper (under review)
Atapattu, C.N., Domingo, N.D., and Sutrisna, M. (2023). A conceptual cost estimation model for the pre-design stage

of road projects using regression analysis. Journal of Financial Management of Property and Construction.
Manuscript ID: JFMPC-08-2023-0052R1
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6.2 Abstract

The current estimation practice in construction projects greatly needs upgrading as there has been
no improvement in the cost overrun issue over the past seventy years. This research developed a
new multiple regression analysis (MRA) based model to forecast the final cost of road projects at
the pre-design stage using data from forty-three projects in New Zealand (NZ). The research used
the case study of forty-three completed road projects in NZ. Document analysis was conducted to
collect data, and statistical tests were used for model development and analysis. Eight models were
developed, and all models achieved the required F statistics and met the regression assumptions.
The models’ mean absolute percentage error (MAPE) was between 21.25% and 22.77%. The
model with the lowest MAPE comprised the road length and width, number of bridges, pavement
area, cut and fill area, preliminary cost and cost indices change. No research was conducted to
adopt cost modelling techniques to the conceptual estimation practice in the NZ construction
industry. The model is based on road projects in NZ. However, it was designed to be able to adapt
to other contexts. The findings suggest that the model can be used to improve traditional
conceptual estimating methods. The project team often stores past project data but is rarely used
for analysing and forecasting purposes. This research emphasises that past data can be utilised

effectively to predict the project cost at the pre-design stage with limited information.

6.3 Introduction

Cost estimation is a crucial task at the early design stage of a project because it is essential in
decision-making. Notably, it is scarce to complete a project within the budget (Flyvbjerg et al.,
2002). It is even more challenging in road projects, considering the scope, site conditions, and
duration of projects (Ammar et al., 2022). Therefore, road construction is exposed to higher risks
than building projects. Hence, researchers stress the importance of accurate and reliable estimates

because underestimation causes overruns in cost and time (Flyvbjerg et al., 2002; Odeck, 2004).
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At the same time, overestimation may detain funds unnecessarily, which could be used for
essential purposes (Cantarelli et al., 2012). However, underestimation is the most common and

more severe issue, as Flyvbjerg et al. (2002) found that 9 out of 10 projects faced cost overruns.

Barlow et al. (2017) reported that according to the project management survey carried out by
KPMG New Zealand (NZ), from 2010 to 2017, the number of projects delivered within the budget
had dropped from 48% to 29%. Furthermore, Flyvbjerg et al. (2003) investigated 258
infrastructure projects worldwide and concluded that road projects generally face 21% of the mean
cost overruns. That means 21% of multi-million dollar road projects can negatively affect the
country’s economy. However, if the initial budget can predict the 21% cost overrun at the
beginning of the project, then the investors could make factual decisions before facing unnecessary
risks during the construction stage. Moreover, the construction industry is evolving with new
technology, such as building information modelling (BIM), virtual reality, and blockchain
technology. Thus, the current estimation practice needs improvement to address these changes.
However, Flyvbjerg et al. (2003) observed that the current estimation practice had not improved

over the past 70 years. For this reason, the cost overrun issue has been continuously challenging.

Over the years, much research has been done to develop cost models using various modelling
techniques. Chapter 5 identified seven techniques that can be used to develop cost-forecasting
models. The authors further discovered that regression analysis (RA), artificial neural network
(ANN) and support vector machine (SVM) showed better performance for infrastructure project

cost estimation.

Even though NZ road projects have faced significant cost overruns continuously over the past 20
years (NZTA, 2022), no research has been done to minimise the cost overruns and improve the
conceptual cost estimation methods at the pre-design stage. According to Atapattu et al. (2023),

most of the models developed using modelling techniques cannot be used for the conceptual
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estimate because they require information for variables that are not available during the pre-design
stage of the project (Ahiaga-Dagbui et al., 2013; EI-Maaty et al., 2017; El-Sawalhi, 2015; Shr and
Chen, 2006; Sodikov, 2005; Sonmez and Ontepeli, 2009). Therefore, this study proposes a model
using RA to determine the final cost of road projects in NZ that can be calculated during the pre-
design stage of the project. The study’s outcome includes a regression analysis-based cost

estimation model aimed at improving the performance of traditional estimation practices.

The following section gives an overview of the multiple regression analysis as a technique for cost

estimation modelling.

6.4 Multiple linear regression analysis

The primary aim of the multiple regression analysis is to estimate the relationship between a
dependent variable and a set of independent variables that affect the dependent variables
(Jablonowski and MacEachern, 2009; Young, 2017). Multiple regression analysis can be generally

represented in the following equation (Kim et al., 2004; Young, 2017).

Y =Bo+ Pr*Xa+P* X+ ... +Bn*XKnte i (Eq. 1)

Where "Y' is the response or the dependent variable, "Xn' is the independent variable, and 'Bn' is
the Coefficients or parameters to be estimated for the independent variables. Further, Young, 2017)
explained that '¢' is an error term derived from the difference between the dependent variable's
actual and predictor values. The regression analysis aims to estimate each variable's coefficients,
which will become the B in accordance with the above equation (Jablonowski and MacEachern,

2009; Kim et al., 2004; Young, 2017).

There must be no multicollinearity among the independent variables. Otherwise, even if the

regression model is passed model fitness, the effect of the individual variables cannot be estimated
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independently (Gordon, 2010; Young, 2017). That is because when multicollinearity is present in

the model, the coefficients of the variables are correlated (Fordon, 2010; Young, 2017).

6.5 Regression assumption

Before developing the regression model, several assumptions were made at the beginning that will
be tested. Young (2017) explained that four major theoretical assumptions are required for

regression model development: linearity, normality, independence, and homoscedasticity.

In the linearity assumption, it is assumed that there is a linear relationship among the variables
(Freund et al., 2006; Young, 2017). The second assumption is normality, where it is assumed that
the residuals of the regression are normally distributed with a mean of zero (Freund et al., 2006;
Gordon, 2010; Young, 2017). The next assumption is that the variables are independent without a
significant correlation (Young, 2017). The final assumption is that the variance of the data points
is consistent for all the data points, known as homoscedasticity (Panik, 2009; Young, 2017). Once

the model is developed, the above four assumptions will be tested.

The following section describes the research methodology adopted in this research.

6.6 Research methodology

The study aimed to develop a model to estimate the cost of road projects in NZ at the early stage
of the design. The detailed unit estimation method cannot be applied because the design is not
finalised. Cost data were collected from 50 road projects constructed between 2002 and 2022. A
limited number of road projects were carried out with a significant scope of work in NZ. Further,

NZ has more alterations to existing roads and few new construction projects.

Moreover, the study was conducted during the COVID-19 period. That means there were

difficulties in approaching companies and people to obtain the data. as well as the fact that private
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companies have certain restrictions on giving out the sensitive data of their projects. Hence,
government agencies were approached to collect the data. Road projects can include new
construction, major and minor alterations, renovation and maintenance, and miscellaneous works.
However, this study collected only the projects of either new construction or significant

alterations.

Having limited the scope, the next focus was to decide how the procurement, tendering, and
contract methods affect the cost. Furthermore, the model should forecast the effect of these three
on the project cost and whether the cost database should include a sufficient number of projects
from all types of procurement, tendering, and contract methods. Quantifying the monetary effect
based on the type of procurement, tendering, or contract method is in itself challenging. However,
considering the difficulties mentioned above, it was determined that the regression-based model

would not consider any qualitative variables.

The Statistical Package for Social Science (SPSS) software was used to run the regression model.
The general model statistics are tested with parametric tests such as analysis of variance (ANOVA)
because F statistics provide the significance of the model in predicting the dependent variables.
However, the data distribution must be normal to use parametric tests in regression models.
Therefore, before the model development, the data distribution is assumed to be normal. Once the
model is developed, a normality test must be conducted for the model output. Young (2017)
provided several tests for normality, such as the Anderson-Darling test, Kolmogorov-Smirnov test,
Shapiro-Wilk test, Ryan-Joiner test, and Chi-Square goodness-of-fit test. The most common
normality tests are the Kolmogorov-Smirnov and the Shapiro-Wilk tests, supported by SPSS.

Therefore, this study conducted these two tests for normality.

Then, the regression function in SPSS was used in model development, analysis, testing, and

validation of the model. There are several approaches to finding the best variable combination,
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such as backward elimination and forward selection. According to Ryan (2009), backward
elimination is preferred over forward selection by most data analysts. Therefore, this study used

backward elimination for the selection of variables.

Once the model was developed, required tests were carried out to check the regression
assumptions' validity. Then, the model was validated using additional project data collected from
sixteen projects of a similar nature. Finally, the model results were compared with and discussed
similar literature findings on road project cost estimation. Figure 6.1 illustrates the research

process carried out from the data collection to the model validation.

Eliminate outliers
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y y
Data collection Outliers’ tests No Regression assumptions Yes Eliminate the
Case selection Mahalanobis distance Correlation and »| variables with

'y Cook’s distance multicollinearity analysis multicollinearity or
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Figure 6.1. Detailed model development process
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The following section discusses the findings and compares them with the models developed in the

relevant literature.

6.7 Regression model development

6.7.1 Case selection

Before conducting the regression analysis, it is crucial to test if all the cases are suitable for
developing the model. If there are any cases with unusual data, then the model-fitness test will fail,

and the accuracy and reliability of the model will be decreased (Freund et al., 2006; Panik, 2009).

Mahalanobis distance shows the distance of the case from the centroid of all the cases for the
independent variables. A considerable distance indicates that the case is an outlier for the variables.
To determine the significance of the distance, Mahalanobis distance must compare its p-value with
the margin of the alpha level. Tabachnick and Fidell (2001) suggested that if the p-value of the
Mahalanobis distance is less than 0.001 alpha level, then that case is considered an outlier. Out of
the 50 road projects, 7 showed Mahalanobis distances with p-values less than 0.001. Even though
it was retested, removing each independent variable, there was no significant improvement.
Therefore, 7 cases were deleted from the database as they could reduce the reliability of the data.
According to Jablonowski and MacEachern (2009), a regression model with a sample size larger
than 30 can provide more reliable results. Therefore, the model was developed based on 43 projects

which were not outliers.

The outliers were further confirmed with Cook's distance measure. It measures the influence of a
particular data point on the predicted values of all observations (Freund et al., 2006; Young, 2017).
According to Gordon (2010), Cook's distance should be less than the "4/ sample size™ value; if

not, datapoint is considered an outlier. However, all 43 cases selected above showed Cook's
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distance less than 0.093 (derived from 4/43). Therefore, it was further confirmed that the outliers

were eliminated.

6.7.2 Variables selection

This study is focused on the technical variables of the project cost. First, variables were listed
based on the selection from other similar RA-based models. Once all the variables were listed, the
next step was identifying the variables that could be used for pre-design stage estimation. This step
was further verified by the experts involved in the data collection. The third step was determining
which variables' data can be extracted from the selected cases. According to the above three-step
criteria, fifteen variables were selected. Table 6.1 shows the independent variables selected for the
regression models. Twelve independent variables were selected, excluding three variables, and

eight different models were created based on the selection of the variables.

Table 6.1. Variables considered in the regression model

p-values of the variables

Independent Variables Unit  Model Model Model Model Model Model Model Model
1 2 3 4 5 6 7 8

Road length m 0.002 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Road width m 0.710 0.707 0.703 0.703 0.687 0.741 - -
Distance from the nearest major city m 0.899 - - - - - - -
The number of bridges m?2 0.021 0.017 0.01 0.007 0.005 0.004 0.003 0.003
The approximate length of retaining m? 0.791 0.778 0.751 0.727 - - - -
walls
Ground improvements area m?2 0.746 0.747 0.755 - - - - -
Pavement area m? 0.053 0.046 0.040 0.027 0.017 0.014 0.013 0.025
Cut and fill area m? 0.307 0.296 0.285 0.294 0.226 0.227 0.192 -
Project duration Days 0.881 0.894 - - - - - -
Expected year of completion Year 0.774 0.723 0.709 0.709 0.776 - - -
Expected preliminary cost (% of the total cost) % 0.049 0.043 0.034 0.022 0.019 0.002 0.002 0.001
Expected % change in Construction Cost % 0.0875  0.067 0.059 0.054 0.049 0.023 0.012 0.016
Index*
Excluded variables
Kerbs length m
Road markings m
Base course volume m3

m - linear meters; m? — square meters; m® — cubic meters; Days — calendar days; % - Percentage
* 2022 was considered the base year

Backward elimination was used to find the best combination of the variables. Ryan (2009)
explained that if there are a "k" number of variables, there are (2k-1) possible combinations.
Therefore, in this study, there are 4,095 combinations with twelve variables. It is impossible to
check all the possible combinations to find the best combination. Then, if the forward selection

method is chosen, it is difficult to decide which variable combination to choose. Consequently,
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backward elimination was chosen to eliminate the variable with the highest p-value in each step.
In contrast to forward elimination, only a maximum of twelve variable combinations are to be

examined in this method.

The variables were selected depending on the p-values. However, SPSS stops variable elimination
once all the variables achieve p-values less than 0.05. Therefore, in this study, only eight models
were examined instead of twelve. According to Table 6.1, Model 1 is comprised of all twelve
variables. Then, from models 1 to 8, one variable was eliminated at each step according to the
backward elimination technique. According to Table 6.1, model 8 is the only model with only the
significant variables. However, the best-fit model cannot be decided based on the individual p-
values of the independent variables (Hoffmann, 2022). Therefore, the model statistics must be
compared with the variable statistics. Nonetheless, multicollinearity and correlation issues must

be eliminated before the model development.

6.7.3 Multicollinearity

In addition to the selected twelve variables, three other variables were considered: kerb length,
road markings, and base course volume. However, the regression showed a multicollinearity issue
in these variables because all three factors showed Variance Inflation Factors (VIF) higher than
14. According to Young (2017), if the VIF>5, the factor shows high multicollinearity. Moreover,
the road length variable was eliminated from the second model when the above three variables
were present. However, road length is one of the significant variables for road project cost. The
reason could be that the above three variables significantly correlate with road length. Therefore,
those variables were excluded from further analysis. Once the three variables were removed from

the model, X1 became a significant variable and was included in all eight models.

Nevertheless, the VIF of all twelve variables in Table 6.1 were below 5 in all eight models.

According to Snee (1983), if the VIF<10, observing the eigenvalues for multicollinearity is not
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required. Therefore, multicollinearity was eliminated in these models. The VIF values of the
variables are shown in Table 6.2. However, even if the multicollinearity is not detected, it is

essential to check for any strong correlations among the variables.

Table 6.2. VIF of the variables in each model

VIF of the variables

Independent Variables Unit  Model Model Model Model Model Model Model Model
1 2 3 4 5 6 7 8

Road length m 1.982 1.943 1.806 1771 1.738 1.731 1.727 1.692
Road width m 1.463 1.459 1.455 1.454 1.453 1.270 - -
Distance from the nearest major city m 1.362 - - - - - - -
The number of bridges m? 1.490 1.482 1.386 1.351 1.168 1.104 1.098 1.096
The approximate length of retaining m? 1.588 1.582 1.538 1.530 - - - -
walls
Ground improvements area m? 1.775 1.757 1.698 - - - - -
Pavement area m? 4.746 4.663 4.661 3.648 3.463 3.244 3.212 1.710
Cut and fill area m3 3.004 2.974 2.903 2.672 2.475 2.285 2.221 -
Project duration Days  1.248 1.212 - - - - - -
Expected year of completion Year  3.333 3.010 3.000 2.997 2.707 - - -
Expected preliminaries cost (% of the total % 2.088 2.071 2.026 1.927 1.924 1.187 1.175 1.154
cost)
Expected % change in Construction Cost % 2.021 2.019 2.018 2.015 1.798 1.154 1.045 1.039
Index*

m - linear meters; m? — square meters; m® — cubic meters; Days — calendar days; % - Percentage
* 2022 was considered the base year

6.7.4 Correlation analysis

It is vital to have a set of variables with no correlation. If there is a strong correlation between two
variables, the estimate of one regression coefficient is affected by the presence of the other
predictor variables (Young, 2017). The author further explained that the coefficient of correlation
gives the proportional change in a variable when the other variables are held constant. Generally,
this value lies between -1 and +1. If the coefficient is +1, it is a strong positive correlation, while
-1 means a strong negative correlation (Asuero et al., 2006). However, the authors suggest that
with actual data, it is challenging to achieve either extremes or zero correlation (Asuero et al.,

2006; Young, 2017).

Asuero et al. (2006) further argued that if the correlation coefficient is zero, it does not necessarily
mean the two variables are statistically independent. However, according to the correlation matrix
of this regression model, the correlation coefficients of all the above twelve variables were less

than 0.5. Therefore, none of the models developed in this study contain any variables with strong
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correlations. Hence, the model statistics can be examined for further analysis. Table 6.3 shows the

correlation matrix of the variables.

Table 6.3. Correlation matrix

g 2
K= k= S
[+ 9_) c \:
- 5 g -
E 173 E : =3 1%
s D =3 2 IS 2
. (=) [ o =
Variables < b=} i) 2 8 g
£ o L [ < [ G é
< s % £ s 8 5 0§ i3 =3
e ¢ 3 £ ¢ £ : = 3 g $E
2 2 2 S S g e 2 5] 8 38
k=] ] (] = T » =] [ < Q0 ) o S
8 5 B 2 23 e 3 5 S 3 S
@ @ [a} [= [ o a O a | =
Road width 0.160 - - - -
Distance from the
nearest major city 0.140  -0.206 ) ) ) ]
The number of 0038 0015 -0.045 - - ; - ; ; - ;
bridges
The approximate
length of retaining -0.130  -0.136  0.059 0.283 - - - - - - -
walls
Ground 0407 0125 0044 0207  0.062 - - - - - -
improvements area
Pavement area 0.591 0.328 0.102 0.214 0.012 0.056 - - - -
Cut and fill area 0.325 0.325 -0.025 0.204 -0.186 0.260 0.023 - - - -
Project duration 0.077 -0.135 -0.084 0.092 -0.058 -0.130 -0.155  -0.172 - - -

Expected year of
completion
Expected
preliminaries cost (%  -0.326  -0.097 -0.024 -0.032 0.183 -0.011 -0.253 -0.078  0.115 0.459 -
of the total cost)

Expected % change

in Construction Cost  -0.053  -0.305 0.282 -0.006 -0.168 -0.068 -0.113 -0.043  0.050 0.487 -0.121
Index*

-0.201 -0462 038  -0.167 0226  -0.062 -0.242 -0.253  0.110 - -

6.8 Regression model

Hypothesis testing is required to test the regression model. Accordingly, the null and alternate

hypotheses can be written as follows.

Ha: Any of the coefficients or at least one coefficient is not equal to zero.

If the null hypothesis is accepted, no regression model exists in this dataset. The above hypotheses
can be tested using the statistical F-test. Gordon (2010) explained that the purpose of the F-test is

to test whether at least one of the model's predictor variables is significant and can predict the
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dependent variable. Once the model is developed, regression assumptions must be tested before
investigating the model's fitness. Out of the four regression assumptions, only normality and
homoscedasticity are the remaining assumptions to be tested. The following sections discuss the

assumption testing.

6.8.1 Regression assumption testing — Normality test

Once the regression model is created, the normality assumptions must be confirmed. Otherwise,
the model cannot be validated based on the experiment’s parametric tests. For the normality test,

the hypotheses can be written as follows.

Ho: The errors follow a normal distribution

Ha: The errors do not follow a normal distribution

The Kolmogorov-Smirnov test and Shapiro-Wilk tests were conducted to test the normality.
According to Table 6.4, the p-values of both normality tests are greater than 0.05 alpha level.
Therefore, the null hypothesis cannot be rejected. Hence, it is confirmed that the data distribution

is normal. Therefore, the ANOVA test results of the model are valid.

Table 6.4. Normality test results

Normality test Test p-value
Statistics
Kolmogorov-Smirnov test 0.116 0.200
Shapiro-Wilk test 0.933 0.068

6.8.2 Regression assumption testing — Homoscedasticity test

The last regression assumption to be tested is homoscedasticity. Under this assumption, the
regression model is expected to show a constant variance in its variance or the error term (&)
(Young, 2017). If the variance is not constant, then the behaviour is called heteroscedasticity. That
can be tested through the scatter plot between the standardised predicted value and the standardised

residuals. If the scatter plot shows a pattern, then the model faces the issue of heteroscedasticity
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(Freund et al., 2006). The authors further stated that, alternately, the scatter plot without a pattern

shows homoscedasticity.

Therefore, Figure 6.2 illustrates the scatter plot between the standardised predicted value and the
standardised residuals of this study. However, the plot shows no pattern, and the data points are
randomly scattered. Consequently, the regression models of this study have met the assumption of

homoscedasticity.

1.5

Standadised residuals
(<)
[en)

-2
Standadised predicted value

Figure 6.2. Scatter plot of standardised predicted value against the standardised residuals

6.8.3 Model fitness

Table 6.5 summarises the model statistics of the regressions. Table 6.5 shows that all the F values
are greater than the F(critical) value. Therefore, the Null hypothesis is rejected as the dataset has
a regression relationship (Gordon, 2010). Further, to accept the alternate hypothesis, the overall p-

value of the model should be less than 0.05 alpha level. Conferring to Table 6.5, the p-values of

141



Chapter 06 — Conceptual cost estimation model for NZ road projects using regression analysis

all eight models are less than the alpha level of 0.05. Therefore, the null hypothesis is rejected, and
it is established that the independent variables can predict the dependent variable. Further to the
above, the backward elimination has stopped at model 8 as all the p-values have reached below

0.05. Therefore, the other four models were not considered.

Table 6.5. Statistics of the regression models

Model
1 2 3 4 5 6 7 8

R 0.829 0.829 0.829 0.828 0.826 0.825 0.826 0.808
R-Squared 0.687 0.687 0.687 0.685 0.683 0.680 0.682 0.654
Adjusted R-Squared 0.453 0.485 0.513 0.536 0.556 0.593 0.576 0.578
Standard error of the estimate 4,94 4.80 4.67 4.56 4.45 4.27 4.36 4.34
(millions)

F-value 2.933 3.394 3.947 4.592 5.386 7.790 6.424 8.677
F(critical) value 2.092 2.114 2.142 2.179 2.225 2.364 2.285 2.470
df (degree of freedom) 12,30 11,31 10, 32 9,33 8,34 6, 36 7,35 5,37
p-value 0.023 0.012 0.006 0.003 0.001 <0.001 <0.001 <0.001

Furthermore, the model fit can be further tested using R values. R is the correlation between the
observed and predicted values of the dependent variable, which is the final cost of the road
projects. R-squared is the proportion of variance in the final project cost, which can be predicted

from the variables considered in the respective models (Gordon, 2010).

According to the R-squared values shown in Table 6.5, all eight models perform well within a
similar range. In models 1, 2, and 3, 68.7% of the project's final cost variance can be predicted
using the considered variables. However, models 4, 5, 6, 7, and 8 can predict 68.5%, 68.3%, 68%,
68.2%, and 65.4% of the final cost variance, respectively, which is approximately close. Therefore,
based on these values, the ability to predict the final cost is reduced when the number of variables
considered is reduced. Hence, out of these models, models 1, 2, and 3 are better than the others

based on the R square values.

However, researchers emphasised that the model's fitness cannot be decided based on the high R-
squared values. They further explain that adding more variables will make the model more
complicated to achieve a high R-squared value (Gordon, 2010; Freund et al., 2006; Ryan, 2009).

Therefore, adjusted R-squared is used to overcome the issues with R-squared because Freund et
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al. (2006) and Ryan (2009) explained that adjusted R-squared would not be increased by adding
more variables to the model. Similarly, according to Table 6.5, model 6 has the highest adjusted
R-squared compared to all the others, even though the R-squared of model 6 is less than that of
the six other models. Therefore, based on the adjusted R-squared, model 6 has the highest

capability of predicting the final cost compared to the other three models.

Furthermore, model fitness must be tested using adjusted R-squared and standard error (SE).
Lower SE values indicate better model fitness (Freund et al., 2006; Gordon, 2010; Ryan, 2009).
Consequently, model 6 considers all the most essential variables while indicating an appropriate

adjusted R-squared value and lowest standard error.

6.8.4 Predicted values and residuals

Figure 6.3 shows the regression model's normal p-p plots of standardised residuals. It compares
the cumulative probability of the observed value against the cumulative probability of the expected
value. According to Figure 6.3, the probabilities of the cases used for the models lie very close to
the reference line without significant deviations. Therefore, the data distribution is normal (Young,

2017). However, normality must be further confirmed with normality tests.
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Dependent Variable: Final Cost
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Figure 6.3. Normal P-P plot of regression standardised residual

6.8.5 Model validation

According to Ryan (2009), there are two ways to validate the model. One way is to split the data
set in half and use one set for the model development and the other for validation. However, the
author further pointed out that splitting the dataset may reduce the prediction efficiency. Therefore,
Roecker (1991) suggested that the best approach to validating the model is to use a new dataset,
thus ensuring the new data is in the same region as the old data. Therefore, this research used a

new dataset to validate the model.

This study collected the data of sixteen projects for model validation. Therefore, forty-three cases
were used for model development and sixteen for model validation. The ratio of cases was

approximately 75: 25.

After that, the performances of the eight models were measured by the Mean Absolute Percentage

Error (MAPE), which was calculated using the following equation (Eqg. 2) (Kim et al., 2004).

—=x100
MAPE = % .................. )
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Ce indicates the estimated cost through the regression model, C, indicates the actual cost of the
case, and n denotes the number of cases used for the validation. Table 6.6 shows the MAPE
achieved for each model with respective adjusted R-squared values. MAPE was calculated
separately for the negative and positive values of the Ce-C, differences. Further, Table 6.6 also
indicates the Mean Percentage Errors (MPE) of underestimating and overestimating errors. In a
different view, the model’s accuracy was also checked using the ratio between predicted cost (PC)

and actual costs (AC). The mean ratios are also illustrated in Table 6.6.

Table 6.6. Model validation results

MPE of MPE of .
Model Number MAPE underestimating overestimating PC/ AC Adjusted R-squared
1 22.36% -18.57% +26.15% 1.017 0.453
2 22.19% -18.54% +25.85% 1.003 0.485
3 22.11% -18.86% +25.35% 1.157 0.513
4 21.68% -18.15% +25.20% 1.001 0.536
5 21.29% -18.17% +24.41% 1.004 0.556
6 21.25% -19.34% +23.16% 0.999 0.593
7 21.35% -17.83% +24.87% 1.002 0.576
8 22.77% -18.99% +26.54% 1.001 0.578

According to Table 6.6, the lowest MAPE was from model 6, While the highest was from model
8. The lowest and highest MAPESs were reported as 21.25% and 22.77%, respectively. Therefore,
the difference between the lowest and the highest was not significant. The lowest overestimating
MPE was reported from model 6, whereas the highest was derived from model 8. On the other

hand, the lowest underestimating MPE was reported by model 7.

Consequently, model 6 has the lowest ratio of predicted cost against actual cost. However, if the
ratio exceeds 1, the model overestimates the cost. Conversely, a ratio below 1 indicates that the
model underestimates the cost. Nonetheless, except for model 3, the rest of the models expressed
a ratio relatively closer to 1. If the model achieved 1, then the model could predict precisely the

same as the actual cost, which in reality is not possible.

The following section discusses the models developed in this study with findings similar to those

in the literature.
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6.9 Discussion

Based on the model fit test of this study (refer to Table 6.5), the models' predictability is around
68%. Therefore, approximately 32% is not captured by the model. Consequently, the independent
variables selected for this model are not enough to explain much of the variation of the dependent
variable. Other crucial variables could affect the project cost, which are not considered here.
According to Atapattu et al. (2023), it is evident that there are significant risk factors affecting the
project cost of road projects in NZ. However, due to the uncertainty of these factors, a regression
model cannot fully capture such variables in the model. Therefore, the regression model can be

improved by combining a modelling technique to capture the construction projects' uncertainty.

Over the years, much research has been carried out on regression analysis-based models developed
for cost estimation of construction projects. However, this discussion only compares our results

with the regression models developed for road projects.

One of the earliest research projects on regression models for road project cost was done by Ou
and Swarthout (1986). The study was done using twenty-six projects from the Western United
States. Researchers developed several unit price-based models and regression models for
comparison. The models were developed using thirteen independent variables. The researchers
observed that regression analysis could provide better estimates than the traditional unit-price
method. Therefore, the regression technique can improve the current estimation practice for road

projects.

Kim et al. (2008) developed a regression analysis-based model for cost estimation of highway
projects with a MAPE of 13.28%. The model was based on twenty-seven highway projects
completed between 1991 and 2001. Therefore, the model studies cover ten years, while our model

is based on projects over twenty years.
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However, Kim et al.'s (2008) models reported similar adjusted R-squared values compared to our

models.

Mahamid (2011) developed ten regression models for road projects based on a hundred and thirty-
one projects in Palestine. The model reported that the MAPE ranged from 13% to 31%. However,
the researcher reported that the significant variables, such as road length and width, were excluded
from the ten models with the highest accuracy. However, in our study, model 6, which reported
the lowest MAPE, road length and width were considered. Nevertheless, Mahamid's (2011)

models indicated higher adjusted R-squared values than our study.

The subsequent study was conducted by Cirilovic et al. (2014), which considered two hundred
road projects covering fourteen countries in Europe and Asia. The researchers developed several
models using multiple regression analysis and artificial neural network techniques to compare and
find the better option. However, the model predictions are based on the variables related to the
country's economy rather than the technical attributes of the project. Project duration and road
length were the only variables that defined the project characteristics. However, in our models, all
the independent variables can be used to define the project. Considering the background of New
Zealand's economy, the variables considered in Cirilovic et al. (2014) models may not significantly

impact road projects concerning the technical aspects of the project.

El-Maaty et al. (2017) conducted a similar study using highway projects. Their model showed an
average percentage error of 30.42%. However, the model was developed to predict the cost overrun
percentage instead of the project's final cost. Hence, the model cannot be used for conceptual cost

estimation.

Another research was conducted in the same year by Zhang et al. (2017). Their research used
absolute shrinkage and selection operator (LASSO) regression to compare with regular regression

techniques. According to their findings, the ordinary least square regression model showed a
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MAPE of 7.6%, while the LASSO regression model achieved a 7.1% MAPE. Therefore, both
models had better performance compared to our study. However, the variables considered in
Zhang et al. (2017) 's models cannot be used to anticipate the conceptual cost estimate. For
instance, there were variables such as contract price, construction spending, prime loan rate, and
weather days. Such factors are not easy to anticipate at the beginning of the project. Nonetheless,
the models developed in our research considered the variables that can be anticipated at the

project's early design stages.

Going forward, Dimitriou et al. (2018) compared the performance between regression analysis and
artificial neural networks (ANN) using sixty-eight concrete bridges and roads along with the
bridges. However, according to his findings, ANN reported better performance than regression
analysis. ANN achieved an 11.48% MAPE, while the regression model achieved 12.29%.
Nonetheless, the regression-based model performed better than the model developed in our

analysis.

Similarly, Lin and Techapeeraparnich (2019) conducted similar research based on forty-four road
projects in Thailand. Unlike most of the regression models discussed above, Lin and
Techapeeraparnich (2019) took a similar approach to our study in finding the variables because
the variables comprised in the model were road length and width, number of lanes, pavement type,
earthworks, and miscellaneous work. The paper did not discuss the performance of the models in
terms of error rates. However, in contrast to Dimitriou et al.'s (2018) findings, Lin and
Techapeeraparnich (2019) observed that the regression model achieved better performance than
the ANN-based model regarding R statistics. On the other hand, compared to the R statistics of

our models, Lin and Techapeeraparnich (2019) accomplished better R statistics in their model.

The most recent study by Ahmed (2021) developed two regression-based models for roads and

railways associated with tunnels. The model's accuracy was tested using the ratio of the predicted
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cost to the actual cost. The mechanised tunnelling roads/ railways-based model showed 0.782,
while the conventional road and railways showed 0.768 as the accuracy ratio. However, all eight
models developed in this research (refer to Table 5) achieved ratios closer to 1 than Ahmed's

(2021) study results.

Therefore, the other researchers developed better regression analysis-based models compared to
the performance of the eight models of our study. However, those models were comprised of
independent variables which could not be predictors at the beginning of the project. In contrast,
the models created with similar variables did not perform better than those introduced in our
research, except for Lin and Techapeeraparnich's (2019) model. Subsequently, our research

developed a more reliable estimation model for New Zealand Road projects.

The following section concludes the research with recommendations and a discussion for further

research.

6.10 Conclusions

This paper presents how multiple linear regression can be used as an analytical tool to develop a
cost estimation model at the early design stage of road projects. Regression analysis is a standard
statistical technique used for various analytical functions. Therefore, it is easy to train the

professionals to utilise it for budget management during the project development.

Eight models were developed using the data from forty-three road projects in NZ. There were
twelve independent variables, and the best sub-set was derived based on the backward elimination
technique. The R-squared of the eight models ranged from 0.654 to 0.687, all of which were valid

with p-values below the 0.05 alpha level.

Sixteen additional cases within the same range as the originals were used to validate the model.

MAPE of the models were between 21.25% and 22.77%. Therefore, the differences among the
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eight models were not significant. However, model 6 achieved the lowest MAPE, meaning the
highest accuracy. Further, model 6 has the highest R-squared value and the lowest SE values.
Therefore, it was the best-fit model. This model contained seven variables out of the twelve. They
were road length, road width, the surface area of the bridges, pavement surface area, earthwork
volume —cut, fill, and toppings, expected preliminary cost as a percentage of the total cost, possible

cost indices change as a percentage to the base year (2022 was considered as the base year).

The models developed in this research still showed an error of approximately 21%-22%. The
reason could be that the models considered only the technical independent variables, similar to the
traditional estimation practice. However, the regression-based models can provide better estimates

than the traditional estimation methods.

This paper contributes to the body of knowledge by studying regression analysis as a suitable
modelling technique for conceptual cost estimation at the pre-design stage. Even though the
estimation error is around 20%, the technique is easy to understand, and hence, industry experts
can easily adapt to this new technique. Therefore, using this model, improving the current
performance of the conceptual estimation methods in road projects is still possible. In the
meantime, further investigation can be done to find other possible variables available at the pre-
design stage, which could improve the model fitness and reduce the estimation error. Further,
chapter 5 identified that ANN and SVM are good modelling techniques. Therefore, the same
research can be done using those techniques to compare the performance and select the best model

for the industry.

The model was limited to NZ road projects and did not consider qualitative construction risks.
Nonetheless, the qualitative construction risks can still significantly impact the project cost. Thus,
they should be incorporated into the estimation to further improve the regression model

performance. Subsequently, combining the regression-based model with another analytical tool
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that can address the impact of the qualitative risk factors better than regression analysis is

recommended.

6.11 Epilogue

This chapter used the multiple regression analysis concept to develop a cost estimation model for
the early design stage of road projects in NZ. Several models were developed using different
combinations of the variables. Backward elimination was conducted to identify the best variable
combination. Based on the outcome and the model's performance, recommendations were made

for further research and further improvement of the model's performance and reliability.
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7 Conceptual cost estimation model for the pre-design stage
of road projects in New Zealand using artificial neural

networks

7.1 Prologue

Based on the findings of Chapter 05, ANN was identified as an effective cost modelling technique
often used in the construction industry for cost estimation. The regression model developed in
Chapter 06 did not achieve the desired level of performance. Therefore, in this chapter, a model
will be developed, tested, and validated using ANN using actual cost data from the NZ road
projects (the same data set used in the regression analysis model). Subsequently, conclusions and
recommendations are presented comparing the performance of the model and the reliability of

ANN as a technique for cost estimation.®

5 This chapter is based on the following journal paper (under review)

Atapattu, C.N., Domingo, N.D., and Sutrisna, M. (2023). A conceptual cost estimation model for the pre-design stage
of road projects using artificial neural network. Journal of Construction, Engineering and Management.
Manuscript ID: COENG-14398R1
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7.2 Abstract

Providing robust cost estimates at the early design stage of road projects is often challenging due
to the lack of available information. However, the conceptual estimate is crucial for the project's
decision-making. Over the past twenty years, Road construction has faced approximately 20% cost
overruns. This study used artificial neural networks (ANN) to develop a conceptual cost estimation
model for road projects. Forty-three road projects from NZ were used to create the model, and
sixteen cases were used for model validation. Twelve technical independent variables were
selected based on previous literature, availability from the collected database, and availability of
information during the pre-design stage. Six models were developed using different combinations
of variables, the number of neurons in hidden layers, and activation functions. All the models
achieved a Mean Absolute Percentage Error (MAPE) of less than 35.58%. The best model
indicated a MAPE of 11.82% and an R-squared value of 0.877 for the validation phase.
Subsequently, ANN can be used effectively to produce reliable conceptual cost estimates at the

pre-design stage of road projects where less information is available.

7.3 Introduction

The conceptual stage estimate of the road project is a significant component in the planning and
feasibility studies of the projects. Hence, the estimate’s accuracy is a fundamental requirement
(Tijanic et al., 2020). The accuracy of the budgeting and estimation crucially depends on the
reliability of the available information (Kim et al., 2004). However, less information is available
on the project scope at the early design stage of the construction projects (Sodikov, 2005).
Dimitriou et al. (2018) explained that the cost estimation accuracy increases when the project
moves from conception to design, tendering, and construction. According to the Association for
the Advancement of Cost Engineering (AACE), the conceptual cost estimate of a construction

project would be expected to vary from the actual estimate. At the conceptual estimate stage, this
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variation could be -20 % to -50 % of an underestimation range to +30% to +100% of an
overestimation range (AACE, 2020). The unrealistic conceptual estimates can have a significant
impact, mainly on the investment decisions of the project (Odeck, 2004). In addition, Dimitriou et
al. (2018) further noted that the estimate could negatively influence design alternatives and the

selection of the most efficient technical solutions.

Therefore, researchers suggested that the parametric cost model would be more ideal than
traditional estimation methods at this stage (Hegazy and Ayed, 1998; Kim et al., 2004; Sodikov,
2005). Over the years, some researchers have identified several modelling techniques that can be
used to predict the cost of construction projects, for example, regression analysis, neural networks,
support vector machine, case-based reasoning, reference class forecasting, Monte Carlo

simulation, and fuzzy logic (Shabniya and Dilruba, 2017).

A significantly greater number of cost estimation models were developed using the techniques
mentioned above. Nevertheless, Mahalakshmi and Rajasekaran (2018) stressed that regression
analysis is suitable for predicting a linear relationship. However, they further emphasised that the
construction cost follows a non-linear relationship with its independent variables. Therefore, ANN

is more suitable than regression analysis because of its predictability of non-linear relations.

Furthermore, many researchers confirmed the importance of the neural network in cost estimation
over traditional approaches and other modelling techniques. For example, Adeli et al. (1998)
emphasised that road and highway construction cost estimation crucially depends on human
judgement, random market fluctuations and weather conditions. However, the researchers added
that the neural networks could provide a solid analytical foundation for the estimate, resulting in
reliable cost estimates. In another study, Kim et al. (2004) stated that neural networks could
produce the best prediction with the highest accuracy compared to regression analysis and case-

based reasoning. Nonetheless, the researcher further observed that case-based reasoning could
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perform better in the long run. However, case-based reasoning performance crucially depends on
the number of cases in the database because the accuracy will also increase when the number of
projects in the database increases (Kim et al., 2004). A similar investigation was conducted by EI-
Kholy (2019), comparing neural networks against regression analysis and fuzzy logic. According
to his results, the neural network-based model performed better than the other two techniques. At
the same time, Roxas et al. (2019) also observed that ANN models show better generalisable
capability and accuracy. Recently, Tijanic et al. (2020) emphasised that the neural network has the
flexibility and tendency to predict and classify all sorts of data better than other techniques. In
addition, the authors further observed that neural networks are more effective than traditional cost

estimation methods in predicting the future, with a lack of information available.

A wide range of studies were conducted to study ANN as a tool for cost estimation (Adel et al.,
2016; Cirilovic et al., 2014; Dimitriou et al., 2018; EI-Kholy, 2019; Hegazy and Ayed, 1998;
Jaafari et al., 2021; Mahalakshmi and Rajasekaran, 2018; Roxas et al., 2019; Sodikov, 2005;
Tijanic et al., 2020; Xue et al., 2020). However, the contribution of such models in minimising the
issues in conceptual estimation is minimal. Because the data or information required for the
variables used in these models are not available until the design is done (Sodikov, 2005).
Therefore, Flyvbjerg et al. (2002) noticed that there had been no improvement in the cost
estimation of transportation infrastructure projects for the past seventy years. The statement was
further tested and confirmed by a recent study based on one hundred and six New Zealand (NZ)
road projects (Atapattu et al., 2023). According to the study, there has been no improvement in the
conceptual cost estimation of NZ road projects for the past twenty years, and those projects are
consistently facing approximately 20% cost overruns. Predominantly, the NZ industry reports
stated that several significant investments are planned for road development for the next decade
(Ministry of Transport NZ, 2020). Based on the literature, ANN-based models can improve the

conceptual estimation and reduce the 20% above cost overrun. If an ANN-based model can be
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developed with higher accuracy and less error, the model could predict the cost better than the
current traditional models. Consequently, the difference between the conceptual estimate and the
final cost at the project completion will be reduced. Therefore, to reduce the cost overrun, the

performance of the conceptual estimation must be improved.

Further, the current ANN-based models identified in the literature contain several issues. Firstly,
all the models considered a mix of technical, risk-based, and classification variables. When several
classifications or risk factors are used, the number of cases used in model development should
contain a substantial number of cases for each type in the classification variables (Ashtari et al.,
2022). Further, ANN is not a technique for risk probability-based estimation (EI-Kholy, 2019).
Therefore, risk-related variables would reduce the model performance. Secondly, all the ANN-
based models mentioned above contain variables that have less or no information during the early
design stages to consider for estimation (Cirilovic et al., 2014; Dimitriou et al., 2018; El-Kholy,
2019; Hegazy and Ayed, 1998; Jaafari et al., 2021; Mahalakshmi and Rajasekaran, 2018; Roxas
et al., 2019; Sodikov, 2005; Tijanic et al., 2020; Xue et al., 2020). Subsequently, considering the
strengths and weaknesses of the current ANN-based models, this research intends to develop a
cost estimation model for road projects to minimise the consistent cost overrun faced over the past
twenty years and improve the reliability of early-design stage cost estimation. Because the current
ANN-based models either used variables that cannot be quantified or extracted data during the
conceptual stage or contained risk/uncertainty-related variables. Therefore, such models showed
low performance. However, the intended model of this paper considers only the variables suitable

for the conceptual stage. The following section discusses the basics of artificial neural networks.

7.4 Artificial neural networks

The artificial neural network has simply adopted the architecture and functions of human brain

cells and the nervous system that learn from previous experience and respond to complex problems
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(Tijanic etal., 2020). Silva et al. (2017) state that artificial neural networks can be used in universal
functional approximation, pattern recognition, process identification and control, predictions, and

system optimisation.

ANN models comprise three primary layers: input, hidden and output. The input layer receives the
information/ data into the model. The number of neurons in this layer depends on the number of
independent variables selected for the model. Each independent variable represents one neuron in
the input layer. Thenceforth, the centre part of the model contains the hidden layer. An ANN model
can have one or more hidden layers depending on the model’s architecture. This layer is used to
extract patterns associated with the process or system that is being analysed (Silva et al., 2017).
The number of neurons in the hidden layer can be decided based on the model’s performance.
Additionally, the model can be re-run, adjusting the number of neurons in the hidden layer. Then
the model with the highest performance will comprise the ideal number of neurons. Ultimately,
the output layer is composed of the neurons that produce the result or the outcome based on the
analysis and calculations performed in the model. The number of neurons is based on the model’s
expected output. Usually, the output layer consists of one neuron because most estimation models

are developed to forecast the project's final cost.

Hidden Hidden
Input Layer Layer A Layer Z Output Layer

X1

X2

X3

Xn

Figure 7.2. ANN architecture

The multiple-layer feedforward method is the most used architecture in ANN models because the

single-layer feedforward models do not contain any hidden layers (Silva et al., 2017). Figure 1
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shows a sample multiple-layer feedforward network with n number of independent variables (x),
and two hidden layers with i and j numbers of neurons, respectively. “w;” and “w;” are the weights
of the neurons. The output layer has only one neuron representing the respective output of the
problem being analysed by the model. The Multiple Perceptron (MLP) and the Radial Basis
Function (RBF) are the most widely recognised multiple-layer feedforward architectures (Ahiaga-
Dagbui and Smith 2012; Silva et al. 2017; Tijanic et al. 2020). These two models utilise the
generalised delta and competitive/delta rules as the learning algorithm in the training phase.
However, Ahiaga-Dagbui and Smith (2012) emphasised that the MLP model is superior to the
RBF model. This is because the MLP model focuses on identifying the relationships between the
inputs and the output; on the other hand, the RBF model performs in two stages. The first stage
serves a probability distribution of the inputs and identifies the relationships in the second stage.

Therefore, this study only focuses on developing the ANN model adopting the MLP principles.

The neural networks’ configuration is based on identifying network topology, the backpropagation
learning rule, transfer function and learning control function (Adel et al., 2016). The
backpropagation learning algorithm is also known as the generalised delta rule (Silva et al., 2017),
performed in two stages, as shown in Figure 1. The first stage is known as forward propagation.
At this stage, the model uses the training data to calculate the output using the neurons in each
layer. In the next stage, the output of the first stage is compared with the desired output.
Subsequently, the weights are modified based on the variance, and this method is called backward
propagation. Therefore, successive application of the forward and backwards propagation allows
adjusting the weights and thresholds of the neurons to adjust automatically in each iteration and

gradually reduce the sum of the errors (Silva et al., 2017).

Jafarzadeh et al. (2014) emphasised that the backpropagation algorithm is more efficient than other
learning algorithms in problem-solving. This idea was further confirmed by Emsley et al. (2002)

by evaluating different algorithms. Their evaluation considered backpropagation, delta-bar-delta,
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quasi-Newton training algorithm, conjugate gradient descent, and quick propagation. Although the
researchers identified several network training functions, the most popular algorithm is the
Levenberg-Marquardt (Adel et al., 2016; Marinelli et al., 2015) because it is one of the fastest
backpropagation algorithms (Adel et al., 2016; Jafarzadeh et al., 2014). The training function is

used to update the weights and bias nodes.

Model activation functions are used to process and interpret the data inside the neurons of the
hidden and output layers. According to Adel et al. (2016), using one or more functions in one
model is possible. The activation function aims to receive the output given by the summation
function as an input and convert it into the final output of a node (Alaloul and Qureshi, 2019).
Although there are several activation functions, non-linear functions are the most used as the linear
activation function has limited power and cannot be used in complex data (Alaloul and Qureshi,
2019). Tanh and Sigmoid are the most common model activation functions (Adel et al., 2016).

Therefore, the aforementioned activation functions will test in this study to develop the model.

Based on the above-discussed concepts of ANN, this study aims to develop a prediction model for
road project cost estimation using the cost data from NZ. The following section reviews the ANN-

based models produced by other researchers.

7.5 Literatuyre review

One of the earliest models developed using ANN was the study conducted by Hegazy and Ayed
(1998). They used 18 highway projects in Canada as the data source and considered three different
approaches in the network configuration. The first approach was the backpropagation training,
which produced a weighted error of 10.4%. The second model was developed using simplex
optimisation, producing a 1% weighted error result. Finally, they used genetic algorithms

optimisation, but the weighted error was 21.8%, which is significantly higher than the other two
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approaches. Although the model achieved good results, it was developed over twenty years ago.

Therefore, it must be retested before using the model in today’s industry.

Sodikov (2005) conducted similar research on road projects in Poland and Thailand and developed
ANN-based cost models. However, the MAPEs of these two models were significantly high.
Elbeltangi et al. (2014) developed an ANN model for highway cost estimation with a MAPE of
6.21% based on sixty-seven projects in Libya using eleven parameters. During the same time,
Cirilovic et al. (2014) developed a cost model using a completely different approach. In their
model, most variables were external factors affecting the road projects. Only a few variables were

project-specific. However, the best model achieved an R-squared of 0.7469.

Further, Adel et al. (2016) developed a conceptual cost estimate model for highway projects using
a database of seventy-five highway projects. Initially, they developed twelve models changing the
number of neurons in the hidden layer. However, eleven models were rejected after the training,
validation, and testing phases. Only one model was selected as a reliable model, which achieved

MAPE of less than 20% in all three phases.

Mahalakshmi and Rajasekaran (2018) developed an ANN model using MATLAB software for
highway projects in India. Their model was able to predict the outcome with a MAPE of 8.46%.
However, Mahalakshmi and Rajasekaran’s (2018) model considered topography, pavement type,
soil condition, and drains. However, the information for these variables is most unlikely to be

available during the conceptual estimation stage.

In another research, EI-Kholy (2019) adopted modular neural networks, generalised regression
networks, and time-lag recurrent networks to develop three different ANN models. However, all
three models showed MAPE higher than 25%. It was highlighted in these models that out of the

fifteen variables used, most of them are qualitative and risk-related factors. It further emphasised
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that ANN cannot ascertain the project risks alone when risk factors are incorporated into the model

as independent variables.

The research conducted by Maharie and Shaik (2020) emphasised that both ANN and support
vector machines showed lower performance compared to regression-based models. Similarly,
Tijanic et al. (2020) developed an ANN-based model using fifty-seven road project data. The
research experimented with several types of ANN models and concluded that the general

regression neural network-based model achieved the lowest error percentage.

The four models Xue et al. (2020) developed comprised two different components. Two sets of
models considered the factors relating to bridges and tunnels and the general variables. In contrast,
the other two models did not consider the variables of bridges and tunnels. However, the lowest

error rates within these four models were the models with bridge and tunnel variables.

Jaafari et al. (2021) recently conducted a study on developing a cost model for road construction
based on machine learning techniques. They adopted techniques such as linear regression, ANN,
instance-based learning, K-star, and support vector machine in developing the models to compare
the methods. According to their results, the ANN-based model also achieved good results, with a
percentage of relative error index of 0.038% for the testing phase. Compared to most of the models
developed for road projects, this model achieved an outstanding performance. However, this
model considered variables such as the number of trees, size of trees, cut and fill slopes, drainage,
and culvert details. These variables are most unlikely to be available during the project's

conceptual stage.

Table 7.1 summarises the performance of the models identified in the literature compared to our

model.

161



___Chapter 07 — Conceptual stage cost model for NZ road projects based on artificial neural networks

Table 7.1. Summary of literature on similar ANN models developed for road projects

Model Performance (MAPE or R-squared or RMSE) Database
Adel et al. 2016 Training — 4.51%; Evaluation — 5.8%; Validation — 16% 75 road projects
Cirilovic et al. (2014) R-squared — 0.7469 200 road projects
Dimitriou et al. (2018) Piers - 34%; Precast beams — 11.48%; Cast-in-situ — 13.94%; 646 concrete
Cantilever — 16.12% bridges
El-Kholy (2019) Modular neural network - 25.4%; Generalised regression 56 road projects
network - 37.64%; Time-lag recurrent network - 29.43%
Hegazy and Ayed (1998) Backpropagation — 10.4%; Simplex optimisation — 1%; 18 road projects
Genetic algorithm — 21.8%
Jaafari et al. (2021) 0.038% 4811 road projects
Mahalakshmi and Rajasekaran 8.46% 52 road projects
(2018)
Maharie and Shaik (2020) Root Mean Squared Error (RMSE) — 1.18 74 road projects
Roxas et al. (2019) Average 20% error 41 road projects
Sodikov (2005) Poland — 24%; Thailand — 26% 38 in Poland
42 in Thailand
Tijanic et al. (2020) Training — 10.22%; Validation — 13.06% 57 road projects
Xue et al. (2020) With bridge and tunnel data 415 road projects

CNN* model - 17%; ANN model - 22.84%

Without bridge and tunnel data

CNN* model — 23.78%; ANN model — 40.62%
Legend - *CNN — Convolutional Neural Network

The following section discusses the research methodology adopted in this study.

7.6 Research methodology

The cost data were collected from sixty-six projects in NZ completed between 2002 and 2022.
National-level government agencies were approached to collect the data for the research. The
scope considered for the project was national-level road projects with the scope of new
construction and significant alteration of roads and bridges associated with the roads. Once the
projects were gathered, the outliers were identified and eliminated using Mahalanobis distance
measures because, according to Tabachnick and Fidell (2001), if the p-value of the Mahalanobis
distance is less than 0.001 alpha level, then that case is an outlier. The outliers will show significant
deviation from the other cases regarding scope, budget, and other independent variables. Having
outliers within the database can reduce the expected performance of the model. Therefore, seven
cases were eliminated from the database, and only fifty-nine cases were considered in model
development. Thus, the scope, budgets and variables data were in a similar range for model

development and validation cases. Of these fifty-nine cases, 43 cases were randomly selected by
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the modelling software for the model development, while the other sixteen were retained for

statistical validation of the model.

Since New Zealand does not have a considerable number of large-scale new road construction
projects, it was challenging to gather data. In addition to that, the data collection was carried out
during the COVID-19 pandemic and was severely impacted due to the restrictions on meeting
personnel. Once the cases were gathered, all the possible variables were extracted separately.
Initially, there were fifteen variables. After that, a multicollinearity test was conducted to examine
the suitability of the variables because if multicollinearity is present, variables may not predict the
output as expected. In addition, it can also lessen the impact of significant variables. Consequently,

the selected variables were considered as the neurons of the input layer.

MATLAB software was adopted to create the neural network model. Using the same variables,
several models were tested to identify the models with significant performance. The activation
function, number of variables, and number of neurons in hidden layers were adjusted to see the
models’ capability. Initially, twenty models were developed, out of which only six models were
considered for further analysis. The disregarded models showed significantly lower R-squared
values that were less than 0.6. However, the selected models showed better R-squared values, as
discussed in the model development section. Once the models were created, the validation was
done using the retained sixteen cases. The following section presents the process of ANN model

development using the adopted methodology described above, as well as the model’s results.

7.7 Model development and discussion

7.7.1 Variable selection

Table 7.2 summarises the variables used in the current literature that developed similar models in

other countries. Based on the findings in Table 1, fifteen independent variables were identified for
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this research based on several criteria. The main criterion was to determine the variables that have
information available to feed the model during the conceptual design stage because this research
is focused on developing a model for the early design stage of the project. In the second step, the
variables with data available from the selected cases used for the model development were further
considered. The third criterion was to evaluate the variables that were considered by most authors
in the current literature because if the same variable is used in several models, that variable could
be significant to the project cost. However, once the model is developed, the significance of each
variable about the project cost will be tested and verified. All the non-significant variables will be
disregarded from the model. The fifteen selected variables fulfilled all the three requirements

above.

Further, the factors selected from the literature were validated by the experts who met during
the data collection to understand the availability and suitability during the conceptual estimate.
According to industry experts, this study did not consider variables such as contract type,
procurement type, tendering strategy, project scope, project type, and road classification. Because,
if those variables were to be considered, then the data should be available for each type of
classification, type, and scope. For instance, if the procurement type is a variable, then the model
development cases should contain enough data to cover all the procurement strategies used in the
road projects. Otherwise, the model outcome may not match the expected project cost. Further, the
case number under each category above must be higher to develop a reliable model. Therefore,

this study did not consider the classification variables.
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Table 7.2 Variables identified through literature

Variables considered in this study

pre-design stage
Jaafari et al. (2021)
Mahalakshmi and
Rajasekaran (2018)
(2020)

Sodikov (2005)

(2014)
(2020)

~_| Dimitriou et al.
(2018)

Road length

Road width

Distance from the nearest major city

The number of bridges

The approximate length of retaining walls
Ground improvements area

Pavement area

Cut and fill area

Project duration

Expected year of completion

Expected preliminary cost (% of the total cost)
Expected % change in the construction cost
index

Kerbs length

Road markings

Base course volume

2_~| Tijanicetal.

<

2. 2_2_ 2| Adeletal. (2016)

2 2 2 2| Cirilovicetal.

2 2_ 2| Hegazy and Ayed
(1998)

2 2 _2_ 2| Maharie and Shaik
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2 2 2
222 2
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222 2
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2222 2
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222 2 222
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In addition, during the data collection, industry experts involved in those completed projects were
inquired regarding the availability of the information for the selected variables during the pre-
design stage. As mentioned in Table 1, except for the last three variables, the other twelve variables
should be able to be quantified approximately by an experienced estimator during the conceptual
estimation. Some of the experts noted that it is possible to quantify the last three variables based
on the previous experience and cost analysis of previously completed projects. Therefore, none of
the variables were eliminated at this stage and were kept for further analysis for the model's

suitability.

Observing the significance of these variables is required to predict the projects' final cost.
Therefore, the ANOVA test, as shown in Table 2, was conducted to examine the significance of
the variables. If the p-value is more significant than 0.1, the variable would not significantly impact
the project cost. Further, the identification and elimination of variables with multicollinearity are
crucial. If the independent variables are highly correlated, then the dependent variable prediction
may not be reliable. Therefore, the data was fed into SPSS to check the variance inflation factors
(VIF). Young (2017) observed that the variable indicates multicollinearity if the variance inflation

factors (VIF) are higher than five. Therefore, kerb length, road markings, and base course volume
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were eliminated for two reasons. The first reason was that the VIFs of those variables were higher
than five. That means there would be a cause of multicollinearity. The second reason is that those
three variables did not significantly contribute to the project's final cost based on the p-values.
Further, the “road length” variable did not show a considerable p-value when these three variables
were present. However, “road length” was an essential variable to the road project cost. Once the
three variables above were eliminated, the “road length” variable showed a very substantial p-
value, as shown in Table 7.3. Accordingly, Table 7.3 shows the twelve selected variables for the

ANN model.

Table 7.3. Variables considered in the model

Variable Unit VIF t-test Model Model
p-value group 1 group 2
Road length m 1.982 0.002 N N
Road width m 1.463 0.710 v
Distance from the nearest major city m 1.362 0.899 V -
The surface area of the bridges m? 1.490 0.021 3 Y
The surface area of the retaining walls m? 1.588 0.791 v -
Ground improvements area m? 1.775 0.746 J
Pavement area m? 4.746 0.053 J J
Cut and fill area m3 3.004 0.192 J
Project duration Days 1.248 0.881 J
Expected year of completion Year 3.333 0.774 V -
Expected preliminary cost (% of the total cost) % 2.088 0.049 v J
Expected % change in the construction cost index™ % 2.021 0.088 V \/
Excluded variables

Kerbs length m
Road markings m
Base course volume m3

7.7.2 Model development

According to Adel et al. (2016), the ANN training phase comprises an iterative process involving
submitting training segment data to the network to conclude the relationship between the inputs
and outputs. Once the models’ variables were defined, the data were uploaded to MATLAB
software to generate the model. Initially, all the variables were tested with the neural networks.
Then, based on the p-values of the F-test using the analysis of variance (ANOVA) test, some
variables were eliminated to identify the best variables group. In Table 7.3, Model Group 1

considered all the variables, while Model Group 2 considered only variables with significant p-

166



___Chapter 07 — Conceptual stage cost model for NZ road projects based on artificial neural networks

values for the ANOVA F-test. Based on the variables shown in Table 7.3, the ANN architecture

developed for each model is shown in Table 7.4.

The architecture of the models can be written simply based on the number of neurons in each node.
For instance, the ANN model architecture of this study consisted of an input layer, two hidden
layers and an output layer. The input layer contained twelve neurons, one for each independent
variable. Each hidden layer had ‘i’ and ‘j” numbers of neurons in each layer, respectively. The
output layer has only one neuron since the desired output was only the project’s cost. Hence, the

ANN architecture of this research can be identified as 12-i-j-1.

In MATLAB, Levenberg-Marquardt (trainlm) is the ideal backpropagation algorithm for ANN
modelling. The model adopted two activation functions, which are Tanh and Sigmoid. Table 2
illustrates the activation functions used in each model for the hidden and output layers. Although
several other combinations of the functions were tested, the table shows only the results of the

successful models.

Developing an ANN model has three primary phases: training, validation, and testing. Generally,
MATLAB randomly chooses the cases for each phase out of the total cases uploaded for the model.
The first phase of neural network modelling is the training phase. By default, 70% of the cases are
randomly selected for the model training. Some models use the same dataset for training,
validation, and testing by dividing the cases into a 70%: 15%: 15% ratio. However, this study
decided to validate the results using the cost data from sixteen instances. Therefore, the testing

data set was 30% of the initial cases.

To check the reliability of the results, a sensitivity analysis was conducted, identifying the best
model architecture that can predict the output with the slightest error. Therefore, the number of

hidden layers, number of neurons in the hidden layers, and type of transfer function were varied
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to determine the best ANN model to predict the cost estimate. Table 7.4 consists of only the models

with the highest reliability compared to the other combinations.

R-squared and root mean squared error (RMSE) were chosen to measure the performance of the
models. Table 7.4 illustrates the six highest-performing models among the models developed,

including the performance measures at the training and testing phases.

Table 7.4. Model training and testing results
Number of nodes

Activation

Model Nur:fber in tr}g;eigden function Training Phase Testing Phase
number . -
variables  Layer Layer Hidden Output RMSE R RMSE R
1 2 layer layer
1 12 3 0 Tanh Tanh 1.465 0.895 0.932 0.856
2 12 1 1 Sigmoid  Sigmoid 0.279 0.977 0.245 0.993
3 12 1 2 Sigmoid  Sigmoid 0.395 0.992 0.274 0.983
4 5 2 2 Sigmoid  Sigmoid 0.434 0.991 0.219 0.989
5 5 1 0 Sigmoid  Sigmoid 0.453 0.989 0.277 0.995
6 5 1 1 Tanh Tanh 1.872 0.935 0.675 0.493

R-squared of all six models during the training phase showed a good model fit. However, models
1 (12-3-0-1) and 6 (5-1-1-1) indicated RMSE greater than 1 with the two lowest R-squared values.
In the testing phase, the highest RMSE values were obtained from models 1 and 6. Moreover,
those two models showed the two lowest R-squared values in a similar range to the testing phase.
Further, the R-squared value of model 6 at the training phase is significantly lower than the other
five models. Therefore, the Sigmoid function is performing better than the Tanh as the activation
function for this dataset. Models 2 (12-1-1-1), 3 (12-1-2-1), 4 (5-2-2-1), and 5 (5-1-0-1) achieved

performance very close to each other.

All the above models contain a maximum of three neurons in each layer. Models 1 and 5 have
only one hidden layer, while the other four have two hidden layers in each model. The models'
performances were checked up to twenty neurons in the hidden layer. It was noticed that the
performance of the model decreased when the number of neurons increased. The model validation

considered all six models above to determine the best model.
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7.7.3 Model validation

Although model development consisted of model training and testing phases, evaluating validity
using a new set of data not used in the development is ideal. Therefore, a separate analysis was
carried out to test the data validity of the model using MATLAB. To evaluate the models’
performance, Adel et al. (2016); EI-Kholy (2019) and Kim et al. (2004) suggested that Mean
Absolute Percentage Error (MAPE) is the most widely used formula. MAPE can be calculated

using equation (1), as shown below.

MAPE = = ¥ |[%=%2 x 100| .....cooovii (EQ1)

n Ca

‘Ce’ indicates the estimated cost through the ANN model, ‘Ca’ signifies the actual cost of the case,
and ‘n’ denotes the number of cases used for the validation. Table 7.5 illustrates the MAPE

achieved by the ANN models developed in this research.

Table 7.5. Model validation results

Number of Number of neurons in the
Model Number independent hidden layer MAPE R?
variables Layer 1 Layer 2
1 12 3 0 35.58% 0.764
2 12 1 1 11.82% 0.877
3 12 1 2 16.08% 0.794
4 5 2 2 22.90% 0.785
5 5 1 0 17.15% 0.740
6 5 1 1 26.72% 0.736

According to Table 7.4, models 1 and 6 did not perform well in the training and testing phases due
to high RMSE values. However, Table 7.5 shows that the above two models achieved
comparatively reasonable MAPEs for the validation phase, 35.58% and 26.72%, respectively. In
addition, the R-squared of models 1 and 6 were within the same range as the others. Further, Table

7.6 shows all the error results of all sixteen test cases for Model No. 02.

The output of Table 7.6 is further illustrated in Figure 7.3. Apart from seven cases, in all other nine
cases, ANN predicted costs were in solid coherence with the actual cost of the projects. However,

overall MAPE is 11.82%. In addition, Table 7.6 also shows the project's original estimate. The
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initial estimates of all 16 projects showed 22.56% of overall MAPE. Consequently, compared to

the original estimate, the ANN model developed in this study achieved much better results.

Therefore, this ANN model can minimise the cost overruns by 10% to 11%. The following section

discusses the model's limitations.

Table 7.6. Validation results for Model No 02

Actual Cost (NZ$)

Traditional conceptual estimation

ANN Model No 02

Original Estimate (NZ$)

Absolute

Percentage Error

(APE) (%)

Predicted Cost (NZ$)

Absolute
Percentage Error
(APE) (%)

1 5,379,458.36 3,674,114.50 31.70% 6,899,887.60 28.26%
2 5,469,708.59 3,074,952.50 43.78% 5,843,324.38 6.83%
3 6,183,854.43 4,963,023.66 19.74% 6,589,217.26 6.56%
4 6,761,382.89 4,889,405.00 27.69% 5,083,693.28 24.81%
5 6,909,174.34 4,193,413.52 39.31% 5,477,487.87 20.72%
6 6,964,095.39 5,964,031.00 14.36% 6,641,822.06 4.63%
7 7,075,124 51 6,186,372.10 12.56% 5,082,925.09 28.16%
8 7,363,881.68 7,015,700.00 31.89% 5,499,259.58 25.32%
9 8,111,879.42 6,735,269.36 16.97% 7,556,502.07 6.85%
10 9,351,966.35 8,343,894.36 10.78% 8,994,509.72 3.82%
11 9,470,985.65 7,053,766.50 25.52% 8,044,963.22 15.06%
12 11,000,688.37 7,125,064.79 35.23% 11,331,302.27 3.01%
13 11,911,646.74 10,590,454.15 11.09% 11,251,509.20 5.54%
14 13,028,819.73 11,827,677.57 9.22% 12,815,319.43 1.64%
15 16,068,756.72 13,726,546.53 14.58% 16,946,004.03 5.46%
16 17,092,831.00 14,256,081.00 16.60% 16,678,525.04 2.42%
MAPE (%) 22.56% 11.82%
18,000,000.00
16,000,000.00
14,000,000.00
12,000,000.00
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Figure 7.3. Actual cost versus predicted cost (test data)

The following section discusses the limitations of the ANN model developed in this study.
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7.7.4 Model limitations

Based on the literature review, it is observed that the model performance can be improved when
the number of projects in the cost database is higher. This is because when more cases are used to
develop the model, the reliability is higher as there is more evidence to support the modelling
equation. Our model is based on forty-three cases. Further, the model development did not
consider variables such as procurement strategy, tendering, contract types, and road classifications.
This is because if such classification variables are to be believed, there should be enough cases for
each type of classification to run the model successfully. Otherwise, the model tends to generate
unreliable outputs. However, in this study, within the forty-three cases, the majority of the cases
belong to one category of procurement, tendering, contract and road classification. Therefore,

those variables were not considered.

In contrast, Cirilovic et al. (2014) developed a model considering several variables that are not
project-specific but are mainly external factors. However, these external factors are risk-related
variables and often unpredictable based on the previous project data. The ANN model developed
in our research did not incorporate any external factors or any other risk factors. A probability-
based analysis should be done for a probability-based estimation and to produce a reliable estimate.
Furthermore, our model showed an R-squared value of 0.877 and a MAPE of 11.82%. The major
weakness in this model is the uncertainty of the project. Therefore, by incorporating the risk

estimation method, the performance of this model may be improved.

Another reason for having a performance of 0.877 (R-squared) is that there may be variables with
significant impact on the project cost that are not considered in the model. For example, as
previously discussed, classification variables, such as road classification, procurement, tendering
and contract types, and road layer materials, were not considered due to the smaller amount of

project data available for each type. Subsequently, the model was developed using forty-three

171



___Chapter 07 — Conceptual stage cost model for NZ road projects based on artificial neural networks

samples, and an additional sixteen samples were used for model validation. However, using a
minimum of a hundred samples is recommended to achieve better results. The model can perform

better with a larger sample to apply to the proposed project forecasting.

The Table summarises the scope of all the variables as a recommendation for future road project

estimation. The forthcoming project must be within the scope and limitations mentioned in Table

6 to apply the model.

Table 7.7. Scope of the model and the variables

Description

Scope and limitations

Independent variables

Road length

Measured in meters
Total length of the road

Road width

Measured in meters
Total width of the road without the pavement

Distance from the nearest major city

Measured in meters

Approximate distance to the site from the nearest major city
where most materials, plant, labour, sub-contractors and
suppliers are available.

The number of bridges

It is measured in numbers.
Reinforced concrete bridges with
The bridge span is the same as the span of the typical road.

The approximate length of retaining walls

It is measured in meters.
Reinforced concrete wall

Ground improvements area

Measured in square meters
Total project surface area (including roads, pavements, and
other ground areas subjected to the changes by the project)

Pavement area

Measured in square meters
The surface area of the side pavements, including walkways

Cut and fill area

Measured in square meters

The surface area covers the total cutting and filling area.
(The volume cannot be calculated at the conceptual stage
without a proper ground investigation and a survey)

Project duration

Measured in Calendar Days As mentioned in the Contract
Project construction start date to the practical completion
date.

Expected year of completion

Based on the contractual programme, the intended year of
practical completion

Expected preliminary cost (% of the total cost)

Expected preliminary cost as a percentage of the total
project cost

Expected % change in the construction cost

index

Expected change in the construction cost index as a
percentage. 2002 was considered as the base year.

Road layers

Main alignment

High-quality compacted earth-fill subgrade 1m height + 180
mm Sub-base + 190 mm base-course + Chip seal surface.
Pavement layers should be quarried rock + 1.5% cement.
To the NZTA specifications
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The following section concludes the findings of this research and discusses the recommendations

for further research.

7.8 Conclusions

A conceptual estimate of the construction project is crucial in making decisions. Therefore, it is
vital to produce reliable and accurate estimates at the early design stage when less information is
available compared to the other phases of the construction projects. Consequently, this study
adopted the ANN technique to develop a conceptual cost estimation model for road projects. ANN
provide accurate and reliable predictions compared to other modelling techniques. Six ANN-based
models were developed with significant performance compared to the other models. Model no. 02
indicated the best results compared to the other five models. The MAPE of model no. 02 was

11.82% with 0.877 of R-squared.

A key takeaway from this study is that technical variables alone cannot produce accurate
conceptual estimates due to the high level of uncertainty at the pre-design stage. However, without
risk consideration, the ANN-based model developed in this study was able to calculate the
conceptual estimate within approximately 12% error. Considering that the current NZ road
projects face cost overruns of 20% (NZTA, 2022), this study can improve the estimation practice
and reduce the cost overruns from 20% to 11.82%. All the literature identified in this paper that
considered ANN-based models did not apply to the conceptual stage because those models
contained variables that could not be calculated using the information available at the conceptual
stage. Conversely, this study identified and recommended twelve independent variables that can
be used for conceptual estimates. Even though this study focused on NZ road projects, the same
model can be applied and tested in other contexts to improve the conceptual estimate because no
NZ-specific variables were used in this model. The project location was the only variable that

could affect the geographical area. However, in this study, geographical location was changed to
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“distance from the nearest major city”. Therefore, the model does not consider the country but
how far the project is from the nearest major city where all the materials, labour, and plants are
available. That affects the project cost more than the geographical location. Therefore, the model

developed in this study can be generalised to other contexts.

The ANN was observed as a technique unsuitable for predicting the project's risk factors.
Therefore, it is recommended to combine the outcome of this study with another method that can
predict the risk factor to improve the current model performance. Another way to improve the
performance is to increase the number of cases used to develop the model. When the database's
reliability increases, the models' performance will also increase. Due to the level of availability
and accessibility to the project information, the twelve variables considered were the maximum
variables that could be obtained in comparison with literature findings, data availability, and expert
opinions. However, there may be other variables that can make a significant impact on the project
cost but are not incorporated here. By considering these, the model performance may further

improve.

Subsequently, the models are developed using the cost data from NZ road projects comprising
newly constructed and significant alterations. Therefore, research in other countries or different
sectors, such as buildings or different scopes, such as maintenance of roads, can adapt the concept

and the development process.

7.9 Epilogue

This chapter used the artificial neural network concept to develop a cost estimation model for the
early design stage of road projects in NZ. Several models were developed using different
combinations of the variables, number of hidden layers, and number of neurons in the hidden
layers. Six models were developed with significant performance. Three stages of model

development were carried out: model training, testing, and validation to ensure the model fits the
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purpose. Based on the outcome and the model's performance, recommendations were made for

further research and further improvement of the model's performance and reliability.

175



Chapter 08 — Final conceptual cost estimation model for early-design stage of NZ road projects

8 Final conceptual cost estimation model for the pre-design

stage of road projects in New Zealand

8.1 Prologue

Road construction projects are crucial to infrastructure development, economic growth, and
societal progress. Therefore, having a reliable budget at the beginning of the project enables the
project funders and clients to make appropriate decisions. Over the years, various approaches have
been proposed and implemented for estimating the cost of road construction projects. However,
based on the findings from Chapter 4, road projects experience significant continuous cost
overruns. As a solution to this, chapters 6 and 7 developed two cost models using regression
analysis (RA) and artificial neural network (ANN) techniques. Although the ANN-based model
minimised the cost overruns by approximately 8%, there should be ways to minimise the cost
overruns further. Therefore, this chapter develops the final conceptual cost model by combining
two techniques that can complement each other’s disadvantages to improve the model

performance.®

® This chapter is based on the following journal paper (manuscript is ready for submission)

Atapattu, C.N., Domingo, N.D., and Sutrisna, M. (2023). A conceptual cost estimation model for pre-design stage of
road projects — A hybrid of artificial neural networks and Monte Carlo simulation, Sustainable Cities and Society
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8.2 Abstract

The successful planning and execution of construction projects depend significantly on accurate
cost estimation, as cost overruns can lead to budgetary constraints, delays, and compromised
project quality. Therefore, the accuracy and reliability of conceptual estimates need to be
improved. This study aims to develop a cost model usable at the concept stage of road projects.
Forty-three cases from New Zealand (NZ) road construction were used to develop the model, and
sixteen more were used for model validation. The study combines ANN with MCS to develop a
risk-based estimation model. The final model achieved 3.53% of the mean absolute percentage
error. However, several cost models have been developed, and only a few considered risk-based
estimation. However, such models also cannot apply to the pre-design stage because the variables
need in-depth information. Notably, the model of this study applies to other countries as it does
not contain NZ-specific variables. The proposed model effectively determines a reliable pre-design

stage cost estimate for road projects with little information.

8.3 Introduction

The world is evolving towards the digital age, called the fourth industrial revolution or Industry
4.0. Like every other sector, the construction and built environment constantly evolves and
embraces new technologies (Ashtari et al., 2022). However, there are issues such as cost overruns
without a proper solution or improvement over the past seventy years (Flyvbjerg et al., 2003).
Providing a reliable cost estimate for road projects at the early design stages is often challenging,
considering the less information available, project duration, and geographical spread compared to
vertical construction (Xenidis and Stavrakas, 2013). According to ASCE (2020), the uncertainty
at the project's conceptual stage is significantly high. Therefore, researchers have investigated
different techniques to improve the current estimation practice. As noted in Chapter 5, the most

reliable statistical techniques for developing the cost models were regression analysis (RA),
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artificial neural network (ANN), and support vector machine (SVM). Further, the chapter
explained that combining several techniques into a hybrid model can overcome the disadvantages
of one technique with the advantages of another. Therefore, hybrid models have proven effective

in cost estimation (Ahiaga-Dagbui et al., 2013; Ahiaga-Dagbui and Smith, 2014).

Further, the current research primarily focuses on estimation using Artificial intelligence, such as
machine learning or developing automated models aligning with Industry 4.0. Therefore, this study
explores a solution for conceptual estimation through machine learning, or a combination of
several modelling techniques, to automate the process and minimise manual errors in road projects’

conceptual estimation.

8.4 Research Methodology

This study aims to develop a sound and reliable cost estimation model for road projects in NZ.
The same case study used to develop RA and ANN models in Chapters 6, and 7 were used in this
study to enable a better cross-comparison among the models. Projects were used for this model.
Fifty road projects in NZ were completed between 2002 and 2022, and the scope comprised new
construction and significant alterations. Out of the fifty projects, seven were eliminated as outliers.
Mahalanobis distance was used to identify the outliers. According to Tabachnick and Fidell
(2001), the p-value of Mahalanobis distance must be higher than the alpha value of 0.001.
Otherwise, the particular case is considered as an outlier. As discussed in previous chapters, fewer
new road construction projects were available in NZ. Hence, the scope was expanded to include
the significant alterations as well. Once the project cost database is established, Figure 8.1
highlights the entire process of developing the final statistical model. The process is described in

detail under the model development section.
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Figure 8.1. Final model calculation process
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As the RA model was not considered for the hybrid model, the methodology used in developing
the regression model is not discussed here. Nevertheless, the RA model development process is
explained in-depth in Chapter 6. The final model consists of two parts. The first part is the ANN
model. The ANN model developed in Chapter 7, which used technical variables, was considered
to develop the base cost estimate. Therefore, the base estimate is a technical aspects-based
estimate. The ANN model was developed using MATLAB, as explained in the chapter above. The
second part of the model was to combine the ANN model output with the MCS model. For MCS,
the @Risk Add-in provided by Palisade is used. Once the final model was created, the model was

validated through the same data set of sixteen projects used for RA and ANN models.

The following section briefly discusses the RA-based model developed in this research.

8.5 Regression analysis-based cost model

In Chapter 6, a model was developed for cost estimation of NZ road projects using regression
analysis (RA). The RA measures the relationship between the dependent variable and one or more
independent variables (Jablonowski and MacEachern, 2009; Young, 2017). The following

equation (Eq. 1) is the general representation of multiple regression analysis.

Y =Po+ Pr*Xa+ P Ko+ ...l FBn*XKntE i (Eqg. 1)

Where "Y" is the overall budget of the project, which is the dependent variable, "Xn" are the
factors that constitute the overall budget, identified as independent variables. "fn" is an estimated
constant. Further, Young (2017) explained that "€" is an error term derived from the difference

between the dependent variable's actual and predictor values.

Based on the above equation, eight models were developed using twelve independent variables.

The dependent variable was the project's final cost (refer to Chapter 6). Out of the eight models,
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the most reliable model showed a Mean Absolute Percentage Error (MAPE) of 11.82%. However,
due to the higher MAPE value, in Chapter 7, ANN was adopted to investigate if a more reliable
cost model with a lesser error rate could be developed. The following section discusses, in

summary, the ANN-based model developed in Chapter 7.

8.6 ANN-based cost model

Hidden Hidden
Input Layer Layer 1 Layer 2 Output Layer

X1

X2

X3

Xn

Figure 8.2. ANN model architecture (Source — Chapter 7)

According to Tijanic et al. (2020), ANN functions similarly to the human brain cells and nervous
system. Therefore, ANN can be used for predictions and several other functions related to
decision-making. Figure 1 shows the general architecture of the ANN model. There are three main
phases of an ANN model. Firstly, the input layer is where all the input data is entered, and then
the hidden layer. There can be one or more hidden layers in a model. Finally, the output layer is
where the intended outcome is generated. Therefore, in most cases, the output layer has only one

neuron.

Using this technique, Chapter 7 developed a set of cost estimation models by varying the number
of independent variables, the number of neurons in hidden layers, and the activation function (Tanh
and Sigmoid). The models were developed using data from forty-three completed projects. There
were three phases in the model development: training, testing, and validation. Out of the six models

developed, which comprised twelve independent variables, one neuron in each hidden layer with
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the sigmoid activation function achieved the most reliable performance. The most accurate and
reliable model achieved 0.977 and 0.993 as R-squared, respectively, in the training and testing
phases, and the root mean squared error is also minimal compared to the other models. Further,
during the validation phase, the best model showed the lowest mean absolute percentage error

(MAPE), 11.82%.

Even though the results of the ANN model were significantly better than the RA-based model, the
error is still considerably high. The main reason for this high error rate is that neither ANN nor
RA techniques are suitable for predicting future uncertainties. For instance, EI-Maaty et al. (2017)
developed an RA-based model, while EI-Kholy (2019) developed an ANN-based model for road
projects. Further, both models used the same independent variables, mainly risk factors. However,
both models showed more than 30% of error and failed to achieve a reliable outcome. Therefore,

the ANN-based estimates did not consider the risk factors.

In Chapter 5, the critical risk factors that affect the project cost were identified. Out of the most
significant, ten factors were frequent design changes, poor planning and management, poor and
incomplete tender documentation, delay in design, mistakes/ errors in design and drawings,
unforeseen ground conditions, inaccurate cost estimates, poor site management and supervision,
poor project management, and inaccurate quantity take-off. Consequently, the effect of these risk
factors cannot be quantified numerically using any straightforward methods. Therefore, qualitative

risk analysis is required to identify the magnitude of the risk caused by each factor.

The following section discusses the risk factor and its estimation in-depth to incorporate the risk

into the conceptual estimation.
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8.7 Risk-based estimation

Both the RA and ANN models failed to consider the risk estimation part. Although ANN is an Al-
based cost model that performs well in uncertain and complex situations, ANN needs
comprehensive cost data from previous projects to deal with similar risks expected in the proposed
projects (Ashtari et al., 2022). However, it is often difficult to find such information from previous
projects to work the ANN model alone to accurately calculate both the base estimate and risk
estimation. In Chapter 5, two hybrids were identified with significantly low error percentages. One
model combined ANN and Fuzzy (Ahiaga-Dagbui et al., 2013), while the other combined RA,
SVM and data mining techniques (Ahiaga-Dagbui and Smith, 2014). However, both models were
developed for water infrastructure projects. Therefore, we cannot apply these hybrid models to
road projects directly. Therefore, this chapter looks into combining the RA or ANN models with
another technique that can reduce errors and increase performance. Ideally, the technique should
address the construction risks of the project, as this is the component missing in the RA and ANN

models.

According to the NZTA Cost Estimation Manual (NZTA, 2021), NZTA uses the Monte Carlo
simulation (MCS) technique to analyse the risk. By using MCS already used in NZTA, it would
be easy to communicate the research impact to the current NZ industry. Although the industry uses
MCS for risk analysis, the base estimate is based on manual and expert judgment-based
calculations. Therefore, the reliability of the overall estimate has not improved (NZTA, 2021).
Therefore, this study examines the possibility of having a hybrid model by combining ANN with
MCS. Since the MAPE of RA is higher than ANN, this study only focuses on combining ANN

with MCS.
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8.8 Monte Carlo Simulation

Construction projects face various types of risks throughout their construction phase. Considering
the scale of investments or funds in construction projects, it is essential to forecast the risks at the
estimation phase. However, construction projects generally face cost overruns (Peleskei et al.,
2015). Flyvbjerg et al. (2003) also confirmed the above statement and stated that 9 out of 10

transportation infrastructure projects face cost overruns.

In Chapter 5, it was noticed that statistical techniques such as RA, ANN, and SVM do not perform
well with risk-related variables. Therefore, these techniques cannot correctly predict the risk
involved in construction projects. However, risk estimation is a significant component of the
project cost. Without proper risk analysis and estimation, the project may experience cost overruns.

Therefore, this chapter investigates the risk estimation of construction projects.

Construction risk cannot be estimated with exact figures because the risk is an uncertain future
situation, which could either happen or not happen. Sometimes, the risk may occur but at a
different magnitude than estimated. Therefore, the best way to estimate the risk is through its
probability. However, Peleskei et al. (2015) stated that proper risk analysis is often challenging
during the estimation stage, yet it is very significant for the reliability of the estimation. Over the
years, researchers have developed several models and techniques to analyse the project risk. MCS
is a well-known technique commonly used in the construction industry to estimate risk probability.
Therefore, this study analyses the road project data used in chapters 6 and 7 to analyse the risk

probability using MCS.

Risk can be defined from various perspectives. However, Hilson (2004) defined risk as any
potential uncertainties that will affect one or more objectives if it occurs. Risks are threats or

negative uncertainties and opportunities or positive uncertainties (Peleskei et al., 2015). Further,
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Girmscheid and Busch (2014) identified six risk types involved in construction projects: legal,
scheduling, technical, financial, management, and environmental risks. Peleskei et al. (2015)
added that the magnitude of the impact and possibility of risk occurrence, as mentioned above,

differ from project to project.

According to the estimation classification system introduced by AACE (2020), at the conceptual
stage, usually, the estimate should be expected to have -20% to -50% of a lower range to +30% to
+100% of a higher range of variation. Therefore, it is clear that the project risk level is higher at
this stage due to the limited information availability. However, the conceptual estimate will lead
to significant project decisions and budget establishment. Hence, it is crucial to have a reliable
estimate. Consequently, risk estimation is required to ascertain the possible percentage of variation
from the primary estimate. AACE (2020) defined contingency as an amount added to the project
estimate to allow for items, conditions, or events for which the state, occurrence, or effect is
uncertain and that occurrence will possibly demand additional cost. Generally, the contingency is
estimated using statistical analysis of experts’ judgement based on past experience and lessons
learnt (Maronati and Petrovic, 2019). However, it was observed that some of the projects allow a
general contingency sum as a percentage of the estimated value (Gbajobi et al., 2018; Peleskei et
al., 2015). However, allowing the contingency without a proper risk analysis creates a riskier
situation as it is uncertain what to expect during construction. Further, if the project faces
unexpected risk with a higher financial impact, the allowed contingency may not be sufficient

(Gbajobi et al., 2018).

According to researchers, there are several ways to handle the risk events. Nevertheless, the most
effective way is to take mitigation actions. However, mitigating or reducing risks involves using
the contingency allowance, which means requiring additional money. When a risk is encountered

in a project, there could be two significant mitigation actions. The most likely action would be the
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design change to reduce the cost, while the most unlikely action would be to allow additional
funding. Road projects, mainly funded by the government, would face challenges in allocating
additional funds for an ongoing project, mainly if funds were not allocated during the conceptual

stage when the decision-making process happens.

Therefore, contingency allowance should be calculated systematically to cover all expected risks.
Girmscheid and Busch (2007) and Peleskei et al. (2015) identified MCS as an effective technique
for quantifying the risk, which can be assessed as the contingency to the project estimation.
Peleskei et al. (2015) further emphasised that much research has been done to analyse the risks
and their potential impacts. Conversely, the criterion for input parameter selection needs to be
adequately investigated. Nonetheless, MCS is a widespread technique in risk probability
estimation. Therefore, this study investigates MCS as a technique of risk estimation to combine

with the ANN-based model developed in Chapter 7 to improve its performance and reliability.

The following section discusses the research methodology adopted in this study to develop the

final cost model.

8.9 Risk component estimation

Even though the ANN-based model developed a reliable base estimate, the estimation of the
expected risk component plays a crucial role in achieving the best outcome of the estimate. In
Atapattu et al. (2023), fifty-three factors that affect the project cost were identified. In any
construction project, these risk management steps, risk identification, analysis, response, and
monitoring, must be conducted. The fifty-three factors identified by Atapattu et al. (2023)
generally happen in the risk identification step. In most projects, a risk register is prepared based
on the identified risks. Then, the Risk analysis is the most critical phase of all. Similar to the study
of Atapattu et al. (2023), prioritising and identifying the most significant factors is the second step.

The risk matrix is generally used in most projects to identify the severity of the risks. Table 8.1
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shows a general risk matrix used in NZ projects. Similarly, for the opportunities, a similar matrix

can be used.

Table 8.1. Risk matrix (Source: NZ Government Procurement, 2019)

Almost Moderate o o Extreme Extreme
certain risk A RS A RS risk risk
. Moderate Moderate o Extreme Extreme
g | Likely risk risk Al e risk risk
o
| Possible Low risk | Moderate iy am g e L
o risk risk
%
3| Unlikely Low risk M"r?:lia‘e M"r?:lia‘e Highrisk | High risk
Rare Low risk Low risk Low risk Mor?;:ate High risk
Very low Minor Medium Major Substantial

IMPACT

Figure 8.3 shows the significant factors identified through a questionnaire survey distributed to
NZ Quantity Surveyors. Once the risks are identified, each risk component has to be estimated.
The risks in the red zone (high and extreme) within the Table 8.1 risk matrix should be estimated
and considered as part of the project cost contingency (NZ Government Procurement, 2019).
However, according to Laryea and Hughes (2006), there is no systematic process to estimate the

cost contribution of significant risk activities. The most common way is to use expert judgment.

In contrast, Potts and Ankrah (2014) identified three methods to calculate the risk allowance of a
construction project. The first method is the decision tree method, which analyses the different
risk combination possibilities the project may face and identifies the risk component accordingly.
The second method is to calculate the risk-based estimation using the MCS method. The third
method is the central limit theory, which calculates the overall risk allowance for the project using

a simple calculation formula. The fourth method is multiple estimating using root mean square.
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Figure 8.3. Significant risk factors affect the NZ transportation infrastructure project cost (Source: Atapattu et al., 2023)
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In this study, the method adopted to calculate the risk component was the second method
mentioned above. This method requires the risk component to be calculated in three different
likelihoods: minimum cost, most likely cost, and maximum cost. The expert's opinions and
experiences and the lessons learned from past completed projects can be used to establish the costs
mentioned above. Once these three measures are established, MCS can calculate the total risk-

based estimation, combining the risk-free base estimate.

8.10 Model development

Risk-based estimation of MCS needs two primary measures to run the model. The first measure is
the base estimate of the project. Generally, the base estimate comprises the project's basic direct
cost, such as materials, labour, and plant, and other indirect costs, such as profits and on-site and
offsite overheads (Liu and Napier, 2010). Since there is less information available, parametric
estimation methods are required at the conceptual stage of the project. However, in this study, the
aim is to improve the reliability of the conceptual estimate of the NZ road projects. Therefore, the
predicted cost of the ANN-based model developed in Chapter 7 is the base estimate for the final

model development.

The second measure, the expected risk component, is the most critical ingredient of the final
model. In any construction project, the risk management process is implemented throughout the
project to identify, analyse, estimate, and mitigate the expected risks. It is necessary to have the
perspective of different project stakeholders to ascertain the risk component more accurately (Liu
and Napier, 2010). Consequently, the purpose of the risk management workshop is to use the
professional judgement of different project stakeholders to determine and quantify the cost-
effectiveness of the expected risk events. This risk component will be this model's second variable

or measure. Table 8.2 shows the risk calculation table. The cost data related to this risk analysis
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were selected from all the cases used for the model development. Subsequently, it was evident that

most cases had high risks in the top ten risk factors listed in Table 8.2.

Table 8.2. Risk component calculation table

= x Risk cost (NZ$)
Risk event S é g Lower- | Most | Higher
£ E x level likely level
'j x cost cost cost
1 | Frequent design changes XX XX XX
2 | Poor planning and scheduling XX XX XX
3 | Poor and incomplete tender documentation < - XX XX XX
4 | Delays in design § s 2 XX XX XX
5 | Mistakes/ errors in design and drawings = 8 © XX XX XX
6 | Unforeseen ground conditions 3 2 % XX XX XX
7 | Inaccurate cost estimates » £ 5 XX XX XX
8 | Poor site management and supervision < XX XX XX
9 | Poor project management XX XX XX
10 | Inaccurate quantity take-off XX XX XX
11 | Any other uncertain events specific to the XX XX XX
proposed project
Total risk component XXX XXX XXX

The ten factors identified by Atapattu et al. (2023) are also listed in the above table. According to
the study carried out among the NZ transportation infrastructure experts, these ten factors create
extremely high risks to the projects (Atapattu et al., 2023). In addition, there would be risk events
specific to the proposed project. These events must be identified and their risk probability
evaluated. Project risk analysis involves identifying the risks and uncertainties that may occur
during the project delivery and analysing the severity of their impact on the project. About the cost
estimation, the main concern is the impact of the risk events on the project cost. According to VVose
(2008), cost-related uncertainties are modelled using PERT or triangular distribution distributions.
The two variables mentioned above, base estimate and risk estimate, are added to the MCS and

the model is run to estimate the most probable final cost of the model.

MCS requires data on the probability density function (PDF) to analyse the construction risks
(Wing Chau, 1995). In the MCS method, PDF is generated using the provided range for the

abovementioned measures by generating many combinations of potential cost outcomes.
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Therefore, MCS considers the probability of the risk occurrence based on the series of possible
outcomes. Therefore, MCS is more robust in risk-based estimation than other statistical

techniques.

Once the ANN-generated base estimate and the possible risk estimate are combined, the next stage
Is to generate the probability distribution using the PDF generated. In this distribution, there are
countless possible outcomes for the project cost. The only change in this is the probability of the
risk. Since this is developed at the project's conceptual stage, the project team cannot produce an
exact risk estimate. Consequently, general norms are accepted in the industry for probability-based
risk estimation. The cumulative probability distribution has two significant positions: P50 and P95
estimates. Based on the provided base estimate, the P50 estimate assumes the probability of risk
occurrence is 50%. In P95, the probability of occurrence is assumed to be 95%. According to the
cost estimation manual of Waka Kotahi/ New Zealand Transport Agency (NZTA, 2021), the
difference between the base and P50 estimates is considered the contingency. However, if the base
estimate shows a low level of accuracy, then the P50 estimate will also not be reliable. Therefore,

the estimate provided by the ANN model developed in this study shows a higher level of accuracy.

Further, the difference between P50 and P95 is also a considerable risk allowance in road projects,
considering its high-risk involvement. Unavoidable reasons may cause the cost to go beyond the
P50 estimate. Hence, it is advisable to have this difference as a known factor for the funding party
of the project. Figure 8.4 shows the model developed in this study and how the final estimate is

derived.
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Frequency
A/Expected Estimate (50th percentile)

Cost Distribution

: / Base

/ Estimate 95th percentile

Cost ($)

Contingency Funding Risk Contingency

< »
< »

Figure 8.4. Risk-based estimation process (Source: NZTA, 2021)

According to Figure 8.4, the base estimate shows the ANN-generated estimate, which is more
accurate than the traditional cost estimation models. Then, the P50 estimate shows the expected
outcome of this study, which is the predicted final cost of the project. The predicted final cost is a
composition of the base estimate and the risk contingency. The graph also shows the P95 estimate.
If the project experiences further risks beyond the expected allowance, the additional cost must be
between P50 and P95 estimates. This model was run for all sixteen projects used for model
validation of the ANN model and derived the predicted final cost of the projects to compare with

the actual cost.

The following section discusses model testing and validation.

8.11 Model testing and validation

The same data set used in chapters 6 and 7 will be used to validate the hybrid model. In this way,
the performance of the three models can be compared efficiently and effectively. The equation
(Eq. 2) introduced by Kim et al. (2004) for Mean Absolute Percentage Error (MAPE) is used to

measure the error of the results in model validation.

MAPE = 2@ x*%°1 (Eq. 2)

n

Ce indicates the estimated cost through the new cost model, Ca indicates the actual cost of the case,

and n denotes the number of cases used for the validation.
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Using the base estimate generated from the ANN model, the MCS was run using the @Risk add-
in. The simulation was based on 10,000 iterations. According to Bouayed (2016), it is suitable to
have several iterations of more than 5,000 for project risk analysis. For each iteration, MCS select
a different cost for the particular project based on the provided ANN-generated base estimate and
the risk estimate. Once the simulation was completed, all the possible outcomes were plotted into
a histogram, indicating the total project cost distribution depending on the expected risk
contingency. Subsequently, the P50 estimate is selected as the final cost of each test case to
compare with the project's actual cost. Figure 8.5 shows the 10,000 iterations generated by the

MCS model for one of the test cases.
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Figure 8.5. Monte Carlo simulation model for test cases (Sources: @Risk add-in for Excel from Palisade)
Legend — Base estimate = 11,331,302.27; P50 estimate (Base estimate + Risk component) = 11,737,125.78

Based on the MCS distribution, absolute percentage errors (APE) were calculated for each test
case separately, and later, MAPE was calculated using Eq. 2, mentioned above. Table 8.3 shows
the MAPEs of all three models developed for comparison. The models were the RA-based model
developed in Chapter 6, the ANN-based model developed in Chapter 7, and the final ANN and

MCS combined hybrid model.

Table 8.3. Model validation results (Sources: RA model and ANN model data derived from chapters 6 and 7)

A RA Model ANN Model ANN+MCS Hybrid Model
ctual Cost Estimated Cost Estimated Cost Estimated Cost
0, 0, 0,
(NZ$) (NZ$) APE (%) (NZ$) APE (%) (NZ$) APE (%)

5,379,458.36 3,972,192.05 26.16% 6,899,887.60 28.26% 5,593,479.92 3.98%
5,469,708.59 6,711,879.41 22.71% 5,843,324.38 6.83% 5,803,066.59 6.09%
6,183,854.43 5,083,746.73 17.79% 6,589,217.26 6.56% 6,207,842.51 0.39%
6,761,382.89 8,872,286.63 31.22% 5,083,693.28 24.81% 6,865,439.54 1.54%
6,909,174.34 4,227,723.78 38.81% 5,477,487.87 20.72% 6,864,505.18 0.65%
6,964,095.39 297,631.46 9.57% 6,641,822.06 4.63% 6,946,067.29 0.26%

OO WN P
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7 7,075,124.51 6,051,353.99 14.47% 5,082,925.09 28.16% 7,095,423.07 0.29%
8 7,363,881.68 11,210,037.08 52.23% 5,499,259.58 25.32% 7,242,384.12 1.65%
9 8,111,879.42 10,784,743.69 32.95% 7,556,502.07 6.85% 7,770,549.26 4.21%
10 9,351,966.35 12,127,629.96 29.68% 8,994,509.72 3.82% 10,019,073.62 7.13%
11 9,470,985.65 10,055,345.46 6.17% 8,044,963.22 15.06% 8,931,138.80 5.70%
12 11,000,688.37 9,983,124.70 9.25%  11,331,302.27 3.01% 11,737,125.78 6.69%
13 11,911,646.74 10,828,878.05 9.09%  11,251,509.20 5.54% 12,655,189.15 6.24%
14 13,028,819.73 10,752,684.92 1747%  12,815,319.43 1.64% 13,174,239.61 1.12%
15 16,068,756.72 17,984,152.52 11.92%  16,946,004.03 5.46% 15,338,080.06 4.55%
16 17,092,831.00 19,161,063.55 12.10%  16,678,525.04 2.42% 16,071,320.03 5.98%

MAPE (%) 21.35% 11.82% 3.53%

APE - Absolute Percentage Error; MAPE - Mean Absolute Percentage Error; RA — Regression Analysis; ANN —
Artificial Neural Network; MCS — Monte Carlo Simulation

The data in the table can be further elaborated and clearly explained using a graph of the actual
cost against the predicted cost of each model. Figure 8.6 compares the actual cost of the 16-test
data set against the predicted cost of all three models developed in Chapters 6, 7, and 8: RA-based,
ANN-based, and ANN and MCS combined hybrid models. Although Table 8.3 already clarified
that the final model shows the lowest error rate, it is even more evident in Figure 8.6. All the test
cases indicate a slight difference between actual and predicted values. In contrast, RA and ANN-
based models show significant deviations in some cases, and their MAPE is higher than the hybrid

model.

The following section will discuss the findings of this study in-depth, along with similarities and

differences in the literature.
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Figure 8.6. Actual cost vs predicted cost of each model
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8.12 Discussion

The testing and validation results shown in Table 8.3 indicate that hybrid models combining
several statistical techniques perform better than a model with a single technique. According to
the results, the RA-based model achieved a MAPE of 21.35%, while the ANN-based model
achieved better performance with a MAPE of 11.82%. Further, the final model that combined

ANN and MCS techniques achieved even better performance with a MAPE of 3.53%.

According to the literature findings, only two hybrid models were developed by combining several
techniques. However, both models were developed for water infrastructure projects. Ahiaga-
Dagbui et al. (2013) developed a model combining ANN and fuzzy logic and achieved lowest
error of +0.6% to +0.8%. Ahiaga-Dagbui and Smith (2014) developed another model combining
RA, SVM and data mining techniques in another study. Their model showed an error between -
3.83% and +2.33%. Though the models showed significantly better performance, they cannot be

applied to road projects since they focused on water infrastructure.

Nevertheless, the models considered variables that need information from the post-design stage.
In Chapters 6 and 8, the models developed using RA and ANN were compared with similar models
in the literature. Table 8.4 summarises the performances of models developed for road projects

identified in the literature.

Table 8.4. Performance of similar cost models from literature

Reference Mode_lllng Performance/ MAPE
technique

1  Shrand Chen (2006) RA +5%
2 El-Maaty et al. (2017) RA +30.42%
3 Sodikov (2005) RA +30% to +36%

Training - +4.51%; Evaluation- +5.8%; Validation -
4 Adel et al. (2016) ANN +16.0%
5 Cirilovic et al. (2014) ANN R-squared — 0.7469

Lo Piers - 34%; Precast beams — 11.48%; Cast-in-situ —

6  Dimitriou et al. (2018) ANN 13.94%: Cantilever — 16.12%
7 El-Khaly (2019) ANN +39.8%

Back propagation — 10.4%; Simplex optimisation — 1%;
8  Hegazy and Ayed (1998) ANN Genetic algorithm — 21.8%
9  Jaafari et al. (2021) ANN 0.038%
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10 Mahalakshmi and Rajasekaran (2018) ANN 8.46%

11 Roxas et al. (2019) ANN Average 20% error
12 Sodikov (2005) ANN +24% to +26%
13 Tijanic et al. (2020) ANN Training — 10.22%; Validation — 13.06%

With bridge and tunnel data = 22.84%

14 Xueetal. (2020) ANN Without bridge and tunnel data = 40.62%
15 El-Sawalhi (2015) SVM -5% average error
16 El-Maaty et al. (2017) Flgélzcy +40.37%

In Chapter 7, the literature review identified eight other RA-based cost models developed for road
projects but are not in Table 8.4 (Ahmed, 2021; Cirilovic et al., 2014; EI-Maaty et al., 2017; Kim
et al., 2008; Lin and Techapeeraparnich, 2019; Mahamid, 2011; Ou and Swarthout, 1986; Zhang
et al., 2017). However, our study's final model performed satisfactorily well compared to these
models. As mentioned earlier, all the models mostly used variables that cannot be calculated during
the pre-design stage. Further, the above models performed less well than our model. For instance,

the error rates of the models identified in the literature were higher than 3.53%.

In contrast, out of the models listed in Table 8.4, only the model developed by Jaafari et al. (2021)
accomplished an error rate of less than 3.53%. All the other models showed higher error rates.
However, variables used in their model cannot be considered during the pre-design estimation. For
example, variables such as ‘the number of trees' and 'size of trees' can be decided after the initial
design is completed. Nevertheless, the focus of the research is only on forest roads. Therefore, this
model may not apply to other road types without investigation. On the other hand, the model
developed in our study considers only general road construction variables that can be considered
within any context or country. Therefore, the model can be easily adapted to other contexts as

well.

Another notable issue about the models in Table 8.4 is that each contains variables related to
information from post-design stages. Therefore, these models do not apply to conceptual cost
estimation. The purpose of these models was to resolve estimation issues at the tender stage or the

post-contract stage.
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Chapters 6 and 7 emphasise that RA and ANN techniques perform poorly in risk identification
and calculation. However, some of the models (Cirilovic et al., 2014; El-Kholy, 2019; El-Maaty
etal., 2017) contain variables that involve the future uncertainty of the project. The risk component
of the project cannot be calculated as an exact amount with certainty; instead, it is a probability-
based calculation. That was the reason our model combines ANN and MCS as one hybrid.
However, the models mentioned above considered only one technique to calculate the project's
technical and risk aspects. That is one of the significant drawbacks of using a single modelling

technique for cost estimation.

In this study, the risk factors were mainly based on the study of Atapattu et al. (2023). The top
factors were frequent design changes, poor planning and scheduling, poor and incomplete tender
documentation, delays in design, mistakes/ errors in design and drawings, unforeseen ground
conditions, inaccurate cost estimates, poor site management and supervision, poor project
management, and inaccurate quantities take-off. The priority and severity of these factors were
identified based on the NZ road projects study. Hence, applying the model in other contexts may

require carrying out and identifying the crucial risk factors in the context of the proposed project.

In contrast to the risk factors, the independent variables were selected, allowing the model to be
generalisable to other contexts. There were no variables considered to be specific only to NZ road
projects. Generally, the geographical location is the primary variable that can affect the project
context. However, this model adjusted this variable into 'distance from the nearest major city' to
allow adaptability to other countries. The nearest major city would be where the material, labour
plant supply, contractor and subcontractor setup are based. Therefore, this variable can impact the

project cost more severely than the geographical location.

The following section discusses the conclusions and recommendations for further research.
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8.13 Conclusion

Issues related to estimates and cost overruns have been a significant area of attention for
researchers and industry experts. The conceptual estimate of the project is crucial since it is the
basis for the funding and decision-making of the project. However, there has been a significant
difference between the conceptual estimate and the project's final cost. That, in turn, severely
affects the funding process as additional funds must be secured. The funding issue becomes even
more severe when the public sector funds the project. Therefore, this research aimed to improve

the reliability and accuracy of the current conceptual cost estimates in road construction.

The model developed in this study was a hybrid of ANN and MCS. ANN was utilised to calculate
the technical aspects of the project as the base estimate. MCS is considered to calculate the
probability and cost of the uncertainty. Overall, this hybrid model produced estimates with a 3.53%
mean absolute percentage error, a significantly improved performance compared to the literature

and the current cost overruns faced by road projects.

The main takeaway of this project is that at the conceptual stage, with less information available,
it is more crucial to use modelling techniques than the traditional parametric methods. Machine
learning and simulation models provide more robust estimation than traditional methods. With the
model considering the risk component probability, capturing the lessons learnt and knowledge
from completed projects is vital. Consequently, that knowledge can be transferred to the hybrid

model to improve the accuracy and reliability further.

This study's initial estimate produced using the ANN contains a MAPE of 11.82%. Then, on top
of that estimate, the risk component is added using the probability density function and simulation
modelling. If the final estimate (ANN + MCS) is revealed to those making a tender or a selected

contractor, they intend to achieve that budget target. That could result in experiencing additional
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overruns from the expected budget. However, if only the ANN-based estimate is known to the
contractor, they would be more careful when the actual cost comes near the budget limit. That is
because it is unknown to the contractor that some additional funds are left before surpassing the

actual budget limit.

Consequently, even if there were cost overruns compared to the ANN-based estimate, the client
would still have funds left to cover the additional cost. Therefore, this study recommends that the
final conceptual estimate combining ANN and MCS be only known to the consultant and the
client. The contractor should only know the lower estimate without incorporating the risk
contingency. Some projects may experience more positive and low adverse risks, resulting in a
lower overall final estimate than the ANN-generated base estimate. In this situation, the final
estimate can be communicated to the contractor as it is lower than the base cost. The key takeaway

of this discussion is that the additional risk contingency must be kept for clients' records only.

This study considered forty-three cases for model development and sixteen for model validation.
However, model reliability and accuracy can be improved by having more test cases as the model
reliability is increased with more knowledge captured from previous projects. Further, this study
considered only ANN as the technique for base estimate calculations. There may be other
modelling techniques which provide more robust estimates. Hence, it is recommended that hybrids
of other techniques be developed to see how their reliability compares to the ANN + MCS hybrid.
Finally, the risk factors considered in the MCS were based on the study conducted by Atapattu et
al. (2023) using NZ road projects, which may have different priorities in different contexts.
Therefore, a proper risk analysis is recommended before the conceptual estimate of this model is

used in other contexts.

199



Chapter 08 — Final conceptual cost model for pre-design stage of NZ road projects

8.14 Epilogue

This chapter studied combining two cost modelling techniques to increase the accuracy and
reliability of the models developed in chapters 6 and 7. Consequently, the study developed a hybrid
model combining the ANN model developed in Chapter 7 with the MCS modelling technique. As
a result, the study achieved the aim of having a reliable model to use for the conceptual cost
estimation during the pre-design stage. The next chapter discusses the overall findings of this

research towards achieving the final research aim.

200



Chapter 09 - Discussion

9 Discussion

9.1 Prologue

This chapter combines all the studies done in this thesis to make the research findings meaningful.
From Chapter 3 to Chapter 8, separate studies were done with six journal publications. However,
the six studies were done sequentially, answering each research question separately but moving
towards the ultimate research aim of this thesis. Thus, the discussion chapter evaluates the findings

and conclusions of each chapter towards achieving the overall research aim.

9.2 RIisk factors affect the transportation infrastructure projects in NZ

Once the cost overrun was identified as a significant issue in NZ road projects, the next step was
to investigate the major risk factors affecting the project cost. That is because these causes may be
the reason for experiencing cost overruns. Moreover, if the factors are not accommodated in the
conceptual estimation process, the solution must be a cost model to address the causes of cost

overruns.

Through a systematic literature review, fifty-three risk factors that affect the project's final cost
were identified. The factors were categorised into ten sub-groups: contractor-related, project
management and contract administration-related, design and documentation-related, financial
management-related, information and communication technology-related, labour management-
related, material management-related, environment-related, Psychology-related, and political-
related. Since the factors were identified through the literature, ranking them according to their
impact on NZ-specific behaviour is necessary. Therefore, a questionnaire survey was carried out

of Quantity Surveyors and Estimators with experience on Tl projects in NZ. Then, the survey data
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was analysed using quantitative analytical methods, and the factors were prioritised based on the

severity of their impact on the project cost.

The most significant ten factors in the order of severity were frequent design changes, poor
planning and scheduling, poor and incomplete tender documentation, delays in design, mistakes/
errors in design and drawings, unforeseen ground conditions, inaccurate cost estimates, poor site

management and supervision, poor project management, and inaccurate quantity take-off.

Figure 9.1 shows the main risk factors affecting the project cost. The severity of these factors was
prioritised based on the Quantity Surveyors perspective. In contrast, the results could have been
different if the survey had been conducted considering all the construction professionals.
Nonetheless, the survey was circulated only among the project's cost management professionals
since this research aims to improve the conceptual cost estimation. Therefore, the identified factors
should be based on the impact on the project cost rather than on the rest of the project
characteristics. Most of the significant factors are connected to the issues in the pre-contract stage.
Therefore, the study identified that measures should be taken to minimise the errors during the

pre-contract stage.

The following Table 9.1 summarises the findings of this research against the findings of the

literature. That was discussed in detail in Chapter 4.
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Frequent design changes

Poor planning and scheduling @
Poor and incomplete
tender documentation
Significant Risk factors
affect the NZ

Delays in design
infrastructure project cost

Mistakes/ errors in design and drawings Inaccurate quantity take-off

Unforeseen ground conditions

Inaccurate cost estimates

Poor site
management

| =
\

Poor project management

Figure 9.1. Significant risk factors affect the NZ TI project cost (Source: Atapattu et al., 2023)
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Table 9.1. Discussion of risk factors identified in the thesis against literature findings

Factor

Significance according to the current research

Reference

Frequent design changes

‘Lack of contractor experience’, ‘frequent design changes’, ‘economic
stability’ were the top three factors. To some extent their findings aligned
with our study. However, their study found a lower ranking for ‘frequent
design changes’ while our study identified it as a significant factor.

Ameh et al. (2010); Brunes and Lin (2014)

Poor planning and scheduling

Adequate project planning’ is essential to avoiding cost overruns.
However, they also argued that larger scale projects need the proper
planning compared to smaller scale projects, to avoid cost overruns.
According to our study ‘poor planning and scheduling’ achieved second
rank. Therefore, it is very important to avoid cost overruns regardless of
the project size. Andric¢ et al. (2019) emphasised that regardless of the
project size the project planning is required to be carried out properly to
avoid cost overruns.

Andri¢ et al. (2019); Contarelli et al. (2010);
Flyvbjerg et al (2004); Harrera et al. (2020)

Poor and incomplete tender
documentation

The findings are not directly applicable since the study was based on the
factors affecting the tender price. However, ‘incompetent tender

document’, ‘design and construction complexity’ and ‘completeness of the

project information” were ranked top three. Therefore, the factors are
slightly connected to the pre-tender stage information.

Jietal. (2014)

Delays in design

Mistakes/ errors in design and
drawings

Unforeseen ground conditions

Inaccurate cost estimates

Although these factors were identified as risk factors that impact the
project cost, none of the referenced studies recognised these as top
significant factors. In contrast, this research identified these within the top
ten factors. Based on the case study carried out in chapter 8 for the final
model, the additional cost of these factors was in fact significant.
Therefore, it is essential to consider them in the cost estimation.

Brunes and Lind (2014), Kumar (2020), Ameh et al.
(2010), Abdul et al. (2013), Challal and Tkiouat
(2012), Plebankiewicz (2018), Allahaim and Liu
(2012), Britto and Perera, (2013)

Brunes and Lind (2014), Ji et al. (2014), Ameh et al.
(2010), Abdul et al. (2013), Challal and Tkiouat
(2012), Allahaim and Liu (2012), Britto and Perera
(2013), Garry et al. (2006)

Brunes and Lind (2014), Adam et al. (2017), Ameh et
al. (2010), Challal and Tkiouat (2012), Allahaim and
Liu (2012), Park and Papadopoulou (2012)

Abdul et al. (2013), Adam et al. (2017), Ameh et al.
(2010), Challal and Tkiouat (2012), Plebankiewicz
(2018), Allahaim and Liu (2012)

Poor site management and
supervision

‘Price fluctuation’, ‘financial difficulties of the contractor’, ‘poor site
management and supervision’ were ranked among top factors. However,
these are related to the post contract stage while our study suggested that
the top-ranking factors are pre-design stage related.

Abdul et al. (2013)
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Since these factors are qualitative risk factors, it is challenging to incorporate them into a technical

variable-based traditional estimation process.

9.3 Cost overruns in NZ road projects

Cost overruns are a common global issue faced by all construction projects. Much research has
been done to study the cost overruns in various construction projects. However, there is a lack of
research into the NZ projects and no research on NZ road projects. Nevertheless, the magnitude of
investment for the future of road projects in NZ is significant. Therefore, this study focussed on

road projects to discover the issues related to cost estimation and overruns.

Researchers identified that the cost overrun issue has remained the same over the past seventy
years in general construction projects. Further, the infrastructure projects face cost overruns of
approximately 20% or more (Flyvbjerg et al., 2003). However, it was necessary to study the
severity of this problem in NZ road projects before finding a solution. Therefore, data was
collected from one hundred and six road projects completed during the past two decades, and the
behaviour of the cost overruns was studied. According to Flyvbjerg et al.'s (2003) study, the MPCO

of road projects was approximately 21%.

In contrast, a recent Odeck (2019) study observed that the MPCO of road projects increased by
approximately 27%. On the other hand, Endut et al. (2009) studied all infrastructure projects
together but public and private projects separately. According to their study, public projects faced
47% cost overruns while the private sector faced 37%. Since the road projects are mainly public,
the cost overrun has become a severe issue. However, according to this research (chapter 4), the
NZ road projects face approximately 20% cost overruns. Although the percentage is less compared
to the literature findings, it is still a significant issue considering the time taken, the risk involved,

and the usage of public funds.
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Consequently, the study also identified that the cost overrun magnitude is not impacted by the year
of project execution. In contrast, the project size and the duration are vital to the magnitude of the
cost overrun. For this study, the project size was defined by the project's contract value, and the
time was defined by the year of completion. Similar studies were carried out by Flyvbjerg et al.
(2003) and Huo et al. (2018). The findings of this research were similar to Hu et al.'s (2018)
research while contrasting findings were observed by Flyvbjerg et al. (2003). Subsequently, the
study emphasised that a solution was needed to address the issues with cost estimation and cost

overrun due to no improvement in the problem over the two decades studied.

Chapter 5 investigated the possible statistical methods to improve the conceptual estimation

process. The following sub-section discusses the findings of Chapter 5.

9.4 Statistical techniques for better cost estimation process of infrastructure

projects

A bibliometric literature review was conducted using the literature published on the statistical
techniques used for cost estimation of construction projects. The analysis identified seven primary
statistical techniques, namely, regression analysis (RA), artificial neural networks (ANN), support
vector machine (SVM), Monte Carlo simulation (MCS), case-based reasoning (CBR), reference
class forecasting (RCF), and fuzzy logic. These were the most frequently used techniques in cost
forecasting modelling for construction projects. However, techniques such as CBR and RCF
should have a robust cost database with many projects to produce reliable estimates. However, the
other techniques can perform well with fewer projects, but identifying the correct independent

variables is vital and can impact the model's performance.

Content analysis was carried out to evaluate the performance of each technique for infrastructure

project estimation. The most suitable techniques for road projects were RA, ANN and SVM (Adel
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etal., 2016; EI-Sawalhi, 2015; Shr and Chen, 2006) because these techniques showed lower errors
with higher performances. In addition, two models were identified and developed for water
infrastructure projects with the lowest error rates. The speciality of these two models was that
several statistical techniques were combined to improve reliability and accuracy. The techniques
used for one model were ANN and fuzzy logic (Ahiaga-Dagbui et al., 2013), while the second
model comprised RA and SVM (Ahiaga-Dagbui and Smith, 2014). Table 9.2 is an extract from
Chapter 5, which discusses the performance of several cost models developed for infrastructure

projects.

Table 9.2. Cost models developed for infrastructure projects

# Mode_llmg Reference Project Variables MSE*
technique type
Roads . .
01 RA Shr and and The final cost,. awardeq b|d days L_Jsed, actual +50%
Chen (2006) hi contract duration, and initial duration. B
ighways
Inadequate project planning and execution,
insufficient cost planning and monitoring, lack of
communication between construction parties,
price fluctuations, lack of proper technical study
Roads before the tender by the contractor, errors in
El-Maaty et project quantities measurements, slow decision-
02 RA and ; - . +30.42%
al. (2017) highwavs making process, equipment failures, lack of
ghway adequate field visits before tendering by the
contractor, inappropriate use of project site,
improper use of materials, inaccurate drawings
and contract documents, material monopoly by
suppliers, inflation, and rework.
Roads Predominant work activity, project duration,
Sodikov pavement width, shoulder width, ground rise fall,  +30% to
03 RA and -
(2005) hi average site clear, earthwork volume, surface +36%
ighways :
class, and base material.
Primary parameters
Percentage of tunnel section over the total length
of the rail, percentage of the total length of
elevated stations over the total rail length,
percentage of the total length of at-grade stations
Sonmez and over the rail length, percentage of the total length
. Urban of cut-and-fill method over the main line length,
04 RA Ontepeli - . - - +35.2%
railways  supply and installation of the rails, and the
(2009) .
number of underground stations.
Secondary parameters
Contract type, number of at-grade stations,
number of elevated stations, the main line length,
and percentage of the total length of depressed-
open sections (ramps) to the total rail length.
. . . Training -
Roads Project scope, duration, year of construction, )
Adel et al. : b L - +4.51%);
05 ANN and project region, mainline length, mainline ;
(2016) . Y Evaluation-
highways classification. +5 8%
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Validation -
+16.0%

06

ANN

El-Kholy
(2019)

Roads
and
highways

Inadequate project planning and execution,
insufficient cost planning and monitoring, lack of
communication between construction parties,
price fluctuations, lack of proper technical study
before the tender by the contractor, errors in
project quantities measurements, slow decision-
making process, equipment failures, lack of
adequate field visits before tendering by the
contractor, inappropriate use of project site,
improper use of materials, inaccurate drawings
and contract documents, material monopoly by
suppliers, inflation, and rework.

+39.8%

07

ANN

Sodikov
(2005)

Roads
and
highways

Predominant work activity, project duration,
pavement width, shoulder width, ground rise fall,
average site clear, earthwork volume, surface
class, and the base material.

+24% to
+26%

08

ANN

Sonmez and
Ontepeli
(2009)

Urban
railways

Primary parameters

Percentage of tunnel section over the total length
of the rail, percentage of the total length of
elevated stations over the total rail length,
percentage of the total length of at-grade stations
over the rail length, percentage of the total length
of cut-and-fill method over the main line length,
supply and installation of the rails, and the
number of underground stations.

Secondary parameters

Contract type, number of at-grade stations,
number of elevated stations, the main line length,
and percentage of the total length of depressed-
open sections (ramps) to the total rail length.

Model 1 -
+49.8%);
Model 2 -
+33.3%

09

SVM

El-Sawalhi
(2015)

Roads
and
highways

Road area, road surface type, base course type,
base course thickness, interlock thickness, asphalt
thickness, pipe diameter, manhole depth, cut and
fill volume, curb length

-5% average
error

10

Fuzzy
logic

El-Maaty et
al. (2017)

Roads
and
highways

Inadequate project planning and execution,
insufficient cost planning and monitoring, lack of
communication between construction parties,
price fluctuations, lack of proper technical study
before the tender by the contractor, errors in
project quantities measurements, slow decision-
making process, equipment failures, lack of
adequate field visits before tendering by the
contractor, inappropriate use of project site,
improper use of materials, inaccurate drawings
and contract documents, material monopoly by
suppliers, inflation, and rework.

+40.37%

11

ANN and
Fuzzy
hybrid

Ahiaga-

Dagbui et al.

(2013)

Water
infrastruc
ture

Tendering strategy, site access, type of location,
project type, Contractor’s need, soil type, initial
cost, and the initial duration.

+0.6% to
+0.8%

12

RA, SVM
and data
mining
hybrid

Ahiaga-
Dagbui and
Smith
(2014)

Water
infrastruc
ture

Tendering strategy, procurement strategy, ground
condition, soil type, delivery partner, scope, the
purpose of the project, and location

-3.83% to
+2.33%

*MSE — Mean Squared Error
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Although it is evident that RA, ANN, SVM and hybrid models performed very well with the
infrastructure projects, there are variables in these models that do not have enough information
during the pre-design stage. Therefore, these models do not apply to the conceptual cost estimation.
Consequently, this research applied these techniques to the NZ road projects to see the possibility
of using these techniques to improve the current conceptual cost estimation practice. Subsequently,
the following three sections discuss the model development for NZ road project conceptual

estimation based on RA, ANN, and hybrid models.

9.5 Regression analysis as a cost modelling technique for NZ road projects

Under Chapter 6, the regression analysis (RA) technique was investigated in-depth to develop a
cost estimation model using the concept for NZ road projects. Forty-three completed road projects
completed between 2002 and 2022 were used to develop the model. RA-based models adopt four
significant assumptions that will be tested later once the model is developed. They are linearity,
normality, independence, and homoscedasticity. Data for the twelve independent variables were
collected. The variables were road length, road width, distance from the nearest major city, the
number of bridges, the approximate length of retaining walls, ground improvements area,
pavement area, cut and fill area, expected project duration, expected year of completion, expected
preliminary cost as a percentage of the project cost, and expected percentage change in

construction cost index (CCl).

The backward elimination method was used to develop the model. In this method, every time RA
was run, it eliminated the independent variable with an insignificant p-value. The best combination
of the independent variables was model 6, with road length, road width, the number of bridges,
pavement area, cut and fill area, expected preliminary cost as a percentage of the project cost, and
expected percentage change in CCI. Later, the tests were run to test the four regression

assumptions. It was observed that the model met all the regression assumptions.
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On the other hand, model 6 achieved 0.593 of adjusted R-squared value, the highest value of all

the eight models. Further, model 6 also achieved the lowest standard error of the estimate out of

all eight models. Therefore, model 6 also passed the model fit test as well.

The next stage was to validate the model. This research used additional data from sixteen NZ road

projects for model validation. Mean Absolute Percentage Error (MAPE) was used to measure the

models’ performance. All eight models were tested using the validation data set. Consequently,

model 6 achieved 21.35% of the MAPE value. However, although the model achieved a good

result among the eight models, MAPE is still considerably high. Therefore, concluding that the

model can improve the current conceptual estimation practice is doubtful. Nevertheless, there

might be other independent variables in the projects that have not been considered in this research.

Table 9.3 compares similar RA models with the model developed in this study.

Table 9.3. Findings discussion against similar RA models from literature

Model

Comparison

Ou and Swarthout (1986)

The model cannot be used for conceptual cost estimation because some of the
variables require tendering information, such as date of advertisement, lowest bid,
percentage differences of the average bid/ lowest bid.

Kim et al. (2008)

Model showed lower error rate of 13.28% compared to our study. However, the cost
data base was old in this model and needs upgrading. The model used projects from
1991 — 2001 and only twenty-seven cases were used, while our model used forty-
three projects from 2002 — 2022.

Mahamid (2011)

The model reported that the MAPE ranged from 13% to 31%. However, the
researcher reported that, out of the ten models with the highest accuracy they
excluded the significant variables such as road length and width. However, in our
study, model 6, which reported the lowest MAPE, considered all the significant
variables during the conceptual stage. Regardless of the above, Mahamid (2011)
models indicated higher adjusted R-squared values than our study.

Cirilovic et al. (2014)

The model predictions are based on the variables related to the country’s economy
rather than the technical attributes of the project. Project duration and road length
were the only variables that defined the project characteristics. However, in our
models, all the independent variables can be used to define the project. Considering
the background of NZ’s economy, the variables considered in Cirilovic et al. (2014)’s
models may not significantly impact road projects over the technical aspects of the
project.

El-Maaty et al. (2017)

The model showed an error more than 30%. Further to that the model was developed
to predict the percentage of cost overrun. Therefore, it is not possible to use this as a
conceptual cost model.

Zhang et al. (2017)

There were two models developed with error of only 7.1% and 7.6%. However, the
models cannot be used to anticipate the conceptual cost estimate. For instance, there
were variables such as contract price, construction spending, prime loan rate, and
weather days. These factors are not easy to anticipate at the beginning of the project.

Lin and Techapeeraparnich
(2019)

They also conducted similar research based on forty-four road projects in Thailand.
Unlike most of the regression models discussed above, Lin and Techapeeraparnich
(2019) took a similar approach to our study in finding the variables because the
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variables the model comprised of were road length and width, number of lanes,
pavement type, earthworks, and miscellaneous work. The paper did not discuss the
performance of the models in terms of error rates. However, in contrast to Dimitriou
et al.’s (2018) findings, Lin and Techapeeraparnich (2019) observed that the
regression model achieved better performance than the ANN-based model in terms
of R statistics. On the other hand, compared to the R statistics of our models, Lin and
Techapeeraparnich (2019) accomplished better R statistics in their model.

Ahmed (2021) There were two models developed for roads and railways associated with tunnels.
The model’s accuracy was tested using the ratio of the predicted cost to the actual
cost. The mechanised tunnelling roads/ railways-based model showed 0.782, while
the conventional road and railways showed 0.768 as the accuracy ratio. But all eight
models developed in this research (refer to chapter 6) achieved ratios closer to 1
compared to Ahmed’s (2021) study results.

Based on the above discussion, although several cost models are developed using RA, most cannot
be used for conceptual cost estimation as their target is the tender or post-contract stage—
conversely, the model developed in this research aimed for conceptual cost estimation
improvement. However, the RA-based model's performance was unsatisfactory, showing a mean
error of 21.35%. According to the findings of Chapter 4, the cost overruns in NZ are
approximately 20%, yet, in general, other countries also showed mean cost overruns of more than
20%. Therefore, chapter 7 investigated ANN as a modelling technique for conceptual cost

estimation. The following section discusses the model developed using the ANN technique.

9.6 Artificial neural network as a cost modelling technique for NZ road

projects

Since the RA-based model did not achieve significant results, as discussed in Chapter 7, the ANN
technique was adopted to develop another conceptual cost model using the same data set. The
independent variables for this model were also the same as the RA-based model. ANN is a
technique similar to the human brain and the nervous system because the model uses previous
experience and responds to complex problems. Typically, the ANN model contains several layers,
mainly the input layer, one or two hidden layers, and the output layer. Input layers consist of the
independent variables where the user can enter the data of the proposed project. Then, based on

the inserted data, the ANN model runs the calculations using the previous data used for model
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training and testing. These calculations happen in the hidden layers. Finally, the output layer gives
the output for the proposed project, and in this research, the output was the final cost of the NZ

road projects.

The study developed six ANN-based models by changing the number of variables, neurons in the
hidden layers, and activation function (Tanh or sigmoid). During the model development, two
main stages of testing were carried out: the training and testing phases. Out of all six models,
model 2 achieved better results than the others. The R-squared values of the training and testing
phases were 0.977 and 0.993, respectively. Further, the Root Mean Square Error (RMSE) value of
each phase was 0.279 and 0.245, respectively. Although a few models have achieved higher R-
squared values than model 2, the lowest RMSE value of the training phase was achieved by model

5.

However, to justify the selection of model 2, it is essential to validate the model. Therefore, similar
to Chapter 6, the same validation data set was used to validate the ANN-based model. As expected,
the lowest MAPE value, which is 11.82%, was achieved by model 2. Surprisingly, model 2
achieved the highest R-squared value for the validation phase, 0.877. All the other five models
showed R-square values less than 0.8. Therefore, based on the model statistics, model 2 is a perfect
model for the cost estimation of road projects. Table 9.4 compares the model performance with

similar ANN-based models identified in the literature.

Table 9.4. Findings discussion against similar ANN models from literature
Model Comparison
Hegazy and Ayed (1998) Backpropagation training-based model — Error 10.4%.
Simplex optimisation-based model — Error 1%
Genetic algorithms optimisation — Error 21.8%
However, the model was developed using Excel in 1998. Therefore, applicability of
the model for today’s construction industry is doubtful without re-testing.

Sodikov (2005) Developed ANN-based model using data set from two different countries. However,
the error rates were higher than the results of our study (which were 24% and 26%).
Elbeltangi et al. (2014) Model achieved a much less error of 2.86%. Although the research was done in 2014,

the data base used for the model development was between 2001 and 2005.
Therefore, modern application of the model needs re-testing. Out of the independent
variables, soil type and financial condition are the two variables that cannot be
utilised for conceptual cost estimates.
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Cirilovic et al. (2014) Models used nineteen variables, which is a bit excessive. Mainly the variables such
as road sector gasoline fuel consumption, transparency international corruption
perception index were also used as variables. It is difficult to understand the
connection between such variables and the construction cost of the road project.
Further, there are several variables that have no information during the pre-design
stage. At the end, the models with highest performance contained only oil prices,
climate conditions, road sector gasoline fuel consumption, transparency/
international corruption perception index, and world governance index.

Adel et al. (2016) The best model achieved 16% MAPE at the validation phase. The variables
considered were also relevant to the pre-design stage. Therefore, the model can be
used for conceptual estimates. Nevertheless, the model developed in our study
achieved less error compared to this model.

Mahalakshmi and Their model was able to predict the outcome with a MAPE of 8.46%. This

Rajasekaran (2018) performance is much higher compared to our study. However, their model
considered: topography, pavement type, soil condition, and drains. However, these
were not considered in our model, because for the conceptual estimation stage, these
variables’ information is not available.

El-Kholy (2019) All the models showed MAPE higher than 25%. It was highlighted in these models
that out of the fifteen variables used, most of them are qualitative and risk-related
factors. It was further emphasised that ANN cannot ascertain the project risks alone
when risk factors are incorporated into the model as independent variables.

Jaafari et al. (2021) Model showed a percentage of relative error index of 0.038%. Compared to most of
the models developed for road projects, this model achieved an outstanding
performance. However, this model considered variables such as number of trees, size
of trees, cut and fill slopes, drainage, and culvert details. These variables cannot be
used for conceptual estimate as there will be no details available at pre-design stage
of the project.

Based on the literature comparison, the model developed in our research provides good insights
into the current body of knowledge. Subsequently, the conceptual cost estimation models
identified in the literature were either outdated, since some were developed a long time ago or
contain variables that cannot be considered during the pre-tender stage, or some variables do not
have an excellent connection to the project cost but yet identified as crucial variables, or the models
showed a high rate of error. In contrast, our ANN model fills this research gap by providing a

conceptual cost estimate model with a considerably low error rate.

The performance of the ANN-based model (model 2 — chapter 7) achieved better performance than
the RA-based model (model 6 — chapter 6). Nevertheless, the MAPE is still higher than expected.
The reason could be that none of the risk factors identified in Chapter 4 were considered in either
model. Therefore, other independent variables can affect the project cost but are not considered

here since the twelve variables considered were the maximum data that could be extracted from
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the projects. Hence, the following section discusses the final model developed in this research to

solve the above issue.

9.7 A conceptual cost estimation model for pre-design stage of NZ road
projects — A hybrid of combining artificial neural network and Monte

Carlo simulation

In Chapter 8, the investigation was conducted to incorporate the risk expectations of the project
into the model. That is because the traditional costing methods do not consider these methods.
MCS is an excellent technique to model the uncertainty of a project; however, the base estimate
(the estimate before adding the risk) must be provided to MCS to generate the uncertainty.
Therefore, in Chapter 8, ANN was combined with MCS. ANN produced the base estimate of the
project using the model developed in Chapter 7, with a MAPE of 11.82%. Estimating the expected
risk component is necessary to identify the risk. Therefore, the risks identified in Chapter 4 were
used in Chapter 8 to estimate the risk component in the three measures: a low-risk estimate, a most
likely estimate and a high estimate. Since the MCS calculates the risk based on the probability of
occurrence, there can be unlimited possibilities for the risk component combination. However, two
probabilities were considered and compared with the actual cost of the sixteen validation cases
used in chapters 6 and 7. The possibilities were P50 (50% probability) and P95 (95% probability).
Subsequently, the P50 estimate was the most reasonable and closest to the actual cost of the

validation cases, and it achieved a MAPE of 3.53%.

Compared to the models developed using a single technique, as discussed and compared in the
above sections 9.4, 9.5, and 9.6, the hybrid model developed in Chapter 8 shows significantly
better results. Further, this model can be easily used for conceptual cost estimation of road projects.
Chapter 5 only identified two hybrid models (Ahiaga-Dagbui et al., 2013; Ahiaga-Dagbui and

Smith, 2014). One model combined ANN with fuzzy logic, and the other combined RA, SVM and
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data mining. Both models achieved significantly high performance as errors were less than 1%.

However, the models were developed for water infrastructure projects.

In contrast, this thesis developed a model using ANN to calculate the base estimate and combined
it with MCS to calculate the uncertainty with a good performance level. According to the literature,
our model is the first hybrid model combined with ANN and MCS to accommodate both the
technical side of the project and the uncertainty side of the project into one model for road projects.
Although the model was developed using NZ case study data, the variables were selected carefully

to allow the model's adaptability in other contexts.

9.8 Epilogue

This chapter discussed the achievement of the overall research aim by combining the learning from
each chapter. The next chapter discusses the conclusions of this thesis and recommendations for

further research.
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10 Conclusions and recommendations for further research

10.1 Prologue

This chapter presents the research overview, followed by a discussion on achieving the research
objectives. The original contribution of this study to the construction financial management
domain is also presented. The chapter then explains the study's limitations and recommends further

research studies.

10.2 Research Overview

This research aimed to develop a cost model for the early design stage of road projects in NZ based
on statistical analysis techniques. At this stage, there is limited information available on the
proposed projects. Further, it is challenging for traditional estimation methods to provide reliable
cost estimates. Therefore, the traditional cost estimation methods need upgrading. The research
gap aims, objectives and questions were established in light of this. Each objective was
investigated through one journal paper, comprising six journal papers. This thesis was structured
into ten chapters: introduction, research methodology, literature review, data collection, analysis

and findings, final model, discussion, conclusion, and recommendations.

Chapter 1 studied the background of the research topic, identified the research gap and established
the research aim, objectives, and questions. This chapter outlines nine objectives to be met to
achieve the overall aim of the research. Those objectives were in chronological sequence, and to
meet each objective, a continuous step-by-step process was conducted, as discussed in the

following sections.

Chapter 2 explained the research methodology adopted for this research. It started with exploring

the nature of the research aim, research questions and objectives. Based on this, the chapter defined
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the research philosophy applicable to this research. Subsequently, the selected philosophy

identified the suitable methodology for the research.

Chapter 3 explored the possible risk factors affecting the cost of infrastructure projects. As
background and research gap analysis suggests that the current estimation process needs
improvement, this chapter investigates the causes or the factors that must be considered in the
estimation process. Initially, a systematic literature review was conducted to identify the main
factors globally accepted as the causes of cost overruns. Then, a questionnaire survey was
conducted to validate and prioritise the NZ-specific factors. The chapter finally concluded that

these significant risk factors should be incorporated into the cost model to improve reliability.

Chapter 4 investigated the cost overruns in road projects in NZ. Although Chapter 1 of the
background study identified that cost overruns are a global phenomenon, it is essential to identify
the severity of this problem within the NZ context. Actual data from the road project in NZ were
collected and analysed to identify the issues of cost overruns. The chapter identified that cost
overrun is a significant issue in NZ road projects and needs a solution regardless of the project

size, such as small-scale, medium-scale, or large-scale.

Chapter 5 conducted a bibliometric literature review to identify the significant cost modelling
techniques used for cost forecasting models. That is because Chapter 3 concluded that the current
estimation process needs upgrading, while Chapter 4 recommended that the estimation process
should be able to address the significant risks in the model. However, traditional estimation models
do not consider risk factor analysis. Therefore, the findings of this chapter are highly significant

as this will provide the background to connecting the research problem with the solution.

Chapters 6 and 7 developed two cost models using RA and ANN. These two techniques were
identified in Chapter 5 as practical techniques in road project estimation. Several models were

developed using RA and ANN in these two chapters using the actual cost data collected from NZ
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road projects completed within the last decade. Later, the models' performances were evaluated,
tested, and validated using additional case data and recommendations were made for further
research. Based on the performance, it was observed that ANN can provide a more reliable
estimate than RA within the considered parameters. Nevertheless, these two models did not

consider the risk associated with the project.

Chapter 8 considered the risk component of the project within the estimation by combining MCS
with ANN. The estimations produced through the ANN model developed in Chapter 7 were run
through MCS to incorporate the risk component into the estimation. The RA-based model was not
considered for this since the model's performance was lower than the ANN-based model. Finally,
the recommendations were developed for further research based on the hybrid model, which is the

overall output of this research.

Chapter 9 discussed all the chapters as contributors towards one specific research aim.

Chapter 10 is the last chapter of the thesis, providing conclusions of the research, contribution to

academia and the industry and recommendations for future research.

The following section discusses the research content, the chapters and the achievement of the

research objectives in chapter 1.

10.3 Research objectives achievement

This thesis aimed to improve the accuracy of the current early-design stage cost estimation practice
used in NZ road projects. Four main research questions were formed in order to achieve the overall
aim. Subsequently, those four research questions were subdivided into eight research objectives.
The main chapters of this research, Chapters 3, 4, 5, 6, 7, and 8, focussed mainly on achieving

these eight objectives.
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The first research question (RQ1) was, "What are the primary risk factors affecting the final cost
of the NZ road projects?" This research question was answered through two objectives. RO1
explored the risk factors affecting the cost of construction projects, while RO2 distinguished the
significant risk factors specific to NZ road projects. RO1 was achieved through the systematic
literature review. Fifty-three risk factors were identified under ten subcategories of overall
construction projects. Later, a questionnaire survey was conducted to validate, prioritise, and
identify the factors significant to the NZ road projects. Ten significant factors were identified,
mainly concerning the qualitative risk factors rather than technical factors addressed in the current
estimation practice. Therefore, this chapter recommended incorporating these risk factors into the

estimation process.

The second research question (RQ2) was, "Is the cost overrun a significant issue in NZ road
projects?”. In order to answer the above question, two objectives were formulated. The third
objective (RO3) was identifying the severity of the cost overrun issues in NZ road projects. In
addition, RO4 was to investigate whether the cost overrun depends on the project size or the time.
Both objectives were covered in Chapter 4. The background literature showed that cost overrun is
a global phenomenon without any improvement over the past seventy years. Therefore, the actual
cost data from the completed one hundred and six road projects in NZ for the past two decades
were used to investigate this problem within the NZ context. Based on the data analysis, it was
noted that cost overrun is significant in NZ road projects regardless of project size and time. Hence,

it was concluded that the current estimation practice needs improvement.

The third research question (RQ3) was, "Which modelling techniques can be used to develop a
prediction model for cost estimation of transportation infrastructure projects?" Similar to the
previous two questions, there were two objectives in this question, and both were covered in

chapter 5. RO5 was to examine the statistical analytical techniques used for developing cost
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models for construction projects. Then, RO6 was to investigate appropriate conceptual cost
modelling techniques to use at the pre-design stage to ensure more accurate out-turn cost prediction
in transportation infrastructure projects. A bibliometric literature review was conducted to achieve
both objectives. Seven statistical techniques were identified and used in the construction industry
to develop cost models. These were regression analysis (RA), artificial neural network (ANN),
support vector machine (SVM), Monte Carlo simulation (MCS), Case-based reasoning (CBR),
reference class forecasting (RCF), and fuzzy logic. RA, ANN, SVM, and hybrid models combined
several techniques to achieve higher performance with lower errors. It was recommended that

these techniques be examined in-depth to develop better cost estimation practices.

The fourth and final research question (RQ4) was, "Can modelling techniques be used to develop
a reliable cost estimation model for NZ road projects?" In order to answer the above question,
three objectives were established. RO7 was to develop and validate the best cost model for
conceptual estimation for the pre-design stage of road projects in NZ. Therefore, based on the
findings from Chapter 5, chapter 6 carried out a case study on NZ road projects and developed a
cost model using the RA technique. This objective was achieved through document analysis.
Although the model could predict the cost, the Mean Absolute Percentage Error (MAPE) was
21.35%. Therefore, the reliability of the model is not significant. Hence, under the same objective
(ROT7), another experiment was conducted using ANN in chapter 7. Based on the analysis, the
developed model achieved a lower error rate of 15.34% compared to RA. However, this
performance is not yet satisfactory for the NZ road projects, considering the significance of cost

overruns in such projects.

Subsequently, in Chapter 8, RO7 and RO8 were combined to examine if the model performance
can be improved by combining several methods. In RO2, it was emphasised that project risks are

significant cost estimation and that this component should be incorporated into the estimation
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process. However, RA and ANN did not consider any risk factors. Further, in Chapter 5, it was
revealed that those techniques did not perform well with risk-related variables. Hence, chapter 8
investigated MCS as a risk estimation technique that can combine with either the RA-based or
ANN-based models. However, since the ANN-based model showed lower error than the RA-based
model, this chapter only considered the ANN model in combination with MCS. The findings
revealed that by combining ANN and MCS, the MAPE can be reduced from 15.34% to 3.53%.
That is a significant achievement and contribution to knowledge in the domain of construction
project estimation. Finally, the chapter also made recommendations for further improvement of

this result.

Figure 10.1 summarises the above discussion and elaborates on the achievement of the objectives

against the content of each chapter.

The following section discusses the contribution of this research to academia and the industry.
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53 significant risk factors were
identified under 10 different
categories.

> Chapters >[ Chapter 3
To explore the risk factors -
affecting the cost of construction Methodology >[ Systematic literature review
projects 2 Outcomes
Objective No. 2

> Chapters >[ Chapter 3
To distinguish the significant risk | NeThadaTogy >[ AN At
factors affecting the cost of NZ Quantitative analysis
road projects S Outcomes

v~—4—4 V—4—4

Objective No. 3

|

10 factors were identified with
significant impact on project cost.
It was noted that these factors are
not incorporated in the traditional
estimation process.

h hapter 4 -
To identify the severity of cost 2 Cheplers >[ Chapte ] Identified that cost overrun as a
T v a— Methodology >[ Document  analysis with] significant issue in NZ road
roiects quantitative analysis projects over the past decade with
projects. Outcomes > no improvement.
Chapters >[ Chapter 4 ] Observed that there is no
0 mves(tjlgate dWheth;: L 9°SI Methodology Document analysis  with significant difference of the
gl\;eerrol:_nthei?ﬁ:e S on the projec quantitative analysis impact on  cost overrun
: Outcomes > magnitude by the project size and
the time.
Objective No. 5
To examine the statistical [> Chapters >[ Chapter 5 ] 7 statistical techniques were
analytical techniques used for — S —— identified that are been used by
developing cost models for |2 ethodology >[ review ] the researchers to develop cost
construction projects. S S > forecasting models for
construction projects.
Objective No. 6
S Chapters >[ Chapter 5 ] Regression analysis, artificial
To identi the  statistical
. fy . : S Methodology Content analysis of literature neura.l network, support vector
analytical techniques with better rdings machine were the standalone
performance than the other techniques with higher
techniques  and traditional |2 Quicomes > performance rate. Performance
conceptual estimation practices. can also improve by combining
several techniques.
Objective No. 7
To develop and validate the best > S >[ il ] Eight regression analysis-based
cost model for conceptual Methodology Document analysis, quantitative, models were de\{eloped using 12
e G0 e (et regression analysis independent variables. The best
stage of road projects in NZ oS > model ‘showed a MAPE of
) 21.35%.
Chapters Six artificial neural network-

Objective No. 7 & 8

Document analysis, quantitative,
artificial neural network

>[ Chapter 7 ]
)

Outcomes >

based models were developed
using 12 independent variables.
The best model showed a MAPE
of 11.82%.

To examine if the
performance can be improved by
combining several methods.

Chapers >[ Chapter 8 ]
model Methodology >{ Quantitative, Artificial neural I]
n
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10.4 Research contribution

This thesis contributes to the existing body of knowledge on the conceptual cost estimation
practice in road projects. The study focuses on improving the issues in the current traditional
estimation process in NZ road projects by adopting cost modelling techniques into the cost model.

The contributions of this research are outlined and discussed below.

10.4.1 Theoretical contribution

The significant theoretical contribution of this thesis is the development of the cost estimation
model for the early design stage of road projects. The study findings establish the necessity of
resolving the concerns of cost overruns. Further, it also emphasises that the current conceptual
estimating techniques need upgrading. Based on past research, this study provided a list of risk
factors which affect the TI project cost and possible statistical techniques for cost estimation. The
theoretical findings of this research were further tested and validated through a questionnaire
survey and document analysis to provide recommendations for the construction domain of the
research. The research identified significant statistical techniques and compared the performances
to identify the most robust techniques in predicting the reliability of the cost for construction
projects. Therefore, the research contributes to the theory by comparing and suggesting reliable
techniques for cost estimation and recommending ways to improve their performance and

reliability.

Furthermore, according to the literature, this study is the first investigation conducted using ANN
and MCS to explore the possibility of combining them as one model. Consequently, models have
been developed to accommodate risk factors and technical factors. However, the modelling
technique used in these studies was only one of the seven techniques identified in Chapter 5.
Nevertheless, the techniques could perform better with technical and risk variables. In contrast,

this study brings new knowledge to the existing studies by combining two techniques to calculate
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technical and risk variables separately. In addition, this study aimed to overcome the drawbacks
of each technique using the advantages of the other technique. Therefore, this thesis significantly

contributes to the body of knowledge with this new hybrid model.

The following section discusses the research contribution to the industry.

10.4.2 Contribution to the industry

Firstly, this research provides an extensive list of risk factors from the Quantity Surveyor's
perspective that are significant to the infrastructure projects. Further, the list was prioritised based
on the severity of the impact on NZ road projects. This list can also be incorporated into the project
risk analysis. The top factors to consider in TI projects are frequent design changes, poor planning
and scheduling, poor and incomplete tender documentation, delays in design, mistakes/ errors in
design and drawings, inaccurate cost estimates, unforeseen ground conditions, poor site
management and supervision, poor project management, inaccurate quantity take-off. During the

conceptual cost estimation, significant attention must be given to the risk involved in these factors.

Secondly, this research gives statistical evidence to industry experts that road projects in NZ face
significant cost overruns regardless of the project size and the time of project execution. Further,
this research also evidenced that there has been no significant improvement in the cost estimation

practice. Hence, this research is a background study for the industry to start looking for a solution.

Thirdly, the research identified seven cost modelling techniques that researchers have used to
develop cost estimation models. Therefore, industry experts can investigate these techniques to
improve the current estimation practice. Moreover, the research shortlists the best techniques
suitable for infrastructure projects, as this research aims to improve the estimation practice of road

projects in NZ.
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Fourthly, the final model developed for NZ road projects addresses less information availability
and risk analysis issues. Therefore, the industry can directly use the model to improve their
estimation accuracy and reliability at the early design stage. According to the findings, the NZ
road construction industry is experiencing a continuous cost overrun of approximately 20%.
However, the output of this research contributes to the industry by reducing the error in estimation

from approximately 20% to below 4%.

Chapter 8 shows how the final model combines the ANN-based estimation and MCS-based risk
component. The ANN-based estimation consists of technical variables only. The risk is considered
only when it combines with the MCS. The estimate developed through ANN shows an 11.82%
error. Then, the MCS adds the risk probability, which could be either an addition or a deduction.
Generally, the conceptual cost estimation is communicated between the client and the cost
consultant. If the overall budget is communicated to the Contractor, the tender prices will likely
be closer to the budget. Sometimes, if the budget was not disclosed during the tender, it will be
disclosed after the tenderer selection. In that case, the Contractor knows the client has funds for
the allocated budget. Therefore, when contractors deal with risk mitigation, they will only consider
the budget set at the beginning. By doing this, there is the possibility of experiencing further
unexpected cost overruns. Therefore, when the budget is disclosed to the Contractor, it is

recommended that the lower budget figure be disclosed based on one of the following situations.

1. Generally, if the risk experienced in the project is significantly positive (threats are more
significant than opportunities) then the ANN-based estimate is less than the final estimate.
In this circumstance, the ANN-based estimate should be disclosed to the Contractor as the
budget. The remaining should be kept in the record only for the client as a contingency to

address the risk situations.
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2. Sometimes, projects experience adverse risks (opportunities are more significant than
threats). Therefore, the ANN-based estimate can be higher than the final risk-based
estimate. In this situation, it is advisable to disclose the risk-based final estimate to the

Contractor as the budget limit. The remaining is the client's contingency.

Further, the findings of this research are recommended to be added as guidelines for the estimation
and risk management manuals. The research identified ten significant risk factors for NZ road
projects. The risk management team and the Cost management team should collaborate at the
beginning of the project to discuss the possible impact of these risk events on the project. That will

enable risk incorporation into the estimation and minimise unforeseen cost overruns.

The estimation guidelines of the NZ government agencies can be updated with the model

developed in this research.

1. First, gathering data from the proposed project for the twelve variables identified in this
model is required. Then, run the Artificial Neural Network model for those variables. The

outcome of this would be the base cost estimate for the proposed project.

2. Take the outcome of the risk analysis. That should generate the possible risk component

for the proposed project.

3. Combine the above two outcomes in the Monte Carlo Simulation model and identify the
most feasible combination of Base cost estimation and the risk component. Generally, the

P50 outcome is the estimation derived from the MCS model.

4. The outcome will have a 3.5% error. Further, it is also necessary to take note of the
difference between the P50 Estimate and the P95 estimate because if any unforeseen risks
in the proposed project were not identified during the feasibility stage, they would be

covered by this additional reserved risk contingency.
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Subsequently, the research provides further recommendations in the next section to improve the
results of this research. Hence, the output of this research can be combined with those

recommendations to improve the estimation practice further.

The following section discusses the research limitations and recommendations for further research.

10.5 Research limitations and recommendations for further research

Several limitations were identified and acknowledged during this research. The constraints
encountered in accomplishing this thesis are listed in this section, and recommendations are

provided for future research.

1. One of this study's limitations is identifying the main risk factors of cost overruns in NZTI
projects. All identified factors were based on the systematic literature review. More factors
could have been identified using other sources, such as interviewing the construction
experts, surveying construction practitioners, or exploring the NZ construction industry's
previously completed cases. Although much research is available in the literature, there
may be NZ-specific factors that should have been considered in other countries. That can

only be identified through actual data collection methods.

2. The second limitation is that the participants of the questionnaire survey conducted to
prioritise and validate the risk factors identified were only Quantity Surveyors and
Estimators. Therefore, the risk factors identified may have a Quantity Surveyor bias, as
they would look at risk factors from the project cost perspective. However, if the survey
was open to all construction professionals in NZ, the results may vary with different

perspectives on the problem. Therefore, the reliability of the data would also improve.

3. The third limitation is that this research is focused on NZ road projects. However, initially,

it was identified that the estimation process of TI projects in general needs improvement.
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Therefore, this model can be further developed to accommodate other TI projects. Further,
the vertical sector projects may also need such a statistical cost model, with further research

in NZ as such research has been done in other countries.

4. The fourth limitation is that the output of this research is based on the investigation of three
statistical techniques: regression analysis, artificial neural network, and Monte Carlo
simulation. However, other techniques identified in the earlier chapters may also be helpful
in developing a better model. On the other hand, other cost modelling techniques may not

be identified in this research but can provide robust estimates.

5. The fifth limitation is that the results of the models developed in this research were based
on the twelve independent variables identified. However, there may be other variables that
were not identified but could significantly impact the project cost. Therefore, further
investigations into projects using in-depth case studies and expert ideas can improve the

models for more reliable estimates.

6. The sixth and final limitation is the number of cases used in this research. The outcome
and the reliability of the outcome highly depend on the number of cases. That is because
when the number of cases used for data to develop the model increases, the model's
accuracy and performance will also increase. However, the models developed in the
research were based on forty-three cases for model development and sixteen cases for
model validation. However, models can be further developed by increasing the number of

projects used in the model development.

10.6 Epilogue

Overall, the cost estimation at the early design stage is significant to the project decision-making

process. Therefore, high accuracy and reliability of such estimates are required. This matter is even
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more significant in road projects than vertical sector construction. However, the current estimation
practice is not able to sustain this matter. Hence, this research addressed this gap through in-depth
research into statistical techniques and cost models. The final hybrid model can be concluded as

the final achievement of the study to be used for future research in NZ.
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than the researcher(s), please contact Professor Craig Johnson, Director - Ethics, telephone 06 3569099
ext 85271, email humanethics@massey.ac.nz."

Please note, if a sponsoring organisation, funding authority or a journal in which you wish to publish
requires evidence of committee approval (with an approval number), you will have to complete the
application form again, answering "yes" to the publication question to provide more information for one of
the University's Human Ethics Committees. You should also note that such an approval can only be
provided prior to the commencement of the research.

Yours sincerely

Research Ethics Office, Research and Enterprise
Massey University, Private Bag 11 222, Palmerston North, 4442, New Zealand T 06 350 5573; 06 350 5575 F 06 355 7973
E humanethics@massey.ac.nz W http://humanethics.massey.ac.nz
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School of Built Environment

Massey University — Auckland Campus
Albany 0632

Auckland, New Zealand

Factors affecting the cost overruns of transportation infrastructure
projects in New Zealand

Project description

Cost overrun is considered as one of the most critical issues during the execution of construction projects in New
Zealand. According to the figures published by the New Zealand Transport Agency (NZTA), average cost overruns in
infrastructure projects is 27%. It is emphasized that the traditional estimating methods failed to provide accurate
estimates although cost databases such as QV Cost Builder is useful sometimes. The government is planning to invest
$12 billion on infrastructure over the next four years, including $86 million on transport.

This survey focuses on identifying the factors that affect the cost overruns of infrastructure projects in New Zealand.
This survey forms part of my PhD research project that aims to develop a model to calculate the Preliminary estimate
of the project minimizing the overruns custom made to the New Zealand infrastructure projects. The outcome of the

research will help builders prepare more accurate cost estimates.
Project Procedures and Data Management

The survey will take around 10 minutes to complete. Data will be stored securely under strict access and password
protection. Access to this information is only available to the researcher and supervisors. The data will be stored in a
desktop computer and secure cloud storage. The project findings will be published in conferences and journals. The

participants will be notified of the publications upon request.
Ethics committee Approval Statement

This research has been reviewed and approved by the Massey University Human Ethics Committee: Northern,
Application 4000017232. If you have any concerns about the conduct of this research, please contact A/Prof David
Tappin, Chair, Massey University Human Ethics Committee: Northern, telephone 64 9 414 0800 x 43384, emalil

humanethicsnorth@massey.ac.nz.

Thank for participating with the survey.

Do you wish to continue with the survey? Yes No

Do you have experience in infrastructure projects? Yes No
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SECTION 01 — GENERAL INFORMATION

Instructions: Please tick where appropriate

01. | Designation of the respondent
Project Quantity Architect Builder Other (please specify)
Manager Surveyor | | | |
02. | Years of experience in the construction industry (New Zealand + overseas)
Less than 5 years ‘ ‘ From 5 to 10 years ‘ ‘ From 10 to 20 years ‘ ‘ More than 20 years
03. | Years of experience in the New Zealand construction industry
Less than 5 years ‘ ‘ From 5 to 10 years ‘ ‘ From 10 to 20 years ‘ ‘ More than 20 years
04. | Years of experience in the New Zealand Infrastructure Projects
Less than 5 years ‘ ‘ From 5 to 10 years ‘ ‘ From 10 to 20 years ‘ ‘ More than 20 years
05. | Academic qualifications
Doctorate Master’s Bachelor's Degree Diploma or any other technical
Degree
06. | Are you a member of any professional Institute?
Yes ‘ ‘ No ‘ ‘ If yes, please write the post nominals ..............................
07. | What type of project/ s you have been working for?
Building projects ‘ ‘ Infrastructure projects ‘ ‘ Services projects
08. | What type of client/ s you have been working with?

Public Sector ‘ ‘ Private Sector ‘ ‘ PPP (Public Private Partnerships)
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SECTION 02 - FACTORS AFFECTING THE COST OVERRUNS IN NEW ZEALAND
INFRASTRUCTURE PROJECTS

Instructions: According to your experience; please identify (carefully) the degree of effect of each

factor as a cause of cost overruns in infrastructure projects in New Zealand.

Very high effect = 5; High effect = 4; Neutral = 3; Low effect = 2; Very low effect = 1

Degree of the effect

No Causes
1 2 3 4 5
Section 2:1 — Contractor related causes
01 Poor site management and supervision
02 Incompetent sub-contractors
03 Poor planning, scheduling, monitoring & controlling
05 Lack of experience in infrastructure
06 Inaccurate time and cost estimates
07 Mistakes during construction/ Rework
08 Improper construction methods
Section 2:2 — Design and documentation related causes
09 Mistakes and frequent changes in design
10 Extra works
11 Incomplete tender drawings and specifications
12 Delays in design and approvals
Section 2:3 — Financial management related causes
13 Financial difficulties of the client or contractor
14 Financial difficulties of the contractor
15 Poor cashflow forecast
16 Poor financial management
17 Payment delays
18 Contractual claims

Section 2:4 — Information and communication technology related causes

19 Poor team communication & coordination

20 Slow information flow among parties

Section 2:5 — Labour management related causes

21 Poor labour productivity

22 Shortage labours

23 Shortage of technical personnel
24 Absence of workers

25 High cost of labours

26 Lack of incentives
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Section 2:6 — Material management related causes

27 Price fluctuation
28 Shortages of materials
29 Late delivery of materials and equipment
30 Equipment availability and failure
Section 2:7 — Project management and contract administration related causes
31 Tendering strategy selection
32 Procurement method selection
33 Poor risk assessment
34 Poor project management
35 Change in the scope of the project
36 Delays in decision making/ approvals
37 Project complexity
38 Project duration
39 Project location
40 Inaccurate quantity take-off
Section 2:8 — Organizational related causes
Unsuitable management structure
42 Poor organizational management procedures

Section 2:9 — Environmental related causes

43 Unpredictable harsh weather conditions

44 Problems with neighbours

45 Unforeseen ground conditions

46 Improper public traffic control methods
Section 2:10 — Psychological related causes

a7 Optimism bias among local officials

48 Cognitive bias of people

49 Cautious attitude towards risk

50 Deception

Section 2:11 — Political related causes

51 Government initiatives
52 Deliberate cost under estimation
53 Manipulation of forecasts
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UNIVERSITY OF NEW ZEALAND

STATEMENT OF CONTRIBUTION

DOCTORATE WITH PUBLICATIONS/MANUSCRIPTS

We, the student and the student’s main supervisor, certify that all co-authors have consented to their work being
included in the thesis and they have accepted the student’s contribution as indicated below in the Statement of
Originality.

Student name: Chinthaka Niroshan Atapattu

Name and title of
main supervisor:

Dr Niluka Domingo

In which chapter is the manuscript/published work? | Chapter 03

What percentage of the manuscript/published work | 80%,
was contributed by the student?

Describe the contribution that the student has made to the manuscript/published work:

The candidate has written the original draft of manuscript including conceptualisation, methodology, data collection and
analysis, visualisation, and editing.

Please select one of the following three options:

@ The manuscript/published work is published or in press

Please provide the full reference of the research output:

Atapattu, C.N., Domingo, N., and Sutrisna, M. (2023). What significant risk factors affect the final cost of road
projects in NZ — Quantity Surveyor’s perception, Built Environment Project and Asset Management, Vol. 13 No.
5, pp. 756-777. DOI: https://doi.org/10.1108/BEPAM-07-2022-0105.

O The manuscript is currently under review for publication

Please provide the name of the journal:

O It is intended that the manuscript will be published, but it has not yet been submitted to a journal

Digitally signed by Niluka

C h | nth a ka iy Crintheks . DN: cn=Niluka, c=NZ, 0=Massey
H Cchi H i Yo i . University, ou=School of Built
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This form should be placed at the beginning of each relevant thesis chapter.
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We, the student and the student’s main supervisor, certify that all co-authors have consented to their work being
included in the thesis and they have accepted the student’s contribution as indicated below in the Statement of
Originality.

Student name: Chinthaka Niroshan Atapattu

Name and title of
main supervisor:

Dr Niluka Domingo

In which chapter is the manuscript/published work? | Chapter 04

What percentage of the manuscript/published work | 80%,
was contributed by the student?

Describe the contribution that the student has made to the manuscript/published work:

The candidate has written the original draft of manuscript including conceptualisation, methodology, data collection and
analysis, visualisation, and editing.

Please select one of the following three options:

O The manuscript/published work is published or in press

Please provide the full reference of the research output:

@ The manuscript is currently under review for publication

Please provide the name of the journal:
Developments in the Built Environment

O It is intended that the manuscript will be published, but it has not yet been submitted to a journal
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This form should be placed at the beginning of each relevant thesis chapter.
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We, the student and the student’s main supervisor, certify that all co-authors have consented to their work being
included in the thesis and they have accepted the student’s contribution as indicated below in the Statement of
Originality.

Student name: Chinthaka Niroshan Atapattu

Name and title of
main supervisor:

Dr Niluka Domingo

In which chapter is the manuscript/published work? | Chapter 05

What percentage of the manuscript/published work | 80%,
was contributed by the student?

Describe the contribution that the student has made to the manuscript/published work:

The candidate has written the original draft of manuscript including conceptualisation, methodology, analysis,
visualisation, and editing.

Please select one of the following three options:

@ The manuscript/published work is published or in press

Please provide the full reference of the research output:

Atapattu, C. N., Domingo, N. and Sutrisna, M. (2023). A bibliometric review of statistical modelling techniques
for cost estimation of infrastructure projects. Smart and Sustainable Built Environment, (Ahead of print)

DOI: https://doi.org/10.1108/SASBE-01-2023-0005

O The manuscript is currently under review for publication

Please provide the name of the journal:

O It is intended that the manuscript will be published, but it has not yet been submitted to a journal

Digitally signed by Niluka
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The candidate has written the original draft of manuscript including conceptualisation, methodology, data collection and
analysis, visualisation, and editing.
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O The manuscript/published work is published or in press

Please provide the full reference of the research output:

@ The manuscript is currently under review for publication
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Please select one of the following three options:

O The manuscript/published work is published or in press

Please provide the full reference of the research output:
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