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Abstract 

Purpose – There has been a lack of research, particularly within the New Zealand (NZ) context, 
focusing on the identification and assessment of risk factors for construction projects, leading 
to wide variation between design-phase elemental cost plans (ECPs) and the out-turn tender 
sums (OTS). Still to be investigated is how risks interact to produce such variability. This 
research therefore determines the risk-influencing factors, identified through risk 
measurement, during design development.

Design/methodology/approach – The study adopted literature review and online 
questionnaire survey. The literature review was used to identify the factors affecting project 
budgetary performance, which was used to design the questionnaire survey culminating in data 
analysis. The questionnaire was administered to 64 practising project managers (PMs) in NZ. 
Their responses were analysed using descriptive statistics, mean ranking analysis (MRA), 
degree-of-risk measure and correlational analysis, to find the top five risk factors impacting the 
variability observed, through ranking the mean and degree of risk values that produce such 
variability.

Findings – Significant risk factors were identified from the questionnaire survey analysis as: 
changes in project owner/stakeholder requirements, experience of project team, site condition 
information, competency of consultants and information flow and quality. These provided 
some insights in explaining the variability between the design-phase ECPs and OTS based on 
risk impacts from PMs’ viewpoints.

Research implications – Findings revealed a drift of 23.86% in budgeted costs (inflated risks) 
which seems significant. Prioritising top risk factors may provide handy information for 
researchers on the variables that could be relied upon for the development of a forecasting 
model for application in NZ.

Practical implications – The study findings have implications for PMs seeking to provide 
information on mitigation strategies by using risk management approach, considering the 
influence of development-risks on building project delivery and, consequently the project 
owner’s financial position. To guard against wide variation between design-phase ECPs and 
OTS, the main contribution of this study is to raise consultants’ awareness of the important risk 
factors for their planning at the outset, thus assisting project managers in pro-actively managing 
their clients’ budgets. 

Originality/value – This study creates value by synthesising literature on construction project 
budgeting and highlights areas for further research. By giving adequate attention to key risks 
associated with budget overruns in commercial projects, variability between ECPs and OTS, a 
common phenomenon in NZ, can be controlled to achieve cost savings. Based on this, further 
study suggests the development of a model that could assist the stakeholders in NZ to more 
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reliably predict OTS from the design-phase ECP; and pro-actively avoid unfortunate 
budget/cost overruns, disputes, and even project abandonment. 

Keywords: Elemental cost plan, New Zealand, Outturn tender sum, Project manager, Risk 
impact, Variability 

Paper Type: Research paper

Introduction

In a construction project, the main obligations of a project manager (PM) towards the client are 

usually reduced to concerns around functional requirements, quality standards, worker safety, 

and delivery within an acceptable budget and time frame. Usually, for most clients, the 

budgetary/cost performance of a construction project tends to be the most important, owing to 

its direct economic impact. Thus, an elemental cost plan (budget), prepared during design 

development, can play a major role in supporting a decision to build or not to build, and 

frequently a benchmark for future performance measures. Ji et al. (2014) stressed that proper 

project budgeting continues to pose a challenge of serious concern to project stakeholders.

As suggested by Kirkham (2007), the objectives of cost planning are to generate an indication 

of a project’s likely construction costs (initial and final) to assist the client in setting a budget, 

predict the final tender price, and manage the design so that it meets the budget. Meanwhile, 

Allan et al. (2008) held the view that the main challenge for project owners is achieving 

construction efficiency in terms of cost effectiveness, timeliness and quality. Of these concerns, 

the cost aspect tends to be of paramount importance. While it is widely held that a perfect cost 

plan is not achievable, and even the best possible usually contains risks, the goal of a forecaster 

is a practicable level of accuracy (Lowe et al., 2006) through risk assessment. Risks are covered 

through the allocation of contingencies to cover both foreseen and unforeseen circumstances 

in the design-phase ECPs and tender sums (Odeyinka, 2010). If risks are properly identified 

and priced at the design stage, observed variance between the design-phase ECPs and OTS 
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(initial contract sums) could be reduced.  However, several construction management studies 

have established that it is difficult to find a project in which the OTS is the same as the cost 

plan estimate, for varied reasons (Akintoye, 2000; Aibinu and Pasco, 2008; Odusami and 

Onukwube, 2008; Enshassi et al., 2013).

Research undertaken by Adafin et al. (2015) indicated disparity in budgeted costs between the 

ECPs and OTS in the region of -14% and +16%. These preceding issues led to examining the 

budgetary reliability of the design- phase ECP in building project procurement. Adafin et al. 

(2016) noted that with commercial projects, there could be a significant difference between the 

design-phase ECPs and OTS (-14.22% and +16.33%); while residential projects had a smaller, 

more reliably acceptable percentage deviation (-3.67% and +3.95%). Cost data from 20 

completed traditionally-procured building projects in NZ were used to evaluate these 

disparities (see Tables 1 and 2). Tower and Baccarini (2008) suggested that such deviations 

could be associated with construction project developments’ risks. Similar to Adafin et al. 

(2016), this research proposes that budget overrun could vary according to project/procurement 

types.

Related studies in Australia, Norway, Turkey, UK and USA showed that where cost plans are 

used, discrepancies between the ECPs and OTS are rife. Disparities in the region of +1% to 

74% are mentioned in Morrison (1984), Ogunlana (1991), Flyvbjerg et al. (2002), Magnussen 

and Olson (2006), Oztas and Okmen (2004) and Terrill and Danks (2016). Morrison (1984) 

investigated this disparity in the UK by evaluating responses from seven separate quantity 

surveying firms on educational, housing and commercial developments. Morrison found that a 

mean deviation of 12% was obtained by these firms. Ogunlana (1991) analysed data from seven 

design offices in the UK and found that there were significant disparities between budget 

estimates and accepted tenders.
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Others include Flyvbjerg et al. (2002) and they conducted a comparative study on budget and 

tender estimates in the United States. Their study found that tender prices of 258 infrastructure 

projects are averagely 28% higher than budget estimates. Magnussen and Olsson (2006) 

analysed 31 major public projects in Norway and concluded that there is a 74% drift between 

the initial estimates and the revised estimates. Evidence and arguments in construction 

management researches (Cantarelli et al., 2010; Terrill and Danks, 2016; Welde and Odeck, 

2017) indicated budget variability during the planning and design development phases of 

infrastructure projects. For example, Terrill and Danks (2016) observed that the early cost 

estimates are subjected to averagely 25% increases in Australia. The basis for establishing 

budget estimates are reviewed as projects develop and more information becomes available 

(Love et al., 2019). These studies confirm that design/preconstruction issues are significant 

risk factors responsible for the variations observed (see Table 3).

Given these inherent risk factors and how they interact to produce the deviations observed 

between design-phase ECPs and OTS is the focus of this research. There is little such research 

in NZ, which has limited research information to assist industrial practice. A knowledge gap is 

noted in the research about the risks impacting budget overruns in NZ construction. As risk 

analysis is an essential part of project management (Xia et al., 2017), project managers’ (PMs’) 

viewpoints were considered regarding the expected value (extent and impact) of risk 

occurrence. Due to their involvement with project evaluation and monitoring, and perception 

that risk identification and assessment is critical for good project management (Baloi and Price, 

2003); PMs can provide researchers with information on development-risks (design- and 

construction-related) in building project delivery and their client’s subsequent financial 

position (Rostami and Oduoza, 2017).  This research aimed to assess the degree of such risks 

influencing variation between design-phase ECPs and OTS. It sought to determine and evaluate 
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the most important risk factors, identified through risk measurements during design 

development. Linked to this, the objectives are:

 to identify the risk factors affecting the variation between design-phase ECPs and OTS, 

from project managers’ perspectives;

 to evaluate these risk factors through determining the average risk estimate (degree of 

risk), and by using Spearman’s rho, to establish the most significant. As criteria for 

ranking identified risks, it determined the extent and impact of risk occurrence.

Literature review

Cost planning and observed variations in context

The Royal Institution of Chartered Surveyors’ New Rules of Measurement [RICS NRM] 1 

(2012) defined cost planning as a budget distribution process performed during the design 

stages of a building project. Arguably, Smith and Jagger (2007) affirmed the performance of 

cost planning techniques up to the tender documentation phase of development process. In 

practice, project managers refer to cost planning as the cost prediction process involving 

application of economic principles to project development. In Rawlinsons’ (2011) opinion, cost 

planning frequently refers to the process of designing to, or within, a pre-calculated cost, 

determined by the finances available to obtain an optimum value for money. This suggests that 

the sooner cost planning is introduced into the design process, the greater the measure of control 

that can be exercised. This agrees with the views of several recent authors: Ashworth (2004), 

Ashworth and Hogg (2007), Kirkham (2007), and Ashworth (2008). They suggested that cost 

planning seeks to offer a control mechanism during design development and is not just a pre-

tender estimating method.
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In view of this, and within the context of this study, cost planning describes any method for 

distributing budget to reflect upon design development. Likewise, a design-stage ECP is 

prepared during design development (pre-contract) to give project owners value for money, 

and is a strategy that operates within design-stage cost-control phenomenon based on elemental 

cost analysis. ECP provides a budget in an elemental form. It represents the final ECP 

amendment before tenders are invited; OTS describes the initial contract sum or accepted 

tender sum. 

According to Odeyinka (2010), despite a great deal of care and effort at the preparation stage 

of a design-stage ECP, deviations between that and the OTS can be significant. With 

procurement methods where cost plans are used, there are often deviations between the cost 

plans and final tender sums, as found by relevant researches in the UK, Middle East, Asia and 

Africa. The major attributable factor for such deviations could be the inherent risks in 

construction project developments, as claimed by Odeyinka (2007). Significant deviations, 

causative factors and plausible solutions are mentioned in Morrison (1984), Odeyinka and 

Yusif (2003), Magnussen and Olsson (2006), Aibinu and Pasco (2008) and Oladokun et al. 

(2011) (see Table 3). Despite the inherent risks that manifest discrepancies between ECPs and 

OTS, effective management requires proper determination and integration of risks in the 

estimation of construction costs, rather than intuition and loose rules. A rather mitigation 

strategy using risk management approach (deterministic- approach to risks) should minimize 

budget/cost and schedule/time overruns (Trost and Oberlender, 2003). 

Risk and risk factors impacting budget overrun

Flanagan and Norman (1993) noted that the environment within which decision-making takes 

place can be divided into three parts: (1) certainty, (2) risk, and (3) uncertainty. Certainty exists 

only when one can specify exactly what will happen during the period of time covered by the 
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decision. Bennette and Ormerod (1984) concluded that this situation is rare in the construction 

industry. However, uncertainty is endemic in construction (Olsson, 2007), representing a clear 

threat to projects (Hillson, 2004), and needs to be explicitly recognised by construction 

managers. According to Chapman and Ward (1997), decisions are concerned with variables, 

which are normally classified as risks or uncertainties. Risks are unknown, and the probability 

of an occurrence can be assessed by statistical means; uncertainties are also unknowns, but the 

probability of the occurrence of something unknown cannot be assessed. As claimed by Hillson 

(2004), a connection exists between uncertainty and risk that indicates: “Risk is uncertainty 

measured, and uncertainty is a risk that cannot be measured”. Therefore, project activities are 

exposed to many uncertainties, with an aim to identify, analyse, evaluate and operate on risks. 

In view of this, Creedy (2006) submitted that a construction business operates in an 

environment where uncertainties are converted to risks; risk is the more relevant term in the 

building industry.

It is thus obvious from the foregoing (Hillson, 2004; Creedy, 2006; Olsson, 2007) that the 

definition of risk embraced is that of the possibility of an adverse event depending on 

circumstances (Mills, 2001). This is because adverse consequences (threats) are likely to occur 

more often than opportunities, and may cause huge losses and undermine a project’s anticipated 

benefits (Ameyaw et al., 2015). The Association for Project Management (APM, 2006) in the 

UK defined risk as an uncertain circumstance, and while occurring will have an impact (either 

positive or negative) on the achievement of one or more project objectives (cost, time, quality, 

etc.). Therefore, to support the regular usage of the word risk, this research holds the view that 

the extent (or frequency) and impact (or consequence) of adverse occurrences causing a 

construction project to exceed its predicted budget or ECP sum (Burtonshaw-Gunn, 2009; 

Larkin et al., 2012; Odeyinka et al., 2012) can be expressed as: 
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R = P × I      Equation (1)

Where R = the average risk estimate (degree of risk); P = probability/extent of risk occurrence 

and I = the consequence or perceived impact on a project. This relates to the nature of risk that 

can be ascertained to determine the degree of risk (Smith, 2006), otherwise referred to as the 

risk exposure, expected value or average risk estimate (Odeyinka et al., 2012). This method of 

risk measurement has a well-established place in the decision theory domain (Odeyinka et al., 

2012), and has been employed in this study to determine significant risk factors. Through this, 

the research connects with the realities of practice. 

Much construction management literature suggests that various factors identified by authors 

such as Akintoye (2000), Chapman (2001), Ling and Boo (2001), Hansen and Vanegas (2003), 

Trost and Oberlender (2003), Serpell (2005), Enshassi et al. (2005), Liu and Zhu (2007), Zuo 

et al. (2007), Tower and Baccarini (2008), Aibinu and Pasco (2008), Enshassi and Mosa 

(2008), Odusami and Onukwube (2008), Farinloye et al. (2009), Odeyinka et al. (2009, 2010), 

Doloi (2011), Oladokun et al. (2011), Chileshe and Yirenkyi-Fianko (2012), Enshassi et al. 

(2013), Ji et al. (2014) and Adafin et al. (2018: 2, 3 and 5), have caused significant deviations 

of pre-tender cost estimates from outturn tender sums in  construction projects (see Figure 1). 

Cost estimating factors analysed by Akintoye (2000) formed the basis of the current study, 

since Akintoye’s research (published in the UK) was relevant to developed economies such as 

that in NZ. Consequently, the outcome of this review produced 36 risk factors (see Figure 1) 

that influence the budgetary performance of construction projects in developed countries. 

Therefore, qualitative definitions of risks were used to summarise project managers’ activities 

and notions of risk, based on studies concerning project risk management (Jaafari, 2001; 

Raisbeck, 2008). The current assessment proposes that these could provide fundamental 

evidence of risks affecting budget overrun. Thus, proper risk analysis could at least partially 

Page 8 of 34Journal of Engineering, Design and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Engineering, Design and Technology
solve this problem, by lowering the variation between construction project design-phase ECPs 

and their OTS.  

From the above review, the studies evaluated multitudinous factors that affect variability 

between design-phase ECPs and OTS. Their authors believe that, despite similarities, their lists 

may not necessarily apply in other settings, as each construction project and each construction 

industry is unique, but such lists provide useful knowledge. Without NZ-specific research on 

this topic, their relevance and the extent to which they are applicable in NZ awaits review.

How these risk-influencing factors interact to influence the observed variations still needs 

investigation. The lack of NZ studies focusing on the budgetary performance (pre-contract) of 

construction projects is obvious. Importantly, quantitative project-data is accessible, to 

establish why OTS are often so different from ECPs. The relevant risks need examination, 

especially from New Zealand PMs’ perceptions of risk occurrence. This is where this study 

finds its significance.

Research methodology

This study adopted a two-stage approach (literature review and questionnaire survey) 

culminating in data analysis. The literature review was carried out to identify the various factors 

affecting project budgetary performance. Based on expert judgments, the outcome of the 

review produced and classified 36 risk factors, and their relevance to the NZ construction 

industry was discussed with 5 construction consultants. The use of expert judgment has been 

extensively noted for risk identification (Kassem et al., 2019). Consequently, a pilot study 

including 32 participants (i.e. NZ-based architects, QS and PMs) was conducted in line with 

Nworgu (2006), to ensure clarity of the questionnaire and the relevance of the risks explored 

to NZ construction. Thus, a criticality cut-off point of 3.00 (Fellows and Liu, 2008) on a 6-
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point Likert scale was employed to prioritise the top 16 critical risks out of the 36 risk factors. 

Adafin et al. (2016) suggested that risk factors, with overall mean scores of 3.00 and above, 

had significant impacts on variability and viewed to have potential impacts on budgetary 

performance of construction projects. This procedure prioritised 16 risk factors, and these 16 

significant factors formed the basis of a refined questionnaire administered to the study 

participants (PMs). 

The survey gathered the opinions of NZ project managers (private consultancies) to bring 

together the PM’s management experience and notions of risk in the areas of project design, 

cost and risk management (Baloi and Price, 2003), thus creating a resource for the assessment 

of risks causing variation between design-phase ECPs and OTS. It used a simple random 

sampling approach, suggested by Fellows and Liu (2008); samples resulting from this 

procedure are held to be unbiased as they are representative of the study population (Nworgu, 

2006). The 284-member database of the New Zealand Institute of Building (NZIOB) provided 

the sampling frame. 120 randomly selected, registered project managers (financially valid 

members of NZIOB) received a survey request (including the web link) from the NZIOB 

membership services officer, in January/February 2017. Of the 120, 96 were willing to 

complete the questionnaire, and 72 complete surveys were received, however, only 64 related 

to traditionally procured commercial projects (Table 5). This research therefore relies on this 

sample size (64 responses) fit for analysis (a response rate of 67 per cent) and considered 

adequate according to Moser and Kalton (1981). They stated that the result of a survey is 

thought to be worth little when the return rate is less than 40 per cent.

As suggested by Nworgu (2006), the questionnaire was therefore the main instrument and 

basis of inquiry for data collection and analysis. This was corroborated by Blaxter et al. 

(2006) that questionnaire survey is one of the most extensively used social research 
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instruments. Key sections in the questionnaire included: questionnaire introduction; project-

specific questions including risk factors on the observed variation (probability and impact); 

demographic information and, conclusion and feedback. A Likert-type scale of 0-5 was 

adopted on which the study participants scored their responses, which assesses the risk-

occurrence probability, and its perceived impact, as identified in completed or ongoing 

building projects (Fellows and Liu, 2008). To avoid the centrality problem that respondents 

commonly encounter, the 6-point Likert-type scale was used. A smaller than 6-point Likert 

scale was used in some previous project risk studies (Hwang et al., 2016; Zhao et al., 2016).  

In contrast, an earlier study by Chileshe and Yirenkyi-Fianko (2012), considered a mid-point 

evaluation in survey questionnaires. The double-dimension scaling questionnaire used in this 

study was defined following Xia et al. (2017) as a Likert scale of 0 (no likelihood of risk 

occurrence) to 5 (very high level of risk occurrence); and 0 (no risk impact) to 5 (very high-

risk impact). This interval scale was adopted and capable of analysing the data gathered from 

the questionnaire surveys for statistical analyses (Chuing Loo et al., 2013; Taroun, 2014). 

The participants’ responses were therefore analysed using descriptive statistics (Naoum, 

2007); mean ranking analysis (MRA) (Park, 2009) to generate mean scores (MS) as defined 

by Equation (2), and were further rated 1-16 (see Table 6) to ascertain the significance rating 

of the variables considered.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

The average risk estimate (degree-of-risk) used for ranking the identified risk variables was 

suggested by Larkin et al. (2012) and is expressed in Equation (1). Spearman’s coefficient of 

correlation (rho ῤ), expressed in Equation (3), was applied to ascertain the degree of 

agreement and/or disagreement among the study participants, in their assessment of each of 

the variables (El-Sayegh and Mansour, 2015). It is a non-parametric measure of correlation 

among the respondents using the ranks rather than the actual values (Kottegoda and Rosco, 

1997; El-Sayegh, 2008).
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MRA mean score = 5n5 + 4n4 + 3n3 + 2n2 + 1n1 + 0n0      Equation (2)

   (n5 + n4 + n3 + n2 + n1 + n0)

Where: MS = mean score; n0 - n5 indicate the number of participants that scored the responses 

as 0 - 5 respectively. 

ῤ (rho) = 1 – 6 ∑ di
2       Equation (3)

                    n(n2-1)

Where:  di = the difference between probability and impact ranks for each of the identified 

variables; n = the number of identified variables

Data analysis

Demographic information of respondents

Table 4 indicates the background information of respondents in terms of designation, academic 

and professional qualifications and work experience. The demographic information shows that 

100 per cent of the respondents are consultant project managers with tertiary level 

qualifications, and 94 per cent of them have professional qualifications. These respondents 

have an average of 26 years’ consultancy work experience. This shows that the respondents 

have adequate knowledge and experience in project development, and budget development 

risks in NZ, enhancing the reliability of the survey data (Hwang et al., 2016). 89 per cent of 

the overall respondents provided their opinions on traditionally procured commercial projects 

(see Table 5). In light of the above, the study is linked to NZ project managers’ viewpoints on 

risks within traditionally procured commercial building projects.

Ranking of the risk factors affecting project budget development

Sixteen risk factors that influence issues related to project budgeting, and identified as 

associated with commercial construction projects, are listed in Table 6. It delineates the ranking 
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of PMs’ perceptions of risk probability, as in Equation (1). The table represents the top five 

risk variables PMs agree they occur most often. A scoring analysis of the probability of risk 

occurrence ranges between 1.68 and 3.82, indicating that only ‘defective design and 

specification’ has a low probability of occurrence (MS = 1.68; rank = 16th). The top ten 

identified risk factors scored between 3.0 and 4.0 (up to and above the medium level of 

probability), with others falling between 1.0 and 3.0 (a very low and medium level of 

probability). In Table 7, the ranking of the current results was compared with those of Akintoye, 

2000 (UK); Jackson, 2002 (UK); Odusami and Onukwube, 2008 (Nigeria) and Enshassi et al., 

2013 (Gaza, Palestine). 

Table 6 also reveals the ranking of PMs’ perceptions of risk effects on budgetary performance, 

as expressed in Equation (1). It shows the five key risk variables that they agree affect budget 

overruns. Mean analysis of their perception of the impact of risk occurrences ranges from 1.81 

to 3.88; and only ‘client type’ has a low impact of occurrence (MS = 1.81; rank = 16th). The 

top eleven risk factors scored between 3.0 and 4.0 (i.e. critical and very critical effects on 

budgetary performance); with the rest falling between 2.0 and 3.0 (fairly critical and critical 

effects).

Table 6 further evaluates PMs’ opinions about the ‘degree-of-risk’ measurement of commercial 

construction-project budgetary performance, based on the ‘average risk estimate’ instrument 

mentioned in the methodology section. The risk estimate or measurement, as indicated in 

Equation (1), determines the top risk-influencing factors affecting project budgeting (ECPs and 

FTS), in traditionally procured commercial construction (from a project manager’s 

perspective). Column 6 of Table 6 shows the ‘average risk estimate’ (degree-of-risk) values of 

the identified risk factors ranging from 3.95 to 14.82, calculated using Equation (1). These top 

five risk factors require further research on risk modelling: changes in project 
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owner/stakeholder requirements, experience of professional team, site condition information, 

competency of cost consultants, and information flow and quality.

Measuring PMs’ agreement using correlational analysis of risk impacts 

A software (Statistical Package for the Social Sciences SPSS) was employed to enable 

Spearman’s correlation analysis [IBM (International Business Machines Corporation) 2015]. 

Survey data was analysed using two different benchmarks (risk probability MS and impact 

MS), both ranked separately, indicating their ‘degree-of-risk’ scores. Table 6 represents the 

statistical findings from this analysis and shows that 0.93 (rho>0 and rho near 1) is the value 

of Spearman’s rho (coefficient) for the survey responses. This indicates a significant value for 

Spearman’s coefficient, thus shows a strong agreement among the participants judging each of 

the risk variables. Positive correlation exists in ranking the risk variables that affect 

construction project budgeting (i.e. variability between design-stage ECPs and OTS). 

Therefore, the top five risk-influencing factors are reliable for forecasting modelling.    

Estimated variation between ECPs and OTS

From the sample size of 64 respondents, 36 PMs completed the survey questionnaire that 

produced ECPs and OTS data from 36 case study projects. Table 8 shows an approximate drift 

of +23.86% in budgeted costs (i.e. between design-stage ECPs and OTS) for commercial 

projects, which is the focus of this study. Table 6 shows the risk-influencing factors that are 

generally responsible for the deviations observed. The secondary data was analysed to achieve 

an estimated relationship between the variables and the variances. This analysis gives further 

insight into the top five risk factors that require focusing on future forecasting modelling. These 

factors will be discussed according to their order of relative importance (Table 6).
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Discussion of results

The participants’ opinions of the most important risk factors for the variation observed in their 

selected commercial projects are examined here. The most important survey question had the 

participants score and identify risk factors on a Likert scale of 0-5 for variation between ECPs 

and FTS. The criterion for ranking was rating the extent and impact from risk occurrences, the 

summary being shown in Table 6. The following results have been aligned with previous 

researches on risks in tendering and estimating process.

Changes in project owner/stakeholder requirements

The participants ranked this factor first (see Table 6), revealing that a project owner’s change 

in requirements (project scope definition) can have considerable effect on the budgets of 

commercial projects at the pre-construction segment of development process in NZ. This 

complies with related studies that assert that cost plan estimate accuracy heavily depends on 

what details and scope definition are available. The UK (Odeyinka et al., 2010) and Ghana 

(Ameyaw et al., 2015), ranked this as a critical risk factor, at 2nd and 4th respectively. In 

contrast, Nigeria and Gaza (Palestine) found this variable to be irrelevant, as the aforestated 

results are found to be at variance with those of Odusami and Onukwube (2008) and Enshassi 

et al. (2013). This risk factor is design- and scope-related, and arises within the pre-contract 

phase of project budget development, as observed by Odeyinka et al. (2010). Design quality 

therefore requires reasonably available design information. As more information becomes 

available during design and tender development, an architect may necessarily make 

adjustments to the initial design or scope definition. Knowledgeable clients may understand 

design and construction realities, and wish to alter or enhance plans, to ensure their aims are 

met. Clients or PMs could also suggest altering the scope definition. Design-phase ECPs and 
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OTS are based on the available pre-contract information, so it is therefore not unusual to have 

significant variation between the cost plan and outturn tender sum.

Experience of project team

Ranked 2nd by the participants, and generally, this variable refers to how much experience 

professional team members have in traditionally procured commercial construction projects. 

This variable is therefore a key risk affecting project budgetary performance in NZ. Findings 

from previous studies by Trost and Oberlender (2003), Odusami and Onukwube (2008) and 

Enshassi et al. (2013), ranked this variable second, third and third, respectively. However, the 

professional team’s previous knowledge of the construction type hardly alters cost planning 

practice in the UK, according to Akintoye (2000). Whereas, Odusami and Onukwube (2008) 

thought that if project team members were highly experienced in a proposed type of 

construction project, one could see that in the details of their designs and estimates. The cost 

consultant could therefore ensure that every item in the project is considered in their estimate 

to enable cost planning accuracy, omitting nothing. 

Site condition information

Ranked 3rd by the respondents, this factor generates a significant impact. Investigation of site 

and sub-soil conditions could well affect design and construction (Ameyaw et al., 2015). Thus, 

the degree of available site information (or lack thereof) for elemental cost plan preparation is 

vitally important in attaining cost plan accuracy in NZ. Zou et al. (2007), similarly identified 

soil condition information as a key risk in China. Odeyinka et al. (2012) also deemed it critical 

and ranked it 4th in the UK. In Ghana however, Ameyaw et al. (2015) ranked it 7th, because of 

their geological conditions, while it ranked much lower, at 29th, in Gaza (Enshassi et al., 2013). 

Ameyaw et al. (2015) insisted that inadequate soil survey information produces deficient 

designs that impact negatively on foundation construction, as did Odeyinka et al. (2009) in a 
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UK study. Inadequate site investigation information could deliver defective designs and 

foundations. It could also, as Odeyinka et al. (2009) affirmed, badly affect a project’s budgetary 

performance and, the client’s financial position.

Competency of consultants 

The sample score ranked the expertise of cost consultants 4th, meaning the experience and 

capability of the cost consultant in estimating. It is therefore very important in arriving at an 

accurate cost plan. These cost consultants must have the relevant professional skills and 

knowledge to provide an accurate cost plan. Odusami and Onukwube’s (2008) and Enshassi et 

al.’s (2013) findings affirmed this factor, being placed in the top five in their studies and ranked 

1st and 4th, respectively. However, Akintoye (2000) ranked expertise of consultants 23rd out of 

24 identified and evaluated risk factors. In NZ, it seems convincingly significant and 

appropriate to accuracy in project budgeting. This result further reveals that the level of the 

estimator’s knowledge and skill greatly affects the accuracy of a design-stage ECP. Enshassi 

et al. (2013) suggested that risks would be substantially reduced if an estimator were very 

competent in project budget (cost plan) development. Producing high-quality and reliable 

budget (cost plan) depends heavily on having an experienced estimator.

Information flow and quality

‘Information’ refers to the amount/quality of design detail and cost data available for a project, 

according to Odusami and Onukwube (2008). Quality of information, (ranked 5th), is fairly 

significant in NZ for the estimating performance of commercial projects, during pre-

construction. Akintoye (2000) ranked this 15th, indicating it is less vital in the UK context. 

This finding, however, affirms Ling and Boo’s (2001) assertion that drawings are vitally 

necessary to convey the designers’ intentions, as devised by the project client. Project 

administration scheme may include generating information on performance that is critical for 
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project cost planning and monitoring. Therefore unavailable, poor quality, incomplete or 

inadequate design information could impact negatively on the budgetary performance of 

commercial projects at the preconstruction phase. The most significant means to ensure cost 

planning accuracy, according to Ling and Boo (2001), is to determine that enough good 

design/cost information is available for cost planning. Accumulated assumptions and 

estimates made to accommodate huge risks (unknown items) in a design, can result from 

insufficient information. Thus, more accurate and reliable budget (cost plan) is achieved with 

more detailed information/pre-contract design/cost data.

Conclusion and further research

Construction projects are prone to experiencing significant budget/cost overrun, particularly 

from the establishment of a design-phase ECP and the OTS. Findings revealed an approximate 

drift of 23.86% in budgeted costs (inflated risks) which seems significant, compared to other 

similar studies. This research establishes and prioritises risk factors contributing to this 

increase, and this may affect commercial project development budgeting in NZ. Within the 

confines of the data collected, mean scoring analysis revealed the top five risk variables in 

traditionally procured commercial projects that influence variability between design-stage 

ECPs and OTS: changes in project owner/stakeholder requirements, experience of project 

team, site condition information, the competency of consultants, and information flow and 

quality. Results showed that these are preconstruction risk factors which have a high bearing 

on client’s expenditure. A high level of agreement amongst survey participants, found through 

a Spearman’s correlation analysis, identified the rank order of the relative importance of these 

factors. This reveals the existence of a significant variation between ECPs and the OTS in 

commercial projects, corroborating Winch’s (2010) findings that as greater information is 
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available at the pre-contract phase of project development, the lesser the amount of risk at the 

construction phase.

The idea of looking at discrepancies between ECPs and OTS provides significant insights into 

the economic behaviour of commercial projects. Analysis presented in this paper provides 

empirical evidence and in-depth insights into the changing dynamics of cost-risk behaviour 

throughout the preconstruction phase of project development. In addition, the findings of this 

paper can help in suggesting a theoretical framework that classifies risk-influencing factors, 

assesses the impacts of risks, and allows for a better and reliable decision-making under 

uncertainty. Further evaluation of results could help develop a forecasting model such as Monte 

Carlo, to estimate cost growth and generate variables for modelling impacts of risks associated 

with commercial projects for the first time in the NZ building industry. This could help decision 

makers/stakeholders in taking reliable decisions under uncertainty. 

As a main contribution, this study broadens awareness of researchers in the global construction 

community regarding the relationship between construction costs and various risk variables, 

particularly for those countries where this problem is under-researched. The knowledge also 

provides proper risk analysis (guidelines) that could assist the PMs in measuring cost risks and 

managing practical risk control. Thus, PMs are more able to accurately conduct risk analysis 

to identify potential threats at an early stage of the project and to maximize the project-budget 

benefits by creating a cost risk mitigation plan.

Since this study focused on traditionally procured building projects, future research could 

explore the development of models for assessing risk impacts on the variability between 

design-stage ECPs and OTS in other procurement methods, such as ‘design and build’ procured 

projects, with the aim of comparing the outcome with the present study.
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Owing to the time constraints for this research, responses were limited to project managers 

registered with the New Zealand Institute of Building (NZIOB). Further research should be 

conducted to investigate whether stakeholders from different but related disciplines such as 

architects, quantity surveyors and engineers hold discrepant opinions on risk factors impacting 

on project budget performance. The risk factors from this study can be used as parameters for 

any forecasting or project cost estimating model that should be developed for NZ construction 

industry; this is suitably suggested for further research.

References 

Adafin, J., Rotimi, J.O.B. and Wilkinson, S. (2015), "Why do the design stage elemental cost 
plan and final tender sum differ in New Zealand", Journal of Financial Management of 
Property and Construction, 20(2), 116-131.

Adafin, J., Rotimi, J. O. B. and Wilkinson, S. (2016), "Determining significant risks in the 
variability between design-stage elemental cost plan and final tender sum", ASCE 
Journal of Management in Engineering, 32(6): 05016016, DOI: 
10.1061/(ASCE)ME.1943-5479.0000448.

Adafin, J., Rotimi, J.O.B. and Wilkinson, S. (2016), “Risk impact assessments in project budget 
development: Architects’ perspectives”, Architectural Engineering and Design 
Management, 12 (3), 189-204, DOI: 10.1080/17452007.2016.1152228   

Adafin, J., Wilkinson, S., Rotimi, J. O. B. and Odeyinka, H. (2016), "Evaluating the budgetary 
reliability of design stage elemental cost plan in building procurement." 9th CIDB 
Postgraduate Conference, Cape Town, Department of Construction Economics and 
Management, University of Cape Town, South Africa, pp. 60-70.   

Adafin, J., Rotimi, J.O.B. and Wilkinson, S. (2018), “Risk impact assessments in project budget 
development: Quantity surveyors’ perspectives”, International Journal of Construction 
Management, DOI: 10.1080/15623599.2018.146244   

Aibinu, A. A. and Pasco, T. (2008), "The accuracy of pre‐tender building cost estimates in 
Australia", Construction Management and Economics, 26(12), 1257-1269.

Akintoye, A. (2000), "Analysis of factors influencing project cost estimating practice", 
Construction Management and Economics, 18(1), 77-89.

Allan, N., Yin, N. and  Scheepbouwer, E. (2008), A study into the cyclical performance of 
the New Zealand Construction industry, New Zealand Centre for Advanced 
Engineering, U. O. C. C., Christchurch, New Zealand, Christchurch, New Zealand,
pp. 1 - 64.

Ameyaw, E. E., Chan, A. P. C., Owusu-Manu, D. G. and Coleman, E. (2015),“A fuzzy model 
for evaluating risk impacts on variability between contract sum and final account in 
government-funded construction projects”, Journal of Facilities Management,13(1), 
45-69.

Ashworth, A. (2004), Cost studies of buildings, 4th edn, Pearson Education Ltd, England.

Page 20 of 34Journal of Engineering, Design and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Engineering, Design and Technology
Ashworth, A. (2008), Pre-contract Studies: Development Economics, Tendering and 

Estimating, 3rd edn, Blackwell Publishing Limited, Oxford.
Ashworth, A. and Hogg, K. (2007), Willis's practice and procedure for the Quantity Surveyor, 

12th edn, Blackwell Publishing Ltd, Oxford.
Association for Project Management (2006), APM Body of Knowledge, 5th Edition, 

Association for Project Management, High Wycombe.
Baloi, D. and Price, A. D. F. (2003), "Modelling global risk factors affecting construction cost 

performance", International Journal of Project Management, 21(4), 261-269.
Bennette, J. and Ormerod, R. N. (1984), "Simulation applied to construction projects", 

Construction Management and Economics, 2(3), 225.
Blaxter, L., Hughes, C. and Tight, M. (2006), How to research, Open University Press, 

Maidenhead.
Burtonshaw-Gunn, S. A. (2009), Risk and Financial Management in Construction, Gower 

Publishing Limited, Hampshire.
Cantarelli, C., Flyvbjerg, B. and Buhl, S.L. (2012), “Geographical variation in project cost 

performance: The Netherlands versus worldwide”, Journal of Transport Geography, 
24: 324-331.

Chapman, C. B. and Ward, S. (1997), Project Risk Management: Processes, Techniques and 
Insights, Wiley N.Y., Chichester.

Chapman, R. J. (2001),“The controlling influences on effective risk identification and 
assessment for construction design management”, International Journal of Project 
Management,19(3), 147-160.

Chileshe, N. and Yirenkyi-Fianko, A. B. (2012), "An evaluation of risk factors impacting 
construction projects in Ghana", Journal of Engineering, Design and Technology, 
10(3), 306-329.

Chuing-Loo, S., Adul-Rahman, H. and Wang, C. (2013), Managing external risks for 
international architectural, engineering, and construction (AEC) firms operating in Gulf 
Cooperation Council (GCC) states”, Project Management Journal, 44(5), 70-88.

Creedy, G. D. (2006), “Risk factors leading to cost overrun in the delivery of highway 
construction projects”, Unpublished PhD Thesis, Queensland University of 
Technology, Australia.

Doloi, H. K. (2011), “Understanding stakeholders' perspective of cost estimation in project 
management, ”International Journal of Project Management, 29(5), 622-636.

El-Sayegh, S. (2008), “Risk assessment and allocation in the UAE construction industry”, 
International Journal of Project Management, 26(4), 431-438.

El-Sayegh, S.M. and Mansour, M.H. (2015), “Risk assessment and allocation in highway 
construction projects in the UAE”, ASCE Journal of Management in Engineering, 
31(6), 1-11.

Enshassi, A. and Mosa, J. A. (2008). "Risk management in building projects: owners' 
perspective", The Islamic University Journal (Series of Natural Studies and 
Engineering), 16(1), 95-123.

Enshassi, A., Mohamed, S. and Abdel-Hadi, M. (2013), "Factors affecting the accuracy of pre-
tender cost estimates in the Gaza strip", Construction in Developing Countres, 18(1), 
73-94.

Enshassi, A., Mohammed, S. A. M. and Madi, I. (2005), "Factors affecting accuracy of cost 
estimation of building contracts in the Gaza strip", Journal of Financial Management 
of Property and Construction, 10(2), 115 - 124.

Page 21 of 34 Journal of Engineering, Design and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Engineering, Design and Technology
Farinloye, O. O., Salako, O. A. and Mafimidiwo, B. A. (2009), "Construction professional's 

perception of risk impact on cost of building projects in Nigeria construction industry", 
RICS COBRA, University of Cape Town, South Africa, RICS, London, 227 - 243.

Fellows, R. and Liu, A. (2008). Research Methods for Construction, Blackwell Publishing Ltd, 
Oxford.

Flanagan, R. and Norman, G. (1993), Risk Management and Construction, Blackwell Science 
Ltd, London.

Flyvbjerg, B., Holm, M. S. and Buhl, S. (2002), “Underestimating costs in public works 
projects: Error or lie?.” Journal of the American Planning Association, 68(3), 279-295. 

Hansen, K. L. and Vanegas, J. (2003). "Improving Design Quality Through Briefing
             Automation." Building Research & Information, 31(5), 379-386.
Hillson, D. (2004), Effective Opportunity Management for Projects - Exploiting Positive Risk,  

EE.UU: Marcel Dekker, New York.
Hwang, B., Zhao, X. and Yu, G.S. (2016), “Risk identification and allocation in underground 

rail construction joint ventures: contractors’ perspective”, Journal of Civil Engineering 
and Management, 22(6), 758-767.

Jaafari, A. (2001),“Management of risks, uncertainties and opportunities on projects: time for 
a fundamental shift.”International Journal of Project Management,19(2), 89-101.

Jackson, S. (2002), “Project cost overruns and risk management”, The University of Reading.
Ji, C., Mbachu, J. and Domingo, N. (2014), “Factors influencing the accuracy of pre-contract 

stage estimation of final contract price in New Zealand”, International Journal of 
Construction Supply Chain Management, 4(2), 51-64. 

Kassem, M.A., Khoiry, M.A. and Hamzah, N. (2019), “Risk factors in oil and gas construction 
projects in developing countries: A case study”, International Journal of Energy Sector 
Management, https://doi.org/10.1108/IJESM-11-2018-0002

Kirkham, R. (2007), Ferry and Brandon's Cost Planning of Buildings. 8th Edition, Blackwell 
Publishing Ltd, Oxford.

Kottegoda, N. and Rosso, R. (1997), Statistics, probability, and reliability for civil and 
environmental engineers, McGraw-Hill, New York.

Larkin, K., Odeyinka, H. and Eadie, R. (2012), "An exploration of theoretical concepts and 
methods for assessing risk impacts on the variability between contract sum and final 
account in design and build projects." 28th Annual ARCOM, Edinburgh, ARCOM, UK., 
337 - 346.

Ling, Y. Y. and Boo, J. H. S. (2001), "Improving the accuracy estimates of building of 
approximate projects", Building Research & Information, 29(4), 312-318.

Liu, L. and Zhu, K. (2007), "Improving Cost Estimates of Construction Projects Using Phased 
Cost Factors", Journal of Construction Engineering and Management, 133(1), 91-95.

Love, P.E.D., Sing, M.C.P., Ika, L.A. and Newton, S. (2019), “The cost of transportation 
projects: The fallacy of the planning fallacy account”, ELSEVIER Transportation 
Research Part A, 122, 1-20.

Lowe, D., Emsley, M. and Harding, A. (2006), “Predicting construction cost using multiple 
regression techniques.”Journal of Construction Engineering and Management132(7), 
750-758.

Magnussen, O.M. and Olsson, N.O.E. (2006), “Comparative analysis of cost estimates of major 
publicinvestment projects”, International Journal of Project Management, 281-288.

Mills, A. (2001), "A systematic approach to risk management for construction", Structural 
Survey, 19(5), 245-252.

Morrison, N. (1984), "The accuracy of quantity surveyors' cost estimating." Construction 
Management and Economics, 2(1), 57-75.

Page 22 of 34Journal of Engineering, Design and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Engineering, Design and Technology
Moser, C. A. and Kalton, G. (1981), Survey Methods in Social Investigation, Heinemann 

Educational, UK.
Naoum, S. G. (2007), Dissertation Research and Writing for Construction Students, Elsevier 

Ltd, Oxford.
Nworgu, B. G. (2006), Educational Research: Basic Issues and Methodology, Wisdom 

Publishers Ltd, Nigeria.
Odeyinka, H. (2007), "Modelling risk impacts on the budgeted cost of traditionally procured 

building projects." D. Boyd, ed., ARCOM, Belfast, ARCOM, UK, 755 - 763.
Odeyinka, H. A. (2010),“Assessing Risk Impacts on the Budgetary Reliability of Design Stage 

Elemental Cost Plan.”
http://www.docstoc.com/docs/99896893/built_environment (accessed 11 June 2014).

Odeyinka, H., Kelly, S. and Perera, S. (2009), "An Evaluation of the budgetary reliability of 
bills of quantities in building procurement." RICS COBRA, University of Cape Town, 
RICS, London, pp. 435-446.

Odeyinka, H., Larkin, K., Weatherup, R., Cunningham, G., McKane, M. and Bogle, G. (2012), 
Modelling risk impacts on the variability between contract sum and final account, 
Royal Institution of Chartered Surveyors, UK, 1- 19.

Odeyinka, H. A. and Yusif, A. (2003), "An assessment of the accuracy of quantity surveyors' 
preliminary cost estimates in Nigeria." Construction Engineering, 18(1), 33 - 38.

Odeyinka, H., Weatherup, R., Cunningham, G., Mckane, M. and Larkin, K. (2010), “Assessing 
risk impacts on the variability between tender sum and final account”, In Proceedings 
of RICS COBRA, Dauphine Universite, RICS, London.

Odusami, K. T. and Onukwube, H. N. (2008), "Factors Affecting the Accuracy of Pre-Tender 
Cost Estimate in Nigeria", RICS COBRA, Dublin Institute of Technology, Republic of 
Ireland, RICS, London, 1 - 10.

Ogunlana, O. (1991), “Learning from experience in design cost estimating”, Construction 
Management and Economics, 9 (2), 133-150.

Oladokun, M. G., Oladokun, A. A. and Odesola, I. A. (2011), "Accuracy of pre-tender cost 
estimates of consultant quantity surveyors in Nigeria", Journal of International Real 
Estate and Construction Studies, 1(1), 39 - 52.

Olsson, R. (2007), “In search of opportunity management: is the risk management process 
enough?”, International Journal of Project Management, 25(8), 745-752.

Park, S.H. (2009), “Whole life performance assessment: critical success factors”, ASCE 
Journal of Construction Engineering and Management, 135(11), 1146-1161.

Raisbeck, P. (2008), “Perceptions of architectural design and project risk: understanding the 
architects' role in a PPP project”, Construction Management and Economics, 26(11), 
1145-1157.

Rawlinsons (2011), Rawlinsons New Zealand Construction Handbook, 26th edn, Rawlinsons 
Media Ltd, Auckland, New Zealand.

Rostami, A. and Oduoza, C.F. (2017), “Key risks in construction projects in Italy: contractors’ 
perspective”, Engineering, Construction and Architectural Management, 24(3), 451-
462.

Royal Institution of Chartered Surveyors (2012), RICS New Rules of Measurement 1: Order of 
Cost Estimating and Cost Planning for Capital Building Works, 2nd Edition, RICS, 
London.

Serpell, A.F. (2005), “Improving Conceptual Cost Estimating Performance”, AACE 
International Transactions, 13.11-13.16.

Smith, N.J. (2006), Managing Risks in Construction Projects, Blackwell Science, London.
Smith, J. and Jaggar, D. (2007), Building Cost Planning for the Design Team, 2nd Edition,

Page 23 of 34 Journal of Engineering, Design and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Engineering, Design and Technology
            Elsevier, UK.
IBM (International Business Machines Corporation) 2015, SPSS [Computer software], IBM,
            New York.
Taroun, A. (2014), “Towards a better modelling and assessment of construction risk: insights
            from a literature review”, International Journal of Project Management, 32(1), 101-
            115.
Terrill, M. and Danks, L. (2016), Cost overruns in transportation infrastructure projects, A

Grattan Institute, Melbourne, Available at: https://grattan.edu.au/report/cost-overruns-
in-transport-infrastructure/

Tower, M. and Baccarini, D. (2008), “Risk pricing in construction tenders - how, who, what”, 
Construction Economics and Building, 8(1).

Trost, S. and Oberlender, G. (2003), "Predicting accuracy of early cost estimates using factor 
analysis and multivariate regression", Journal of Construction Engineering and 
Management, 129(2), 198-204.

Welde, M. and Odeck, J. (2017), “Cost escalations in the front-end of projects - Empirical 
evidence from Norwegian road projects”, Transport Review. 37(5), 612-630.

Winch, G. M. (2010), Managing construction projects, Blackwell Publishing Ltd, Oxford.
Xia, N., Zhong, R., Wu, C., Wang, X. and Wang, S. (2017), “Assessment of stakeholder-related 

risks in construction projects: integrated analyses of risk attributes and stakeholder 
influences”, ASCE Journal   of Construction Engineering and Management, 143(8), 1-
11.

Zhao, X., Hwang, B. and Gao, Y. (2016), “A fuzzy synthetic evaluation approach for risk 
assessment: a case of Singapore’s green projects”, Journal of Cleaner Production, 115, 
203-213.

Zou, P. X. W., Zhang, G. and Wang, J. (2007), "Understanding the key risks in construction 
projects in China", International Journal of Project Management, 25(6), 601-614.

Page 24 of 34Journal of Engineering, Design and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://grattan.edu.au/report/cost-overruns-in-transport-
https://grattan.edu.au/report/cost-overruns-in-transport-


Journal of Engineering, Design and Technology
Table 1. Budgetary reliability measures for residential building projects

Project 
Code

Elemental Cost 
Plan Sum 

(NZ$)

Outturn Tender 
Sum

(NZ$)

Cost 
Difference

(NZ$)

Percentage 
Difference 

(%) Year
Project 

Location

Procurement 
System 
Adopted

P01 7,210,250.80 6,859,266.32 -260,984.48 -3.67 2013 AKL Traditional
P02 794,456.98 815,257.68 20,800.70 2.62 ‘12-13 ChC Traditional
P03 905,500.00 924,680.00 19,180.00 2.12 ’12-13 ChC Traditional
P04 1,914,848.40 1,878,417.15 -36,431.25 -1.90 2013 AKL Traditional
P05 1,034,360.00 1,075,210.00 40,850.00 3.95 ’12-13 ChC Traditional

Source: Adafin et al. (2016); Note: AKL = Auckland, ChC = Christchurch

Table 2. Budgetary reliability measures for commercial building projects

Project 
Code

Elemental 
Cost Plan 

Sum

(NZ$)

Outturn Tender 
Sum

(NZ$)

Cost Difference

(NZ$)

Percentage
Difference

(%) Year
Project 

Location

Procurement 
System 
Adopted

P11 1,985,000.00 2,085,369.83 100,369.83 5.06 ‘12-13 AKL Traditional
P12 31,000,000.00 26,593,185.00 -4,406,815.00 -14.22 2012 ChC Traditional
P13 33,225,000.00 38,650,125.00 5,425,125.00 16.33 ’11-12 ChC Traditional
P14 2,850,000.00 3,058,252.85 208,252.85 7.31 ’12-13 AKL Traditional
P15 28,245,000.00 31,285,225.00 3,040,225.00 10.76 2010 AKL Traditional

Source: Adafin et al. (2016); Note: AKL = Auckland, ChC = Christchurch
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Table 3. Some previous studies on project risk identification and assessment in extant literature

Researchers Context Findings Plausible solutions
Morrison (1984) Data collected and analysed from 7 separate quantity 

surveying firms in the UK
A mean deviation of 12% between cost plan estimates and 
accepted tenders
Causative factors: variability of lowest tenders; source of cost data 
used in estimating; inherent error attached to the estimating 
technique; and the suitability of cost data

Quantity surveyors should use previous cost 
data and a single source of cost data from 
previous projects

Odeyinka and 
Yusif (2003)

Survey of 24 quantity surveying firms and analysis 
of 40 building projects in Nigeria

The mean and standard deviations of the variance ratio were found 
to be 1.11 and 0.35 respectively, indicating that on average, 
quantity surveyors underestimated the lowest tender sum by 11%
Causative factors: Time lag between preparation of estimates and 
invitation of tenders; lack of cost information; communication gap 
between architect and quantity surveyor; and political factors

Major methods of preliminary estimating 
suggested are superficial and approximate 
estimating. Other methods such as elemental 
cost planning can be embraced for better 
accuracy and consistency

Magnussen and 
Olsson (2006)

Survey of 31 major public building projects in 
Norway

A drift of 74% between the initial estimates and the revised 
estimates observed
Causative factors: price escalation; government action; and labour 
strike action

Quality assurance from the early stages of the 
project development was suggested.

Aibinu and Pasco 
(2008)

Survey of 102 quantity surveying firms and results 
from 56 projects in Australia

Pre-tender cost estimating accuracy has not improved over time. 
Pre-tender building costs are frequently overestimated rather than 
are underestimated. Overestimation bias ranges from +0.97% to 
+31.88% with a mean of +10%, while underestimation bias ranges 
from -2.21% to -19.83% with a mean of -9%.
Causative factors: project size; and principal structural material

Simulating past estimates and estimation of 
probability; reducing quantity surveying and 
cost engineering skill turnover; incorporating 
market sentiments into estimates; early 
involvement of the quantity surveyor at the brief 
stage; and proper documentation of experience 
gained in the estimation of projects, should help 
firms increase the accuracy of estimates for new 
projects.

Oladokun et al. 
(2011)

Survey of 81 building projects in Nigeria Approximate underestimates of 34% obtained.
Causative factors: estimating techniques used; and the variable 
quantity surveyor’s experience

Regression modelling for improvement in final 
tender sum predictions was applied.
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Table 4. Participants’ Demographic Information

Designation of Respondents

Characteristics
Number of        

Respondents Percent
Cumulative

Percent
Director / Partner 12 16.67 16.67
Principal PM 26 36.11 52.78
Senior PM 34 47.22 100.00
Total 72 100.00
Academic Qualification of Respondents

PhD 3  4.17 4.17
Master’s Degree 25 34.72 38.89
Bachelor’s Degree 27 37.50 76.39
PGD / Graduate Diploma 7    9.72 86.11
Diploma/ND/HNC/HND 10    13.89 100.00
Total 72 100.00
Professional Qualification of Respondents

Fellow membership, e.g. 
FNZIOB 17 23.61 23.61
Full membership, e.g. 
MNZIOB 51 70.83 94.44
None 4   5.56 100.00
Total 72 100.00

Professional Experience of Respondents

1-10 years 5 6.95 6.95
11-20 years 16 22.22 29.17
21-30 years 32 44.44 73.61
31-40 years 12 16.67 90.28
Over 40 years 7 9.72 100.00
Total 72 100.00
Mean = 25.50 years

Note: PM = project manager; PGD = postgraduate diploma; ND = national diploma; HNC = 
higher national certificate; HND = higher national diploma; FNZIOB = fellow, New Zealand 
Institute of Building; MNZIOB = member (full), New Zealand Institute of Building. 
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Table 5. Contractual Arrangement Adopted on Commercial Projects Surveyed

Procurement System
Number of 

Respondents Percent
Cumulative

Percent
Traditional 64 88.89 88.89
Design and Build 3  4.16 93.05
Management Contracting 1  1.39 94.44
Strategic Alliance 2  2.78 97.22
Project Management 1  1.39 98.61
Construction Management 1  1.39 100.00
Total 72         100.00
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Table 6. Project Managers’ Opinion of Risk Occurrence in Commercial Construction Projects 

Spearman’s correlation

Risk Factors

Risk 
probability 

MS
(P)

Rank 
(A)

Risk 
impact 

MS
(I)

Rank 
(B)

Degree 
of 

risk 
(P X I) Rank di = (A-B) di

2

Changes in project owner’s requirements 3.82 1 3.88 1 14.82 1 0 0
Experience of project team 3.74 2 3.85 3 14.40 2 -1 1
Site condition information 3.72 3 3.82 5 14.21 3 -2 4
Competency of consultants 3.53 5 3.86 2 13.63 4 3 9
Information flow and quality 3.50 6 3.83 4 13.41 5 2 4
Tender documentation 3.56 4 3.76 8 13.39 6 -4 16
Design information 3.49 7 3.79 6 13.19 7 1 1
Project complexity 3.44 8 3.78 7 13.00 8 1 1
Provision of labour and materials 3.17 10 3.56 9 11.29 9 1 1
Property market condition 3.18 9 3.40 10 10.81 10 -1 1
Project type (residential, commercial, educational, etc.) 2.57 12 3.14 11 8.07 11 1 1
Extent of completion of pre-contract design 2.69 11 2.90 12 7.80 12 -1 1
Construction method 2.56 13 2.88 13 7.37 13 0 0
Project location 2.39 14 2.44 15 5.83 14 -1 1
Defective design and specification 1.68 16 2.56 14 4.30 15 2 4
Client type (private, public, government, agencies, 
NGOs, etc.) 2.18 15 1.81 16 3.95 16 -1 1
Total ∑di

2 =      46

Spearman’s correlation coefficient (rho) = 1 – 6 ∑ di
2 =   1 –   6 × 46= 0.93

             n (n2-1)             16(256-1) 
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Table 7. Comparison between current results and some previous studies on project risk factors impacting budget variability in other 
contexts

Authors This study Akintoye (2000) Jackson (2002) Odusami and 
Onukwube (2008)

Enshassi et al. (2013)

Purpose Risk factors that influence 
variability between design-
stage ECPs and FTS

Factors influencing 
project cost 
estimating practice

Causes of budget 
overrun

Factors affecting 
the accuracy of pre-
tender cost estimate

Factors affecting cost estimates

Study 
area

New Zealand UK UK Nigeria Palestine (Gaza)

Factors by ranking
R1 Changes in project owner’s 

requirements
Complexity of design 
and construction

Design change Expertise of 
consultants

Materials
(prices/availability/supply/quality/imports)

R2 Experience of project team Construction scale 
and scope

Design development Information flow 
and quality 

Closure and blockade of borders

R3 Site condition information Construction method Information 
availability

Experience of 
project team 
regarding 
construction type 

Experience of project team in the type of 
construction 

R4 Competency of consultants Tender period and 
market condition

Design brief Period of tender and 
market condition

Competency of the consultant

R5 Information flow and 
quality

Site constraints Estimating method Extent of 
completion of pre-
contract design

Availability of clear and detailed drawings 
and specifications

R6 Tender documentation Client’s financial 
situation and budget

Design team 
performance

Design and 
construction 
complexity

Information flow quality

R7 Design information Type of client Project management Availability and 
supplies of labour 
and materials

Completeness of cost information

R8 Project complexity Buildability Time limits Location of project Accuracy and reliability of cost 
information

R9 Provision of labour and 
materials

Location of project Site conditions Form of 
procurement

Fluctuation of currency exchange

R10 Property market condition Availability and 
supplies of labour and 
materials

Organisation Method of 
construction

Conditions of contract

Note: R = Rank

Page 30 of 34Journal of Engineering, Design and Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Engineering, Design and Technology
Table 8. Estimated variation between ECPs and OTS

Case 
Study 
Project 
Nr. ECPs (NZ$) OTS (NZ$) Variation % Variation

1 924,680.00 950,500.00 25,820.00 2.7923
2 902,206.00 988,000.00 85,794.00 9.5094
3 48,833,750 54,768,250 5,934,500 12.1525
4 2,403,619.00 2,477,000.00 73,381.00 3.0529
5 26,795,275 31,250,000 4,454,725 16.625
6 1,730,000.00 1,960,000.00 230,000.00 13.2948
7 13,000,000 15,500,000 2,500,000 19.2308
8 794,456.98 815,257.68 20,800.70 2.6182
9 2,023,490.00 2,233,773.00 210,282.10 10.392

10 2,850,000.00 3,058,252.00 208,252.80 7.3071
11 2,645,200.00 3,065,000.00 419,800.00 15.8703
12 15,055,000 15,500,000 445,000.00 2.9558
13 34,922,850 38,628,000 3,705,150 10.6095
14 942,545.25 986,342.50 43,797.25 4.6467
15 1,985,000.00 2,085,369.00 100,369.80 5.0564
16 2,266,000.00 2,522,725.00 256,725.30 11.3295
17 10,100,000 10,300,000 200,000.00 1.9802
18 766,787.25 945,234.60 178,447.30 23.2721
19 68,350,000 74,500,000 6,150,000 8.9978
20 1,578,317.00 1,954,865.00 376,548.20 23.8576
21 1,034,360.00 1,075,210.00 40,850.00 3.9493
22 2,800,000.00 3,400,000.00 600,000.00 21.4286
23 28,245,000 31,285,225 3,040,225 10.7638
24 2,043,360.00 2,466,783.00 423,422.80 20.7219
25 842,065.25 982,361.50 140,296.20 16.661
26 34,280,000 37,525,060 3,245,060 9.4663
27 32,120,000 34,450,120 2,330,120 7.2544
28 998,650.00 1,094,000.00 95,350.00 9.5479
29 18,125,180 20,402,060 2,276,880 12.562
30 908,450.00 965,200.00 56,750.00 6.2469
31 986,687.00 1,056,750.00 70,063.00 7.1008
32 26,292,128 31,000,000 4,707,872 17.906
33 736,687.56 805,134.60 68,447.04 9.2912
34 33,225,000 38,650,125 5,425,125 16.3284
35 994,678.00 1,084,000.00 89,322.00 8.98
36 924,680.00 950,500.00 25,820.00 2.7923

Note: ECP = elemental cost plan; OTS = out-turn tender sum; NZ$ = New Zealand dollars
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RISK 
GROUP

CLIENT 
RELATED

PLANNING 
AND DESIGN 

RELATED

COST 
RELATED

MARKET 
RELATED

PROJECT 
RELATED

BIDDING 
REQUIREMENTS 

RELATED

EXTERNAL

R01 - Changes in project owner’s requirements
R02 - Client’s brief
R03 – Client type

R04 – Extent of completion of pre-contract design and 
specification

R05 – Defective design and specification
R06 – Planning requirements/restrictions

R07 – Little or no information about mechanical and 
electrical services

R08 – Procurement method
R09 – Project scope

R10 – Legal requirements/restrictions

R11 – Type and quality of cost planning data
R12 – Changes in estimating or cost planning data

R13 - Underestimation

R14 – Construction tender period
R15 – Property market condition

R16 – Project location
R17 – Unforeseeable fluctuation in labour prices

R18 – Unforeseeable fluctuation in materials prices 

R19 – Project complexity
R20 – Information flow and quality

R21 – Availability of design information
R22 – Experience of project team

R23 – Construction method
R24 – Competency of consultants

R25 – Site condition information (geological/sub-soil 
conditions)

R26 – Site constraints
R27 – Project type

R28 – Type of structure

R29 – Cost plan/tender documentation
R30 – Provision of materials

R31 – Provision of labour
R32 – Bidding type

R33 – Conditions of contract
R34 – Tender inflation

R35 – Zonal rates

R36 - Government policy/legislation

PRE-
CONSTRUCTION 

RISKS

Figure 1. Pre-construction risks identified from previous studies                                                           
(based on Adafin et al., 2018)

References: 1 = Akintoye (2000); 2 = Ling and Boo (2001); 3 = Hansen and Vanegas (2003); 4 = Trost and Oberlender 
(2003); 5 = Ashworth (2004); 6 = Serpell (2005); 7 = Liu and Zhu (2007); 8 = Smith and Jaggar (2007); 9 = Tower 
and Baccarini (2008); 10 = Zou et al. (2007); 11 = Enshassi and Mosa (2008); 12 = Odusami and Onukwube (2008); 
13 = Farinloye et al. (2009); 14 = Odeyinka et al. (2009); 15 = Odeyinka et al. (2012); 16 = RICS NRM 1 (2012); 17 
= Enshassi et al. (2013); 18 = Ji et al. (2014); 19 = Ameyaw et al. (2015). 
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The JEDT
Author(s’) Response to Reviewers Form

Manuscript ID: JEDT-03-2019-0056 

Referee 1
1. Title & Introduction: The title does not reflect the 
aim of the paper. While the paper assessed “risk 
factors impacting project budget performance” in 
New Zealand, the title reads “project budget 
development risks”.

- Title has been revised accordingly.
- Please see the revised Title.

2. The introduction focused only on researches 
conducted in NZ. It is not known whether attempts 
have been made outside NZ to address risk factors 
influencing budgetary performance. Demonstrating 
knowledge of works existing outside NZ in the 
introduction will help to justify the research problem 
early enough in the paper.

- Done. More citations from other countries included 
in the manuscript.
- Please see paragraphs 4, 5 and 6 of the Introduction 
section of the paper.
- Also, please check Table 3.

3. The gap which the research tried to fill relates 
more to non-existence of research addressing risk 
factors influencing budgetary performance in NZ. 
For this reason, it may be better to justify the 
decision to seek the PMs’ perspectives in the 
methodology and hence, expunge “PMs’ 
perspectives to” from the title.

- Done. Title revised
- Please see the second paragraph (lines 1-4) of the 
Methodology section of the paper.
- Please check the amended paper Title.

4. Literature Review: In the methodology, it was 
reported that 36 risk factors were identified/produced 
from the review of literature. On the contrary, 
however, how these 36 risk factors were 
identified/produced is not demonstrated in the 
literature review section.

- Revised. 
- Reference to the revised Literature Review section. 
- Please see the sub-section “Risk and Risk Factors 
impacting Budget Overrun”, paragraph 3 and 
paragraph 4 (lines 9-13) for the demonstration.

5. Methodology: What is the justification for 
discussing the relevance of the 36 risk factors with 
only 5 construction consultants?

- Revised.
- Please check the revised Methodology section, 1st 
paragraph (lines 3-9) for more explanation.

6. What is the justification for using simple random 
sampling?

- Done.
- Please see the 2nd paragraph (lines 4-7) of the 
revised Methodology section for more explanation.

7. If it is possible, the author(s) may consider using 
factor analysis to identify hidden constructs in the 
risk factors. This will add more to the study’s 
contribution/value.

- Revised. 
- Please see the 1st paragraph (lines 9-15) of the 
methodology section of the paper, to achieve the 
same purpose.

8. Results: It’s more logical for Table 6 which 
delineates demographic information of respondents 
to be presented before Table 5 (PMs’ opinion of risk 
occurrence).

- Done.
- Please see the Tables, re-arranged. Also corrected 
within the text.

Thanks so much for your invaluable contributions to this paper.
Please expand table as necessary
Please include this completed table in your resubmission as a document for review
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