A Post Construction Evaluation to Study the Impact of
Contractors’ Attributes on Construction Project
Success

Jaman I. AL-Zahrani, Jaman.AL-Zahrani@postgrad.manchester.ac.uk
The University of Manchester

Margaret Emsley, Margaret. Emsley@manchester.ac.uk

The University of Manchester

Abstract

The success of construction projects is a fundamental issue for most governments, users and
communities. In the literature that deals with construction project success and causes of time and cost
overruns in the construction industry, there is some literature that highlights the role of contractors
in project success. While most studies rank contractors’ success attributes from tendering,
prequalification, and a long term historical perception perspective, this research aims to study the
impact of contractors’ attributes on project success from a post construction evaluation perspective
to identify what went right and what went wrong. In an attempt to understand and investigate this
impact, a questionnaire survey is used to establish construction professionals’ perception of critical
success factors (CSFs) of contractors that greatly impact on the success of construction projects.
Factor analysis reveals nine underlying clusters namely- (i) safety and quality, (ii) past performance;
(iii) environment; (iv) management and technical aspects; (v) resources; (vi) presence; (vii)
experience, (viii) past projects, and (ix) finance. Logistic regression techniques were used to develop
models that predict the probability of project success. Factors such as turnover history, quality
policy, adequacy of labour resources, adequacy of plant resources, waste disposal, size of past
projects completed, and company image are the most significant factors affecting projects success.
Assuming that project success is repeatable; these findings provide a clear understanding of
contractors’ performance and could potentially enhance existing knowledge of construction project
success.

Keywords: construction project success, project performance, contractor selection.
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1. Introduction

According to Ye et al. (2009), the construction industry is one of the most significant industrial
contributors to the European economy in terms of gross product and employment. As a result, the
success of a construction project is a fundamental issue for most governments, users and communities.

In modern construction projects there are significant challenges for both clients and contractors to
deliver the project successfully due to increasing complexity in design and the involvement of a
multitude of stakeholders (Doloi, 2009). In addition to the above stated complexity of construction
projects, defining project success itself is a complex issue (Toor and Ogunlana, 2010; Lame et al.
2008; Wang and Huang, 2006). Chan and Chan (2004) reported that the concept of project success is
developed to set criteria and standards to aid project participants to complete projects with the most
desirable outcomes. However, this concept remains somewhat of an enigma as there is no agreement
on what should be the critical success criteria on construction projects despite several studies (Ahadzi
et al.2008).

The iron triangle (on time, under budget, according to specifications) has been the widely accepted
criterion for project success during the last couple of decades. However, Toor and Ogunlana (2010)
reported that the same old-fashioned performance criteria can no longer be the sole determinant of
project success due to a change in demands of users, evolving environmental regulations, and shifting
functions of buildings.

Scholars make a distinction between project management success and project success when
attempting to measure success as the two, although related, may be very different (de Wit 1988;
Cooke-Davies, 2002; Baccarini, 1999). Pheng and Chuan (2006) pointed out that the successful
accomplishment of cost, time, and quality objectives were regarded as project management success.
Alternatively, project success deals with the final project objectives. De Wit (1988) concludes that
good project management can contribute towards project success but is unlikely to be able to prevent
project failure.

Pinto and Covin (1989) pointed out that many of the reasons behind project success can be found in
the existence, or lack, of several CSFs. In addition, Belassi and Tukel (1996) asserted that one thing of
prime importance in determining project success or failure is the existence of groups of success
factors and their interactions.

There are many factors that contribute to project success. Construction projects and their success are
highly dependent on contractors (Yaweli et al.2005; Ng et al.2009; Banki et al.2009; Palaneeswaran
and Kumaraswamy, 2001). The appointment of the right contractor will not only ensure the overall
quality of the project but also offer the opportunity of saving on costs (Yaweli et al.2005). The main
contractors start their main duties which impact on the success of a project, when the project reaches
the construction or execution stage. During this life cycle the actual work of the project is
accomplished. Hence, the aimed of this paper is to investigate the impact of objective and subjective
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success attributes (criteria) of contractors on construction projects, as they play the main role in
project management success which can contribute towards project success.

Over the past few decades, numerous studies have highlighted success criteria and CSFs of
contractors. These studies have been expanded by both the industrial and academic worlds. While
these criteria and their influencing CSFs have been discussed from tendering, prequalification, and a
long term historical perception perspective, the approach in this research is to investigate those criteria
from an immediate post construction delivery perspective to identify what went right and what went
wrong and record lesson learnt before moving to the next project. An attempt is made to capture the
perception of construction project practitioners, in a post construction evaluation, regarding CSFs of
contractors that greatly impact on the success of projects, as they play the main role in project success.

Using factor analysis and logistic regression analysis, this research also aims to provide the industry
with predictive models that can measure the probability of project success. Assuming that project
success is repeatable; the findings from this research seek to provide a clear understanding of
contractors’ performance and could potentially enhance existing knowledge of construction project
success.

2. Methodology

2.1 Research Framework

The approach undertaken for this research comprised two components, a literature review, discussed
in the previous section, and an exploratory self-administered survey.

2.2 Survey Questionnaire

The exploratory survey was designed to ask the respondents to rate the impact of contractor CSFs on
the success of construction projects. The impact level is measured on a 5-point Likert scale, where 5
denotes strongly agree, 4 agree, 3 neutral, 2 disagree, and 1 strongly disagree. The respondents were
required to answer the questions according to actual situations that they had experienced on projects
they were working on or had recently completed.

The first part of the survey include some items for collecting background information of the
respondents and their projects, such as the respondent’s position, experience in the construction
industry, type of firm/organisation, procurement type and main project type in the organisation. In the
second part of the survey the respondent was asked to rate the impact of CSFs shown in Table 1 on
the success of projects. The third part of the survey required participants to comment on the outcome
of the completed project. A blank space was provided for the participants so they could suggest their
own CSFs that were not been mentioned in the survey. A web based survey using the Survey Monkey
website was also developed to increase the return rate.
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A pilot study was undertaken to pre-test the survey which was subsequently modified before a final
version was produced. The survey targeted client, consultant and contractor organisations involved
mostly in infra-structure, residential and commercial projects in the UK. The survey was mailed or
hand delivered to 512 participants. One hundred and sixty four completed surveys were returned
representing a 32% response rate. The valid dataset was then analysed using the Statistical Package
for the Social Sciences (SPSS) version 19.0 for Windows.

3. Data analysis and results

Two statistical tools, factor analysis and logistic regression, were used to analyse data from the survey
questionnaire. The main purpose of the factor analysis is to establish which of the variables could be
measuring aspects of the same underlying dimensions (Field, 2005). Using SPSS 19.0, the survey
opinions of the 35 CSFs were subjected to principal component analysis. Table 2 and Fig.1 present
the results.

The results of factor analysis show that the Bartlett test of sphericity is 2283.362 and the associated
significance level is 0.000 suggesting that the population correlation matrix is not an identity matrix
(Table 2). The Kaiser-Meyer-Olkin measure of sampling adequacy is 0.708 (Table 2), which is
considered good (Kaiser, 1974). The average communality of the variables after extraction was above
0.6. Cronbach’s alpha of 0.865 suggested the reliability of the research instrument used was also
acceptable (Table 2).

The principal component analysis generated nine clusters with eigenvalues greater than 1 explaining
64.6% of the variance (it should be noted that factor (component) 10 was dropped from the analysis as
there is no common theme between variables). The factor clustering based on varimax rotation is
shown in Table 2. Only factors with loading exceeding 0.50 were selected to evaluate the factor
patterns and this reduced the number of factors from 35 to 29. Fig.1 is a scree plot of the total
variance associated with each factor. The plot shows a distinct break between the sleep slope of the
large factors and the gradual trailing off of the rest.

4. Regression Analysis of Underlying Success Factors

Ordinal logistic regression was selected for this research because the dependent variables were ordinal
on a scale from strongly disagrees to strongly agree. Ordinal logistic regression results in more
accurate and valid results as it is designed to fit the inherent order or ranking of the dependent
variable (Norusis, 2010). The application of logistic regression requires no assumptions about the
predictor variables. Hence, the independent variables do not have to be normally distributed, linearly
related or of equal variance (Field, 2005).
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Figure 1: Scree plot for factor analysis

The objective of using logistic regression is to predict the probability that an event will occur. In this
study the event is the agreement that the contractors’ attributes have an impact on the success of
projects. The construction professionals respond to the survey by agreeing or disagreeing with the
survey statements. The model then estimates the probability that a contractor with a given set of
attributes will impact on a certain project and turn it in to a successful project. The relationship can be
expressed in the form of

IOglt (p) =a+ b1X1 + b2X2+ . biXi

where p is the probability of project success and Xy, X; ... X; are the explanatory variables.

The twenty nine variables that resulted from varimax rotation were entered into the model as
independent (covariate) variables to determine which might have predictive ability in relation to
project success. The general method of estimating the model parameters is called maximum likelihood
(Field, 2005). Log likelihood (LL) represents the probability that the observed values of dependents
may be predicted from the observed values of the independents.

Similar in intent to R-Square in a linear regression model, the Pseudo R-Square attempts to quantify
the proportion of explained variation in the logistic regression model. In logistic regression analysis,
there are two types of R-Square. The first one is Cox and Snell R-Square which cannot reach the
maximum value of 1 and the second one is Nagelkerke R-Square which can reach the maximum value
of 1. Nagelkerke R-Square is the most widely reported when interpreting logistic regression model
(Field, 2005). A deviance statistics test is preferred for assessing model goodness of fit over
classification tables.
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5. Models Development

Factor analysis reveals nine underlying clusters. However, there is no direct relationship that can be
shown by simply applying factor analysis. Hence, logistic regression analysis was conducted to
estimate the probability of project success and assess the impact of contractors’ attributes on project
success.

Using the entire dataset, four logistic regression models were built in SPSS 19.0 to estimate the
probability of project success based on the 29 independent variables listed in Table 2. Four dependent
variables were used to develop logistic models namely: (1) The probability that a project has been
completed on schedule, (2) The probability that a project has been completed within budget, (3) The
probability that a project achieved the necessary quality, (4) The probability that the contractors’
attributes have an impact on the success of a project. These four measures have been rated by
respondents in the third part of the survey that asks respondents to comment on the outcome of a
completed project. The analysis was based on the ‘enter’ method which is the default method of
conducting logistic regression in SPSS 19.0 for Windows. The models’ summary statistics in Table 3
shows that all models, except quality where the level of significance for the model fit is > 0.05,
perform adequately and permit the rejection of the null hypotheses that the independent variables are
not related to the dependent variable.

6. Discussion of Regression Results

From the results of logistic regression (Table 3), it was found that the success of a project is
significantly associated with seven of the advocated variables. The findings indicate that contractors
with adequate labour resources have a great impact on project success. The adequacy of labour
resources variable was a statistically significant predictor of project success in the scheduling, budget,
and contractors’ impact models. This is consistent with Belout and Gauvrean (2004), Nguen et al.
(2004), Hubbard (1990), and Todryk (1990) who asserted that people are responsible for creating,
managing, operating and utilising projects and play a decisive role regarding the success or failure of
a project.

The results also show that contractors with adequate plant resources are an important and statistically
significant factor affecting project success. The scheduling model reveals that the adequacy of plant
resources factor is a statistically significant predictor of project success. This result is in accordance
with Wong et al. (2003) as they found that on-site productivity can be affected by the availability and
suitability of a plant needed for construction activities.

Logistic regression tests also revealed that examining (company) image and turnover history of a
contractor appears to impact on the success of a project. These two variables turned out to be
statistically significant in the scheduling model. The model shows a positive relationship between
those two predictors and timely project delivery. The result of this finding is similar to findings
reported in previous literature such as Holt et al. (1994) who pointed out that insolvency is more
likely to occur in the construction industry than in others and confidence from an established trading
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history needs to be relied upon as a measure of future performance. Isik et al. (2011) and Holt et al.
(1994) also reported that financial resources show a company’s credibility and reputation and
turnover history mirrors company trading with an increase in turnover representing growth.

Although the findings indicate that the overall test of quality model is not statistically valid, the size of
past projects completed predictor appears to be statistically significant. This finding is consistent with
Holt et al. (1994) who asserted that contractors who have the requisite experience from a similar
project tend to have a greater impact on project success.

The results show that quality policy and waste disposal are significant predictors of project success in
the contractors’ impact model. These findings are in line with previous studies by Attalla et al. (2003)
and Chan and Chan (2004) which conclude that quality is a specific issue that needs to be prioritised
for a 21 century construction site. The results also indicate that contractors who meet environmental
obligations and implement waste disposal programmes during construction tend to have a greater
impact on project success.

7. Conclusions

There is considerable debate in project management research practice about what determines project
success. While the topic has been discussed for a long period of time, an agreement has not been
reached. In addition, when it comes to a definition of project success, there is no single list that is
totally comprehensive. However, the concept of CSFs presents a smarter way to identify certain
factors which when present or absent in a project are likely to make the project successful.

Construction projects and their success are highly related to contractors. They start their main duties
and impact project management success that can contribute towards project success, when the project
reaches the construction or execution stage where the actual work of the project is accomplished. In
addition, identifying what went right and what went wrong in a post construction evaluation before
moving to the next project, proved to be a valuable exercise in construction projects.

This paper reports the statistical results of a survey aimed at collecting perceptions of construction
practitioners, in post construction evaluation, about the CSFs of contractors that greatly impact on the
success of a project. Based on the available literature, 35 CSFs were selected for this study. By
employing a factor analysis approach, the 35 critical factors identified in this study are further
categorised into nine underlying clusters namely: (i) safety and quality,; (ii) past performance; (iii)
environment,; (iv) management and technical aspects; (v) resources, (vi) presence, (vii) experience;
(viii) past projects, and (ix) finance.

Four logistic regression models were built to examine the impact of contractor attributes on project
success and identify the significant association between the success criteria and the nine underlying
clusters. From the results of logistic regression, it was found that the success of a project is
significantly associated with seven of the advocated variables. They were: turnover history, quality
policy, adequacy of labour resources, adequacy of plant resources, waste disposal, size of past
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project completed, and company image. The goodness of fit of the models was confirmed by the -
2LL, pseudo R-squared, deviance and parallel lines tests, suggesting that the models are statically
robust.

The findings showed that new and emerging criteria such as safety and environment are becoming
measures of success in addition to the classic iron triangle’s view of time, cost and quality.

Assuming that project success is repeatable; these findings provide a clear understanding of

contractors’ performance and could potentially enhance existing knowledge of construction project
success.
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Table 1: Success attributes and critical success factors

Number

Success Attributes

Critical Success Factors (CSFs)

Financial Attributes

Turnover history
Credit history
Bonding capacity
Cash flow forecast

Management Attributes

Staff qualification
Management capability
Site organisation
Documentation

Technical Attributes

Contractor's IT knowledge

Knowledge of particular construction method
Work programming

Experience of technical personnel

Past Experience Attributes

Type of past project completed
Size of past project completed
Length of time in business
Experience in the region

Past Performance Attributes

Failure to have completed a Contract
Contract time overruns

Contract cost overruns

Past record of conflict and disputes

Organisation Attributes

Size of the company
Company image
Age in business
Litigation tendency

Environmental Attributes

Waste disposal during construction
Environmental plan during construction
Materials and substances used in the project

Health and Safety Attributes

Health and safety records

Occupational safety and health administration
rates (OSHAIR)

Experience Modification Rating (EMR)

Quality Attributes

Quality control

Quality policy
Quality assurance

10

Resource Attributes

Adequacy of labour resources
Adequacy of plant resources
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Table 2: Factor analysis and total variance explained

Description of clusters Factor Variance
loading | explained
Cluster 1: Health, Safety and Quality 19.4
Quality policy 0.755
Quality assurance 0.733
Occupational safety and health administration rate (OSHAIR) 0.680
Health and safety records 0.627
Quality control 0.625
Experience Modification Rating (EMR) 0.589
Cluster 2: Past Performance 9.2
Contract cost overruns 0.896
Contract time overruns 0.916
Past record of conflict and disputes 0.848
Failure to have completed a contract 0.793
Cluster 3: Environment 8.6
Waste disposal during construction 0.870
Environmental plan during construction 0.879
Materials and substances used in the project 0.828
Cluster 4: Management and Technical Aspects 6.9
Management capability 0.605
Site organisation 0.586
Knowledge of particular construction method 0.755
Work programming 0.727
Cluster 5: Resources 4.8
Adequacy of labour resources 0.908
Adequacy of plant resources 0.811
Cluster 6: Presence 4.6
Size of the company 0.743
Company image 0.645
Age in business 0.659
Cluster 7: Experience 3.9
Experience in the region 0.677
Length of time in business 0.774
Cluster 8: Past projects 3.7
Type of past project completed 0.853
Size of past project completed 0.897
Cluster 9: Finance 3.5
Turnover history 0.650
Credit history 0.857
Cash flow forecast 0.694
Cumulative variance explained= 64.6%
Note: Kaiser—Meyer—Olkin measure of sampling adequacy=0.708
Bartlett test of sphericity=approx. chi square 2283.362; Df 595; and Sig=—0.000.

Cronbach's Alpha= 0.865
Extraction Method: Principal Component.

1223



[=(wopaa.if [0 22.432p) [p
AOLLT pAPPUDIS 'S

¢ . %
SJInsa.4 U01SS2.432.4 DSIZOT £ 2|V e aSmmmﬁ w@ Mw, Hmmogmw%m ;
. o ok

1224

§20.41082.1 mu
«120° | SYES | 1€S | 6TT1 | nogv] fo &ovnbopy =
&
]
8¢ | gee | 50001 | 69v°0zT | «€00° | L8SbS | e9yoze | *0C0T | ¥IFS |o6IsT | 80T [psodsip 1suf >
=
o
107 | 8L6'S | ISY | €011 @rjod 41y e
paia1dutoo @
844 861" | $000'T | 69T€0C 1TV | 89867 | 69T°€0T | %0€0° | LS9V | €I¥ | €68~ | 192lo4dsvd fo azig =3
=)
§224N0S24 m
01¢ 6LT | 50001 | TE€I'L9T | «b€0" | 86ETH [E1°L9T | «€10° | €0T9 | 16¥ | ¥CT'1- | -nogvjfo dovnbapy &
[¢]
«100" | €ESTIT | 81€ | 1801 d10151y L200UIN ] o
(@)
sve | Tie | $0007T | ISPLIT | «L00° | S88'0S | ISyLoT | x8T0° | ¥08Y | 6LT | TI9 |  so8vun duvduio) g
§924NM0S24 m.
%810° | S19°S | 6T | 9101 pupyd fo Lovnbapy &
§224N0S24
x600" | 9SL'9 | ¥6¥ | ¥8T1- | -nogqvyjo Lovnbapy
Y4 []1ous N.\:S\;wmr.:\b 2.4vnbs pooyrjoyry %N,w. PIom TS g A0121P2AJ 12POIN
ayjo3vN |  puv ‘318 20UDIND(] ‘318 1Y) 3oy -
xXo)
a4vnbs-y opnasg J1f-fo-ssaupoory uonvutioful jif ppo






