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FOREWORD

Welcome to the 31% Annual Association of Researchers in Construction Management
(ARCOM) conference. As we settle into the new decade of activities, ARCOM has
extended the online provision of materials and embraced international collaboration.
For the first time, we have prepared a ‘live programme’. This is an interactive version
of the conference programme, available via MyARCOM
(https://secure.arcom.ac.uk/view_prog_whole.php?id=24). We will use this tool to
provide up-to-date information about the conference and give access to the papers
being presented in Lincoln online.

As the world of research becomes increasingly digitised and our conference
proceedings are less often read in hard copy form, it felt that the papers weren’t
perhaps getting the same attention they once were. At the time when a hard copy of
the conference proceedings was accessible to all delegates, many browsed and read
papers during the sessions to find additional information while others perused the
proceedings to seek interesting presentations to attend. Often delegates did a bit of
both! | wanted to bring back this easy access to the full papers. The authors whose
papers are included in these proceedings have worked very hard, in many cases years,
to conduct the research they publish here, and so their work should be available, in
full, to all at the conference. ARCOM provides an open access source for the
conference proceedings and the abstracts of several leading construction management
journals and PhD theses within the CM Abstracts database
(http://www.arcom.ac.uk/abstracts.php). We will continue to provide all year round
access to relevant publications in the field. We hope that this new tool, the ‘live
programme’, will help you navigate your way through the many parallel and plenary
sessions, and smoothly access the full papers via MyARCOM during the conference.

In these proceedings we present the rich variety of contributions to the conference.
This year our delegates come from 33 different countries with a diverse range of
backgrounds, interests and expertise. Sustainability; planning, productivity and
quality; building information modelling; and health, safety and well-being continue to
draw a large number of submissions. Procurement and risk management also feature
as important themes in the conference, together with house building which is
increasingly popular topic. Decision-making modelling emerges as a new area of
interest.

We present to you 127 papers that were accepted for publication. This is the result of
an intense three-stage double-blind review process through which we have been able
to maintain high quality standards. Our initial call led to an astonishing 357 abstracts
and 192 full papers being submitted. The Scientific Committee have worked very
hard to select the final papers for presentation. If your paper is included in these
proceedings then you should feel very proud of your achievement!

In addition to the research papers we welcome to the conference our keynote speakers
and debate panellists: Professors John Connaughton, University of Reading; Alan
Penn, The Bartlett, University College London; Martin Loosemore, The University of
New South Wales, Australia; and Deborah Pullen, Building Research Establishment.
The debate will address: ‘This house believes that the widespread insistence on
justifying investment in research with reference to the ‘business case’ inevitably
perpetuates current modes of working and hence hinders innovation.’

The Langford Lecture this year will be presented by Jemma Bridgeman from
Construction Youth Trust, Cymru. And, as a follow on from the debate on method in
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Portsmouth last year during the 30™ Annual ARCOM Conference, we are most
pleased to introduce a new Spotlight session on Comparative Studies. Professors
Henrik Linderoth, Jonk6ping University, Sweden, and Chris Harty, University of
Reading, will chair this discussion of comparisons by country, industry, stakeholder,
competences, task, and process.

Putting together the academic programme for the conference is a collective effort, and
| thank the ARCOM committee and wider Scientific Committee for their voluntary
contribution to making the conference such a success year after year. David Boyd,
Paul Chan, Scott Fernie, Chris Harty and Simon Smith in particular have been
instrumental in supporting the planning and managing of the conference over the past
eight months.

I wish you an enjoyable and inspiring three days in Lincoln; enjoy the diversity of
research presented at the conference and proceedings and make the most of the many
networking events.

Ani Raidén, ARCOM 2015 Conference Chair, Nottingham Trent University, UK
On behalf of the ARCOM Committee
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A MATHEMATICAL MODEL FOR ALLOCATING
PROJECT MANAGERS TO PROJECTS

Lone Seboni* and Apollo Tutesigensi

Institute for Resilient Infrastructure, School of Civil Engineering, University of Leeds, Woodhouse
Lane, Leeds, LS2 9JT, UK

In multi-project environments, the decision of which project manager to allocate to
which project directly affects organizational performance and therefore, it needs to be
taken in a fair, robust and consistent manner. We argue that such a manner can be
facilitated by a mathematical model that brings together all the relevant factors in an
effective way. Content and thematic analyses of extant literature on optimization
modelling were conducted to identify the major issues related to formulating a
relevant mathematical model. A total of 200 articles covering the period 1959 to 2015
were reviewed. A deterministic integer programming model was formulated and
implemented in OpenSolver. The utility of the model was demonstrated with an
illustrative example to optimize the allocation of six project managers to six projects.
The results indicate that the model is capable of making optimal allocations in less
than one second, with a solution precision of 99%. These results compare well with
some intuitive verification checks on certain expectations. For example, the most
competent project manager was allocated to the highest priority project while the least
competent project manager was allocated to the lowest priority project. Through this
study, we have proposed a comprehensive and balanced approach by incorporating
both hard and soft issues in our mathematical modelling, to address gaps in existing
project manager-to-project (PM2P) allocation models as well as extending
applications of mathematical modelling of the PM2P allocation problem to a “new”
country and industry, with a view to complement managerial intuition. In an attempt
to address gaps in existing mathematical models associated with challenges related to
acceptance by industry practitioners, future work includes developing a graphical user
interface to separate the model base and optimization software details from users, as
part of a complete product to be validated as an industry application.

Keywords: integer programming, mathematical modelling, multi-project environment,
project manager.

INTRODUCTION

Allocation of project managers to projects (PM2P) is an important topic because of
the significant impact of this decision on project success. This view has been
demonstrated by seminal work of authors such as (Brown and Eisenhardt, 1995; Pinto
and Slevin, 1988), who are all unified in concluding that the choice of a project
manager is one of the critical factors that influence project success. Approaches to
improve allocation decisions and get them right first time have become necessary to
achieve project success. Other authors have built on the seminal work of these earlier
authors, in relation to proposing approaches to improve the PM2P allocation process,
given empirical evidence of a lack of formal and effective management tools to
improve this process (Patanakul et al., 2007; Choothian et al., 2009). Several
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approaches have been proposed and include either informal approaches (e.qg.,
managerial intuition) or formal optimization-based approaches. LeBlanc et al. (2000)
provides evidence of the ineffectiveness of managerial intuition for assigning
managers to construction projects. Optimization-based approaches, using
mathematical modelling techniques, stand out in terms of superiority to informal
approaches, on the basis of capability to handle a large number of decision variables
concurrently, yielding a less subjective and more optimized decision that considers all
variables in less time (Mason, 2011; Meindl and Templ, 2012). For example, the
human mind cannot handle many decision variables, all at the same time and arrive at
an optimum decision faster than optimization-based approaches, due to limited
capacity for both memory and arithmetic (Adair, 2007). Whilst there are benefits with
optimization based approaches that use spreadsheet modelling, critical analysis of
spreadsheet models (see LeBlanc et al., 2000; Ragsdale, 2015), reveals problems of
lack of flexibility associated with having to make changes in different parts of the
spreadsheet and limits on number of variables to be processed. Algebraic
mathematical modelling, using functions in conjunction with optimization software,
addresses these limitations and produces solutions in less time compared to using
spreadsheets (Mason, 2011; Meindl and Templ, 2012 ).

However, there are limitations in existing mathematical modelling, using optimization
software. For example, there is a lack of consideration of soft issues in the modelling,
to yield a comprehensive and balanced approach in relation to both hard and soft
issues. We have modelled both hard and soft issues in terms of additional and
significant factors that influence the PM2P allocation decision. For example, we have
included additional variables that represent reality in relation to PM2P allocation
intensities that indicate variations in workloads. The modelling of allocation
intensities, derived from distances between project sites and project manager locations
(an important influencing factor) has not been included in existing models (e.g.,
Patanakul et al., 2007; Choothian et al., 2009).

These additions represent a major advantage of our proposed model over existing
models, in relation to equations that model both hard and soft issues. For example, the
modelling of PM2P allocation intensities reveals variations in workloads for each
project manager, which better informs the allocation process in terms of fairness
(LeBlanc et al., 2000). However, mathematical model outputs are a guideline to aid
managerial decision making, with a view to reduce subjectivity in the PM2P
allocation process. The contribution of the model is that it gives an optimum solution,
having concurrently considered all the important decision variables that a practitioner
could not have considered all at the same time, given a human decision maker's
limited cognitive ability (Adair, 2007). Furthermore, our model addresses limitations
in prior models by increasing the flexibility of making changes, including the
modelling of additional variables that have been verified in literature (Seboni and
Tutesigensi, 2014), as important influencing factors to the PM2P practice.

Overall research approach and scope

The overall research approach can be divided into two parts namely: data gathering
about the PM2P problem and mathematical formulation and verification (Figure 1).
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Figure 1: Overall research approach

The scope of this study is on mathematical model formulation and verification. This
includes: formulating the model, quantifying parameters and using them as input data
to the model, implementing the model formulation in an optimization software to
verify functionality, using input data, and interpreting the output. Items in the scope
for this study are illustrated in the bottom half of Figure 1. The top half of Figure 1 is
out of scope and is the subject of a previous study involving development and
verification of a conceptual model for the PM2P practice, in relation to important
factors influencing the PM2P allocation decision (Seboni and Tutesigensi, 2014).

In terms of context regarding the top half of Figure 1, a total of 37 factors that
influence the PM2P allocation process were identified from critical reviews of both
the depth and breadth of literature surrounding the PM2P allocation process. These 37
factors were: organization's mission, goals, projects, contribution of goals to mission,
contribution of projects to goals (under project prioritization); project manager
competencies, project characteristics, project manager's personal preferences, number
of projects, number of project managers, project manager category, project type,
performance on previous projects (under PM2P matching); organization's resource
capacity, project manager availability, location of project, location of project manager,
project phase mix, project type mix, project team strength and availability, project
team dispersion, re-allocation effectiveness of each project manager, degree of trust
on project manager, decision maker's personal preferences and prejudices, fixed
allocations, special requirements, project interdependencies, project manager's
personality, organization's rules and regulations, decision maker's personal interests,
project manager's age, gender, marital status, health condition, nationality and
religious beliefs. See (Seboni and Tutesigensi, 2014) for details of these 37 factors.

The current paper is a continuation from a previous paper, in the context of modelling
the identified list of factors that have been verified to influence the PM2P allocation
process. The modelling of the 37 factors addresses the established challenges faced by
practitioners in terms of a lack of formal and effective management tools to aid
allocation decisions (Patanakul et al., 2007; Choothian et al., 2009), given
practitioners' reliance on intuition, which has been established to be ineffective
(LeBlanc et al., 2000; Patanakul et al., 2007). Managerial intuition also impacts
negatively on organizational performance (Patanakul et al., 2007). The modelling
includes both hard and soft issues in the allocation, contrary to existing models, to
strike a balance in terms of a representation of reality. For example, project manager’s
personal preferences, decision maker’s personal preferences and prejudices were
included, in line with achieving a near representation of reality (Burghes and Wood,
1980).The proposed model is a guideline to complement managerial intuition in PM2P
allocations. Both the manager's intuition regarding the allocation decisions, together
with the output from the model, constitute an effective PM2P allocation process.
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METHODOLOGY

Content and thematic analysis of extant literature on mathematical modelling (e.g.,
classification and types of models, concepts of mathematical modelling and
application areas, including use of optimization software to implement the model
base) were conducted. Appropriate principles involved in formulating mathematical
models were then adopted in the development of a model for this study.

Firstly, a deterministic approach was chosen over a stochastic approach, on the basis
of aspects of certainty in estimations (e.g., project manager availability and
competency levels), as opposed to a stochastic approach characterized by uncertainties
due to randomness (Murthy et al., 1990). This approach is consistent with existing
models (e.g., Patanakul et al., 2007; Choothian et al., 2009) on this type of allocation
problem. Secondly, assumptions of a static system in relation to assessing project
managers and projects at a snapshot in time (e.g., Choothian et al., 2009), warrant the
use of algebraic equations in the mathematical formulation over other equation types
(e.g., differential and integral), on the basis of suitability of algebraic formulations for
static systems. For example, Murthy et al. (1990) advocates for static and algebraic
expressions in the formulation of deterministic models. Thirdly, since the emphasis of
this study was aimed at proposing a mathematical model to quantify the PM2P
allocation process, it follows that a quantitative approach is more appropriate over a
qualitative approach (Saaty and Alexander, 1981). Lastly, given the nature of the
PMZ2P allocation problem, in which the decision variables can be expressed by linear
equations but restricted to integers, integer linear programming was chosen over non-
linear programming (Ragsdale, 2015).

Mathematical formulation of the PM2P allocation problem and assumptions

The task was to formulate a model and conduct a demonstration project to solve an
allocation problem involving determination of an optimum PM2P allocation decision
associated with allocating six project managers to six projects, using the context of a
case organization in Botswana. The organization's operations include implementing
construction and underground mineral exploration projects in a mining industry. This
organization has three geographic locations in relation to project sites and the project
managers can be allocated to any project in these three sites, hence inclusion of PM2P
allocation intensities. The notation used in the formulation and the mathematical
formulation of the PM2P allocation problem are presented in Figures 2 and 3
respectively. The following assumptions were made (Patanakul et al., 2007;
Choothian et al., 2009):

1. Assessments of project managers and projects are made at a specific time
(static system), consistent with existing models;

2. The PM2P allocation decision is made at a specific snapshot in time;

3. All project managers are full-time and there are no part-time project managers
since overhead time is not applicable for part-time project managers; and

4. A decision maker can express his/her judgement regarding the performance of
each individual alternative, relative to each alternative (Triantaphyllou, 2000).
This implies measuring in relative rather than absolute terms, which is not
problematic given the following quote: “it is difficult, if not impossible, to
quantify ” (p.23) qualitative attributes, which explains why “many decision
making methods attempt to determine the relative importance of the
alternatives in terms of each criterion in a given MCDM problem ” (p.23). This
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statement supports the view that it is easier to quantify data required to solve a
MCDM problem in relative terms rather than absolute terms.

Decision variables: [ A; ] Index set to indicate the allocation of project manager i to project j;

Data/parameters: i subscript for the i project manager; j subscript for the j project; k subscript for the
k" goal, [w, ] Index set for the intensity of allocating project manager i to project j;[s, ] Index set for the
suitability of project manager i to project j; [g,] Index set for the relative contribution of goal k to
accomplishment of the organization's mission; [ p, ] Index set for the relative contribution of project j to
goal k; [e, ] Index set for the extent of effectiveness of project manager i to manage the discontinuity of

project j's contribution to goal k; t subscript for the time period to indicate the months in which the
project is active or inactive; [ M, ] Index set for the maximum allowable intensity of allocating project
manager i to project j in time period t; [m, ] Index set for the minimum allowable intensity of allocating
project manager i to project j in time period t; [d, ] Index set for the individual time demand of project |

on project manager i; [|,] Index set for the loss in productivity of project manager i due to managing
multiple concurrent projects; [T,] Index set for the time availability of project manager i; [n,] Index set
for the number of existing projects managed by project manager i; [ N,] Index set for the maximum

allowable number of concurrent projects managed by project manager i; M; maximum number of
allowable projects that project manager i can manage effectively; [F,°] current/existing projects in
feasibility and post completion audit phase managed by project manager i; [ K™ ] maximum number of
projects in feasibility and post completion audit phase that project manager i can effectively manage
concurrently; [G] current/existing geotechnical drilling types of projects managed by project manager
i;[G"] maximum number of geotechnical drilling projects that project manager i can effectively manage
concurrently; a‘j binary variable to determine if project j is active in period t; F binary variable to
determine if the candidate project is in feasibility and post-completion audit phase; G, binary variable to

determine if the candidate project is a geotechnical drilling type of project.

Figure 2: Notation
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Figure 3: Mathematical formulation
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Quantification of model parameters

A brief discussion of the quantification of parameters for the PM2P allocation process
is presented under the three processes namely: project prioritization, PM2P matching
and recognition of constraints.

Project prioritization

To quantify parameters in the project prioritization process (objective function
parameters), we utilized the analytic hierarchy process (AHP) developed by Saaty
(Saaty, 1980), to break down the process into three hierarchical levels. The nature of
the PM2P allocation process, in terms of the large number of decision variables,
makes it a complex multi-criteria decision making problem that suits the use of AHP
(Triantaphyllou, 2000). Level 1 was the mission of the organization, level 2 was the
organization's goals and level 3 was the projects. We then deployed the constant sum
method (Kocaoglu, 1983) by performing pairwise comparisons of level 2 to level 1
elements (Goals-To-Mission matrix) and level 3 to level 2 elements (Projects-To-
Goals matrix). Matrix multiplication of these two matrices yielded the overall
contribution of each project (relative to other projects) to the accomplishment of the
mission (i.e., project priorities). This approach is consistent with existing studies (e.g.,
Patanakul et al., 2007 and Choothian et al., 2009).

Re-allocation effectiveness of each project manager - the parameter, e; ;; (see notation
and equation 1), indicates the ability of a project manager to take over an existing
project from its current project manager, in the event of a “re-allocation”, to
accommodate the dynamic reality of the business environment in terms of incoming
projects. This parameter was quantified using a scale from 0 to 100%, where, 0% and
100% indicate ineffectiveness and effectiveness (respectively). There are two
conditions in which a score of 100% can be given: (1) if the project manager is
allocated to a new incoming project, and (2) if the project manager is allocated to
his/her existing project, following a reshuffling.

PMZ2P allocation intensities - the quantification of this parameter is based on input
data regarding: driving times (hours) between project managers' location and project
sites, average trip frequencies over the project duration and project costs. The PM2P
allocation intensities for each project manager are then computed (behind the scenes)
and linked to the decision variables in the formulation, such that the optimization
software considers this parameter (along with all other parameters, all at the same
time) in its search for the optimum PM2P allocation decision.

The quantification of parameters is subjective, given the intangible nature of the
decision criteria to be evaluated. The contention is that, through mathematical
modelling of the PM2P allocation process, involving intangible criteria that are often
evaluated using managerial intuition (informal), we provide a formal process. This
formal process uses a carefully designed measurement instrument that quantifies all
parameters in a less subjective manner, compared to managerial intuition, considered
ineffective (LeBlanc et al., 2000) due to limited cognitive ability of a human mind.

PM2P matching

To quantify parameters in the PM2P matching process, we collected data from a
previous study (Seboni and Tutesigensi, 2014) regarding rating scores for available
project manager competencies (matrix 1) against 21 required competencies (matrix 2),
measured on a Likert scale (1 = very low, 5 = very high). Matrix 1 involved
measuring the 21 competencies against six candidate projects in terms of project
characteristics (i.e., required competencies). Matrix 2 involved measuring the same 21
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competencies against six candidate project managers (i.e., available competencies).
The 2 matrices were then multiplied together to obtain a matching score between
candidate project manager competencies (available competencies) and candidate
projects (required competencies). The difference between the resulting output
(available competency minus required competency) was then inspected and a coding
scheme applied to interpret the individual matching scores. For example, a difference
of zero was coded as a “1” to reflect a perfect match. A difference of a positive
number was coded as a “1.5” to reflect that the project manager's competencies are
higher than what the project requires. However, a difference of a negative number was
coded as a “0” to reflect that there is no match since the project manager's
competencies are lower than what the project requires. To accommodate the practice
at the case organization, a difference of negative one was coded as a “0.5” to indicate
that the project manager's competencies are one unit below what the project requires.
For this situation, an allocation may be made to accommodate project manager
development or personal preferences. The coding scheme applied has an offsetting
effect in cases where a project manager possesses higher or lower competencies than
what the project requires, given that the overall PM2P matching score was computed
from the sum product of two matrices (Patanakul et al., 2007). It follows that the
resulting PM2P matching score indicates the extent of match between each project
manager's competencies and each project's requirements and expresses the suitability
of each project manager relative to other project managers, for a given project.

Recognition of constraints

The parameters in the list of constraints are already in the form of values used as input
data to the model. The relevant input data such as: project manager time availability
and project time demand (man-hours per time period), is estimated by the decision
maker on the basis of project characteristics as defined by the decision criteria (e.g.,
project complexities, durations and categories of projects). Given the dynamic nature
of some of this data, the decision maker may need to consult the project managers at
that specific time, including any existing records updated frequently.

Use of quantified parameters as input data to the model

Once all the parameters in the mathematical formulation were quantified, these
become input data to the model. The execution of the model, using OpenSolver
optimization software (Mason, 2011) to run the algorithm, considers all input data.

Implement model formulation in an optimization software

OpensSolver (an open source optimization package) was chosen to implement the
model base, once built on a spreadsheet. Justification for using OpenSolver is that,
besides no licensing fees, OpenSolver allows flexibility to shift the mathematical
model (sitting on a spreadsheet) to other solver engines in terms of platform and
architecture (Mason, 2011; Meindl and Templ, 2013).

Verification

The proposed model was subjected to a rigorous verification process in relation to two
aspects: (1) dimensional homogeneity of all equations in the mathematical formulation
(Berry and Houston, 1995), to ascertain that all parameters in the equations have the
same dimensions, (2) use of different data sets (i.e., scenarios) as input data to solve
the model and examine corresponding outputs in relation to 'expected' allocations as
per intuitive checks (see Figure 4). The use of different data sets formed the basis of
testing the model's robustness to different scenarios. For example, we used secondary
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source input data from an existing study (Patanakul et al., 2007), where appropriate,
as an additional verification exercise to test the applicability of our proposed model.

Overview of methodological stance for other contexts

From a generic perspective, a methodology for applying the mathematical model in
PM2P working practices of other organizations (subject to contextual factors) is
presented in six steps (Patanakul et al., 2007; Ragsdale, 2015; Triantaphyllou, 2000):

Understand the PM2P problem to be solved;

Formulate the mathematical model based on step 1;

Quantify parameters in the PM2P allocation problem in question;

Use quantified parameters as input data to the mathematical model;
Implement the model formulation in an optimization software; and

Verify model output (iterative process that may involve going back to step 1
until output is satisfactory).

RESULTS AND DISCUSSION

Based on input data used in our model to solve the PM2P allocation problem
pertaining to the allocation of six project managers to six projects, the output from
OpenSolver is displayed in Figure 4.
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Figure 4: Model output

This output is a result of the OpenSolver engine, running the algorithm to search for a
feasible and optimum solution to the PM2P allocation problem, on the basis of the
model base (as presented in the formulation) and input data to this model. If the
OpensSolver engine does not find a feasible and optimal solution to the problem, it
displays an error message as the output. However, if the OpenSolver engine finds a
feasible and optimal solution, it displays the output shown at the top of figure 4. For
example, the OpenSolver engine recommends allocating project managers 1, 2, 3, 4, 5,
and 6 to projects 6, 2, 1, 4, 5 and 3 respectively. This optimum solution occurs at an
objective function value of 0.95, the maximum value for this problem.

The results indicate that our model is capable of making optimal PM2P allocations in
less than one second, with a solution precision of 99%. This means that there is a 1%
chance that the OpenSolver engine will not find an optimum solution to the problem,
owing to the practical limitations of the open source software in relation to the number
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of variables it can handle. These results compare well with some intuitive verification
checks on certain expectations (see bottom of Figure 2). For example, project manager
3 (the most competent project manager because his/her matching scores for all
projects was a maximum value of 100) was allocated to project 1 (the highest priority
project, which contributes 22.86% to the accomplishment of the organization's
mission, relative to other projects). Similarly, project manager 6 (the least competent
project manager whose matching scores were the lowest across the board) was
allocated to project 3 (the lowest priority project).

CONCLUSIONS AND FUTURE RESEARCH

Through this study, we have proposed a comprehensive and balanced approach by
including both hard and soft issues in our model, to address gaps in existing models
(e.g., Choothian et al., 2009; LeBlanc et al., 2000; Patanakul et al., 2007). The
modelling of additional qualitative variables that influence the PM2P allocation
decision represents a contribution to existing models. We have extended applications
of mathematical modelling of the PM2P allocation problem to a “new” country
(Botswana) and industry (mining), by customizing our model to the context of an
organization implementing construction and underground mineral exploration
projects. This application area was hitherto, absent in extant literature prior to our
study.

Limitations

The quantification of parameters is subjective. However, given a common
measurement scale, the subjectivity of the PM2P allocation process is improved,
relative to informal processes. The quantification can be improved as follows: using
several informants to do the ranking, inspecting the internal inconsistencies and group
disagreements among the informants, repeating the ranking as appropriate through
several iterations until both internal inconsistencies and group disagreements are less
or equal to 10% (Saaty, 1980). However, the nature of the informants (project,
programme or portfolio directors) in any one organization is such that they are few.

Implications

The implications of our study are evidenced by Skabelund (2005), who found that
twenty-seven percent of a manager's time as well as annual costs amounting to $105
billion are lost on rectifying mismatches in allocations, arising from unsuitability of
employees to tasks. Given the challenges faced by human decision makers (Patanakul
et al., 2007) in relation to limited capacity to process a large number of decision
criteria, all at the same time (Adair, 2000) and in a less subjective manner , the
outcomes of this study can be used to improve decision making, once implemented as
a user-friendly industry application (see future research).

Future research

In an attempt to address gaps in existing mathematical models associated with
challenges related to acceptance by industry practitioners, who may not understand the
rigorous discourse of mathematical optimization modelling, future work includes
developing a graphical user interface (GUI) as part of a complete decision support
system to be validated as an industry application. We are able to report that this work
has been completed through a case study approach to validate the developed
application. The outcome of the evaluation of the complete product provided
compelling evidence of its value, in comparison with the status quo, on the basis of 8
key variables used to test both the technical and practical solution to the PM2P
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allocation problem of a specific organization. Potential to commercialize the product
also emerged from the evaluation of the developed application.
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In general, construction projects consist of several work packages. The general
contractors usually tend to sublet these work packages to various subcontractors. In
such cases, general contractors are responsible for the quality of the work packages
performed by the selected subcontractors. In this context, the success of a
construction project and thereby the general contractor depends on the performances
of the subcontractors. Therefore, one of the main problems that a general contractor
faces is the selection of the right subcontractors for the right work packages. In most
cases, general contractors make this decision at the beginning of the project and they
have to evaluate potential subcontractors’ performances in terms of time, cost and
quality during the subcontractor selection process. After this evaluation process, they
select an optimal combination of subcontractors that will carry out the work packages
in the project. It is not an easy task for a general contractor to select the most
appropriate combination, which balances the trade-off between time, cost and quality.
The main objective of this study is to generate a discrete particle swarm optimization
algorithm (DPSO), which will assist general contractors to select the most appropriate
subcontractors that will carry out different work packages in a construction project
considering the trade-off between time, cost and quality. In order to illustrate how this
algorithm can be used in the subcontractor selection problem, the data obtained from
a trade centre project is used. Findings of the research revealed that the proposed
algorithm is satisfactory.

Keywords: subcontractor selection, time-cost-quality trade-off, discrete particle
swarm optimization.

INTRODUCTION

Nowadays, general contractors usually prefer to act as construction management
agencies. They generally win the contract, subdivide the tasks that need to be
completed in the project into main work packages, and contract these work packages
out to different subcontractors. The actual production work is carried out by
subcontractors, whereas the general contractors are responsible for organizing,
controlling and coordinating the works of the selected subcontractors. Since the
general contractors are directly responsible for the quality of the works performed by
the subcontractors to the owner/client, the subcontractors play critical role in the
overall performance of the project and thereby the success of the general contractor.

Subletting large portions of construction activities to subcontractors promise several
benefits to general contractors, such as; 1) reduced liability for labour retention as well
as reduced overheads, especially during periods of low construction activity; 2) risk
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sharing arrangements with subcontractors for their specific work packages; 3) higher
quality and productivity from a core of people engaged in specialist work packages;
and 4) better cost control through fixed-price subcontracting (CIDB, 2013). In spite of
these benefits, subcontracting is also very risky practice as it requires the coordination
of subcontractors, control of the quality and progress of subcontractors’ works (Karim
et al., 2006; Ng et al., 2009; Cooke and Williams, 2013).

In practice, general contractors usually tend to select their subcontractors after they
sign the contract with the owner at the very beginning of the project or when the
specific tasks to be done by the subcontractor get closer. Therefore, general
contractors usually do not have adequate time to evaluate and select subcontractors in
a realistic way. General contractors select their subcontractors based on two traditional
approaches, which are: selecting the subcontractor, who offers the lowest bid price
(Tserng and Lin, 2002; Mbachu, 2008; Hartmann et al., 2009) or selecting the
subcontractor whom they know from previous projects (Tserng and Lin, 2002;
Ulubeyli, et al., 2010; Choudhry et al., 2012). Selecting the subcontractors based on
only the lowest the bid price criterion may bring about severe problems such as;
employing unskilled, inexperienced, and financially inadequate subcontractors. On the
other hand, working with the known subcontractors may result in problems in cost
control; usage of new technologic innovations; and negotiation processes (Tserng and
Lin, 2002). Therefore, general contractors should consider several criteria when they
select their subcontractors.

In the construction management literature, there are a great number of valuable studies
that deal with subcontractor selection problem. The common point of these studies is
that they all focus on selecting the most appropriate subcontractor for one work
package in the project. However, in real life, general contractors usually divide
construction projects into major work packages and sublet most/all of these work
packages to the subcontractors, who are selected through bidding or negotiation. Since
the overall performance of the project is directly affected by the performances of the
subcontractors, who undertake different work packages in the construction project, the
interactions between all subcontractors should be considered during the subcontractor
selection process. The main contribution of this study is that it considers the
subcontractor selection process as a time-cost-quality trade-off problem and takes into
account the interactions between the subcontractors, who are in charge of carrying out
different work packages in the project, during the subcontractor selection process.
This study proposes a multi objective optimization model, which aims to assist
general contractors in selecting the most appropriate subcontractors. The selection
model aims to optimize the time, cost and quality performances of the subcontractors.
In the proposed model, discrete particle swarm optimization algorithm (DPSO) is
employed.

PREVIOUS WORKS ON TIME-COST-QUALITY TRADE-OFF
PROBLEM

Time, cost and quality are three conflictive objectives. It is even hard to provide
compromise solutions between these objectives. In the construction management
literature, several researchers (Khang and Myint, 1999; El-Rayes and Kandil, 2005;
Pollack-Johnson and Liberatore, 2006; Afshar et al., 2007; Tareghian and Taheri,
2006, 2007; Rahimi and Iranmanesh, 2008; Zhang and Li, 2010; Zhang and Xing,
2010; Zhang et al., 2013; Mungle et al., 2013; Heravi and Faeghi, 2014; Tavana et al.,
2014) made significant efforts to solve the time-cost-quality trade-off problem in the
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construction projects. The solution methods employed in these studies can be
categorized into three main groups, namely (1) mathematical algorithms, (2) heuristic
algorithms, and (3) evolutionary algorithms. Among these groups, evolutionary
algorithms are the most favourable one because of the fact that they are capable to
deal with more than one objective, easily achieve diverse solutions and better in
complex problems compared to the other algorithms. Genetic algorithm (El-Rayes and
Kandil, 2005; Mungle et al., 2013; Tavana et al., 2014), particle swarm optimization
(Zhang and Xing, 2010), ant colony algorithm (Afshar et al., 2007), and
electromagnetic scatter search (Tareghian and Taheri, 2007) are some of evolutionary
algorithms used in time-cost-quality trade-off problem.

RESEARCH METHODOLOGY

Particle swarm optimization

Particle swarm optimization (PSO) is a population based stochastic optimization
technique, which is commonly used to search an optimal solution in the search space.
It was first developed by Eberhart and Kennedy (1995). This optimization technique is
a kind of swarm intelligence inspired from the social behaviour and dynamic
movement of flocks of birds and schools of the fishes (Tripathi et al., 2007).
Basically, PSO algorithm integrates self-experiences of the particles with their social
experiences to search for globally optimal solutions (Song, 2014). A proper PSO
algorithm must have an ability to combine exploration (i.e., ability to check different
regions of the space to find optimum) with exploitation (i.e., ability to converge the
search promising regions to locate optimum) in order to provide balance in the
algorithm and achieve the effective solution in the search space (Parsopoulos and
Vrahatis, 2004, 2007; Zhang and Li, 2010). PSO uses particles to move around in the
search space searching for the best solution, and these particles also constitute a
population, which is called swarm (Parsopoulos and Vrahatis, 2008). In this
algorithm, each particle has a memory (i.e., ability to remember) to store its flying
experience especially for identifying its best position (Parsopoulos and Vrahatis,
2008). The algorithm aims to move particles gradually towards better areas of the
solution space for obtaining optimal solutions. The direction of the movement of each
particle is adjusted according to the function of algorithm. The position and velocity
of the each particle is adjusted according to the best position visited by itself (i.e.,
pbest) and the best position visited by the entire swarm (i.e., gbest) at each step. The
PSO algorithm is initialized randomly. In a D-dimensional space position of
it"particle is represented with x; (t) = (x;1(t), x;2(t), -+, x;p (t)), and its velocity is
presented with v;(t) = (Uil(t): vip (1), , Vip (t)), and as well as its best position is
shown by pbest; = (pi1, Piz, "+, Pin)-

Steps of basic PSO algorithm are as follows:

1. Initialize swarm (i.e., initialize particles position and velocity randomly);
2. Evaluate each particle position based on the objective (fitness) function;
3. Update particles (pbest) (if the current position is better than its previous
position);

4. Determine the best particle (gbest) (choose the particle with best fitness
value as the gbest from entire swarm);

5. Update particles velocity (Using Eqn. 1)

Vii™ = wVj + ciri(pbest; — Xij) + oy (gbest; — Xyj) M
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6. Move particles to their new positions (Using Eqn. 2)

X = xi+ vit (2)
7. Go to step 2 until stopping criteria is not satisfied;

The definitions of the parameters in Equation (1) are as follows: w is the inertia
weight; Vi§- is velocity of the particle i, the position of the particle i is denoted as X;;;
c¢; and c, are two acceleration coefficients, which denote for cognitive and social
parameters respectively and are set as 2; r;and r, are two uniformly distributed
random numbers that are generated within the range of [0, 1]; pbest; is the best
position of the particle; gbest; is the global best position of the entire swarm; and t is
the iteration number. The new position of the particle is updated by using Equation
(2); here the new position of the particle is denoted by ij+1, Xij is the current
position, and Vl-S-“ is the updated velocity of the particle (Kumar and Minz, 2014).

Problem formulation

Time-cost-quality trade-off problem is a multi-objective optimization problem. In this
study, three conflictive objectives are optimized simultaneously. In other words, while
time (T) and cost (C) are minimized, quality (Q) is maximized. Equation (3)
represents the objective (fitness) function of the multi objective subcontractor
selection problem;

f —> Minimization (f, , f. ,fi) 3)
Q

The first objective of the trade-off problem is the minimizing total duration of the
project. This objective is expressed with the following equation (4);

T =max > d, (4)

where T is the total duration of the project, d,, is the duration of the work package of i
on the critical path, m is the total number of work packages in the project, and n; is
the number of subcontractor option for the work package i. Minimizing total cost of
the project is the second objective. This objective is calculated by the following
equation (5);

m N

> >Cy+ IC><T+ﬂ[T—D]J; if T>D

=l j=1

m n

C= ZZCU+IC><T—I[D—T]J; if T<D (5)

=Ll j=1

m N

ZZCij+ICxTJ; ifT=D

=1 j=1

where C is the total cost of the project, C;; is the cost of subcontractor option j for

activity i, IC is the daily indirect cost, f is the daily penalty cost, T is the total duration
of the project, D is due date of the project and I is the daily incentive cost. The third
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objective is the maximizing overall quality of the project. Equation (6) is used to
compute this objective;

Q=Y wxq ©)

where Q is the overall quality of the project, w; is the weight of work package i, and
q; is the quality percentage of the subcontractor option j for activity i.

Development of the Proposed Discrete Particle Swarm Optimization (DPSO)
Algorithm

PSO is usually employed to solve continuous problems because of its nature.
However, many optimization problems are in discrete type and these problems could
only be handled by transforming continuous form of algorithms into discrete form.
Time-cost-quality trade-off problem is also a discrete multi-objective optimization
problem. Therefore, the PSO algorithm should be developed in a discrete form. The
proposed algorithm (DPSO) aims to find most appropriate subcontractors to be
worked with for all work packages in a project based on their time-cost-quality
performances. In this algorithm, the objective function consists of three objectives,
and the algorithm is employed to search for optimal subcontractor sequences, which
satisfy the minimum time and cost, and maximum quality objectives. In the DPSO
algorithm, the swarm composes of various subcontractor sequences, and a particle
corresponds to one of these sequences (see Figure 1).

Number of work packages in the project

)
[ |

1 2 ] ... m

wems

Yom > | Y e o ly o ]

. <
One of the subcontractor option for one One of the subcontractor sequence for all
work package work packages

Figure 1: Swarm and particles of representation in the proposed algorithm

The DPSO algorithm was developed as it was explained in the previous sections. In
the developed algorithm, the total project duration is determined by using Equation 4.
Then, the total cost of the project is calculated using Equation 5. In this equation, the
early finish is rewarded with incentive cost; conversely late finish is penalized with
penalty cost. The third objective, the overall quality of the project is the computed
with Equation 6. Finally, the fitness value of the each particle is evaluated by using
Equation 3. Based on the fitness value, the personal best (pbest) for each particle and
the global best particle (gbest) in the swarm are identified to guide the swarm in the
next iteration. The gbest is determined by using crowded distance (CD) of the each
particle that exists in the external archive. The particle with the highest crowded
distance is selected as gbest. When archive is full, CD is also used to replace new
solutions with existing solutions in the archive. CD is calculated with the following
equation:
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Ay -1 =
LA G) ~ AG) + (00 — L H)) +HEED - £KD) ()

where 4, ,_, IS the Euclidean distance from the non-dominated solution of X, from its
one of the adjacent neighbour. £, (X,), f>(X,) and £;(X,) are the time, cost and quality
values of the fitness function respectively. The described process repeated until the
stopping criterion is satisfied.

Case study

In this study the DPSO was developed using the MATLAB software. After
developing the DPSO, the data of the trade centre project is used to run the algorithm.
This project was built in Samandira, Istanbul, Turkey in 2014 by one of the largest
healthcare groups in Turkey. The estimated construction cost was $7,313,258.07, the
total construction area was 2,000 m?, the anticipated duration for the project was 500
days, and the contract type was turn-key. In the project, the tasks were grouped into 20
main work packages (i.e., A,...,U). General contractor aimed to perform all these 20
work packages by means of subcontracting. The definitions of 20 work packages are
as follows; A: Excavation works, B: Insulation works, C: Core construction works, D:
Brick laying, E: Facade works, F: Elevator assembly, G: Plaster works, H: Mechanical
works, I: Electrical works, J: Screed works, K: Plasterboard works, L: Epoxy coating,
M: Marble coating works, N: Indoor insulation works, O: Ceramic tiles works; P:
Door assembling, R: Painting works, S: Furniture and sanitary work, T: Carpet works,
and U: Landscaping. Based on the predecessor and successor relationships of these
work packages, the network diagram of the trade centre project was constructed (see
Figure 2).
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Figure 2: Work packages network diagram

General contractor invited three subcontractor candidates to bid for specified work
packages. In other words, three subcontractor options (i.e., Option_1, Option_2 and
Option_3) submitted their bids for each work package in the project. In the trade
centre project, the duration and bid price values were taken from the bid files of the
subcontractors, and the quality of the subcontractors were subjectively evaluated
based on the experiences of the general contractors' top managers. Duration, bid price
and quality values of the subcontractor options for each work package is presented in
Table 1.

18



Time-cost-quality trade-off model

Table 1. Subcontractor Options According to the Work packages

Option 1 Option_2 Option 3
Work Duration BidPrice  Quality  Duration Bid Price Quality =~ Duration Bid Price  Quality
Packages (days) ) (% (days) 6] (%) (days) &) (%)
A 90  1,244.608.29 74 93 1.235,345.62 70 100 1,193.548.39 68%
B 60 170.368.66 79 68 167.050.69 77 72 163.502.30 3%
o 120 1,506.682.03 71 130 147041475 69 140 140594470 65%
D 30 85,437.79 87 33 83,041.47 86 35 £0,000.00 83%
E 120 420.368.66 20 125 410,092.17 83 130 404.331.80 80%
F 90 255483 87 83 95 253,824 88 83 100 25327189 80%
G 30 108.940.09 72 33 107.695.85 70 36 106.866.36 69%
H 120 584.562.21 77 130 585,345.62 83 135 603,686.64 93%
I 120 479.032.26 82 125 50235023 89 130 30723502 93%
) 20 123133.64 70 27 121.152.07 735 32 119.631.34 78%
K 50 182,258.06 88 35 179.907.83 92 60 178.894.01 94%
L 20 80,967.74 74 18 79,354.84 68 15 77.603.69 63%
M 5 56,682.03 77 14 33,668.20 72 13 5465438 69%
N 15 40,921.66 86 13 4248848 91 12 43,778.80 94%
o} 20 68,341.01 88 18 70,322.58 91 16 7142857 93%
P 15 63,852.53 79 16 63,456.22 735 19 62.811.06 68%
R 45 103,917.05 81 42 105,990.78 77 35 106,958.53 3%
S 20 129.585.25 935 25 128.387.10 90 30 122.488.48 87%
T 20 638.847.93 87 26 617.557.60 82 32 593.732.72 79%
u 60 80.875.58 91 55 83,041.47 85 50 83,870.97 82%

Implementation of the developed multi objective optimization model in the case
study

In the studied project, the main objective is to identify the most appropriate
combination of subcontractors to be worked with, which offers the minimum project
duration and cost, and maximum quality. Since the studied trade centre project
consisted of 20 work packages and there are 3 alternative subcontractors for each
work package, there are 3.4 billion different subcontractor combinations and each of
these combinations will bring about different duration, cost and quality values.

In the first step, the total duration of the trade centre project was calculated by using
the critical path method (CPM). For this purpose, the potential paths in the studied
project were identified and the durations of these paths were calculated by taking the
sum of the durations of the work packages in these paths. Among these paths, the path
with the longest duration considered as the total project duration. It should be noted
that, the critical path changes in each run due to the change in the combination of
subcontractors, so the total project duration was re-calculated in each run.

In the second step, the total cost of the project is calculated based on the due date of
the trade centre project. The due date of the trade centre project (D) was given as 500
days and the daily indirect cost was $230.42. Moreover, the early finish (i.e., T < D) is
rewarded with incentive cost, conversely late finish (i.e., T > D) is penalized with
penalty cost in the studied project. The incentive payment was $345.62 per day, and
the penalty cost was $460.83 per day. The overall quality of the project is evaluated in
the third step. In this project, the weight of each work package (w;) was considered to
be equal and set to 1. The optimal control parameters of the DPSO algorithm are taken
from the literature review study on multi objective PSO algorithm (Reyes-Sierra and
Coello, 2006). The control parameters and boundaries of the objectives are presented
in Table 2.

Table 2: Parameters used in the proposed DPSO algorithm

Parameters of the model Values Parameters of the model Values
Swarm size 20  Upper bound of cost §6,389.170.51
Archive size 100 Upper bound of quality 85%
Wonip 30d W (09,12) Lowerbound of time 458 days
c,and ¢, 2 Lowerbound of cost $6,318 98618
r; andr, [0,1] Lowerbound of quality T7%
Upper bound of time 564 days Maximum iteration number 500
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RESULTS AND DISCUSSION

After running the DPSO algorithm properly, non-dominated solutions were collected
in the external achieve. Since the discussed problem is multi objective optimization
problem, it is usual to have more than one optimal solution. This research aims to
propose a set of optimal solutions to the decision makers from which they can select
the subcontractor combination, which fulfils their targets. Among the obtained
solutions, nine different Pareto-optimal solutions are presented in Table 3.

Table 3: Nine Pareto optimal subcontractor sequences for each work packages

Solution Optimal subcontractor combinations Project performance

Time Cost  Quality

(day) ® (o)
1 1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-3-1-1-1 465  6.524,953.92 81.25
2 3-1-1-1-1-1-1-3-1-1-1-1-1-1-1-1-3-1-1-1 475 6.498,758.06 81.85
3 3-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-3-1-1-1 475 6.479.654.38 80.95
4 3-1-3-1-1-1-1-3-1-1-1-1-3-3-3-1-3-1-1-1 488  6.409.447.00 81.90
5 3-1-3-1-1-1-1-3-1-1-1-1-3-2-3-1-3-1-1-1 489  6.408,732.72 81.75
6 3-3-3-1-1-1-1-2-1-1-1-1-3-3-3-1-3-1-3-1 500 6,346.036.87 80.80
7 3-3-3-1-3-1-1-2-1-1-1-1-3-2-3-1-3-1-2-1 495 6.349.654.38 80.30
8 3-3-3-1-2-1-1-3-1-1-2-1-3-3-3-1-3-1-1-1 493 6.392,834.10 81.65
9 3-1-3-1-1-1-1-3-1-1-1-1-3-3-3-1-3-1-3-1 500 6,371.244.24 81.50

According the results displayed in Table 3, if the primary target is to minimize the
total duration of the project (i.e., Time: 465 days), then the decision maker should
select the first solution in Table 4. To achieve the minimum duration, the general
contractor should employ the corresponding subcontractor plan (i.e., subcontracting
sequence A:1, B:1, C:1, D:1; E:1; F:1; G:1; H:1; I:11; J:1; K1, L:1; M:1; N:1; O:1;
P:1; R:3; S:1; T:1; U:1) for 20 work packages. Also, this row represents the best
compromise solution (i.e., Time: 465, Cost: $6,524,953.92, Quality: 81.25%), which
satisfies all objectives simultaneously. If the decision maker attaches more importance
to minimize the total cost (i.e., Cost: $6,346,036.87), then the subcontractor
combination indicated in the sixth row (i.e., subcontracting sequence A:3, B:3, C:3,
D:1; E:1; F:1; G:1; H:2; I:1; J:1; Ki1; L:1; M:3; N:3; O:3; P:1; R:3; S:1; T:3; U:1)
should be selected to satisfy this target. If the quality (i.e., 81.85%) is the primary
target of the project, decision maker should select the second row (with subcontracting
plan A:3, B:1, C:1, D:1; E:1; F:1; G:1; H:3; I:11; J:1; K:1; L:1; M:1; N:1; O:1; P:1,
R:3; S:1; T:1; U:1) to achieve this target. In the same manner, the decision maker can
make any selection from the given Pareto optimal solutions to satisfy the project’s
primary targets. The estimated cost of trade centre was $7,313,258.07 and the
anticipated duration was 500 days. Therefore, the trade centre project could be easily
executed with lower cost, less duration and high quality by selecting one of the
proposed subcontracting plans for employing in the project.

CONCLUSIONS

Selecting the right subcontractor for the right job is a very important decision making
problem in the construction industry. This study generated a discrete particle swarm
optimization algorithm (DPSQ), which aims to assist general contractors to select the
most appropriate subcontractors that will carry out different work packages in a
construction project considering the trade-off between time, cost and quality. The
main contribution of this study is to consider the subcontractor selection problem as a
multi objective optimization problem. The real data of a trade centre project was used
to run the developed DPSO algorithm. Pareto-optimal solutions indicated that the
developed algorithm is quite satisfactory. The developed DPSO is of benefit to
general contractors as it allows them to select the most appropriate subcontractor
combination among a set of optimal solutions considering their unique project targets.
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An approach towards fostering continuous team integration practice in project
alliancing is essential for stimulating breakthrough outcomes. However, until recently
there was no standard or systematic approach for measuring the integration practice
over the life cycle of alliance projects. This paper presents such an assessment model,
the Alliance Team Integration Performance Index (ATIPI), to measure the current
state of the team integration performance. With the aid of a panel of alliance experts,
seven dominant key indicators (KIs) with their respective quantitative measures
(QMs) and performance scales were identified for inclusion in the ATIPI. As the
focus of this paper, a means of examining the validity of the model is demonstrated
through the use of the face validity method with a panel of experts in the field of
project alliancing. The results indicate that the proposed assessment model was found
to be applicable in objectively measuring team integration performance. Based on the
lessons learned from the expert's interviews, the reliability of the model could be
further enhanced in order to enable owner and non-owner participants to gain an
insight into the team integration performance consistently and objectively.

Keywords: alliance, team integration, validation, New Zealand.

INTRODUCTION

Project alliancing is regarded as a potential panacea for enhancing integration efforts
in the construction industry (Love et al., 2010; Chen et al., 2012). However, in spite
of the fact that a high level of integration is a widely understood feature of the alliance
model, the ability to sustain and consistently drive the integration practice to achieve
the desired outcomes is of on-going concern (Laan et al., 2011). One possible
explanation for the on-going concern is that project teams are frequently isolated in
environments where adversarial cultures and attitudes still exist (Laan et al., 2011). In
addition, some individuals may experience culture shock in the new environment, and
coping within a new challenging project environment may contribute to the difficulty
to integrate proactively and to move away from the traditional adversarial approach
(Reed and Loosemore, 2012). This phenomenon potentially occurs because the
principle of the alliance model is yet to mature for some industrial players (Yeung et
al., 2007) and the need for alliance team members to possess different attributes than
those involved in business-as-usual (BAU) in order to strengthen the sources of
integrated practice (lbrahim et al., 2013).

Against this background, the need for consistent integration practice over the lifecycle
of an alliance project, mentioned by previous scholars, assumes a special significance
to enhance the continuity of the integration within the alliance teams. For countries
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such as Finland and New Zealand, where the level of maturity in the alliance model is
now gathering pace in the industry, it is critical that a means of understanding team
integration practice, more importantly, how to drive continuous and consistent
performance in this area, is vital to its continued success. Although prior research on
team integration emphasized the importance of measuring integration practice, the
findings only focused on subjective assessment rather than empirical evidence. For
example, Baiden et al. (2006) focused on assessing the extent of team integration in
Design and Build (DB) and construction management procurement approaches. They
concluded that either an integrated team is necessary, or the industry must overcome
the existing adversarial culture, for project performance to be improved. Some other
researchers, Aapaoja et al. (2013) by contrast, examined the level of team integration
practice in building projects procured by the integrated project delivery (IPD) method.
They emphasized that due to the integrated nature embedded in the IPD method,
projects can be successful although some of the integration characteristics are not fully
achieved.

Despite the aforementioned research, the issue of assessing team integration practice
objectively, remains elusive. Although these studies made significant progress in
assessing the integration practice, they mainly attempt to reveal evidence of the
integration practice using a subjective assessment (e.g. fully integrated, partly
integrated) rather than trying to assess the practice objectively over time. As a result, it
is very difficult to quantify an actual measure for team integration based on these
findings. Recognising that there are no standard or accepted methods in the industry to
assess the alliance team integration performance, Ibrahim et al. (2013) have developed
an assessment model, the Alliance Team Integration Performance Index (ATIPI) for
assessing alliance team integration performance. However, whether the assessment
tool is valid and performs its intended function for the use of industry, should be
determined through a process of validation. The validation process, in research in the
construction domain, is a fundamental element of the process of scholarly endeavour
(Lucko and Rojas, 2010).

The purpose of this paper is to presents the validation process of the ATIPI model
through an interview with thirteen alliance practitioners, based on six validation
aspects. Consequently, the subsequent sections of the paper briefly provide an
overview of the development of the ATIPI model. Further details on the research and
development of the ATIPI model can be found in Ibrahim et al. (2013, 2014, 2015).
Then, the research method is introduced and findings of the validation interview
sessions are analysed. Finally, the discussions are presented, followed by the
conclusions.

ATIPI MODEL STRUCTURE

As summarized in Figure 1, the development framework for the ATIPI model consists
of three phases including Key Indicator (K1) identification, Quantitative Measure
(QM) identification, and the range of scales for five performance levels.

Phase 1: The most significant Key indicators, signifying their dominant influence

In Phase 1, four rounds of Delphi questionnaire survey were undertaken with a panel
of 17 experienced alliance practitioners to identify and weight the most significant Kls
to measure the success of alliance team integration in road construction projects. Over
the course of the Delphi survey, the seven most significant Kls were identified, as
follows: (1) team leadership; (2) trust and respect; (3) a single team focus on project
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objectives and Key Result Areas (KRAS); (4) collective understanding; (5)
commitment from project alliance board; (6) creation of single and co-located alliance
team; and (7) free flow communication (see Ibrahim et al. (2013) for a detailed
discussion). The ATIPI was then developed based on the preceding Kils and their
weightings, as shown for Phase 1 in Figure 1.

21

PHARE

ATIPI =0.250 x Team Leadership + 0.214 x Trust & Respect +
0.179 x Single Team Focus on Project Objectives and KR As +
0.143 x Collective Understanding + 0.107 x Commitment from
Project Alliance Board + 0.071 x Creation of Single and Co-located
Alliance Team + 0.036 x Free Flow Communication

(K1) Team L eadership: Measuring the Time & Cost performance; Variation of actual
time / cost against programme / budget expressed as a percentage of the project’s
Progress,
(E2) Trust and respect Swrvey of widkr allimwe teams’ satisfaction on the level of trust
and respect by using a Likert scale;
(E3) Single team focus on projectobjectives and KR As: Survevofwider alliance teams’
o4 undersianding on the project objectives and ERAs by using a Likert scale;
ry (E4) Collective understanding: Perceniage of allicws tecm atterdhince mweekly profect
vl brigiing,
E (K3) Commitment from PAB: Percertage of PAE members (orighal) atterdorce in PAB
o meetings;
(E6) Creation of single and colocatedalliance team : Number of stgff allocated on-site
againstthe overallnumber of stqff expressedas a percentage of thesingle and co-locaed
alliance team;
(K7 Free flow com muicatiotn The turnarowd time for Request for Information (RFI)
and Design Engineering Instruction (DEI).
KI Range of Seales of the Performance Levels for each K1
Poor Average Good Very Good Excellent
EIT < -3 -t 2T <iI% ziZmw<ledh = I16E%
. < -3.4% FS34%to<1% F 1%to<th Z 6% to <10% = 10%
m | K12 <56 >5.6t0<6.5 >69t0<825  28.25t0<0.5 285
an -;:": EI3 <33 Z35to<6.7 Z6.7to<8.1 z81to<93 =83
o EI4 < B6% Z 66% to <80 5% Z 80.5% to Z B9 5% to <065 = Ga%
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<78.5% <87.5% <03.5%
Elg <673 % 67 5to<T8 = T78%to <87 = 8T to <06% = G6%
E17 =773 Z36to>T773 “4to>36 =1l5to>4 =13

Figure 1: Development Phases of the ATIPI Model

Phase 2: The suitable Quantitative Measures (QMs) for each of the Kls, to promote
objective assessment over time

Once the significant Kls for alliance project teams were identified from Phase 1, the
next level of development of the model, Phase 2, involved identification of
appropriate measures, in order to promote objective assessment over time for those
seven Kls. Consequently, in Phase 2, a semi-structured interview with five
experienced alliance practitioners was conducted to identify suitable, practical and
objective measures to help evaluate the seven selected weighted Kils. As a result, a
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total of 29 quantitative measures (QMs) were proposed and recommended. Then, two
rounds of Delphi questionnaire survey were undertaken with the same 17 Delphi
experts to identify the most appropriate QMs for each Kl based on their levels of
importance, measurability and obtainability (See Ibrahim et al. (2014)).

Phase 3: The performance level boundaries for each KIl, to reduce the subjectivity of
assessment and promote consistency

The next level of development of the model, Phase 3, involved the development of an
associated range of scales for each KI to indicate the boundaries of the different
performance levels in the ATIPI. The performance levels establish the points at which
alliance teams have demonstrated sufficient integration practice to be regarded as
performing at a particular achievement level. Accordingly, Phase 3 of the model
development included a systematic procedure based on a questionnaire survey and
fuzzy set theory, namely the modified horizontal approach with bisector error method,
to establish a range of scales for each QM within five levels of performance. The five
performance levels designated are excellent, very good, good, average and poor.
Although the ATIPI has been verified to be functioning to perform its intended
purpose (see Ibrahim et al. (2015)), the availability of a computerized rather than
manual assessment tool is vital to encourage its uptake in the industry.

The ATIPI excel spreadsheet was made available for download as open software via
an established free file hosting website at the following link:
http://www.mediafire.com/view/3p1jbkr76ctx8e0/ATIPI_Demo_Final_AiC.xlsx. The
tool is still a prototype model and currently only allows entry of one set of assessment
data. The following section describes the validation of the model to measure the
integration practice in alliance projects.

VALIDATION OF THE ATIPI MODEL

Research in performance measurement, in particular in the construction domain, has
gained increasing attention over the past few decades. Two research studies, in
particular, are highlighted here, namely Chow and Ng (2007) who developed the
consultants performance evaluation (CPE) model using a gap analysis technique and
Ng and Skitmore (2014) who developed the subcontractor appraisal performance
using a balanced scorecard. It is worth noting that although these three studies each
use different techniques to develop the performance model, they all use the same type
of validation, that is face validity, to validate their respective models. Face validity is
based on subjective judgement, is non-statistical in nature, and requires the opinion of
non-researchers regarding the validity of a study (Leedy and Ormrod, 2001). For
example, a specific model can be said to have face validity if the experts in the
respective field analyse the model and its output represents, to a high degree, what
happens in reality. In a domain such as construction management and engineering,
collaboration with appropriate representatives from private and public sectors is vital
to secure the face validity of the study (Lucko and Rojas, 2010).

RESEARCH METHOD

In this study, the face validity approach, using a structured interview technique, was
adopted to validate the ATIPI. The ATIPI model was validated by a total of 13
alliance practitioners including five alliance experts used in the Delphi study (referred
to as Internal Experts) and another eight experienced alliance practitioners (referred to
as External Experts) who had not previously participated in the development of the
ATIPI, as shown in Table 1.
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Table 1: Profile of alliance practitioners who participated in the model validation
process

Experts Position Organization
1* Design Manager Consultant
2* General Manager Consultant
3* Project Controls Manager Consultant
4* Chief Advisor Client

5* Alliance Manager Contractor
6 Communication Manager Client

7 Design Manager Consultant
8 Quality Assurance and Systems Manager Contractor
9 Project Director Consultant
10 Sub Alliance Manager Contractor
11 Consents Assurance and Key Results Manager Client

12 Project Controls Manager Contractor
13 Owner Interface Manager Client

Note: * Internal Experts who had participated in developing the ATIPI

The eight external experts were selected based on two criteria: (1) Pertinent / Relevant
and verifiable previous experience in alliancing projects in New Zealand; and (2)
Having recent/on-going and direct involvement on a Project Alliance Board (PAB) or
Alliance Management Team (AMT). O'Leary (1987) emphasised that using internal
experts in the validation process will ensure that the model has captured their
expertise and that the experts have thought about what it takes to structure the model.
In contrast, using external experts offers advantages such as the potential for another
point of view and a test of unstated assumptions in the model. Moreover, Yeung et al.
(2009) argued that having independent or different validators will ensure no biased
validation results exist. Thus, incorporating the views of different validators will
ensure an equitable and reliable validation process. Although previous scholars like
Chow and Ng (2007) and Yeung et al. (2009) used 8 and 7 validators, respectively, for
their model validation, this study used 13 validators to help ensure a rigorous
validation. In addition, having a balance of organisations represented among the
experts; consultant (38.4%), contractor (30.8%) and client (30.8%), will help prevent
bias. Moreover, the 13 experts have more than 6 years of experience on average, at
management level specifically in alliancing contracting and more than 15 years in
collaborative arrangements, which indicates they are highly qualified and capable to
carry out the validation.

Results and Analysis

A qualitative methodology by using structured face to face interviews has been used
as the research approach for this validation study. Initially, the validators were briefed
on the aim and objectives of the study and then guided through the overall integration
of Kls, QMs and the range of scales for performance levels for inclusion into the
development of the ATIPI model. Validators were then invited to provide an
evaluation of the ATIPI model through a scoring sheet. In total, six aspects were
validated including; 1) Degree of appropriateness: The relevancy of the Kls, QMs
and ranges of scales for Performance Levels included in the ATIPI; 2) Degree of
objectivity: The degree of objectivity in the assessment; 3) Degree of replicability:
The ability of the tool to be replicated or used on other alliance projects; 4) Degree of
practicality: The level of practicality of the tool to be used in actual alliance projects;
5) Overall reliability: The ability of the ATIPI to consistently perform its intended
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function; and 6) Overall suitability to be adopted as an assessment tool: The
suitability of the ATIPI to be adopted as an assessment tool to measure the team
integration performance of alliance teams.

They were asked to provide a score on a validation scoring sheet according to a 5-
point Likert scale (1 representing ‘not at all satisfied’ to 5 representing ‘extremely
satisfied”) to signify their extent of satisfaction on each of the validation aspects. The
results of validation of the ATIPI model are summarized in Table 2, in which the
rating of each expert and mean ratings of each validation aspect are shown.

Table 2: Validation results based on responses of 16 alliance validators

Validation Alliance Validators Mean

Aspect rating
1* | 2% 3* [ 4* 5* 6 7 8 9 10 11 12 13

Degree of 3 |4 |4 |35|/5 4 |45 /4 3 35 /4 4 |4 |3.88

Appropriateness

Degree of 4 4 4 3514 5 35|5 4 |4 4 3 4 4.00

Objectivity

Degree of 4 |5 |4 |5 4 |4 |5 5 4 |5 4 |4 |4 |4.38

Replicability

Degree of 4 |4 |4 |4 |5 |4 |3 5 4 4 4 3 |4 400

Practicality

Overall 3 |4 |4 |5 3 |4 |45 5 4 135/ 4 3 |3 |3.85

Reliability

Overall 3 |3 |4 |4 |5 3 |4 53 /4 4 3 |4 377

Suitability

Note: 1= Not at all satisfied and 5=extremely satisfied
* Internal Experts who had participated in developing the ATIPI

The validation results show that the Degree of Appropriateness received a mean rating
of 3.88 indicating the extent of experts’ satisfaction on the relevancy of the
characteristics of the ATIPI is ‘satisfied towards very satisfied’. The second validation
aspect in terms of Degree of Objectivity of the ATIPI received a response ‘very
satisfied” with a mean rating of 4.00. The majority of the experts believed that the
ATIPI is an objective assessment tool to measure the alliance team integration, as the
majority of the QMs are quantitative in nature and characteristic, and, hence, influence
the objectiveness of the tool. Next is the third validation aspect, the Degree of
Replicability which received a ‘very satisfied to extremely satisfied” (mean rating of
4.38) response among the experts on the ability of the tool to be replicated on other
alliance projects. The fourth validation aspect, Degree of Practicality, received a mean
rating of 4.00, resulting in a ‘very satisfied’ response among the experts. Overall
Reliability is the fifth validation aspect and received a satisfaction response of
‘satisfied towards very satisfied’ with a mean rating of 3.85. Again, due to the
characteristics of the ATIPI, most of the experts believe the tool has the ability to
consistently perform its intended function, although some experts believe it needs to
be tested and piloted in practice on a numbers of alliance projects and over the
lifecycle of the projects to be absolutely sure of its reliability. The final validation
aspect is the Overall Suitability, which received a mean rating of 3.77, thus indicating
a response of ‘satisfied towards very satisfied’.
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Overall, it is worth noting that high ratings (mean rating > 4.0) were achieved for ‘degree of
objectivity’, ‘degree of replicability’ and ‘overall practicality’ and a mean rating of greater
than 3.7 and less than 4.0 was achieved for “the degree of appropriateness, degree of
reliability and overall suitability”. It should be highlighted that, in accordance with studies
such as Chow and Ng. (2007) and Yeung at al. (2009), mean ratings greater than 3.5 are
adequate to warrant validation of a model. To summarize, the validation results have
confirmed that the ATIPI model could assist in assessing the alliance team integration
performance in road infrastructure projects. In addition, any variability in responses between
the internal and external experts did not affect the validation aspects of the ATIPI, as the
responses from both categories of experts were consistent based on mean responses.

DISCUSSION

The findings of the research revealed that the ATIPI model could potentially assist in
assessing the alliance team integration performance in road infrastructure projects.
However, it is worth highlighting that every performance model has its own
limitations which can be exacerbated, unless methodological considerations are
carefully selected and applied under suitable settings (Yang et al., 2010). Some issues
were highlighted and possible improvements were suggested during the validation in
order to enhance the applicability of the model to real alliance projects. Notably,
during the validation process, the strength of the model was called into question
specifically upon the assessment of QMs for the respective KIs. In particular, concerns
related to how a single QM could directly measure what can be a complicated KI. For
example, as critiqued by some of the experts, how cost and schedule performance
could fully represent the KI of team leadership, which is more abstract and hard to
quantify. Grint (2005) stated that the basic definition of leadership has yet to be
agreed, let alone whether it can be measured, despite vast research into application of
leadership skills to project teams (Walker, 2015). Although the QM for team
leadership was questioned in the validation, some research studies in the construction
domain indicate that there is a relationship between cost and schedule performance
and leadership. Lendrum (2011) stated that cost and time improvement are seen as
value propositions underpinning alliancing that linked directly with leadership styles
and characteristics. In fact, Yang et al. (2011) found that there is an interrelationship
between shared leadership and project success due to project complexity. They
emphasized that projects were more likely to be successful when they experienced
high levels of shared leadership. The complexity to quantify such an input for the QM,
has lead the experts to choose a measure based on ease of measurement and
obtainability to address those indicators (Ibrahim et al., 2014). Overall, the validation
experts believe that while the recommended QMs covered the range of possibilities of
appropriate QMs, the final selection may have been influenced by the experience of
the alliance experts in measuring such an indicator in their alliance projects.

A key consideration in developing the ATIPI was to ensure that it was a practical and useable
model. To that end it was decided to include only one QM for each KI. However, as proposed
during the validation, this is a potential limitation, in that certain aspects of the KI may not
be captured effectively with just one QM. The issue on the capacity to have more than one
QM for each Kl is desirable based on comments by the experts, as it may provide greater
coverage of the influencing factors for the KI. For example, the establishment of a lead and
lag QM, with a combination of quantitative and qualitative measures, if applicable, for each
KI would help to enhance the characteristics of the assessment tool. Yeung et al. (2013)
described that ability to incorporate leading and lagging performance indicators will provide
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early warnings, identify possible problems that could lead to opportunity for organizational
change.

In addition, demonstrating the application of the model in real life was suggested to
ensure the applicability of the model. Experts also suggested that the frequency of the
assessment should be on a quarterly basis, rather than monthly, to allow time for
variation in the data and, hence, provide sufficient time for managerial teams to
measure, analyse and respond to the performance. A longitudinal study to assess the
alliance integration performance in different stages of alliance projects is proposed.
Results from these studies will assist with the development of a more complete and
accurate team integration performance database. In addition, factors that might affect
the integration performance identified during the demonstration of the model (e.g.
complexity of the project, size and characteristics of the alliance teams), could also be
addressed in a longitudinal study. Such studies would help to refine the measurement
indicators or reveal other key indicators which can impact on team integration and
isolate the lessons learned and best practices from different types of alliances. Such
findings could be integrated in the ATIPI as guidance for continuous improvement.

While the development of the ATIPI into an online model is beyond the scope of this
study, the experts recommended that further enhancement of the model’s functionality
with more adaptive capabilities and the establishment of an integrated online-based
platform is undertaken. Thus, administration of the domain knowledge of the model
can be enhanced and the assessment and monitoring process will to be openly
accessible to authorized alliance managerial teams.

Comparison to related studies on integrated index model in construction research

The establishment of the ATIPI model in this study presents an opportunity for
comparison with for other types of index model. For example, Cheung et al. (2003)
developed the system for monitoring the status of partnering in Hong Kong through
the use of an index, based on the incorporation of an established partnering measure.
Yeung et al. (2007) focused on measuring the overall performance of a partnering
project in Hong Kong, by establishing a specific key performance indicator (KPI)
through the use of Delphi method. In contrast, Xia and Chan (2012) focused on
assessing the degrees of project complexity in China by identifying the complexity
measures for building projects. Overall, although aforementioned studies were based
on the same concept, they are all different in terms of their focus, scope, methodology
as well as the validation process, and hence result in different outcomes.

The validation of the ATIPI confirm that the model provide an automated way of
assessing in terms of collecting, retrieving and presenting graphically empirical data
(i.e. objective results) to assist in managing the integration practice consistently and
continuously. Such assessments could lead to recognition of pattern variations, which
in turn lead to identification of which indicators are dominant to their integration
practice, thereby focusing alliance managerial team attention and reach much faster on
those that will have the greatest impact in terms of its strengths and weaknesses and
plan ahead for improvement. Waiting until the end of the project for analysis and
reports is no longer a practical management strategy in delivering complex projects. It
is worth noting that the ATIPI is not a direct measure of successful team performance,
as a whole. Rather, it is a proactive management approach focused on measuring team
integration performance consistently and objectively.

Overall, the ATIPI model provides an alternative methodology to the existing
approach outlined in the literature for assessing the team integration, which is
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subjective and limited to non-collaborative arrangements, with little focus on making
the assessment objective and systematic.

CONCLUSIONS

The ATPI aims to be a platform for teams to reflect and discuss how their team relates
to each of the indicators and the impact of this on their integration practice. In
addition, the ATIPI captures key insights into team performance and, hence, provides
a point of reference to drive continuous improvement.

This paper presented the validation of the ATIPI. The findings confirm that the ATIPI
is a simple and user-friendly assessment tool that enables alliance teams to self-
diagnose and better understand the current state of their team integration performance
over the course of the project. This is further supported by the positive validation
feedback given by a selection of alliance experts, although some improvements based
on the expert's interviews could be incorporated to further improve certain features of
the model, thereby facilitating its application in the alliancing industry. In addition,
the validation of the ATIPI could possibly be further expanded in future by testing its
application on different project stages on a number of on-going alliance projects, not
only in New Zealand but in other countries. Such studies would help to enhance the
model in terms of integrating the best practices from different types of alliances, and
hence, improve the project outcomes.
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In project scheduling, it is feasible to reduce the duration of a project by allocating
additional resources to its activities. However, crashing the project schedule will
impose additional costs. Numerous research has focused on optimizing the trade-off
between time and cost to achieve a set of non-dominated solutions. However, the
majority of the research on time-cost trade-off problem developed methods for
relatively simple problems including up to eighteen activities, which are not
representing the complexity of real-life construction projects. In this work a Particle
Swarm Optimization (PSO) technique is presented for Pareto oriented optimization of
the complex discrete time-cost trade-off problems. The proposed PSO engages novel
principles for representation and position-updating of the particles. The performance
of the PSO is compared to the existing methods using a well-known 18-activity
benchmark problem. A 63-activity problem is also included in computational
experiments to validate the efficiency and effectiveness of the proposed PSO for a
more complex problem. The results indicate that the proposed method provides a
powerful alternative for the Pareto front optimization of DTCTPs.

Keywords: Pareto front, particle swarm optimization, project scheduling, time-cost
trade-off problem.

INTRODUCTION

Opposed to other industries, transient nature of the construction projects imposes
heavy burden on decision makers regarding unequivocal optimal devotions of time,
cost, and resources (Hegazy 1999). Either at the planning stage or in case the project
is running behind the scheduled plan, the contractor and the client, as the main parties
to a construction project normally strive to complete the project within shorter
durations at the minimum cost possible. However, crashing the project schedule
imposes additional costs and might be profitable up to a certain limit (Zheng et al.
2005). Accordingly, analyses of the trade-off between time and cost in view of
obtaining a set of non-dominated solutions is a significant aspect of the construction
management. Classical network analyses like critical path method (CPM), in essence,
merely incorporate the cost and project deadline aspects (Aminbakhsh 2013). Such
methods attempt to minimize the project duration regardless of the availability of
resources (both money and physical resources). Any reduction in project duration is
facilitated by crashing the project schedule. Decision makers speed up the project by
using additional labour and machinery or by adopting alternative construction
techniques (Hegazy 1999). The best combination of crashing alternatives is facilitated
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by optimizing the balance between the direct and indirect costs of a project. The trade-
off between time and cost of a project is known as the time-cost trade-off problem
(TCTP) (Feng et al. 1997), discrete version of which (DTCTP) considers discrete sets
of time-cost options for the activities. Such a concern is imperative to TCT analyses as
real-life projects comprise resources of discrete units. In Pareto oriented optimization
of DTCTPs, non-dominated optimal total costs are mapped to feasible completion
times to generate Pareto fronts of the problems.

Commercial scheduling software packages, in general, do not bear any strategies for
the DTCTP. The methods proposed for the DTCTP can be classified into three
categories: exact methods, heuristics, and meta-heuristics. Exact methods based on
mixed integer programming (De et al. 1995; Szmerekovsky and Venkateshan 2012),
branch and bound (Demeulemeester et al. 1998; VVanhoucke 2005), and Benders
decomposition (Hazir et al. 2010) can solve small scale problems. Few research work
has focused on the development of heuristic methods for the time-cost trade-off
problem (Prager 1963, Siemens 1971; Goyal 1975, Moselhi 1993). The most recent
heuristic method for DTCTP is implemented by Hegazy (1999) which is rooted upon
Siemens's (1971) method. In recent years the significant developments in meta-
heuristic algorithms has enabled researchers to shift focus from heuristics to meta-
heuristic methods for DTCTP. Genetic algorithms (Feng et al. 1997; Hegazy 1999;
Zheng et al. 2005; Kandil and El-Rayes 2006; Eshtehardian et al. 2008; Fallah-
Mehdipour et al. 2012; Sonmez and Bettemir 2012), ant colony optimization (Ng and
Zhang 2008; Xiong and Kuang 2008; Afshar et al. 2009), particle swarm optimization
(Yang 2007; Zhang and Xing 2010; Fallah-Mehdipour et al. 2012), shuffled frog
leaping (Elbeltagi et al. 2007), and Electimize (Abdel-Raheem and Khalafallah 2011)
are among the meta-heuristics implemented for the TCTP. Despite Pareto front
optimization is reckoned to be the ultimate resolution of TCT analyses (e.g. Zheng et
al. 2005; Yang 2007; Eshtehardian et al. 2008), relatively scarce devotions are made
toward this end. The majority of the existing research in their computational
experiments has focused on solving relatively simple problems that include up to only
18 activities with 5.9E09 number of possible resource utilization options. The main
objective of this study is to present an efficient PSO model incorporating novel
principles for binary representation and position-updating of the particles which is
capable of exerting the Pareto front optimization for complex DTCTP. The practiced
complex instance includes 63 activities with 1.37E42 number of possible
combinations of time-cost alternatives.

PARETO FRONT AND OPTIMIZATION MODEL

Pareto front optimization is a multi-objective decision making problem that any of its
objectives might reach their optimal amounts at miscellaneous points called the Pareto
Front. Obtaining the Pareto front for TCT problem, in essence, engages concurrent
optimization of two classical TCT extensions, viz., the budget and the deadline
problems. The bi-criterion TCT optimization problem can be formulated as follows:

(1) Minimizey = (D;,C;)
S m
@ 0 - max| Sl
j=1 k=
S m
3) C; => > dc{x{ + D xic
j=1 k=1
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where D, and C; denote total duration and total cost of ith solution, respectively; d
and dc,, represent duration and direct cost of the k th options of the j th activity,
respectively; and ic denotes the daily indirect cost.

PROPOSED PARTICLE SWARM OPTIMIZATION METHOD

The PSO method, imitating bird flocks that forage and fly in unison, was first
introduced by Kennedy and Eberhart (Eberhart and Kennedy 1995; Kennedy and
Eberhart 1995) who later developed a binary paradigm of their model for problems
incorporating discrete objective functions (Kennedy and Eberhart 1997). In the
proposed PSO method, each particle represents a solution in a S -dimensional solution
space. The position and velocity of ith particle for the k th option of the j th activity,
in the time step t is represented by x{} andw{) , respectively. Moreover, the proposed
PSO involves binary values, that is, each particle i, for its j th activity can only have
asingle k set to one, with all the remaining components of the j th activity holding
m(j)
k=1
archive, O has been dedicated to the PSO model, so as to store all the non-dominated
solutions found by this algorithm. A controller, Eq. (4), is implemented to carry out
judgments regarding particles’ qualification to enter the external archive (Aminbakhsh
2013). For any decision vector X, this controller engages the following criteria with
respect to the measured D, andC, :

zero (viz., for a solution generated by PSO, at time-step t: z xgtk) =1). An external

Accept  if D,#D,

D, =D

(4) or {Cx < ny
Reject otherwise

where; D, and C , respectively, represent duration and cost of particle y —an

existing solution stored in the archive O. The quality of the solutions are compared to
determine the personal best positions, P.'s, experienced by any of the particles.

According to Eq. (5), for decision vectors U andV:

) C,<C, or
(5) u>v if
C,=C, and D, <D,

Since all the archived solutions are non-dominated with equal qualities, in order to
provide dynamic exploitation of the archived solutions, PSO utilizes an effective
multi-objective approach in measuring global best positions, P, s, of the particles.

Throughout each iteration, PSO randomly selects non-dominated solutions as the P, 's

of the particles. Particles fly to their new positions using the velocity vector given in
Eq. (6),

®) Vi =wOuR e (R - )+ e, (RS - XY
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where; W is the inertia weight; r, and r, are uniformly distributed random vectors

between [0,1]; and the constants ¢, and c, are the cognitive and social parameters,
respectively.

In the proposed PSO, velocity vectors are transformed into probabilities (Aminbakhsh
2013) and are normalized to the range [0,1] using a logistic transformation function
given in Eq. (7). Then, subject to the probabilistic condition specified in Eqg. (8), each
particle moves to a new position in the solution space.

i 1
() sig(v)=—— =
(8) Xi(jtku) _J1 if  sig (Vi(jtk+1)) = max{sig (Vi(jtl<+l))}
0 otherwise

The optimization process is reiterated until the stipulated number of iterations is
reached. Subsequently, PSO returns the ultimate archived non-dominated solutions.

TEST INSTANCES

For performance evaluation of the proposed PSO method, a small-scale problem, as
well as a more complex medium scale instance is implemented.

1) Small-scale test instance

The first test problem involves the 18-activity network, details of which can be
derived from Feng et al. (1997) incorporating the time-cost alternatives defined in
Hegazy (1999). The majority of the previous research (Zheng et al. 2005; Ng and
Zhang 2008; Afshar et al. 2009; Zhang and Ng 2012) used this problem to evaluate
the performances of the proposed multi-objective meta-heuristics. This problem with a
total of 5.9E09 possible schedules is examined with a daily indirect cost of $1,500.

2) Medium-scale test instance

In the course of the analyses, Sonmez and Bettemir's (2012) hypothetical 63-activity
problem is used as the second test instance. This medium scale complex problem
consists of 1.37E42 different time-cost alternatives and a daily indirect cost of $2,300.

COMPUTATIONAL EXPERIMENTS AND COMPARISONS

Computational experiments were conducted to evaluate the performance of the
proposed PSO method for Pareto front optimization of DTCTP using benchmark
instances. The proposed algorithm was coded in C++ and compiled in Visual Studio
2013. All of the tests were carried out on a computer with an Intel Core i7-3.40 GHz
CPU. Pilot experiments were conducted to determine an adequate set of parameter
values for the PSO algorithm. The pilot experiments revealed that the set of
parameters that are summarized in Table 1 provides an adequate combination for the
PSO. 200,000 and 1,000,000 schedules (objective function evaluations) were used as
the stopping criteria in experiments for the first and second problems, respectively.
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Table 1: Parameter settings of the PSO

Parameter Description  Small-Scale Problem  Medium-Scale Problem
[ No. of Birds 1,000 5,000
C, Cognitive Parameter 2 4
c, Social Parameter 2 2
W, Max. Inertia Weight 1.2 1.2
W Min. Inertia Weight 0.4 0.4
v Max. Velocity 3 4

1) Small-scale test instance

Table 2 summarizes the results of the PSO along with the performance of four
previous meta-heuristics for the 18-activity problem. Although none of the existing
studies reveal the elapsed CPU times, the proposed PSO requires an acceptable CPU
time of approximately 1.9 seconds to unravel the first instance by searching a mere
3.39E-05 fraction of the solution space. Solutions obtained by Zheng et al. (2005) are
of inferior quality compared to the results of PSO, since, MAWA-GA's solutions cost
0.9% to 1.55% more that PSO’s results. For D =110days , ACS-TCO of Ng and
Zhang (2008) and ACS of Zhang and Ng (2012) provide a solution which costs more
than the proposed PSO’s result. The Pareto front solutions reported for NA-ACO of
Afshar et al. (2009) are identical to the results obtained by the PSO method. The
comparison of PSO with the state-of-art methods reveal that proposed PSO is among
the top performing algorithms for Pareto oriented optimization of the small-scale
DTCTPs.

Table 2: Comparison of Pareto Fronts located for Small-Scale problem

Duration Zhenget Ngand Zhang Afsharetal. Zhangand PSO (This
(days) al. (2005) (2008) (2009) Ng (2012) Study)
100 287,720 283,320 283,320 283,320 283,320
101 284,020 279,820 279,820 279,820 279,820
104 280,020 276,320 276,320 276,320 276,320
110 273,720 271,320 271,270 271,320 271,270

2) Medium-scale test instance

Sonmez and Bettemir (2012) presented a medium-scale 63-activity DTCTP for the
single objective cost optimization problem. To our best knowledge, the problem is
first solved for Pareto front optimization in this work. Computational experiments of
the proposed PSO model involving this instance revealed promising results since PSO
was able to locate 38 non-dominated solutions by searching only 7.30E-37 fraction of
the solution space. Pareto front of this larger instance was achieved within a
reasonable CPU time of 37.5 seconds, for the first time. Lack of earlier attempts for
Pareto oriented optimization of this problem ruled out a comparative presentation of
the results obtained.
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CONCLUSIONS

A discrete PSO method for the Pareto front optimization of discrete time-cost trade-
off problem is presented in this study. Novel principles for binary representation, and
position-updating of the particles are implemented in the proposed PSO method. It is
shown that PSO operates to unravel the multi-criteria DTCTP by searching a very
small fraction of the search space. The results of the computational experiments reveal
that PSO can achieve high quality solutions for a small benchmark DTCTP. For a
more complex instance, including 63 activities, PSO was able to obtain 38 non-
dominated solutions within seconds, for the first time. The results indicate that the
proposed method is among the top performing algorithms, providing a powerful
alternative for the DTCTP Pareto front optimization. However, research focusing on
generation of large-scale complex DTCTP instances would enable a better
understanding of the performance of heuristics and meta-heuristics for the real-life
projects. Development of efficient discrete optimization methods for Pareto oriented
optimization of large-scale real-life projects appears to be another promising area for
the future research.
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SOFT LANDINGS OR A BUMPY TOUCH DOWN?
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Most standard forms of construction contract contain provisions whereby a small
value of the Works is retained by an employer known as “retention money ”. The idea
of retention money is to provide funds for Employers to remedy defective work
should the contractor refuse or fail to carry out remedial works on a construction
project. Most standard forms of construction contract contain requirements that an
employer holds retention money on trust for contractors through the opening of a
separate bank account for this purpose. Despite specific conditions imposed on
employers there are instances where conditions have been ignored which have
resulted in complex technical legal issues to be decided in the courts involving the
law of equity and trusts. Until relatively recently in spite of the controversies
surrounding retention money, the construction industry had to reluctantly accept the
situation due to a lack of alternatives. Now, the UK based Building Services Research
and Information Association (BSRIA), encouraged by Government, have developed a
new technique known as “Soft Landings” (SL) which can be used as an alternative to
retention. This paper explores the concept of SL in construction through a legal lens
which could provide an important future strategic direction for clients and others
involved in the modern construction industry. Initial findings are that whilst SL has
not been greeted with universal acclaim within the construction industry there is
sufficient interest to justify the use of SL as an alternative to the use of retention.

Keywords: construction contracts, procurement, retention, soft landing.

INTRODUCTION

Most standard forms of construction contracts since their inception in the nineteenth
century have included payment systems whereby contractors and sub-contractors are
paid for their work through instalments. Although no one can accurately trace when
this practice began it is understood that the standard form of building contract
published by the Royal Institution of British Architects in 1909 included a mechanism
whereby contractors were paid following the issue of an architect's certificate which
set out in some detail the contractor's entitlement (Dunn, 2011). It is thought that the
inclusion of a mechanism for payment by instalments incorporated in the 1909 RIBA
was not a new invention but a manifestation of a practice that had developed over a
number of years and was accepted by all parts of the construction industry. Allied to
the idea of building works being paid for through a system of instalments came the
notion that some part of the instalment ought not to be paid immediately but be held
back as a protection against defective work or the contractor's failure to complete the
project. The part of the instalment not paid over immediately by the employer was,
and is, called “retention money ”. Though building contracts have evolved over the
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intervening years the system of paying by instalments subject to a deduction of
retention money has remained unchanged to the present day.

This seemingly simple concept of temporary withholding of monies otherwise due to
contractors and subcontractors until such time as retention is released has produced
controversy and some complex technical legal arguments.

Senior (1991, p241) observed that “[the] objectives of the client, the design team and
building contractor are similar in principle and that they differ only in degrees of
emphasis and intensity ”. Senior (ibid.) maintained that “selfish endeavours”
encourage “tactical distribution methods of payment ”. It is clear that the use of
retention money is one of those methods of payment that might be included within the
term “selfish endeavours” when used in context of the construction industry. It is self
- evident that the use of retention money causes a loss of working capital to
contractors and thus acts a restriction to the contractor’s cash flow. The consequence
for the contractor is that the shortfall in cash flow has to be financed usually by
overdraft or other borrowing. The consequence to the client is that the cost of
overdraft or other borrowing by the contractor is passed on indirectly resulting in a
more expensive project than would otherwise be the case. However, as Hackett et al.
(2007, p32) observed “a balance has to be struck between the maintenance of a
reasonable retention fund and easing of the contractor’s cash flow”.

Adriaanse (2007) noted that it is common practice in construction contracts for a small
percentage usually around 5 per cent of the value of a certificate to be deducted as
retention money and often kept for a period of two years or more. This creates a fund
to rectify defects or to persuade the contractor to return to site to remedy defects.

Although a retention money level of around 5 per cent might seem reasonable,
contracting parties are under no compulsion to use this percentage and often will
amend standard contracts in order to impose retention percentages far in excess of 5
per cent. In the case of Rayack Co. Ltd v Lampeter Meat Co. Ltd (1979) a retention
percentage of 50 percent was included in the contract documents. The contractor
argued that the retention percentage was excessive and therefore illegal yet the
percentage was upheld by the court. Though Murdoch and Hughes (2008, p220)
described this as an “unusual case ” it shows that parties may use “selfish
endeavours” to trap the unwary into agreeing to oppressive levels of retention which
can a catastrophic effect on cash flow.

The decision in Rayack establishes the legal precedent that the parties are free to
impose whatever retention money percentages they wish.Very high and oppressive
retention percentages will not be declared illegal by the Courts if that is what the
parties agreed. Strathorn et al., (2014) have characterised construction as an industry
which is well known for distrust, cost over runs and conniving intentions as normal
manifestations of behaviour. It is submitted that the use of large and oppressive
retention percentages does not help to foster trust between members of the
construction industry and remains problematic. It has long been acknowledged that the
holding of retention money for longer periods than necessary is a major contributor to
the high incidence of insolvency in the construction industry (Newman, 1992)

DIFFICULTIES WITH RETENTION MONEY

One of the most basic problems with retention money is the timing of its release. This
problem occurs with all stakeholders in the construction contractual chain but it is
particularly serious between main contractors and sub-contractors. In the case of sub-
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contractors this is particularly acute. For example, a piling sub-contractor who would
carry out their work at the beginning of a project may have to wait several months or
even years for the release of their retention. Sub-contractors may suffer undue
hardship because release of retention may be conditional on matters outside their
control, for example the remedying of defects under the main contract between the
employer and main contractor.

This problem can be further exacerbated when the release of retention is dependent on
the issue of a certificate.

In Pitchmastic v Birse [2000] (19981 TCC 159Q) the terms of the sub-contract
contained a provision that the retention money be released to the sub-contractor on the
issue of a certificate of making good defects of the main contract. However the
certificate of making good defects in respect of the main contract was never issued.
The question for the court to decide was whether Pitchmastic was entitled to the
release of retention in the absence of a certificate?

The Hon. Mr Justice Dyson (as he then was) held that unless Pitchmastic could show
that Birse had “prevented the issue ” of the certificate then on the evidence
Pitchmastic's claim (for the release of retention money) must fail.

However it must be observed that Pitchmastic occurred before the passing of the
Local Democracy Economic Development and Construction Act 2009 (henceforth
“Construction Act 2009 ) which came into force in October 2011 in England and
Wales.

Section 110 (1A) of the Construction Act attempts to prohibit the use of conditional
payments dependent on performance of another contract. Whether the wording of
Section 110(1A) is sufficient to cover retention money is not entirely clear. What is
very clear is that parties may find themselves in a similar position to Pitchmastic who
fought a time consuming and very expensive legal battle and still could not secure the
quick release of retention money. Furthermore, even if “retention money ” is caught
by the rule against conditional payments under section 110(1A) of the Construction
Act 2009, it can be easily circumvented by inserting in the relevant contract or sub-
contract a date far in the future so that retention can be held (legally) for a very long
time. For example, referring back to Rayack in that particular case the defects liability
period was six years in that case. This means that retention money can be legally
withheld for very long periods of time seriously affecting cash flow of all participants
in the construction supply chain.

After the passing of the Construction Act 2009 there is a risk that a main contractor
might be compelled to pay retention money to a sub-contractor before being in receipt
of retention money from an employer. However, this ignores the unequal bargaining
power of stakeholders in the construction industry, identified by Newcombe (2003),
and is unlikely. Although it can be argued that the concept of retention money is
simple, it is is fraught with legal and technical difficulties.

A further problem arises when one asks the question “who actually owns the retention
money?” In Henry Boot Construction Ltd v Croydon Hotel and Leisure Co Ltd 1986
36 BLR 41 a main contractor (Henry Boot) attempted to protect the retention money
through the grant of an injunction against the employer (Croydon Hotel). The court
refused to grant an injunction because the amount (allegedly) owed in liquidated
damages to the hotel exceeded the amount of retention money. This causes a difficulty
because if the case was decided correctly then it would suggest that the retention
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money is owned by the employer, but if this is the case, then how can a contractor
have recourse to the retention money if there is no ownership?

Standard forms of building contracts have attempted to address the question of who
owns the retention money by invoking the law of equity and trusts. Most standard
forms contain provisions whereby retention money is held by an employer “on trust”
for the contractor. Similar provisions can be “stepped down” so that a main
contractors hold money “on trust” for sub-contractors.

Many standard forms such as those issued by the Joint Contracts Tribunal (JCT)
include wording that that the employer's ownership is “fiduciary ” which makes the
employer a trustee of the retention money. The consequence of this is to separate the
retention money from the employer's other money. However it is common practice in
the construction industry for amendments to made to the standard forms (Potts. 2008)
In Wates Construction v Franthom Property (1991) 53 BLR 23 a provision requiring
the retention money to be held separately was deleted from the contract. Nevertheless
the Court of Appeal decided that the retention money was fiduciary in nature and
ordered the retention money to be set aside. However a further legal issue arose in
Wates in which the judges had to exercise their minds; namely whether the trustees
were under a general duty under the Law (of Trusts) to invest and attempt to increase
the value of the retention fund. In the Court of Appeal Bedlam LJ. held that the
trustee's duty was to “safeguard the money ” but [the trustee] has no duty to increase
fund for the contractor’s benefit. Whilst the Court of Appeal's decision is to be
welcomed in this case, there is still some uncertainty that a Court of Appeal decision
could be overturned by a House of Lords (or possibly European Court) decision.

The publishers of standard forms have tried to strengthen the position of contractors
and sub-contractors in the construction by a requirement for retention money to be
deposited in a separate bank account. This can be particularly important especially in
the case of insolvency.

If an employer refuses to open a separate bank account for the retention money then
since at least 1979 (Rayack) it is possible to apply for a court injunction to force the
employer to open a separate bank account. However this requirement is often deleted,
amended or simply ignored. The consequences can be devastating for contractors or
those further down the contractual chain. In British Eagle International Airlines
Limited v Compagnie Nationale Air France [1975] 2 All ER 390 it was held by the
House of Lords that parties could not circumvent insolvency laws as this was contrary
to public policy.

Although British Eagle is not a construction case the authority of the House of Lords
means that it is applicable to contracts generally, including construction contracts. In
terms of retention money, what this means is that unless separate trust accounts can be
proven to exist then any money irrespective of its nature or purpose will be considered
part of the assets of the insolvent party and will be shared amongst unsecured
creditors. This emphasises the importance of establishing separate accounts or
obtaining injunctions quickly. An example of the difficulty that can happen can be
seen in MacJordan Construction v Brookmount Erostin Ltd 1991 56 BLR1 CA. In this
case the employer, Brookmount Erostin, experienced financial difficulties and went
into Administration. The contractor, MacJordan, worried that it might not be able to
access retention money sought an injunction compelling the employer to set up a
separate bank account. It was held that the contractor was too late and that an
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injunction could not be issued on the grounds that insolvency proceedings had
commenced.

The circumstances in MacJordan might be regarded as a technicality, as the issue
involved one of timing rather than a legal issue. However, once again it reinforces the
idea that the concept of retention money is difficult. It is cumbersome for contractors
(and /or sub-contractors) to have to apply to the courts for an injunction on every
single project they undertake in order to protect their entitlement to retention money.

In summary the problems with retention money in construction contracts are identified
as:

Length of time retention is held and unjustifiable reasons for withholding
Unsettled questions arising from operation of the Construction Act 2009
Unsettled questions of ownership and control of retention money

Legal complexities of Trust Law

Complications due to Insolvency Law

The need to obtain injunctions to protect retention money

The timing of the application (for injunctions)

According to a UK Government report about £3 billion of retention money is held
across the construction industry at any one time (H.M. Government, 2008)

SOFT LANDINGS

Until recently there was an unofficial consensus in the construction industry that
whilst there were problems with retention as a concept, nothing much could be done
about it. More recently The Building Services Research Information Association
(BSRIA) encouraged by the UK Government has developed a new approach to assist
the construction industry and help its clients to deliver better buildings. This new
approach is called “Soft Landings” (SL).

SL is a radical new idea which eliminates the need for retention in construction
contracts.

SL attempts to solve the performance gap between the intention of designers and the
experiences of users. BSRIA observed that a performance gap can emerge at any stage
of a building project including inception and briefing; design and specification;
construction; hand over and commissioning and occupation.

BSRIA see SL as a “culture change ” and can apply to both new build and retrofit
projects. It is a step by step process for clients and their consultants and contractors to
avoid the pitfalls associated with most building projects The SL philosophy requires a
“buy in” from all participants in the construction supply chain and expects
participants to be involved and stay involved far beyond the traditional hand over at
practical completion.

SL uses a five stage process which is shown below:
Soft Landings Five Stage Process

Stage 1: Inception and briefing

The time for constructive dialogue between the client, the designers and the potential
constructors about intentions, performance requirements and stakeholder expectations.
Embedding specific SL activities in the client’s requirements and tender
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documentation and setting aside budget for aftercare and post-occupancy evaluation.
Effort should be made to get key specialist advice earlier than would be the norm-
controls specialists, commissioning engineers, facilities managers, key sub-
contractors- catering, ICT, lighting and controls integrators ; nomination of SL
Champions to drive the process forward ; and reviewing past experience to inform
design. [Emphasis added]

Stage 2: Design development and review

Brings the entire project team together to review insights from comparable projects
and detail how the building will work from the point of view of the manager and
individual user. Agreeing the energy strategy — and the metering and monitoring
strategy and the approach to commissioning and ensuring they are regular items for
discussion and covered in relevant tenders. Review the proposed systems for usability
and maintainability and reality-check as systems turn into actual installed products.

Stage 3: Pre-handover

Graduated hand over enables operators to spend more time on understanding
interfaces and systems before occupation. Revisit the outputs from earlier reality-
checking decisions and ensure the suggest actions are in place. Ensure Building
Management System (BMS) is set up the way the client intended- energy data
reconciliation and data storage, and the energy monitoring software. Also ensure the
metering is working properly and will deliver real insights into energy use.

Stage 4: Initial aftercare

The project team to be resident on site between six and eight weeks to spot emerging
issues. Go walkabout regularly and chat to people, find out how systems are operating
and whether they meet occupants’ expectations and actual requirements. Adjust where
necessary and report back. Help the asset managers understand what they have
inherited. Measure and monitor but don’t rush to make a judgement.

Stage 5: Years 1 -3 extended aftercare and Post Occupancy Evaluation (POE)

The period of longer-term less intensive monitoring and support. Involves a series of
aftercare review meetings, monthly to begin with but could quickly become quarterly.
Ensure that the energy monitoring is set up and working well. Conduct systematic
POE no sooner than 12 months post-handover, repeated at 12 month intervals and
culminating in a final project review at month 36. (After BSRIA, 2014)

This change is an attempt to alter traditional practice after practical completion where
most of the contractor's personnel leave the project with perhaps a small number
returning to site to rectify defects on occasions to a situation where all or most of the
contractor's personnel remain on site after practical completion for the purpose of
assisting the employer's staff in the smooth running of the building.

It is proposed that an important part of the SL approach is the use of Post Occupancy

Evaluation (POE). Where POE has been done on past projects this has normally been

carried out by the employers own staff or by consultants engaged by the employer. It

has been relatively rare for contractors and/ or sub-contractors to be involved in POE.
An SL approach seems to suggest a much more prominent role in POE for contractors
and subcontractors to play in the future.

It is acknowledged by BSRIA that the inclusion of a budget to cover aftercare and
POE might be seen as a significant extra cost for construction clients. It is also
conceded by BSRIA that the calculation of an allowance is difficult as it will vary
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from project to project. Nevertheless BSRIA maintain that the inclusion of money in
the client's budget represents value for money when set against the cost of complex
litigation involving retention money. BSRIA are aware of the need for flexibility and
have developed a strategy known as Government Soft Landings (GSL) for use in
public sector construction projects. BSRIA explain the difference between SL and
GSL in the following terms

Government Soft Landings (often called GSL) is not an integrated and collaborative
client/delivery team process like BSRIA Soft Landings, but more a set of facilities
management-driven requirements for a well-performing building Although there is a
debate as to the precise demarcation of SL and GSL what is clear is that all
participants in the UK construction supply chain involved in public sector projects
will be affected by “Soft Landings” in one form or another. Although this paper in
confined to the exploration of SL from a UK industry perspective, Bunn (2015)
reported that an Australian and New Zealand version of SL (termed “ANZ Soft
Landings”) has recently been launched for use in those countries. This means that SL
may become a significant feature in the international construction scene in future.

METHODOLOGY

According to Gomm (2008, p15) the idea of doing research is “to provide readers
with vicarious experience of other people's lives ”. Thus in the context of Soft
Landings the research adopts an interpretivist stance following the view of Seymour et
al's who felt that it is not necessary to critique the use of causal relationships in
findings in every piece of construction management research (Seymour et al.,1997).

People are reflexive and make choices and decisions continuously which determine
outcomes (Brown and Phua, 2011). In this research the aim is not to deliver a fully
worked out, prescriptive agenda for SL which the author would argue is neither
desirable nor practicable. Rather the research is of an exploratory nature which
attempts to provide insights into authenticity and aspirations of those involved or
likely to become involved in SL. This approach in grounded in the idea formulated by
Burr (1995) who explained that the research process is a co-production between
themselves (the researchers) and the people they are researching. Rossman and Rallis
(2003) advocated that the typology is one which can “go to the people ”.

In carrying out this research the human dimension is at the forefront of this work
indeed the dimension is regarded as a central tenet of the work Winter (1996) felt that
our working lives are a never ending sequence of judgements and stressed the
importance of the human dimension. As such the work must include treatment of the
legal and technical framework which underpin the examination of SL in the context of
construction projects whilst understand that emotions, feelings, attitudes and
experiences have a part to play. It must be acknowledged that for some members of
the construction supply chain the adoption of SL is not a matter of choice as it will
become mandatory from 2016 in public sector contracts. Naturally those who find the
entire idea of SL to be abhorrent may seek to “opt out” through withdrawal from the
public sector market, however given the composition of the construction industry (i.e.
majority of firms are small) it is unlikely that mass withdrawal will actually happen. It
is against the backdrop of the above that the research procedure was adopted. The
researchers used an approach proposed by van Manen who investigated linking
knowledge with ways of being practical (van Manen 1977). The investigation was
carried out by a series of interviews with stakeholders. The use of interviews is a
commonly recognised research method (Mason, 1966) whose strengths arise due to a
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“richness and vividness of material (Gillham, 2000) Patton (2002) concurs with these
views and opines that the strength [of interviews] lies in their ability to yield
responses about experiences, opinions, feelings and knowledge. Keats (2000) felt that
interviews gave more dynamic responses to static questionnaires. ”

A total of twenty one interviews were carried out. The interviewees comprised three
representatives from different sectors of the construction industry including clients;
architects; surveyors; engineering; main contractors; specialist sub-contractors and
general sub-contractors. For reasons of time and economy of resources all
interviewees were chosen from the South West of England.

Transcripts were collected and the contents analysed on the basis of contextual
themes.

DISCUSSION

“It became apparent from the analysis that whilst the concept of retention money was
universally understood, some interviewees (more than one third) admitted that they
had never even heard of “Soft Landings”. (Interviewee 20 — General Subcontractor)
“Soft Landings? - Never heard of it but anything that gets rid of retention is a good
idea in my book . This is an interesting claim because although the interviewee said
that he knew nothing about SL, he knew sufficient to understand that an SL scheme
replaced retention. Other sub-contractors appeared to give tacit approval to SL but
were wary of the attitude of main contractors towards SL. (Interviewee 17 — Specialist
Sub-contractor) “Look unless it’s a legal requirement [main] contractors are not
going to play ball. It’s too much in their interest to hold the money for as long as they
can. We [sub-contractors] are financing their business and at the end of the day they
[main contractors] are going to find a way round it . This concurs with the view
stated by another sub-contractor (Interviewee 16 — Specialist Sub-contractor) who felt
that the process had to be “client driven”. When probed as to the meaning of this
phrase he said that the success or otherwise of SL depended on a spirit of cooperation
between clients, consultants, contractors and sub-contractors. He predicted a situation
whereby clients and contractors might use SL but main contractors would not
relinquish their right to withhold retention from sub-contractors and this in the opinion
of Interviewee 16 “sows the seeds of its own destruction . Despite the dramatic
language expressed by this interviewee it is tolerably clear that the issue of trust
between members of the construction supply chain plays an important part in the
successful launch of SL.

All three representatives gave a “cautious welcome ” to the idea of SL. Two of the
three expressed concern about the potential perceived extra cost of the “aftercare”
service. Interviewee 1 (Company Director) said that SL set off “alarm bells” and
added “It’s [SL] a great idea in theory but we can’t just be seen to be issuing a blank
cheque. At least with retention we have a cushion, but I as understand it, we pay
upfront (for SL) but how do we know the bloke [contractor] will not just disappear
and we get taken for a ride? ” Although one cannot generalise the sentiments would
accord with Sandelowski’s idea of a credible study which are “faithful descriptions of
human experience that people living that experience would immediately recognise it
from their descriptions” (Sandelowski, 1989. p30). Once again it would seem that the
issue of trust is important in the SL arena.

Of the three contractors who were interviewed one was very enthusiastic about SL
(interviewee 15) but it later transpired that the particular contractor was a member of
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the BSRIA Soft Landings membership group. The other two interviewees claimed to
have heard of SL but stated that their knowledge of the scheme was limited. A similar
narrative was offered by the consultants with some enthusiastic and others openly
hostile. It would appear that from this small scale study that SL polarises opinion. One
worrying finding was that two of the engineers (Interviewees 10 and 11 respectively)
claimed not to have heard of SL. This is strange as most members of BSRIA are
engineers. It is likely that as SL is rolled out to the public sector then all consultants,
not only engineers, will become familiar with SL. This is not to downplay the
potential legal difficulties especially where the parties are not in a bi-partite contract.
For example, it is entirely foreseeable that the “aftercare and POE ” functions which
are central to the SL arrangement are outsourced or carried out by third parties. The
“standard” legal position since the decisions in D&F Estates v The Church
Commissioners (1989) AC177 and Murphy v Brentwood District Council (1991)
AC398 is that a contractor or sub-contractor does not owe a duty of care in respect of
economic loss. In contrast designers and (possibly) other consultants have been treated
differently following precedents derived from Hedley Byrne v Heller and Partners
(1964) AC465 based on “special relationships ” between parties. Clearly this has
implications for SL and wider questions of liability and insurance cover.

CONCLUSIONS

The foregoing has revealed extensive practical, technical and legal problems
concerning the concept of deduction of retention money from members of the
construction supply chain. Soft Landings represent an imitative that has been launched
in order to promote better buildings and is immediately at odds with the traditional use
of retention in contracts. The Soft Landings approach has not found universal
approval from all within the construction supply chain however it is a major part of
the UK Governments strategy for construction. There are some difficult issues
concerning legal liability to be addressed however it is conceivable that Soft Landings
will play a major role in the UK construction industry in the years ahead.
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PPPs (Public Private Partnerships) are a range of possible relationships between
public and private parties. They are realized mostly in contexts of great uncertainty. A
challenge in PPPs such as DBFM (O) (Design, Build, Finance, Maintain, Operate)
contracts or projects is how to keep the contract progression efficient when there is a
high degree of uncertainty. The purpose of this paper is to discuss the potential of
changes and requirement of flexibility in a DBFM contract through a case study and
to present recommendations for future DBFM contracts. An extensive literature
review on the subject of changes and flexibility is provided. Furthermore, this paper
describes the results (analysis) of 32 interviews conducted in relation to the case
study, the Blankenburgverbinding project. The main findings show that change
recognition and flexibility perspectives in pre-contract phase provides the client and
stakeholders a better understanding of the challenges facing the organization in
realizing its aims and delivering a DBFM project in its complex environment.

Keywords: complex environment, contract changes, DBFM, PPP.

INTRODUCTION

A lack of understanding of the complex environment in which PPP contracts are being
created is a significant contributor towards large sunken investments or project
failures. Understanding this complex environment of PPP in the pre-contract phase is
especially important for decision makers, where the proposed project may become
more complex due to changes during the construction and maintenance phases.
Therefore, a focus on establishing the right delivery of a project regarding the change
expectations, matched to the complexity of the environment of the project, is vital for
effective project management.

This research addresses the results of the Blankenburgverbinding (BBV) case study as
a part of larger research. It presents the results of the first in a series of case studies
regarding Rijksaterstaat DBFM projects in the planning, realization and exploitation
phase. Rijkswaterstaat is the executive agency of the Ministry of Infrastructure and
Environment in the Netherlands. The focus of this study is to analyse the practical
implementation issues dealing with changes in DBFM contracts (during the realization
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and exploitation or maintenance phase) and identify measures that can be taken in the
pre-contract phase to deal with potential changes for certain categories of projects.
These measures may reduce conflict and result in a more efficient management (added
value) during the construction and maintenance phase of the DBFM(O) contracts.

In PPP contracts, neither its activities nor its environment is stable. What was state-of-
the-art yesterday may be out of date tomorrow (De Neufville and Scholtes 2011).
PPPs will always be affected by changing circumstances. Sun and Meng, et al. (2009),
Verweij (2014), Hao et al. (2008), Hwang and Low (2011) argue that changes are
inevitable in construction projects. Therefore, PPP contracts include change
procedures (Rijkswaterstaat 2014; Highways Agency 2010). These procedures
provide a reactive way to specify and evaluate project changes when they occur. A
DBFM(O) contract is considered a type of PPP or PFI (Private Finance Initiative)
contract which facilitates private investment in public infrastructure/assets often over
20 to 30 years. Kwak et al. (2009) pointed out that PPPs are not easy to apply to
infrastructure projects due to their contractual arrangement complexity and high level
of uncertainty that arises from the long concession period. Changes can result from
political, economic, social, technological or legal circumstances.

The business of construction projects brings together different types of organizations
and stakeholders. These organizations and stakeholders are interrelated by contracts
and specifications in order to deliver the service as intended. The relations between
the project and its actors (the complex environment) encompass what potential
changes may be expected. The contract should provide measures to deal with these
“potential ” changes (scenarios). However, construction projects are influenced by
different strategies and procedures from multiple associated actors. As a result, the
consideration of change is a very important part of the contract mechanism, especially
in DBFM contracts, due to the long-term relationships. It is a common experience that
stakeholders in complex projects are the major source of changes (Ward and Chapman
2008). Effective project management involves understanding sources of both
uncertainty and complexity to formulate appropriate management strategies (Ward
and Chapman 2008; Hertogh and Westerveld 2010).

There is a growing body of PPP literature concentrating on the pre-contract phases
(Levy 2011; Chan and Cheung 2014). Most of this research is focused primarily on
identifying the causes and effects of changes and how to cope with them (Sun and
Meng 2009; Hwang and Low 2012; Price and Chahal 2007). It is important for
decision makers to know and understand how to deal with the various types and
sources of changes especially in long term contracts like DBFM. However, research
related to DBFM implementation and practitioners’ views of the changes in DBFM
contracts is scarce (Lenferink 2013). This paper describes the potential lifecycle
changes as identified by the client and stakeholders of the BBV project - a DBFM
contract in the Netherlands currently being planned. The purpose of this research and
case study is to discuss and compare the client and stakeholders’ perceptions
regarding potential changes and the need for flexibility with the literature especially in
DBFM contracts, to present recommendations for future DBFM contracts.

LITERATURE REVIEW
Expected changes in literature

The significance of the complex project environment is recognized in literature
(Hagan et al. 2012). However, there is limited research addressing the changes in a
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DBFM contract context. De Neufville (2011) presented uncertainties in engineering
design and argued why flexibility in design is needed. Koppinen and Rosqvist (2010)
developed a project portfolio selection method to assist infrastructure managers in
optimizing the life cycle profiles of their assets through selection of an optimal
maintenance and repair portfolios based on the level of both existing and expected
uncertainty. Wu et al. (2005) proposed a classification based on multiple-case studies
using statistical analysis to identify change in a highway project in Taiwan, to clarify
the causes of construction changes and to analyse their influence. Their intended aim
was to give a reference to clients in forming their project procurement strategy. Sun
and Meng (2009) presented the classification of changes in an adopted hierarchical
structure. At Level 1 the causes of changes are divided into three broad categories;
external, internal and organizational causes. Level 2 explains the determining factors
of changes such as environmental, social and political factors and Level 3 describes
the root-cause of the changes. A review of the salient literature about expected
changes in infrastructure projects provide a number of categories. In the literature
several authors categorize changes in different ways. The categorization as used in
Table 1 were generally derived from the reviewed literature.

Contract flexibility in literature

Several publications have appeared in recent years documenting the flexibility of
contracts on topics such as contract law, finance and relational issues (Domingues et
al. 2014; Cruz and Marques 2013; Nystén-Haarala et al. 2010). De Neufville and
Scholtes (2011) have tackled flexibility from a technical point of view for engineering
design projects. They provided an overview detailing why flexibility in design is
needed to deliver significantly increased value. Domingues et al. (2014) examined
contractual flexibility in transport infrastructure PPPs and found that flexibility is
more likely to contribute to the project's success when implemented in the contract
design. According to Nystén-Haarala et al. (2010) flexibility is often introduced to life
cycle contracts with relational methods, relying on good personal relationships
between business partners. They also stated that the contract documents do not often
contain mechanisms for dealing with contingencies. Saleh et al. (2009) proposed to
transform flexibility into a quantifiable engineering attribute and grow the concept to a
level of maturity. An interesting approach observed by them that the concept of
flexibility is “vague and difficult to improve ” compared to the notion of quality 20
years ago. Barton (2015) documented two perspectives of flexibility: legal and
business. He argues for a multi-national approach to examine flexibility and
international legislation and the need for deeper collaboration between those drafting
and implementing the contracts. The results are highly enlightening and suggest a
greater need for a broader international study on the issue of flexibility in contracts.

In some cases, uncertainties are ignored by decision makers. Therefore, the resulting
consequences could be devastating with unpleasant surprises in the long term (Stahl
and Cimorelli 2005; Perminova et al. 2008). Hertogh and Westerveld (2010) stress the
need for adaptive management, which is characterized by monitoring and evaluating
results and adjusting actions on the basis of what has been learned. This means that
there should be a strong feedback link between monitoring and decisions, which
allows for effective learning. The initial arrangements should facilitate this.

In general, relevant literature is mostly concentrated on legal and financial issues of
contract flexibility but is scarce in relational issues.
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CASE STUDY
The Blankenburgverbinding (BBV) Tunnel Project

The BBV will provide the main highway connection between the highways A15 and
A20 in the Netherlands (Figure 1). The distance covered by the project is short - only
5 km of highway - but it is highly complicated with an immersed tunnel crossing the
intensely used Nieuwe Waterweg and a 1.5 km land tunnel crossing a very sensitive
populated area. The decision to realise this connection, was taken after decades of
political discussions and the evaluation of many alternatives for this route. The BBV
is one of a series of projects planned for the sustainable future development of the
Rotterdam region (Rotterdam Vooruit 2009).

Den Haag

: Figure 1: The
planned Blankenburgverbinding (BBV) in the Rotterdam area (see also
www.blankenburgverbinding.nl)

The purpose of the BBV is to provide a robust infrastructure connection for the
western part of the Rotterdam Harbour complex and supply a traffic solution for the
growing river crossing traffic. In 2013, the total contract costs were estimated at
approximately €1,000 million. The project will be partly financed by toll. The BBV
will be contracted as a DBFM contract. The construction will start in 2017, and the
expected opening is in 2022. Besides realization of the project, a maintenance period
of 20 years is contracted starting after construction phase.

Due to the complex environment of BBV, including a large number of actors, (major)
changes can be expected during the DBFM contract period. The interrelationship of
actors and complex nature of the BBV project are shown in Figure 2. The ability to
adapt to changes in this complex environment including current and future
stakeholders is required. This paper is limited to currently involved actors and focuses
purely on a specific set of dominant current actors illustrated in the cloud of Figure 2.

The DBFM Contract Form in the Netherlands

The Dutch DBFM contract model is influenced (extended) from Anglo Saxon contract
nature. There is no specific legal structure for Dutch PPP contracts. A standard
DBFM(O) contract model for infrastructure was developed by Rijkswaterstaat
(Rijkswaterstaat 2014). They have also standardised the tender guidelines for the
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procurement proceedings. The competitive dialogue procedure is used to award
complex public DBFM(O) contracts.

The Data gathering through interviews

Semi-structured interviews were used for qualitative data collection. The interviews
started with a predetermined and phrased set of questions to explore specific issues
within the research project (Naoum 2012). However, the questions were more general
in their nature; and the sequence of the questions varied per interviewee with new
questions evolving during the interviews (Bryman 2012).The interviews concentrated
on the following main questions:

1. What kind of changes did you experience in your existing projects?
2. What kind of changes do you expect for the BBV Project?

3. Does the DBFM change procedure cope with the changes?

4. 1s a DBFM contract flexible in your opinion?

5. What is your understanding from flexibility in DBFM contracts?

&
= =
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- Ministry of Infrastructure
and Environment .
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- Rijkswaterstaat Stakeholders
- Port Of Rotterdam
[EEES
d

BBV DBFM Contract
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Figure 2: Blankenburgverbinding (BBV) dominant DBFM project actors

The interviews illustrate how practitioners' from different organizations explain and
understand the potential changes specifically in relation to the context of the BBV
project and particularly the DBFM project. Furthermore, the interviews gave insights
into how to cluster and level the changes and increase the understanding of how
planners can deal with a complex environment, especially in DBFM contracts. A total
of 32 interviews were conducted between April and July 2014. The data gives insight
into the different perspectives of the stakeholders. Twenty nine Dutch stakeholders
from the Ministry of Infrastructure and Environment, Rijkswaterstaat, Municipality of
Rotterdam; Water Board of Delfland and the Port of Rotterdam were interviewed. A
further three interviews were conducted in the in UK with the Highways Agency for
the purpose of comparison. All the participants held senior positions regarding risk,
contracts, environment, technical services, assets, projects, law, advisory, and
changes. Braun and Clarke’s (2006) thematic analysis approach was used to
systematically code and analyse the interviews. The codes for the categorization of
changes were defined prior to the interviews based on the literature review. Sub codes
evolved while analysing the transcripts (see Table 1).
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FINDINGS

All of the 32 interviewees characterized the environment in which the BBV project is
established as complex. Especially the dynamic environment of the Rotterdam area
and the political emphasis on the development of the main port of Rotterdam were
mentioned (see Table 1). This corresponds with Aaltonen and Sivonen (2009), who
argue that stakeholder conflicts are among the most significant unforeseen risks in
projects implemented in challenging environments. Similarly, Hertogh and
Westerveld (2010) argue that most dominant form of complexity experienced by
practitioners in large infrastructure projects is social. There is a tendency for public
participants to ignore potential changes. Ignorance leads to reaction instead of
proactivity. The unawareness of uncertainty is consistent with the inflexibility
documented in the literature by Stahl and Cimorelli (2005) and Perminova et al.
(2008) and by the participants in practice.

On the whole, all the interviewees suggested expected changes to the BBV project.
However, the focus of expected changes was mostly in the realization phase of the
project. The participants' understanding of DBFM contracts centred mostly on that of
a D&B contracts with additional maintenance. Short term requirements rather than the
life-cycle and facilities management of the asset is where the major concerns are
expressed. Most participants did not realize the effect of changes in DBFM under the
incorporated life-cycle mechanism. In the interviews, 68% of the changes related to
the Design and Build phase and 32% towards the Design, Build and Maintenance
phases.

It was generally agreed that understanding the potential changes can help both public
and private project managers to deal with them in the construction and the
maintenance phase. In Table 1* the change categorization as derived from the
literature is related to the findings of the interviews in the BBV case. The
categorization can be used as a basis for further detailed investigation into uncertainty.
The findings should be viewed as a generic template that will be further expanded.

Stakeholders and client understanding of flexibility changes from person to person.
Flexibility in DBFM projects is assessed from two different perspectives. When one
says a contract is flexible, the statement conveys mostly legal understanding that the
contract clauses can easily deal with the changes. However, this understanding does
not deal with the complex environment of PPPs. The interviewees’ who approached
flexibility from a business-managerial perspective stated that each stakeholder has a
role to play and some will be more dominant than others. For example, contractors are
obliged to pay their loans in time to lenders. Having contractual flexibility does not
imply that the complex environment of tight relations between actors will make the
project more rigid. They stated that uncertainties can be dealt with in any type of
contract but because of the actor relations, cost and time issues in DBFM type of
contracts call for flexibility. The majority of interviewees (74%) stated that DBFM
contracts are flexible regarding their change procedures. However they also indicated
that this can result in significant schedule and cost issues. Additionally, the minority
(16%) believed changes are difficult to impose on DBFM contracts. Furthermore, the
remaining (10%) was not sure due to their unfamiliarity with the DBFM contract.

The interviewed contract managers viewed flexibility as an essential ingredient for
success of DBFM projects because they are long term investments in a complex
environment. Client’s procurement procedures with their service providers need to be
more flexible in the dialogue phase regarding potential changes. Stakeholders said that
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flexibility and contract efficiency can be provided with good communication between
the actors. Those who approach contracts from more relational perspective argued that
“we should sit on the same table with client and service provider over the contract
period to build up good relations and express the needs.” This is in line with
Haarala’s (2010) findings as flexibility introduced to contracts with relational methods
relies on good personal relationship between the actors. Saleh et al. (2009) stated that
flexibility, despite its popularity, is not yet an academically mature concept and the
interviews show this is also the case in practice. The different perspectives correspond
with Barton (2015), who reported flexible contracting in two different and seemingly
opposed perspectives which are legal and business oriented.

Table 1: Change categorization

Changes in construction projects
Literature

Feature

Expected changes in a DBFM project
Case Study

Influential surrounding projects

Changes in project environment

Accidents in other tunnels (5/32)

Hit by ships (2/32)

Residential changes (Immigration) (5/32)
New exits for residential areas (10/32)
Surrounding highways (10/32)
Surrounding railways (5/32)
Surrounding cables and pipelines (4/32)
New dykes (5/32)

Port facilities (5/32)

Global Crisis

Lack of public financing

Bank accounting systems
Fluctuations in annual budgets

Financial Changes

Toll prices, Toll cuts (13/32)

Specifications and law

Noise and vibration restrictions
New proposals for reducing green gas
emissions

Changes of Legislation

New national tunnel standards (12/32)
EU standards (12/32)

Governments make new laws
Taxpaying issues

Change in politics

Change in decisions (10/32)

The movement towards the service
based system

Boundary conditions
Collaboration of parties
Risk sharing

Level of competition
Contractor selection
Responsibilities

Organizational changes

Rijkswaterstaat organizational changes(10/32)
Risk sharing (12/32)

Efficiency and effectiveness
Environmental requirements
Performance measures
Safety requirements
Mobility requirements
Quality levels

Changes of requirements

Environmental requirements (11/32)
Quality levels (10/32)

Global warming
Sea level
Water conditions

Climate changes

Water conditions (5/32)
Weather conditions (3/32)

Use of new materials
Car technology

Technological changes

Technology (8/32)

Traffic system

Technical Changes

Traffic management system (7/32)
Traffic density (3/32)

Speed limits (3/32)

Tunnel installations (3/32)

* Number of times issue was mentioned in the interviews compared to total numbers of

interviews
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Private participants were not interviewed yet in this case study. Participants (client
and stakeholders) stated that contractors bear no responsibility for these kinds of
changes, therefore their response is mostly reactive instead of proactive. Introducing
changes and flexibility approach in pre-contract and the tendering phases (like the
competitive dialogue) may force private parties into a proactive attitude. This was also
suggested by the client and stakeholders as a better example of a solution through the
dialoguing and pricing of options.

DISCUSSION AND CONCLUSIONS

The initial investigation of the BBV leads to the following conclusions which support
the need for a flexible approach to the PPP contract. Firstly, top managers and
specialists involved in the BBV-project are unanimous in their expectation that many
changes will occur during DBFM project lifetime. The expected changes are mostly
related to changing politics and the dynamic environment (stakeholders). However,
there is a tendency, especially by public clients, to ignore expected changes and rely
on the flexibility of the contract.

Secondly, the BBV case study corresponds with the change categorization as found in
literature. However, changes are by the large focussed on the short-term realization
phase. The majority of interviewees consider the DBFM contract as a D&B contract
with additional maintenance. In general, actors do not realize that changes can occur
during the whole life-cycle mechanism with significant consequences, high contract
disturbance and cost implications when changes occur. Reactive management to the
maintenance phase may result in further financial burden on the PPP actors or client.

The interviews stated that both the client and stakeholders should identify proactive
measures necessary to deal with expected changes. Reaction leads to inefficiency and
disturbance of the project progression. Better to act proactively on possible changes.

Furthermore, there was a wide range of views from the interviewees regarding
flexibility which reflects the current level of flexibility in academic and practical
contexts. The understanding of flexibility is changing regarding technical, legal,
financial and actor relationship perspectives. This increases the complexity. Future
research will gather a better understanding of flexibility from each disciplines
viewpoint.

Within guantitative and qualitative studies we take into account stakeholders
perceptions on expected changes and flexibility for complex DBFM projects. This
data will be used in the competitive dialogue tendering of the BBV DBFM project.
The findings give insights and support the alignment of the client and Special Purpose
Vehicle (SPV) and their capability to meet the degree of changes during the
implementation and maintenance phases of the contract. Additionally, this helps
DBFM actors to understand their current delivery environment and then create the one
they need. Furthermore, this will help to allocate project risks to the parties best able
to manage them. For each party, risk allocation is interesting which is consistent with
changes and has sufficient flexibility to deal with them. Classified changes from
stakeholders’ perspectives can be a useful starting point for the development of a risk
framework. Specifically, these expected changes can be directly related to the
availability of fees in the DBFM contract which stands within the schedule of the
contract. From the SPV side, being prepared to make these changes will reduce future
difficulties repaying loans to the banks.
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This study demonstrates the need for a common language and understanding of
popular words used in DBFM contracts to tackle the complexity. The derivation of a
definition of flexibility as well as guide to flexibility is an area within DBFM projects
that needs further attention. The concept of flexibility is observed as vague in DBFM
projects.

FURTHER RESEARCH

The novel aspect of this study compared to the reviewed literature is that expected
changes with great effect under DBFM are related to possible counter measures in the
pre-contract phase. Future data will be gathered through more case study research to
judge whether the overall complexity is low, medium and high, because different
changes can carry more weight in DBFM projects than others. Further case studies
will also look at the perception of flexibility in different stages of a project. The
exploration phase of A12 Dutch Highway DBFM contract will be examined as a next
step. It will be interesting and useful to explore the flexibility approach regarding the
relations between the actors in the exploration phase of DBFM projects to better
inform the approach towards the BBV DBFM contract and compare the results with
the findings identified in the planning phase of the BBV project.
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Materials are a critical element within the construction industry yet the conditions and
legality surrounding their ownership remains an area of uncertainty. The difficulty in
ascertaining ownership is often found in the instances of payment, delivery and
complex contractual relationships. Additionally, the nature of the construction
industry whereby raw materials are purchased within a supply chain and are
incorporated into the fabric of buildings or goods often creates further confusion. The
importance of ownership is most apparent in the instances of disputes or insolvencies,
both of which are regular occurrences within the construction industry and also in the
management of a project with respect to cashflow and programme. This research aims
to evaluate current law regarding ownership of materials in Scotland through the
undertaking of a literature review which establishes the prevailing legal structure to
inform the position and stance of Scots Law in relation to ownership of materials.
Conclusions and recommendations propose it is imperative that parties are aware of
current law surrounding the intricate matter regarding ownership of materials in Scots
Law.

Keywords: insolvency law, liquidation, ownership, sale of goods, Scotland.

INTRODUCTION

Materials are the fundamental ingredient to a construction project. However,
ascertaining who holds ownership of materials can be decidedly difficult within the
numerous and complex contractual arrangements of the construction industry.
Construction projects are a multidisciplinary process due to the nature of the ‘product’
and industry as a whole. One single project can involve many disciplines and the
creation of several interfaces between each of the parties involved, resulting in a
complex supply chain and the development of many contractual relationships. The
importance of contractual relationships is crucial when asserting the rights attached to
each party to administer the contracts effectively and in resolving disputes, should
they arise. Disputes are recognised as a consistent and regular occurrence within the
construction sector, arising from numerous and varied situations. Research by
Malleson (2013) reveals there is a market trend which indicates the level of disputes
has increased over the last few years and both industry bodies and disciplines believe
construction disputes will continue to increase. The litigious atmosphere of the
construction industry is magnified in times of decreased availability of work due to an
unstable economic climate. As a consequence of the recent economic situation, a
number of firms had entered into insolvency proceedings and members of the
construction industry are continuing to protect themselves against the risks associated
with liquidation. Beale and Mitchell (2009) confirm that insolvency is a prominent
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and threatening occurrence within the present day construction sector and advise it is
imperative that those involved within a project protect themselves regarding the
payment and ownership of materials.

Additionally, payment of materials has a direct effect upon cashflow within a project.
Cashflow is paramount in construction projects and is frequently documented as being
directly linked to delayed programmes, having an impact upon project delivery and
contributing to a deterioration in working relationships. A reduction in cashflow for
any one project also has an effect on other projects the Contractor may have running
concurrently within his business. The certainty of payment for materials is therefore of
crucial concern for cashflow purposes and overall management of a project and a
business.

The legal conditions surrounding payment of materials is determined by a number of
factors. Variables include whether the materials are located on or off site, fixed or
unfixed to the works, and both when possession and ownership of property is
transferred and who retains that ownership at the various stages of the process. The
determination of these points differs dependent on the legal perspective and structure
prevalent within the country where work is taking place. The intricate details and legal
requirements regarding ownership of materials is one such matter whereby the legal
difference between English and Scots Law becomes apparent. Thus, construction
works are not only accountable to a contract but also to the common law and system
in place within the country and transactions must adhere to the relevant protocols and
legislation.

With consideration to the foregoing, this research will focus upon the often
contentious subject area concerning ownership of materials within the legal context of
Scotland with an aim to evaluate current Scots law practice.

EVALUATION
Scots Law

Scots Law is fundamentally derived and deduced from the laws and doctrines of
ancient Rome. The legal structure within Scotland is of a deductive nature based upon
the institutional writers who adopted Roman law which Walker (1982) identifies as
being constituted of three separate principles; the laws of persons, things and actions.
This is in contrast with the inductive legal system practiced within England whereby
case law and judgements accumulated over many years form a chain of judicial
precedents which determine current practice, largely based upon the most recent court
decision.

Within Roman law there was a distinction and difference established between ‘things’
and ‘actions,’ or correspondingly, sale and hire. The division of these legal principles
was reflected in the practice of separate contracts for each component, which
Connolly (1999) argues becomes problematic within the context of building or
construction works, as it poses the question of whether the contract will be a contract
of hire, purchase and sale, or both. A contract of sale relates to the purchase of goods
and is regulated by the Sale of Goods Act 1979 (Uff, 2009). Section 2 (1) of the Act
defines a sale of goods as 'A contract by which the seller transfers or agrees to transfer
the property in goods to the buyer." Interestingly, this definition does not specify
payment or delivery as determining factors that would constitute a sale. The implied
notion is that of intention, whereby the seller 'agrees to transfer the property.” Also
notable within this condition is the absence of any services; the contract is for the sole
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purpose of the purchase and sale of goods. The separation of contracts of hire and sale
does not explicitly accommodate for all possible transactions that could occur. For
example, a contract of hire may result in the production of ‘goods’ yet a contract of
sale may not have necessarily occurred. An attempt to remedy this situation was made
with the introduction of the Supply of Goods and Services Act 1982. Scots Law was
accommodated by the Sale and Supply of Goods Act 1994 which contained provisions
for matters relating to the Scottish legal system.

Ownership of Materials

The intricate nature of construction contracts in Scotland as a developed form of
Roman principles is distinctive in respect of hire and sale; however, there is
historically an absence of particulars relating to the ownership of materials. The
question of whether ownership and title to materials passes upon payment, delivery or
intention is a matter in which much deliberation is present, yet which can only be
ascertained by thoroughly investigating each circumstance.

The complication of ownership with regards to delivery is dependent on the type of
contract used. A contract of sale, or supply only contract, would allow for property in
goods to pass upon delivery, but the nature of a construction contract is not that of
only sale. The combined hire, or supply of services creates an effect in which delivery
alone cannot allow transfer of ownership. Within the Scottish judicial precedent of
Seath and Co v. Moore [1886] 13 R 57 HL Lord Watson stated;

‘Materials provided by the builder...although intended to be used in the execution
of the contract, cannot be regarded as appropriated to the contract or as ‘sold” unless
they have been affixed to or in a reasonable sense made part of the corpus.’

Evidently, this case displays that sale and hire must both be considered complete to
allow for the transfer of ownership. The ruling indicates that in addition to delivery,
there is a condition that labour and incorporation of the materials must have taken
place. Bell (1899) reaffirms that '...the articles sent are merely the materials, the act of
delivery seems not to complete till the work be performed'.

With respect to intention, Section 6, 11B (1) of the Supply of Goods and Services Act
1982 introduced implied terms to facilitate the right to transfer title; 'In a contract for
the transfer of goods...there is an implied term on the part of the transferor that...he
has a right to transfer the property.' This condition reinforces the terms expressed
within the Sale of Goods Act 1979 which specified the seller ‘agrees' to transfer title,
thus supporting the notion of intention and agreement to transfer. Additionally, the
Supply of Goods and Services Act 1982 also implied a term to allow for 'quiet
possession of goods," whereby, the Purchaser, or Employer, is legally permitted to
possess the goods without interference from other parties, including claims for
ownership.

Regarding payment, Murdoch and Hughes (2008) inform that the general consensus at
common law is that ownership of materials transfers to the Employer when materials
are incorporated into the works, whether or not payment has taken place. As this
matter is complicated by the varied contractual relationships within the construction
industry, it is prudent to establish the relationship and whether payment within the
supply chain alters, or indeed constitutes, the transfer of ownership.
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Contractual Relationships

The contractual relationships effective within a project play a vital role in ascertaining
who owns title in goods and subsequently who, therefore, has the authority to transfer
those goods. Furst and Ramsey (2006) note in the traditional structure of a project
there is an Employer, Contractor and one or more Sub-contractors. Any or all of the
parties mentioned can be involved in further relationships with Suppliers. Common
law recognises the difference between the role of a Sub-contractor, who provides both
goods and labour, and a Supplier, who supplies only goods. This complex supply
chain creates numerous contractual relationships where parties are not necessarily in
direct contract with one another. Murdoch and Hughes (2008) explain that
historically, the legal doctrine concerning Privity of Contract would not allow a third
party with no contractual relationship to enforce contract terms. Within construction
contracts, it is regular practice that Employers and Sub-contractors have no
contractual relationship. However, the Contract (Rights of Third Parties) Act 1999 has
sought to remedy the situation.

The traditional Employer and Contractor relationship typically involves the Employer
engaging with the Contractor to carry out the works inclusive of supply, a relatively
straight forward relationship. The Employer can also enter into a contract of purchase
and sale with a Supplier for an item to be incorporated into the works and contract
another party to install or incorporate that item. A Contractor can then in turn procure
either; the services of a sub-contractor, supply of materials and services from a sub-
contractor, or the supply of goods from a Supplier. The distinction between each of
these roles and relationships is crucial when deliberating who rightfully holds
ownership to materials. Adriaanse (2010) considers that issues regarding ownership of
materials are most likely to arise in the relationships Contractors have with Sub-
contractors and Suppliers. He proposes the difficulty predominantly lies within the
likelihood that the Contractor does not acquire the right to the goods which lawfully
prohibits him in turn to sell on to a third party, e.g., the Employer. Failure to obtain
ownership is a circumstance known as the 'nemo date' rule which Adriaanse (2010)
explains means that 'a person cannot give better title than he or she has." In the event
of a Contractor purchasing goods from a Supplier, Section 25 of the Sale of Goods
Act 1979 states ownership rights to the goods are specified to have passed;

"Where a person having agreed to buy goods obtains, with the permission of the seller,
possession of the goods...the delivery and transfer by that person...of the
goods...receiving the same in good faith...right of the original seller of the goods.'

Transfer of ownership is conditional upon ‘good faith’ and there can be no reproach
on the basis of a retention of title clause.

Successful application of Section 25 is demonstrated in the case of Archivent Sales
and Developments Ltd v Strathclyde Regional Council [1985] SLT 154. Strathclyde
Regional Council had employed R.D. Robertson (Builders) Ltd as the Contractor for
the construction of a school. Robertson had engaged in a supply-only contract with
Archivent for the purchase of multiple ventilators which contained a retention of title
clause stipulating that property in the goods would not pass to the customer until
payment had been received in full. Robertson took possession of the goods which had
been delivered to site by Archivent. Strathclyde Council certified and made payment
to Robertson for the goods, unaware of any title reservation clause. In accordance with
their contract, payments for materials within an interim certificate become property of
the Employer. Robertson received payment from Strathclyde Council but did not pay
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Archivent for the supply of the ventilators before going into receivership. Archivent,
the Supplier, requested return of the materials, or payment, from Strathclyde Council.
Presiding Lord Mayfield held that in terms of the contract between the Supplier and
Contractor, the intention for ownership to pass was upon payment in accordance with
a sale of goods contract. However, the possession of the materials by the Contractor,
who acted as a ‘mercantile agent’ not out with the regular and accepted practice of
construction transactions and subsequent delivery to the Employer, was evidence
enough to satisfy that ownership had transferred to Strathclyde Council. Section 25 of
the Sale of Goods Act 1979 prevailed over a retention of title clause in this instance
and as had occurred previously in the case of Thomas Graham and Sons Ltd v
Glenrothes Development Corporation [1968] SLT 2. Lord Mayfield’s judgement
made much reference to this case and of particular interest was Lord President Clyde’s
statement declaring;

‘Section 25 is a statutory recognition of an exception to the general rule that only an
owner of goods can transfer the property in them. The section enables an apparent
owner to transfer someone else’s goods to a third party in certain specific
circumstances.'

This statement highlights that the Sale of Goods Act 1979 acknowledges there may be
substantial reasoning in favour of the third party for ownership to transfer depending
on the particulars of the case. The nature of some transactions, such as those
performed in construction, allows an agent to effectively assume ownership thus
enabling them to transfer the title of those goods.

The cases demonstrate the importance of ascertaining who holds ownership to
materials if a party becomes insolvent. MacQueen and Thomson (2012) define
insolvency as 'the inability to meet obligations as they fall due because total liabilities
exceed total assets.' This definition encompasses the various different forms of
insolvency; administration, receivership and liquidation, which are all subject to the
Insolvency Act 1986. Essentially, a company or person is insolvent if they are unable
to finance their obligations and there are also repercussions for parties they are
involved with as found in the case of Archivent Sales and Developments Ltd v
Strathclyde Regional Council [1985]. Watt (2010) reaffirms that when Liquidators
become involved, recovery of goods or money becomes challenging and exceedingly
unlikely, therein lies the risk within the construction industry and the importance of
realising who retains ownership of goods.

State of Materials

In addition to the complexities surrounding contractual relationships, a further
consideration is the circumstances in which an ownership dispute is occurring, i.e.
whether the goods or materials supplied have been transformed or incorporated into
the works or where they are located or stored at the time their ownership is debated.

Materials that have been incorporated into the fabric of the building under common
law are considered property of the Employer and ownership is deemed to have
transferred. Payment for the materials need not have taken place as Watt (2010)
confirms that incorporation regardless of payment is sufficient for ownership to
transfer. Conversely, in the event that materials are on site but have not yet been
incorporated into the works, the situation becomes more complex and requires further
investigation to determine whether ownership has indeed passed from a Supplier or
Sub-Contractor to the Contractor or Employer, or whether it has been retained. As
demonstrated in the cases of Archivent Sales v Strathclyde Regional Council [1985]
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and Thomas Graham and Sons Ltd v Glenrothes Development Corporation [1968], a
Supplier is unable to claim ownership of the materials if they have been included
within an interim payment certificate. In the event of a Contractor’s insolvency and in
spite of a reservation of title clause, the Supplier will have no claim for unfixed
materials on site if they have been included within main contract payments. Brewer
(2004) advises that in this situation the Supplier or Subcontractor remain very much
‘at risk for the value’ of those unfixed materials which have been paid under the
Employer and Contractor main contract, yet no payment has been received by those
bearing the risk.

Contrary to the aforementioned cases, an important decision in England which
illustrates the differences between English and Scots Law, took place in the case of
Dawber Williamson Roofing Ltd v Humberside County Council [1979] 14 BLR 70.
The decision resulted in amendments to the Joint Contracts Tribunal (JCT) standard
forms of contract to provide security for Employers in disputes regarding ownership
of materials. A supply and fix contract existed between the subcontractor Dawber
Williamson Roofing and Taylor and Coulbeck, the Contractor, who were employed by
Humberside County Council. Dawber Williamson had been prevented from
commencing works as the project was behind schedule, but nonetheless Dawber
supplied and delivered to site the roofing slates required in preparation to begin.
Taylor and Coulbeck applied and received payment for the roofing slates from
Humberside Council prior to their liquidation, although Dawber had not received any
payment for the materials they had supplied. Upon knowledge of Coulbeck's
liquidation, Dawber sought to retrieve the slates from the site, from which
Humberside refused them access on the argument that the slates were now their
property following their inclusion in the interim payment certificate of the main
contract. Dawber maintained that the supply and fix contract did not entail ‘selling’
the materials to the contractor, and until they had been fixed to the structure and paid
for, then ownership remained with them. Humberside relied on the defence that the
main contract terms were incorporated into the subcontract. Furmston (2012) details it
was held that the nemo date rule applied in this case as the contractor could not
transfer property of the materials to Humberside Council as they had never acquired
title in the first instance and secondly, Humberside’s argument regarding the main
contract terms becoming effective within the subcontract were insufficient as there
was no privity of contract established between Dawber and Humberside. Dawber were
successful within this landmark case in English Law which instigated amendments to
JCT standard forms of contracts to provide a level of security for Employers who
would otherwise bear the risk for materials that they had paid for, but which had not
yet been incorporated into the works. The revised terms stated that once materials or
goods are delivered to site by a Subcontractor and included within the main contract
interim certificates, the Subcontractor shall not ‘deny that good title has passed to the
employer’ (Brewer, 2004).

When materials are located off site on premises not belonging to the Employer,
common law in Scotland dictates that property to the materials will not have passed.
Stirling County Council v Official Liquidator of John Frame Ltd [1951] SLT 37 is the
leading and most prominent case which expressly determined Scots Law regarding
this scenario. John Frame Ltd were employed by Stirling Council for construction
works in a housing scheme. Due to limited space on site Frame stored, with the
knowledge and permission of Stirling Council and their Architect, materials in a
locked storage container in their yard, off site. Upon Frame’s liquidation, Stirling
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Council attempted to retrieve the materials on the basis that Condition 5 of their
contract expressed that 'From the time they are placed upon the site...all materials
delivered by the Contractor for the execution of the works, shall become and be the
absolute property of the Employer.' Sheriff-Substitute Walker held that a building
contract was not one of sale, and as such the Sale of Goods Act 1979 was not
applicable, and moreover the title of the goods had not passed in this instance. With
regards to Condition 5, he declared it was not enforceable and was in his opinion
‘remarkable’ and 'under reference to some foreign system of law," to which the legal
system of England is the supposed inference. He further added it was ‘conclusive' that
Condition 5 was not applicable and furthermore, that Stirling County Council had not
acquired any title to the materials. Upon appeal, Sheriff-Principal Black agreed the
contract was not one of sale and disputed the pursuer’s argument that the materials
were ‘constructively on site' to establish that there are two distinct stages which must
be adhered to in order for property of the material to transfer. These stages consist of
possession by placing materials on the site and delivery by incorporation into the
works. He proceeded to explain that in storing the materials off site, they were subject
to the control of the Contractor and could not be considered as being 'delivered for the
execution of the works' in any manner. The Sheriff-Principal was very much in
agreement with the Sheriff-Substitute in all matters concerning this case. The
Employer and pursuant, Stirling County Council, were unsuccessful and did not
receive recompense upon the Contractor’s insolvency for materials paid for and
located off site on the basis that delivery to site had not taken place. This case was
significant within Scots Law regarding payment for materials off site and caused the
Royal Institution of Chartered Surveyors Scotland to advise this issue to be
particularly highlighted to their clients upon the first payment certificate, as (Bowles
and Gow, 1992) inform that payments from local authorities at that time were being
made for up to 90% of the value of materials with no knowledge of who held
ownership. However, the Regulations and practice by many remained unchanged after
the case ruling.

Ownership of materials that have undergone transformation, or have been included
within a manufacturing process to become another product entirely, are subject to the
specifics of each case. Webb (2000) professes that law courts have ‘consistently’
maintained that once a transformation has occurred, the original goods are non-
existent and consequently, the claim to title or property for them is ‘extinguished’. An
example demonstrating Webb’s declaration would be the much referred to case of
Aluminium Industrie Vaassen BV v Romalpha Aluminium [1976] 2 All ER 552
whereby a contract of sale existed between a Dutch Supplier of aluminium foil to an
English Purchaser with the intention of using the foil within a manufacturing process.
The Purchaser took possession and used a quantity of the foil within the process,
however, before providing full payment for the goods the Purchaser became insolvent.
The appointed Receiver sold both mixed and unmixed materials upon the insolvency
and the pursuer argued that ownership had not passed in the goods as full payment had
not been received. It was held that title had not passed. However, the unmixed foil that
had been sold was now the property of the new buyers and the pursuer could claim the
proceeds of the sales.

A further demonstration that goods cease to exist due to being irretrievably mixed and
transformed within Borden (UK) Ltd v. Scottish Timber Products Ltd [1979] 3 WLR
672 in which the retention of title clause was rendered ineffective as the resin supplied
had been incorporated into chipboard and was considered to no longer exist.
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Conversely, this line of argument was not successful within another Scottish case, that
of Armour v Thyssen Edelstahlwerke AG [1989] SLT 182. In this case, Thyssen
retained ownership on the basis that title had not passed as the materials had been
worked upon, but they were not irretrievably transformed. Therefore, if small changes
have occurred to the goods there may be grounds for retaining ownership, if, however,
substantial changes have taken place or other goods have been mixed, there is little
chance of retaining title as a new product has been made (Hicks 1993).

Preventative Measures

Accepted practice in construction is to eliminate or mitigate risks and financial losses
which align with the sentiments of Vella (2009) who advises that each contractual
party should do everything within their power to ensure there is effective security and
protection within their transactions to continually reduce their exposure to risk. There
are options available to the contractual parties to accommodate for ownership of
materials and provide a level of protection for themselves in the event of any party’s
insolvency whilst maintaining effective management of the project.

A retention of title clause serves the purpose of delaying the transfer of ownership
until certain criteria have been fulfilled, namely payment, which Morse (1993)
suggests protects the supplier of goods from insolvency of the purchaser. Once
materials or goods have been incorporated into the works, a retention of title clause no
longer applies. The distinction between Sub-contractor and Supplier is important
within the contractual arrangement as a Sub-contractor may present a claim without a
retention of title clause, whereas a Supplier may only claim in the event of a retention
of title clause. The most secure situation for a Supplier is, as Beale and Mitchell
(2009) propose, to refrain from delivery unless full payment has been received or
ensure the retention of title clause is applicable. In order for the clause to be effective
the direct customer and any third party, such as the Employer, must be aware that a
retention of title clause is in operation. As demonstrated within Archivent Sales v
Strathclyde Regional Council [1985] a retention of title clause will not protect an
unpaid Supplier if the third party purchases the materials in good faith with no prior
knowledge of the clause. This, however, can only be effective to an extent, or be
subject to conditions, as the ruling of Aluminium Industrie Vaassen v Romalpha
[1976] established. The intricate nature of construction contracts and the supply chain
has enabled a necessity for clauses such as a retention of title to provide a level of
assurance and security. Bradgate (1987) believes the main complication is, in fact, the
legal systems and their struggle of 'reconciling the several decisions on the subject.’

In order to transfer ownership prior to delivery, the Employer in Scotland may enter
into a Contract of Purchase, separate from the main contract which becomes a contract
of sale only and, therefore, subject to the Sale of Goods Act 1979. The finished goods
purchased using a contract of this type are omitted from the main contract and the
contract sum is adjusted accordingly by deducting the value of the purchased goods
informs Frame (2011). According to MacRoberts (2008), Contracts of Purchase are
particularly appropriate on occasions where a specialist may require payment for
manufacturing or restoring products within his own premises. Some goods in
construction are manufactured entirely off site and brought to site for installation or
erection only. Steelwork and pre-fabricated forms of construction rely upon either; a
separate Contract of Purchase and Sale, or the Contractor allows for the financial
burden of these items until they are delivered to site and eligible for inclusion in
interim payments.
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Another option, specific to English Law and JCT standard contracts, is the provision
for off-site materials or goods bonds which incorporate a defined schedule of ‘listed
items’ whereby payment for those items is conditional upon transfer of ownership to
the Employer. However, MacRoberts (2008) cautions that these terms are not
applicable in Scots Law, as it cannot be displayed that title to the materials or goods
has indisputably transferred. The Scottish Building Contracts Committee have
accommodated for this within their contracts.

As a final option, again specific to English Law, Vesting Certificates are commonly
used to transfer the title in materials or goods and provide protection to the owner.
Materials and goods are separately identified and securely stored in facilities off site.
Struckmeier (2009) warns that Vesting Certificates are not applicable in Scots Law as
they will not have the same validity. Evidence of applying English law sentiments
within Scotland where they have no jurisdiction or foundation within Scots Law can
be found in Sherriff-Substitute Walker's comment in the case of Stirling County
Council v Official Liquidator of John Frame [1951] whereby he remarked the contract
condition was in reference to some ‘foreign system of law.'

CONCLUSION

The legal structure prevalent within Scotland has been established and investigated to
determine the nature of construction contracts and subsequently, the conditions
applicable to the transfer of ownership of materials in Scots Law. Ownership of goods
transfers upon incorporation into the works or delivery as was determined with a
degree of finality in the landmark judicial precedent of Stirling County Council v
Official Liquidator of John Frame [1951]. Such transactions in Scotland are subject to
either the Sale of Goods Act 1979 or Sale and Supply of Goods Act 1994. The options
and risks for each party have been explored in addition to the conditions which
constitute a transfer in ownership.

In the construction industry, and indeed in each country where construction operations
are taking place, it is imperative that upon entering a contract for construction works
that all parties are aware of their responsibilities and entitlements. Attention to the
contract conditions and to the prevailing legal structure and current law is essential to
fully protect parties against any instances of material ownership dispute which are
most likely to arise in instances of insolvency. The complex and intricate nature of the
construction industry which trades in high value transactions and investments,
combined with high instances of insolvencies and disputes in an adversarial
atmosphere, results in little room for error and it is essential that those involved are
fully aware of the legalities surrounding ownership of materials.
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The last three decades have witnessed increased investment in infrastructure projects
and construction activities in developing countries. Unfortunately, disputes often arise
from such projects in developing countries that are resolved by arbitral tribunals in the
developed world. Whilst similar projects in the developed world also suffer from the
problem of costly disputes, there is a growing trend of resolving them by less costly
ADR methods. Available literature on infrastructure-related construction dispute
resolution in developing countries provide inadequate information on how such
disputes are resolved in practice. The qualitative study, which formed part of a larger
study on infrastructure-related construction dispute resolution in developing countries,
critically examined construction dispute resolution experiences of Ghana as a typical
example of practice in developing countries. The aim was to identify problems with
the extant dispute resolution process and explore possible improvements. Ghana was
used as a holistic case study. The study relied on interview data. Semi-structured
interviews were conducted with forty-five top management employees of five
Government Ministries and six public institutions regularly involved in major
construction projects. Additionally, eleven individuals from foreign construction
firms and adjunct organisations were also interviewed. Data collected were analysed
using grounded theory-related analytical methods such as coding, memoing and
diagraming to develop themes and patterns from the data. It was found that high
dispute resolution cost, low satisfaction with outcomes and suspicious relationships
characterised the extant dispute resolution process. An attempt is made to proffer
ways to address the challenges identified. The research will enhance foreign
contractors’ understanding of dispute resolution practices in developing countries and
contribute to research by adding to the limited literature on the subject.

Keywords: developing countries, dispute resolution, infrastructure development,
Ghana.

INTRODUCTION

The past three decades have witnessed burgeoning research on the relationship
between economic growth and infrastructure development. Research conducted in
Sub-Saharan Africa (Forster and Briceno-Garmendia 2010; Osotimehin et al. 2010),
East Asia (ADB et al. 2005), and Latin America (Andres et al. 2008) have all
established a positive correlation between infrastructure development and economic
growth. Briceno-Garmendia et al. (2004) found that reliable and affordable infrastructure
can reduce poverty and thus help achieve the Millennium Development Goals. Using a
regression framework, Calderon and Serven (2010) conducted an empirical
assessment of the impact of infrastructure development on growth in Latin America
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and found that there is a growth cost to the infrastructure gap in the region. Reviewing
other studies on the relationship between infrastructure development and growth, the
authors concluded that infrastructure development had the potential to promote growth
and equity under the right conditions. Consequently, it is not surprising that States and
Multilateral Development Banks (MDBS) are investing more resources in
infrastructure development in developing countries across the globe (World Bank
1994; UNCTAD 2008).

With increased construction activities, disputes have been inescapable. The perception
is that many of such disputes arising out of infrastructure projects in developing
countries are resolved by arbitral tribunals in Europe mainly as a result of lack of
efficient framework for dispute resolution and the absence of relevant knowledge,
infrastructure and expertise (Mante, 2014). Available literature on construction-related
dispute resolution in developing countries, especially those in Africa, provides
inadequate information on the existing framework for construction dispute resolution.
Public infrastructure development is essentially the preserve of States and is often
undertaken by foreign construction firms (UNCTAD, 2008). Consequently, the main
parties to construction disputes, the kind this study focuses on, are the State and
foreign consultants and contractors. The study aims to identify what framework exists
for construction dispute resolution in the context of major infrastructure projects
involving the State. Using existing literature, a conceptual model for construction
dispute resolution was developed to guide the study. The next section examines this
framework. This is followed by an outline of the research approach and a discussion
of the outcome of the research.

FRAMEWORK FOR CONSTRUCTION DISPUTE RESOLUTION

Two observations on construction dispute resolution stood out in the relevant
literature. Firstly, the process covers a broad perspective embracing the determination
of rights and obligations of parties as well as dispute avoidance, reduction, control and
management. Secondly, the techniques employed to achieve the above goals are often
ordered on a continuum ranging from techniques supporting cooperation between
parties to those authorizing third party intervention. The continuum also depicts levels
of control that parties and or third party neutrals have over the resolution process at
different stages. Powers transferred to third party neutrals may be facilitative and/
non-binding (as in mediation) or binding (as in arbitration or expert determination).
Fenn et al’s (1997) taxonomy for conflict and dispute resolution illustrates the first
observation — it categorizes dispute handling processes in construction into conflict
management and dispute resolution processes. Dispute review boards, negotiations,
quality matters and procurement systems are all classified as conflict management
strategies. Dispute resolution is categorized into binding and non-binding. However, it
Is worth noting that the focus of their research was (in part) to provide taxonomy of
dispute mechanisms not a framework reflecting how these mechanisms are applied.

The second observation is typified by Cheung’s (1999) framework for dispute
resolution - this goes beyond providing taxonomy of dispute processes. Following
Groton’s (1992) stair-step chart, the various resolution mechanisms commonly used in
the construction industry are set on a continuum and indication given as to the stages
where respective processes are used (Cheung, 1999). He categorizes the process into
dispute prevention (where the emphasis is on equitable risk management and
cooperation) and resolution. At the base of the stair are the prevention processes. As
disputes escalate, they are moved on to the resolution phase which begins with
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negotiations. Cheung (1999) divided the dispute resolution phase into four stages
namely standing neutrals (dispute review boards, dispute resolution adviser etc.), non-
binding processes (mediation, mini-trial and adjudication), binding mechanisms
(arbitration) and litigation. In his view, the four categories of mechanisms follow each
other lineally along the stair-step. This may not always be the case in practice as
parties may choose to mediate even whilst litigating.

Nevertheless, Cheung’s (1999) framework broadly reflects the views of many experts
on construction dispute resolution. For instance, Hinchey (2012) proposes a dispute
resolution framework which emphasizes avoidance strategies and advocates for the
use of standing neutrals, non-binding mechanisms and binding mechanisms
respectively when avoidance fails. Cheung’s (1999) framework also largely reflects
what pertains in practice as could be observed with the multi-tiered dispute resolution
frameworks found in all the major standard form contracts for engineering and
construction works such as the FIDIC and NEC3 suites of contract. From the review,
it is posited that modern construction dispute resolution revolves around three main
concepts namely dispute avoidance, management and determination/resolution and a
good construction dispute resolution framework will often reflect aspects of all these
concepts. Avoidance focuses on preventing the emergence of the dispute all together
or reducing its occurrence. Dispute management focuses on nipping disputes in the
bud as soon as they emerge. Finally, resolution focuses on helping the parties to
address disputes themselves or with the help of a third party (either agreed or
imposed). In effect, the problem of disputes is tackled at every stage of the project
cycle (see Figure 1 below).
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Figure 1: Framework for Dispute Resolution (Source: Literature)

Consequently, the focus of the study was to explore the extent to which the processes
of infrastructure-related construction disputes involving the State and foreign
contractors reflected the concepts captured in the above framework. To achieve this
aim, this aspect of the larger study had a single objective namely to inductively
explore the process of dispute handling from the perspective of participants in the
industry to identify building blocks of the extant construction dispute resolution
framework.

RESEARCH APPROACH

Given the aim and objective of the study, a qualitative approach underpinned by an
interpretivists’ philosophical paradigm was adopted. As Neuman and Krueger (2003)
noted, the goal of this paradigm is to understand social phenomena through the eyes of
participants. This approach was useful in view of the general lack of prior research on
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the subject of investigation. With Ghana as a holistic case, the study relied on views of
participants in major infrastructure construction activities involving the State and
other public entities. Semi-structured interviews were conducted with forty-five
employees of five Government Ministries and six public institutions regularly
involved in major construction projects. Additionally, eleven individuals from foreign
construction firms and adjunct organisations were also interviewed. Participants were
selected based on their previous involvement in major public infrastructure
construction activities and experiences with construction disputes resolution. The
semi-structured interviews followed Patton’s (1990) general interview guide technique
and were organized into four sections covering themes such as the procurement
process (choosing dispute resolution mechanisms), disputes and the resolution
process. This report primarily examines the theme on dispute resolution.

The analysis of the data was thematic. Data obtained from the interviews were
transcribed, edited and coded for concepts and subsequently, themes. The coding
process which was accompanied by memoing was in three segments namely open,
axial and selective. The initial coding process broke down the data into chunks
generating a total of 89 codes. These codes were examined for the different dispute
resolution processes in use. A total of ten mechanisms were identified at this stage
from the data coded (see Figure 2 below). Several other concepts identified at this
stage (including “selection”, “cost”, “delay” and “neutrality ) were found to be
associated in different ways with the ten resolution processes identified.

Consequently, the second phase of the coding, explored further the connections
between each of the ten concepts representing various ways of addressing construction
disputes and the remaining concepts through the data. Using the concept of
“international commercial arbitration” (ICA) as an example, it was discovered after
further examination of the data that concepts such as “neutrality ”, “fairness”, “cost”
, “delay” and “destruction of relationships” had been used in relation to ICA in
different contexts. The first two had been used in relation to factors considered when
selecting ICA, whilst “cost”, “delay” and “destruction of relationships ” were
identified as characteristics of ICA in the Ghanaian context. Concepts which were
linked to ICA in similar ways were grouped and assigned a broader label which
encapsulated the nature of the connection. Thus, concepts such as “fairness”,
“neutrality ”, “enforceability ”, “confidence” and “funding ”, for instance, were
clustered under the sub-category called “selection of ICA ™.

As more links were established and explored during the memoing process, a storyline
on the extant framework for construction dispute resolution began to emerge. The
final stage of the analysis explored patterns in the data for how the different resolution
mechanisms identified fit into a common framework. On the basis of what parties
agreed and frequency of use, three categories of dispute resolution mechanisms were
found. The themes, patterns and narratives which emerged from the qualitative data
analysis are discussed below.

DISPUTE RESOLUTION MECHANISMS

The first of the three categories of dispute resolution processes identified from the
data were mechanisms which the parties agreed at the contract stage and eventually
utilized regularly. These were Engineers’ determination, negotiations (amicable
settlement) and international commercial arbitration (ICA). The second category of
dispute mechanisms were agreed by parties at the contract stage but were rarely used.
These were mediation, dispute adjudication boards and expert determination. Then
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there was a third category of dispute resolution mechanisms which were not agreed by
parties but were ultimately utilized to resolve disputes, namely litigation and informal

third party interventions (see Figure 2 below).
Ex?ert =
Determination Negotiations
Q
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Q

‘ International

DRMs rarely Arbitration
Figure 2: Dispute Resolution Mechanisms (DRMs) in use (Source: Field Data)
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Predictably, the three dispute resolution mechanisms regularly used by parties to
major infrastructure projects in Ghana were the same as those outlined in the fourth
edition of the FIDIC Red book, 1987, the commonly used standard forms. Parties
generally stuck to dispute mechanisms agreed at the beginning of their contractual
relationships. On limited occasions, parties employed other mechanisms such as
mediation, conciliation, expert determination and DAB with varying results. The
existing dispute resolution process was beset with numerous challenges. Contractors
generally loathed the quasi-judicial role of the Engineer under the Red book, 1987.
The reasons for this are well documented (Ndekugri et.al 2007). In the context of
Ghana where the transactions were mainly government projects, this dislike was
exacerbated by the fact that the Engineer was often a government department.

The introduction of Dispute Adjudication Board as a replacement for Engineer’s
determination under the new FIDIC Red book, 1999 had not yet made the needed
impact. Disputes encountered related mainly to projects executed under the fourth
edition of the Red book. Even for the handful of projects utilizing the new FIDIC
Redbook, 1999, the use of DABs was hampered by lack of adequate knowledge of the
workings of the process, lack of policy direction and guidelines for its use by
government departments and the cost implications of maintaining it throughout a
project cycle. International commercial arbitration, the other right-based dispute
resolution option was a mechanism of last resort for a number of reasons. For
contractors and the Employer in particular, it was an expensive choice characterized
by delays, general dissatisfaction and destruction of relationships (see also Asouzu
2001).

Moreover, parties underutilized the amicable settlement period. At best, they
attempted negotiations. At this stage, contractors were often in a hurry to escalate
disputes to ICA outside the jurisdiction of the employer. The employer, on the other
hand, though desirous to settle disputes internally, lacked adequate knowledge and
skills to apply or encourage the use of intermediary dispute resolution processes such
as mediation, conciliation and DABs. Further, the absence of legal obligation on
parties to attempt amicable settlement under the FIDIC arrangement meant that parties
did not have any contractual or legal reasons to make the most of the period of
amicable settlement. To this extent, the period provided for amicable settlement under
the FIDIC arrangement was merely cosmetic. The introduction of the process of
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amicable settlement after a determination by an Engineer or a DAB meant that parties
approached the process at a time when they had been sharply polarized by the earlier
determination. Where the issues between the parties were finely balanced on the
merits, the aggrieved party would have already signalled its intention to proceed to
international arbitration. The implication was that the amicable settlement process
counted very little.

Again failure of parties to identify in advance ADR mechanisms to be used during the
amicable settlement period meant they only had to do this when they were already
involved in a dispute and had little or no appetite for collaboration. It is submitted that
the issues with construction dispute resolution in Ghana were symptoms of a bigger
problem with the dispute resolution framework for major projects. Dispute resolution
was considered as a matter for the back-end of the project cycle. Disputes became an
issue only when they emerged during and after the project. Parties paid little attention
to disputes and related issues at the initial stages of the project.

DISCUSSIONS

The modern approach to construction dispute resolution as reflected by the framework
(see figure 1) requires parties to start thinking about disputes right at the
commencement of and during the project (Vorster 1993; Diekmann and Girard, 1995).
Parties to projects pursue dispute prevention and management approaches in addition
to the use of resolution mechanisms agreed in the contract (Fenn et al. 1997; Cheung
1999; Hinchey 2012). Dispute avoidance approaches focus on the initial stages of a
project and aim at ensuring that the parties start right so as to reduce or prevent the
occurrence of disputes (Vorster 1993; Yates and Duran 2006). The literature identifies
a broad range of dispute avoidance techniques most of which fall under one of the
following four areas namely the use of standing neutrals, procurement and relational
contracting; effective project management; and project planning and preparation. The
last three avoidance methods are not considered alternative dispute resolution
mechanisms. They focus on avoidance rather than resolution per se. On the first set of
techniques, Gerber (2000) identifies three main standing neutrals or Dispute
Avoidance Procedures (DAPs) namely the Dispute Resolution Adviser (DRA) (or the
Project Neutral/Dispute Resolution Expert (DRE)) , Dispute Adjudication Boards and
Dispute Review Boards (see also Cheung and Yeung 1998; Harmon 2003; Yates and
Duran 2006). The last two are often referred to collectively as Dispute Boards.

The second set of avoidance techniques uses procurement and related processes to
manage relationships so as to avoid disputes. The essence of this approach is that
maintaining good relationships and healthy communication links among project teams
engenders cultural shift from adversarialism to cooperation. It is envisaged that such
change in project environment encourages parties to resolve their differences more
easily and thus avoid disputes. Examples of this set of techniques are partnering,
alliancing, integrated project delivery systems and equitable risk allocation (see
Bresnen and Marshall 2000; Hinchey 2012). The third set of avoidance techniques is
management-related. The focus of these techniques is on ensuring effective
documentation, cost and schedule control, quality management and constructability
(Fenn et al. 1997; Yates and Duran 2006). Morgan (2008) recommends about thirteen
such avoidance techniques. These include training of project staff, being abreast with
the terms of the contract, communicating effectively on projects and ensuring
compliance. The final set of avoidance techniques entails activities relating to general
planning and preparation for projects (Mitropoulos and Howell 2001). The
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effectiveness of these avoidance strategies can be greatly boosted if dispute causes can
be sufficiently predicted at the inception of projects (Diekmann et al. 1994).

Some of the techniques listed under avoidance are also used for dispute management.
The use of standing neutrals and negotiations are examples of such mechanisms. The
idea underpinning dispute management is to ensure that festering disputes are nipped
in the bud and not allowed to escalate. The current approach to dispute avoidance and
management is summed up in the findings of the Dispute Prevention and Resolution
Task Force of the Construction Industry Institute (CII) which recommended that
parties ‘start right’ and ‘stay right’ (Vorster 1993; Diekmann and Girard 1995; Yates
and Duran 2006).

The resolution mechanisms include mediation, adjudication, expert determination and
arbitration. These are common among construction industry users in the United
Kingdom, United States f America, Australia, Singapore and Hong Kong (Hibberd
and Newman 1999; Gaitskell 2006). These options are dominant both on minor and
major construction projects (Harmon 2003). The main characteristics of these dispute
resolution mechanisms are well covered in the literature (Blake et al. 2011).Dealing
with disputes in construction, thus, entails having an efficient approach to dispute
avoidance, an effective dispute management strategy and a swift, cost-effective, fair
and just resolution process.

Parties involved in construction dispute resolution in Ghana lacked a coherent strategy
which integrated the various approaches to dispute handling into a logical process.
Compared to the framework developed from the literature (see figure 1), there was a
weaker emphasis on dispute avoidance and management - limited use of intermediary
mechanisms. When initial efforts to resolve a dispute fail, it festers until it is
eventually resolved by arbitration. Lack of coherent dispute resolution strategy is not a
feature only of the Ghanaian industry — even in developed countries where much of
the literature on dispute resolution processes have been developed, most parties apply
the mechanisms and techniques for dispute handling disparately.

The Dispute Resolution Efficiency Cycle (DREC) is a process designed by this study
to fill this gap by encouraging a holistic, integrated and context-specific approach to
dispute resolution. The DREC was inductively developed based on interviews
conducted and the dispute resolution literature (Mante 2014). Some key aspects of the
DREC are briefly described below. Data on how to improve construction dispute
resolution in Ghana were coded and concepts generated. The concepts were further
categorized under four themes on the basis of the project stage at which these ideas
may be properly explored and implemented (see Table 1 below).

It must be stressed that the list of concepts outlined under each of the categories
developed from the data were not meant to be exhaustive. The categories were then
juxtaposed with a typical project cycle in Ghana leading to the development of a four-
stage construction project dispute resolution cycle called DREC. The four stages are
the pre-project, dispute resolution system design, management/resolution and the post-
resolution evaluation stages.
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Table 1: Four Categories and their respective concepts (Source: Mante 2014)

DREC Strategies
Categories | Context/Risks Assessment | Designing the DR Dispute Avoidance and Evaluation of Outcome-
(10 Elements) System (5 Elements | Resolotion (6 Elements ) Post DE (5 Elements)
]
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Actions Invastieating the cost of framewrork capabla DAEBs, DEEs) and other goals on dispute rasolutionn
dispute resolution of delivering dispute | ADFE mechanisms to avoid | relation to spacific project;
resolution objectives | and manags budding and MNational policy
of tha Emplover diffarancas objectives on infra-ralated
Maad for Policy and Contractor Training Governmentand | disputs resolution
overriding objactivas for Contractor staff in ADE
i:;ali:::ura-rahtaddtspute Tescolaboraioe practice
procurament
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political intarfarance, lagal dispute rasolution
framawork ate.
Promoting ADE usa.
Dievaloping standards forthe | Aim ataddrassing Improving projact planning
usa of ADE by governmant pravious dispute and manag=ment Idantifying succassas - why?
antitiss. rasolution
challangas through
naw procass
Streamlining institutional Idantifv, apras, Cutting cost of Asrbitration | Identifving failures-why?
rolas on infrastructure-related | incorporats specific | —e.g implementingcost
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usad during the
Education and Training on period for amicable Making racommendations
ralavant disputs rasolution. settlamant for futurs projects
Satting the agenda to focus Training of Instituting a forum whare
on disputs aveidancs and Parsonnel failurss and successas of
managzment - Devalop DERMs utilized will be
policy on Pravention diseussed among ralevant
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Contract review unit
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DOutcomes Avoidance'manapement'raso | Awvoidanca/manags Avoidance/management're | Aveidance/managsment'raso
lution stratagizs mentrasolution solution stratagiss lution stratagiss
strategies into
Projact Contract

In effect, each of the four categories with its respective concepts/actions co'rresponded
to one of the four elements of the DREC.

The pre-project stage covers the period between the development of the initial project
brief and the procurement and tendering phase. At this stage, the Employer may focus
attention on the concepts/actions outlined under the category called “Context/Risk
Assessment ”. For instance, the Employer may develop/update its overriding
construction dispute resolution objective(s) at this stage. Ultimately, this was to be the
starting point for the development of a project-specific avoidance, management and
resolution strategy. The dispute resolution system design phase aligns with the period
from the commencement of procurement and tendering through to the signing of the
relevant project contract. Equipped with the ideas garnered and steps to be taken at the
pre-project stage, the Employer may engage with the actions outlined under the
category labelled “designing the dispute resolution system . For instance, the
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Employer may, at this stage, focus on negotiating a dispute resolution framework
capable of delivering its dispute resolution objectives. Even where the dispute system
is provided under a standard form, as is often the case with the construction industry,
the Employer’s team could examine critically the existing system and determine to
what extent it could be modified or implemented so as to achieve efficiency within the
context of the specific project.

The dispute management/resolution stage covers the construction to completion phase
and aligns with the category called “dispute avoidance and resolution ”. At this stage
the Employer may implement the project-specific strategies on avoidance,
management and resolution. The post-dispute resolution phase spans the period
immediately after the completion of the project through to the period after all or key
emerging disputes have been resolved. This phase corresponds to the category labelled
“evaluation of outcome - post dispute resolution ”. At this stage, the Employer may
evaluate the dispute resolution strategy for the completed project. Some of the
strengths of the DREC model are its ability to enhance dispute awareness, integrate
dispute handling approaches, provide a context-specific strategy for dispute handling
and feed-forward lessons from previous cycles.

CONCLUSIONS

Increased focus on infrastructure development as a means of achieving economic
growth in developing countries has led to growth in construction activities in the
public sector. As an unintended consequence, growth in construction activity has a
knock-on effect on dispute emergence. The process of construction dispute resolution
in Ghana, as this study found, was beset with much inefficiency. Absence of coherent
dispute resolution strategy meant limited focus on dispute handling strategies other
than the traditional resolution mechanisms in use which were plagued by numerous
practical and contextual challenges. To deal with the problem, a modern approach
focusing not merely on resolution but also avoidance and management was required.
Beyond this, it was imperative that such an approach was cohesive. Not only must the
dispute handling strategies be integrated but such plans must also be integrated into
programmes and plans of individual parties taking into account the project context.
This is where the Dispute Resolution Efficiency Cycle comes in.
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Statutory adjudication has been enacted throughout Australia on a state-by-state basis.
The original enacting legislation may be broadly divided into two models which have
become known as the East Coast and West Coast models. The East Coast model
adjudication scheme — which is operational in NSW, Victoria, Queensland, Tasmania,
ACT and South Australia — has in recent times come under much criticism for failing
to facilitate determinations of sufficient quality with respect to large and/or complex
payment claims. By carrying out a thorough desktop study approach whereby
evidence is garnered from three primary sources — government commissioned
consultation papers, academic publications and judicial decisions — this paper reviews
this criticism and therefrom distils the key factors influencing the quality of
adjudication of large and/or complex claims in Australia.

Keywords: adjudicators’ determinations, complex payment disputes, security of
payment, statutory adjudication.

INTRODUCTION

Statutory adjudication has been enacted progressively throughout Australia on a state-
by-state basis over the past 15 years. The first Australian jurisdiction to introduce
statutory adjudication was New South Wales (NSW) by virtue of the Building and
Construction Industry Security of Payment Act 1999. Despite the many differences
between all of the Acts in Australia, they can be broadly grouped on the basis of
similarity into the East Coast model Acts (including New South Wales, Victoria,
South Australia, Tasmania and Australian Capital Territory) and the West Coast
model Acts (including Northern Territory and Western Australia). The East Coast
model Acts were modelled after the original NSW Act and provide, in addition to an
adjudication scheme, for a highly regulatory statutory payment scheme which runs
alongside the contractual payment scheme. The West Coast model Acts are more akin
to the UK Act, affording primacy to the contractual payment scheme. The common
objective of all Acts is to facilitate timely cash flow in the construction contractual
chains. The East Coast model’s adjudication scheme was originally intended to assist,
in particular, smaller contractors to get paid quickly (lemma 1999: 1594) and, as such,
to be a quick, informal and inexpensive process resulting in an adjudication decision
provisionally binding in nature. Whilst adjudication usage rates under the East Coast
model have generally been high for smaller payment claims, a significant number of
large and technically and legally complex payment claims have also been the subject
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of adjudication applications. For example, in 2012/13 there were 71 adjudication
determinations for payment claims > $500,000 in Queensland (QId), and 40 in NSW.
For the same year, there were a further 85 adjudication determinations for payment
claims between $100,000 and $499,999 in Qld, and 109 in NSW. This is because the
eventuating scope of the legislation covered all parties carrying out construction work
and/or supplying goods or services under construction contracts of all sizes. This has
eventually resulted in inevitable formalisation of adjudication process, drifting away
from the simple process envisaged by the Parliament. As to complexity, McDougall J
has stated in Chase Oyster Bar v Hamo Industries [2010] NSWCA 190 at [207]-[209]
that the NSW Act: “provides a very limited time for adjudicators to make their
decisions on what, experience shows, are often extremely complex claims involving
very substantial volumes of documents...”

In Western Australia (WA), where parliament aimed the legislation at the construction
industry broadly rather than focussing on smaller contractors, statutory adjudication is
even more frequently used to determine large payment claims. In 2013/14, 36% of the
175 adjudication determinations concerned payment claims exceeding $500,000, with
a further 35% concerning payment claims between $100,000 and $499,999. Indeed,
the WA adjudication scheme has been so little used for smaller payment claims that
this issue has been raised in the recent discussion paper for the review of the WA Act
(Evans 2014: 41). Although, anecdotally, there is a general view that statutory
adjudication has improved cash flow within the industry, the East Coast scheme has
received a lot of criticism from practitioners for reasons relating to many procedural
issues. These criticisms have, in particular, pointed at the unsuitability of the East
Coast legislation in its current form to satisfactorily deal with the determination large
or complex payment disputes. Notwithstanding the provisional, “pay now, argue
later 7, nature of statutory adjudication, the interim enforcement of adjudication
determinations that are perceived as lacking in quality has many negative
ramifications not least of which is a proliferation of judicial challenges to
adjudicator’s decision which results in extra costs to disputing parties and a general
undermining of faith which the construction industry has in adjudication. By contrast,
the West Coast model has received little, if any, criticism in this respect, and there are
minimal judicial review applications, very few of which result in the adjudicator’s
decision being quashed on the basis of jurisdictional error (Marquet 2015: 8). This is
not to say, however, that there is no room for improvement in the West Coast model’s
approach to large and/or complex payment claims. Indeed, the recently published
discussion paper for review of the WA Act sought submissions for such improvement
(Evans 2014). As with the East Coast model, there is a dearth of empirical research as
to the performance of the West Coast model. As such, Yung et al. (2015: 70) note
“the lack of appropriate evaluations of the West Coast Model. ”

This paper, written as a preliminary to inform the lead author’s PhD research, aims to
identify and review the key factors that affect the perceived and actual quality of
adjudication determinations. This is achieved using a desktop study approach whereby
evidence is garnered from three primary sources: government commissioned
consultation papers, academic publications and judicial decisions. The key factors
identified will be used as the basis for survey design in a subsequent research which
aims to recommend an optimal process of adjudication of large and/or complex
payment claims based upon stakeholders’ views and experiences.
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DEFINING LARGE AND/OR COMPLEX CLAIMS

As concluded by many authors (Australian Legislation Reform Sub-committee 2014;
Wallace 2013), the “one size fits all ” approach taken by the East Coast model
legislation is no longer appropriate (if indeed it ever was) for producing quality
determinations for larger and more complex payment claims. Most, if not all, of the
research to date on the designing of an appropriate adjudication scheme to determine
large and complex payment claims has been based on anecdotal evidence, usually in
the form of submissions to government discussion papers (e.g. Wallace 2013). As
such, there is a clear need for empirical research on the matter. The starting point for
any such research is to determine the parameters for the large and complex payment
claims to which such an adjudication scheme should apply, this section contemplates
how such parameters can be defined and reviews the relevant literature to date to
consider any such definitions already existing. In the search for existing definitions,
the most obvious point of initial reference is the recent final report on the discussion
paper into the QId Act authored by Andrew Wallace QC (Wallace 2013), upon which
the Qld Parliament based its key reform to the Act that came into effect on 15th
December 2014. Based upon Wallace’s recommendations, the QId Parliament is the
first and only jurisdiction to introduce a dual adjudication scheme which provides a
modified scheme to deal with what it terms ‘complex payment claims’ whilst
essentially retaining its original scheme to deal with ‘standard payment claims’. For
the purposes of its dual scheme, the amended QId Act classifies all claims greater than
$750,000 as complex payment claims. Regarding his basis for choosing this amount,
Wallace (2013:183) comments: “The value of this monetary limit is also likely to be a
source of great debate. Whilst I am not particularly wedded to the sum, I have
concluded that it is appropriate to tie the monetary limit to that of the civil jurisdiction
of the District Court of Queensland, which is currently set at $750,000. Some will
argue this figure is set too high, whilst others will argue it is too low. For claims in
excess of this amount, i.e. $750,001 the parties are likely to be legally represented and
| therefore assume well able to navigate the proposed legislative paradigm.”

Notably, however, Parliament adjusted the definition of complex claims
recommended by Wallace, who originally classified complex claims as claims above
$750,000 or any claims on the basis of time-related or latent condition cost. Upon
further investigation, the Parliamentary Committee (2014) set up to examine and
report on the reform Bill advised against accepting Wallace’s inclusion of claims on
the basis of time-related or latent condition cost. This advice was based upon concerns
about the ambiguity and potential for confusion amongst contractors with respect to
the meaning of latent condition and time-related costs, as well as the potential for
these types of costs to have a broad scope of application meaning that even some
simple claims (e.g., based on time sheet day work or discovery of hard rock during
excavation) could be considered as complex claims (Queensland Parliamentary
Committee 2014: 20). The QIld experience brings to light the question as to whether it
is possible for the legislation to clearly define a claim with respect to its nature of
complexity for the purposes of adjudication. This is a question that the proposed
empirical research should seek to address by, it is suggested, diagnosing the nature of
claims further and relating them to the required skills and powers of adjudicators as
well as the timeframes governing proceedings. An alternative to define criteria for
claim complexity could be to leave the decision as to claim complexity (and, thus,
adjudication scheme) up to the body appointing the adjudicator. Again, the
ramifications of this suggestion would need further empirical investigation. If the
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nature of the claim is taken out of any definition (as happened in QId), large and
complex claims would be defined by a monetary amount alone. A large claim per se
does not, of course, necessarily reflect complexity in the submission as some large
claims are straight forward calculations of the quantity and amount of executed works.
However, generally speaking, larger claims are more likely to involve complex legal
issues and, even if they don’t, will have more volume of submissions for the
adjudicator to consider. As Yung et al. (2015: 61) found in their survey of 22
adjudicators in WA, while larger claims are not by virtue more complex, they have a
greater potential to involve complex points of law. Thus, it may be valid to define
complexity of claims for the purpose of a dual adjudication scheme according to
solely amount. Notably, the English High Court in CIB Properties Limited v Birse
Construction [2004] EWHC 2365 preferred that the suitability of a matter for
adjudication not be assessed on whether it was too complicated, but whether the
adjudicator was able to reach a fair decision within the timetable.

Looking elsewhere for indicators of claim complexity in relation to adjudication, the
Victorian Act (s 10(b)) excludes many types of payment claims with likely complexity
from being adjudicated including claims for certain disputed variations, damages
under or in connection with the contract, time-related costs, latent conditions or
changes in regulatory requirements. Such exclusions indicate that the Victorian
Parliament did not regard the ‘one size fits all” East Coast model adjudication scheme
appropriate for complex claims. This raft of exclusions, however, has been blamed for
adding to the complexity of the Victorian Act itself, resulting in a low adjudication
usage rate (Shnookal 2009:9). The WA Act (s 31(ii)(iv))provides that an adjudicator
must dismiss an adjudication application without making a determination of its merits
if satisfied that it is not possible to fairly make a determination because of the
complexity of the referred matter. Thus, in WA, Parliament is content to leave the
decision about complexity of a payment claim up to the adjudicator, although the
judiciary has required that an adjudicator must provide adequate reasons for dismissal
due to complexity and has commented “upon the need for adjudicators not to too
readily form a view that a matter is too complex to be fairly determined. ” (See Silent
Vector Pty Ltd T/as Sizer Builders and Squarcini [2008] WASAT 39).

KEY FACTORS IMPACTING ADJUDICATION QUALITY

Before discussing the key factors affecting adjudication quality, it is necessary to
briefly consider what is meant by adjudication quality. The ultimate yardstick by
which adjudication quality can be measured is to be found in the legal accuracy — both
in terms of procedural and substantive fairness — of adjudicators’ determinations.
However, recognising that there is a trade-off between fairness and efficiency in
dispute resolution (Susskind and Cruikshank 1987: 21-33), this criterion needs to be
calibrated in the light of the legislative objective, being to provide a rapid dispute
resolution procedure in order to expedite cash flow on construction contracts. Thus, it
would clearly be absurd to hold adjudication determinations up to as higher level of
scrutiny as in arbitration or litigation. On the other hand, there surely must be a quality
‘floor’ below which determination quality must not fall otherwise the overemphasis
on efficiency in lieu of justice would result in a process that the parties would perceive
as unfair with the consequence that they are more likely to seek to undermine it
(Susskind and Cruikshank 1987: 21-33; Gerber and Ong 2013: 332). In the context of
adjudication, it is proposed that an adequate level of quality be defined in terms of
adjudicators’ determinations that meet the basic and substantial requirements of a
satisfactory dispute resolution system, namely that: adjudicators act within their
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legislative jurisdiction; the key elements of natural justice , or procedural justice, are
afforded; adjudicators make a good faith attempt to exercise their powers under the
legislation; and adjudicators’ determinations are free from gross non-jurisdictional
errors of law that materially and substantially affect the determination. A review of the
relevant literature identifies the following five key factors that impact upon
adjudication quality as defined above: adjudicator appointment, regulation of
adjudicators, reviewability of adjudicators’ determinations, timeframes in the
adjudication process, and adjudicators’ powers. These factors are discussed in more
detail below.

Adjudicator Appointment

The way in which an adjudicator is appointed may have a direct bearing on the quality
of the outcome. The appointment of adjudicators by authorised nominating authorities
(ANAS) under the East Coast model has been much criticised for its leading to:
perceptions that profit-driven ANAs are biased towards claimants (Wallace 2013:
131-145; Collins 2012: 72), allegations of adjudicator shopping whereby a claimant or
its representative demands that an ANA either appoint or not appoint certain
adjudicators, otherwise the claimant would refer its adjudication application to another
ANA (Wallace 2013: 140), and accusations that some ANAs maintain an unhealthy
relationship with claims preparers, whereby preparers are recommended to claimants
by an ANA with the expectation that the preparer will direct the adjudication
application to the ANA (Wallace 2013: 134, 148-150) or in expectation of receiving
future appointments as an adjudicator from the ANA (Wallace 2013: 145). Such
matters clearly contravene one of the fundamental tenets of natural justice, that the
decision-maker conducts themselves in a manner free from actual or apprehended
bias. Accordingly, the recent reform of the QId Act abolished appointment by ANAs
replacing it with appointment by a single government registry within the Queensland
Building and Construction Commission.

Regulation of Adjudicators

Regulation of adjudicators may impact adjudication quality in terms of adjudicator
eligibility, training and the ongoing monitoring of adjudicator performance. The
importance of setting appropriate criteria for eligibility and training is clear, directly
impacting upon the ability of an adjudicator to both run the adjudication process in a
procedurally fair manner as well as having the requisite knowledge and experience to
arrive at an appropriately just and accurate determination. Zhang (2009) noted that the
risk of injustice in rapid adjudication requires a high standard of adjudicator’s
expertise. The regulation of adjudicators varies widely from State to State, with
regulations being generally quite relaxed. With the exception of Qld (See Building
and Construction Industry Payments Regulations 2004 (Qld, S2A), the regulations
governing the eligibility, registration and performance of adjudicators under the East
Coast model appear to be wanting. The NSW legislation, for instance, requires
adjudicators to have such qualifications, expertise and experience to be eligible to
perform adjudication but no relevant regulations listing such have ever been made. In
practice, therefore, it is left to the ANASs to ensure adjudicators are suitably qualified,
trained and experienced. In the absence of formal criteria regarding adjudicator
appointment, it is also possible for ANAs to select an adjudicator based upon
availability rather than experience and qualifications in order to meet the strict time
limits. Accordingly, Wallace (2013:230) notes, “adjudicators accept appointment by
an ANA at a time when they have little or no knowledge of the issues in dispute...” To
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compound matters, the East Coast legislation provides no deterrent against
adjudicators accepting adjudication appointments that they feel unqualified to
properly determine with the exception of the Qld Act (s 35(6)) which deprives an
adjudicator of his or her fees where a determination has been set aside for want of
good faith. In his PhD thesis, Munaaim (2012) conducted interviews with highly
experienced lawyers in NSW who expressed their dissatisfaction with the quality of
adjudicators. Munaaim found that ANAs in NSW do not have similar quality control
over adjudicators and their training courses significantly vary. He added that some
ANAs provide training for months whilst other provide only a few days. South
Australia is an anomaly amongst the East Coast legislation having set compulsory
minimum requirements for an adjudicator to be eligible to practice?. However, these
regulations do not mention any requirements for legal qualifications for adjudicators
dealing with complex claims which may require application of complicated legal
principles to complex facts. As Wallace (2013: 230) observes, “adjudicators are often
called upon to consider complex areas of building and contract law, yet they are not
required to be legally qualified. ” It is likely that one of the reasons for the recent high
rate of adjudication determinations that have been quashed by the courts under the
East Coast model is linked to shortcomings in the way adjudicators are regulated. As
stated by the Australian Legislation Reform Sub-committee (2014: 38), “the courts
have seen more and more cases where the quality of the adjudication decision making
process has been so poor that the courts have been increasingly willing to intervene. ”
In WA, although the regulations prescribe certain eligibility criteria, legal
qualifications are not required. Noting this, Yung et al. (2015: 71) recommend that
legal training should be required as “73 per cent of adjudicators in Western Australia
are not legally trained but quite a number of claims have been prepared by lawyers
and included detailed legal submissions.”

Reviewability of adjudicators’ determinations

Adjudication, with its abbreviated timeframes, has always been acknowledged as a
somewhat “rough and ready ” dispute resolution process. As such, Australian courts
(as well as their English counterparts) have generally been happy to uphold
adjudicator’s decisions containing non-jurisdictional errors of law, only quashing
those where adjudicators have strayed outside the boundaries of their jurisdiction. In
its 2004 decision in Brodyn®, the NSW Court of Appeal restricted the grounds to
quash an adjudicator’s determination even further to a failure to comply with five
basic and essential requirements of the Act, where substantial breaches of natural
justice have occurred and the adjudicator has failed to exercise their powers under the
Act in good faith. Although jurisdictional error (with relief in the form of prerogative
writs) has since been reinstated as the basis for judicial review in NSW* and Victoria®,
the courts have shown little appetite to broaden the opportunities for challenges to
adjudication determinations beyond Brodyn. Consequently, as long as an adjudicator
has been duly appointed in accordance with the Act’s mechanisms and has addressed
the correct issues in dispute, it will be very difficult for a disgruntled party to have the
adjudicator’s determination quashed in court even where the adjudicator has
determined the issues in the wrong way. Thus, there are several instances where
adjudicators’ determinations containing errors of law on the face of the record that

% See's 6, Building and Construction Industry Security of Payment Regulations 2011 (SA).

3 Brodyn Pty t/as Time Cost and Quality v Davenport and Anor [2004] NSWCA 394 at [52]-[53]
* Chase Oyster Bar v Hamo Industries [2010] NSWCA 190

® Grocon Constructors v Planit Cocciardi Joint Venture [No 2] [2009] VSC 426
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materially and substantially affect the adjudication outcome have been upheld by the
courts®. In other words, in striking a balance between justice and efficiency, the courts
for now appear to be prepared to allow errors of law on the face of the record in order
to support the statutory adjudication process.

Whilst the courts do not view significant errors of law on the face of the record as
sufficient to invalidate adjudicators’ determinations, this doesn’t mean they should be
discounted as an indicator of adjudication quality. Indeed, it is argued that an optimal
adjudication scheme should strive to encourage as much legal accuracy as is possible
in determinations within the designated timeframes. The minimisation of errors of law
has a direct bearing on stakeholders’ confidence in the adjudication process. The more
legally accurate an adjudicator’s determination, the less likely it is for a losing party to
either search for grounds upon which to challenge the determination, or to
subsequently pursue the claim for a final binding decision in arbitration or litigation.
The potential for adjudication to reduce overall disputing costs to the construction
industry should not be understated, and the failure of parties to accept an adjudicator’s
determination as a final resolution should be seen as a lost opportunity to reduce
disputing costs. Indeed it was in this context that statutory adjudication had its roots in
the UK and subsequently appears to have precipitated a significant decrease in the
amount of UK construction litigation (Davenport 2007: 13). Aside from judicial
review, there are limited rights to adjudication review provided for in the Victorian,
ACT and West Coast model Acts. In the Victorian Act (s 28(b)), adjudication
determinations may be subject to review on the basis that the determination exceeds
$100,000 and includes ‘excluded amounts’. The review is carried out by a second
adjudicator appointed by the ANA. Under the ACT Act (s 43(2)), an appeal may be
made to the Supreme Court on any question of law arising out of an adjudication
decision subject to certain conditions being satisfied. The WA (s 46) and NT (s 48)
Acts allows a review of an adjudicator’s decision by the WA State Administrative
Tribunal (WASAT) or Local Court (NT) to dismiss an adjudication application
without making a determination of its merits. Since the commencement of the WA
Act to 30 June 2014, there have been 33 review applications to WASAT, 10 of which
set aside the adjudicator’s decision to dismiss.

Notwithstanding these limited avenues of review, it is argued that the general absence
of any mechanism by which to review the merits of an adjudicator’s determination
made within jurisdiction directly impacts upon the quality of adjudication
determinations. An optimal adjudication process should maximise, within the
legislative objective of expediency, the opportunity that adjudicators’ determinations
are made in accordance with the correct and relevant law. In the immediate wake of
Brodyn, Murray (2006) viewed that the challenge to uphold the integrity of the
adjudication regime now fell to government and industry by implementing the
necessary systems and procedures to ensure that adjudication determinations are of the
highest possible standard. In order to achieve such quality control, it is proposed that a
swift system of review provided for within the legislation is needed. Marquet (2015:
15) has suggested that the merits review avenues available under the West Coast
model are likely to be more appropriate than judicial review proceedings, although
adding that further investigation into the frequency, duration and cost of merit review
applications under the West Coast legislation is necessary before it can be said with
certainty that the merit review model produces better overall outcomes (Marquet

6 See, for example, Clyde Bergemann v Varley Power [2011] NSWSC 1039; New South Wales Land and Housing v Clarendon
Homes [2012] NSWSC 333; Uniting Church in Australia Property Trust (Qld) v Davenport and Anor [2009] QSC 134
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2015: 16). Notably, the Singaporean Act (s 18) provides a wider merits review system
which, it is proposed, could be considered for adoption into the Australian legislation.

Timeframes

As previously mentioned, in dispute resolution there is a trade-off between justice and
efficiency. An optimal adjudication scheme for large and/or complex claims,
therefore, needs to set a timetable which allows sufficient time to meet the basic and
substantial requirements of a satisfactory dispute resolution system. There is no doubt
that the ‘one size fits all’ timeframes prescribed by both the East and West Coast
models are expeditious when compared with the international legislation. For
example, whilst the East Coast model allows 10 business days, and the West Coast
model 14 days, for an adjudicator to make his or her determination (with the exception
of the recently amended QId Act which now allows adjudicators up to 20 business
days to issue decisions on complex claims), their counterpart has 45 working days to
do so in Malaysia and 28 days to do so in Ireland and the UK. Jacobs (2014: xi)
comments, “[u]nfairness may arise, where large complex claims are submitted to the
lay adjudicator for determination within the “pressure-cooker ” time limits set by the
relevant [Australian] Acts”. Accordingly, in the recent discussion paper for review of
the WA Act, the issues of whether the timelines for respondents to serve their written
adjudication response and for adjudicators to make their decisions should be extended
have been raised (Evans 2014: 40-41).

Whilst the East Coast model timeframes may be appropriate for smaller
straightforward payment claims, there is mounting evidence — in the form of
adjudicators’ determinations being quashed by the courts for substantial denial of
natural justice’ and/or failure to exercise their power in good faith® — to suggest they
are inadequate to afford adjudicators enough time to meet the key requirements for a
fair determination. Accordingly, Marquet (2015) states that, inter alia, the strict time
bars have led to a substantial increase in the judicial review of adjudication
determinations. The adjudicator’s task has been made all the more difficult by the
formalisation of the adjudication process that has occurred for large and complex
payment claims with parties typically engage lawyers to prepare their adjudication
applications and responses, and often submitting copious amounts of documentation —
including statutory declarations, legal submissions, delay analyses, site inspections,
photographs and technical expert reports — to support their cases. Given the East Coast
model’s requirement for an adjudicator to ‘consider’® all duly made submissions and
to make this apparent in his reasoning (See Laing O’Rourke Australia Construction v
H&M Engineering and Construction [2010] NSWSC 818 at [73]), the adjudicator is
faced with a very challenging task. This was acknowledged by the court in Laing
O'Rourke as follows: “I accept, too, that the adjudicator was required to assimilate a
huge mass of material and to deal with it, to the extent of producing a reasoned
conclusion, in a very short space of time. But even allowing for those matters, it is in
my view clear, when this aspect of the determination is considered as a whole ..., that
the adjudicator did not turn his mind to, and thus did not consider, those features of
LORAC'’s defence that I have mentioned.”

7 See Metacorp Australia Pty Ltd v Andeco Construction Group Pty Ltd and Ors (No 2) [2010] VSC 255; St Hilliers Contracting
Pty Limited v Dualcorp Civil Pty Ltd [2010] NSWSC 1468; Watpac Constructions v Austin Corp [2010] NSWSC 168.

8 See Laing O'Rourke Australia Construction v H&M Engineering and Construction [2010] NSWSC 818; Lanskey v Noxequin
[2005] NSWSC 963; Holmwood Holdings Pty Ltd v Halkat Electrical Contractors Pty Ltd and Anor [2005] NSWSC 1129

¥ The word ‘consider’ interpreted by the courts in Tickner v Chapman [1995] FCA 1726 at [39] to mean an ‘active process of
intellectual engagement’
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There is a limit to how much material a single adjudicator can intellectually engage
with in just 10 business days, and the overwhelming of an adjudicator by sheer
volume of paperwork may, it seems, be likely to leave the door ajar for a potential
judicial challenge on the grounds of breach of natural justice and/or want of good
faith. In addition to the formalisation of the adjudication process for large and/or
complex claims, the long running practice of claimant’s launching ‘ambush’ claims
clearly poses a threat to quality of the adjudication determination (See, for example,
Dorchester Hotel Ltd v Vivid Interiors Ltd [2009] EWHC 70). Ambush claims are
facilitated by the East Coast model Acts allowing a claimant to spend several months
preparing a comprehensive and lengthy payment claim for a substantial monetary
amount, leaving the unsuspecting respondent only ten business days to respond in its
payment schedule and five business days to prepare its adjudication response.
Notably, in the recent reform of the Qld Act, these timeframes have been extended for
complex claims based on when the adjudication application was made with regard to
reference date. As well as being procedurally unfair, ambush claims typically will
require an adjudicator to consider a huge amount of submissions in an insufficient
timeframe, presenting a very real risk of the door being left ajar for a judicial
challenge for breach of natural justice or want of good faith. Yung et al. (2015: 64)
found in their survey of 22 WA adjudicators that ambush claims are not a concern
under the West Coast model as there is a 28-day timeline for starting an adjudication.

Adjudicator’s Powers

Whilst the West Coast model encourages adjudicators to be evaluative (WA Act, s
32(1)(b) and NT Act, s34(1)(b)), the East Coast model Acts impose many restrictions
on the way in which adjudicators make their determinations. Under the East Coast
model, adjudicators are limited to a consideration of the Act and documents submitted
by the parties. Such a restrictive approach has the potential to negatively impact upon
the quality of adjudicators’ determinations. As Gerber and Ong (2013: [16.48] to
[16.50]) state: “An active, inquisitorial approach to adjudication therefore allows the
merits of the dispute to be fully investigated, and is said to result in a more reasoned
and accurate determination... it is clear that a passive, ‘rubber stamp’ approach
[referring to the East Coast model] to adjudication is not conducive to the final and
just determination of a dispute. ” (Emphasis added). Both East and West Coast models
give the adjudicator the authority to request further submissions from the parties, and
to call informal conferences with the parties although they are silent on how such
conferences should be conducted. Unlike the East Coast model, however, the West
Coast model allows legal representation in conferences and allows the adjudicator to
engage an expert or arrange for testing unless all parties object.

CONCLUSION AND FURTHER RESEARCH

Despite its high usage rate in NSW and QId, and general agreement that it has helped
to expedite cash flow in the construction industry, the Australian East Coast model
statutory adjudication scheme has come under staunch criticism for not being able to
deliver quality adjudication determinations for large and/or complex payment
disputes. In order to stem the increasing rate of adjudicators’ determinations quashed
by the courts, sustain the construction industry’s confidence in the adjudication
scheme, and to benefit from the reduction in disputing costs that quality adjudication
determinations have the potential to bring to the construction industry, a modified
adjudication scheme is needed designed specifically to cater for the challenges of
large and/or complex payment disputes. This has been recognised by the QIld
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Parliament, which has been the first and only Parliament to reform its Act to provide
for a dual scheme of adjudication. Notwithstanding the Qld reform, a review of the
relevant literature reveals that there appears to be a dearth of empirical research
informing the design of an appropriate adjudication scheme for large and/or complex
payment claims in either the East or West Coast model legislation. As a preliminary to
embarking upon this path of empirical research, this paper has identified and briefly
discussed from the relevant law and literature five key factors that influence the
quality of adjudicators’ determinations, namely: adjudicator appointment, regulation
of adjudicators, reviewability of adjudicators’ determinations, timeframes in the
adjudication process, and adjudicators’ powers. Moving forward, it is now the
intention of the lead author to design research surveys based upon these factors with
the ultimate objective of formulating a roadmap with recommendations that may be
applied to help optimise the various Australian adjudication schemes for the
determination of large and/or complex payment disputes.
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In Australia, statutory construction adjudication has recently received a lot of
criticism due to the increasing amount of determinations that have been quashed upon
judicial review, and anecdotal evidence from some quarters showing dissatisfaction
with the quality of adjudication decisions. Such criticism is particularly aimed at
adjudications of large and technically and legally complex payment disputes, where
adjudicators are under pressure to consider substantial volumes of submissions in
very tight timeframes. More specifically, criticisms have been directed at, inter alia,
adjudicator’s regulations, procedural fairness, jurisdictional powers and finality of
decisions. This paper reviews the measures to improve the quality of adjudications of
complex payment disputes then proposes a roadmap by selecting the Qld model as a
benchmark but suggesting further improvements identified and explained via specific
steps or pit stops. The pit stops include criteria for timeframes of complex claims,
appointment, regulation and powers of adjudicators and a review system on the merits
to control the quality of adjudication decisions replicating the Singapore model. The
findings remain as blunt instruments and deemed as hypotheses to inform subsequent
empirical research which the authors are currently undertaking to further investigate,
strengthen and validate the findings of this study in order to propose a reliable and
useful guide to any parliament seeking to optimise its statutory adjudication to
effectively deal with complex payment disputes.

Keywords: adjudicator’s decision, complex disputes, large claims, security of
payment, statutory adjudication.

INTRODUCTION

The Australian Security of Payment (SOP) regime was enacted first in NSW fifteen
years ago, then all other states have enacted their own legislation. The East Coast
states have followed NSW model with some modifications, while the West Coast
states substantially followed the UK and NZ models. The common objective of all
legislations was to protect vulnerable firms by giving them statuary rights to receive
payment for the executed works through rapid, informal and inexpensive
Adjudication. The steady increasing size and complexity of adjudicated disputes in
Australia uncovered many shortcomings in the legislation operation in dealing with
such types of disputes, which resulted in steadily losing confidence in the regime.
Moreover, SOP has recently received a lot of criticism due to the increasing number
of determinations that have been quashed upon judicial review, and anecdotal
evidence showing dissatisfaction with the quality of adjudication decisions. Such

! sskaik@deakin.edu.au
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criticism is particularly aimed at adjudications of large, technically and legally
complex disputes, where adjudicators are ill equipped to resolve them fairly.

The growing dissatisfaction with adjudicator’s determination is obvious with a large
volume of case law regarding challenged adjudications in courts as reported by
Australian Legislation Reform Sub-Committee (ALRS 2014). This unsatisfactory
situation urged many legal academics and practitioners to debate how an effective
statutory adjudication regime should look like in response to the evolving criticism.
This paper is deemed to contribute to this debate drawing upon relative previous work
from a different perspective starting with reviewing the requirements of effective
dispute resolution platform and aiming to propose a roadmap to optimize adjudication
of complex payment disputes in Australia.

EFFECTIVE BINDING DISPUTE RESOLUTION

Parties to any construction dispute seek to have their dispute fully sorted out in a
quick, inexpensive and informal manner. Not only does a builder seek to recover
disputed progress payments from his employer but he is also desperate to have all
current disputes resolved to ensure certainty in business. Gerber and Ong (2013)
determined three key essential requirements for an effective binding dispute
resolution, namely, procedural fairness, accessibility and finality. Yung et al. (2015)
set four measures of the effectiveness stemmed from the objective of the WA Act:
fairness, speed, cost effectiveness and informality. These measures are discussed
briefly below.

Procedural Fairness

Procedural fairness may include the impartiality and independence of the decision
maker as well as affording both parties the right to present their defensive arguments
and be fairly heard. The parties should feel that their arguments have been considered
and should receive a reasonable reasoned conclusion to understand the grounds on
why they have won or lost. The selection and appointment of a qualified decision
maker and the assurance that he is properly equipped with the necessary powers to
perform his functions are key integrated features for the parties to believe that
prospective justice will be achieved. Nevertheless, the more procedural fairness is
considered in dispute resolution, the more expensive and lengthy it becomes (Gerber
and Ong 2013). The challenge for any decision maker is how to strike the balance of
allowing fair hearing while upholding economic and speedy dispute resolution
processes.

Accessibility (Speed and Cost Effectiveness)

According to Gerber and Ong (2013), the speed and affordability of a dispute
resolution process are the main characteristics of any accessible justice system. The
inherent cost in the lengthy process, including legal fees and case administration, is a
major barrier that may force desperate disputants to seek alternative ways to get their
dispute settled. Some parties cannot afford lengthy proceedings of dispute resolution
as it may lead to injustice where a crucial evidence, that a party relies on, may be no
longer available.

Finality

Finality embraces not only the extent in which a disputant can appeal a binding
decision but also the limitations on his rights to commence a second proceeding on the
same dispute after obtaining the decision on the first dispute (Gerber and Ong 2013).
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Arbitration provides a greater certainty on the finality of the outcome due to the very
limited grounds of appeal. Although Statutory Adjudication is an interim process that
does not prevent any party to commence other legal proceedings, it offers a
“temporary final ” and binding determination with very limited grounds of appeal.
However, the strict limitations to challenge some decisions, that contain an error of
law or technical errors, may leave the aggrieved party without a quick remedy against
unjust decision.

Informality

Yung et al. (2015) mentioned three factors that compromise informality: standardized
structure of proceedings, abidance by rules of evidence and engagement of expert
witness and lawyers. They also found that informality does not generally have an
impact on accuracy of determination under the West Coast model. Since they help
understand the tenets behind the evolvement of statutory adjudication, the above
measures stand as good criteria to evaluate and improve existing SOP legislation as
follows in the next sections.

THE EVOLUTION OF AUSTRLAIAN LEGISLATION

East Coast model

For the last fifteen years, the leading NSW legislation has been prone to various
governmental reviews aiming to improve its operation against the set objectives. In
2004, NSW Department of Commerce released a review report mentioning many
suggestions to improve the legislation including but not limited to have minimum
qualifications for adjudicators and allow longer duration for adjudication
determination. Six years later, the Department of Services Technology and
Administration (2010) released a discussion paper drawing upon the above report
proposing significant improvement to NSW Act aiming to increase confidence in the
regime and adding certainty to the outcome of adjudicator’s determination. The paper
addressed serious concerns regarding the need for better regulation of adjudicators and
the capacity for the Act to deal with complex claims, especially in high value
contracts, in which the risk and impact of incorrect adjudication is severe. In 2012,
Bruce Collin QC was assigned by NSW Government to prepare an independent report
on the construction industry insolvency. Collin's final report addressed various
recommendations to improve the NSW Act to give better protection to subcontractors
(Collins 2012). The report endorsed collective submissions from the industry
proposing to allow a sliding scale of timeframes based on the size of adjudicated
claim, so the larger the claim, the more duration is given to respondents and
adjudicators. The report also recommended a specific training system for adjudicators
and proposed core topics to be covered in the training course. After all, the three
amendments of NSW legislation enacted in 2002, 2010 and 2013 did not implement
any of the recommendations concerning large or complex claims.

In Victoria, the SOP regime was amended in 2006 (Section 10b) to prevent claims
involving complex matters such as latent conditions and time related cost from being
adjudicated. South Australia released final report of discussion paper in May 2015
stating that most of received submissions from the industry favoured the Qld model in
its new form and putting recommendations to effectively deal with complex claims
such as longer timeframes and better appointment process of competent adjudicators
(Moss 2015).
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Queensland model

Wallace (2013) released his final report, which reviewed the operation of the Qld Act.
Accordingly, the Act was substantially amended in December 2014 introducing
exceptional revolution in adjudication proceedings establishing, inter alia, a dual
scheme that provides different mechanisms in dealing with standard and complex
payment claims on the basis of the claim monetary value. The timeframes are kept the
same for standard payment claims except for the respondent, who can make the
adjudication response within 10 days instead of 5 days in the original Act?. For
complex payment claims, the respondent now has 15 business days to submit his
adjudication response® and can raise new reasons that were never addressed in the
payment schedule®. He is also eligible to apply to the adjudicator for an extension of
time of up to 15 business days to submit his response®. These arrangements were
sought to overcome the criticisms of ambush practice and lack of procedural fairness.
The adjudicator can have up to 20 business days to issue decision instead of 10 days
stated in the Original Act.® As proposed by Wallace, the claim monetary value was
fixed at $ 750,000, so any claim greater than this value will be treated as a complex
claim even though it involves simple matters. Wallace simply adopted this cap to tie it
with the monetary limit of the civil jurisdiction of the District Court of Queensland.
According to the statistics, he assumed that approximately 90% of claims will be
adjudicated under the standard scheme.

On the other hand, the Reform established robust arrangement for appointment and
regulation of adjudicators. The Reform not only abolished Authorised Nominating
authorities’ replacing it with a single governmental registry in response to perceived
bias in adjudicator’s appointment, but also established a unique Policy for adjudicator
grading and selection criteria.? The Policy established, inter alia, a grading scale for
adjudicators depending on their qualifications, experience and skills, namely,
Adjudicator (lowest), Advanced Adjudicators and Senior Adjudicator (highest),
whereas complex or large claims cases are only assigned to senior adjudicators. The
policy states that: “The Registrar will have discretion when assessing an application
to nominate a Senior Adjudicator irrespective of the claim value where the complexity
of the matters in dispute warrants nomination of a Senior Adjudicator. ”

West Coast model

Until now, there have been no appropriate studies on the performance of the West
Coast model with regard to its capacity to deal with complex claims. However, many
academics trust this model being more effective than the East Coast model. The model
applies the approach of “one size fits all ” where adjudication proceedings are the
same no matter how simple or complex is the claim allowing only 14 days for
adjudicator to issue determination. Also, the legislation does not have adequate
regulations governing the appointment and regulation of adjudicators. The Report of
ALRS (2014) recommended a national scheme across Australia which draws heavily
from the West Coast model. However, the ALRS Report embraced the need of quality
control system of adjudicators as well as sliding timescale for determinations (ALRS
2014: 63 and 65). Yung et al. (2015), argued that it may be too early to discuss

25 24A (2) a, Qld Act.

S 24A (4), Qld Act.

4524 (5), Qld Act.

5524 A(5), Qld Act

¢S 25A (5&6), 25B; Qld Act.

7S 114, Qld Act.

8 See Adjudicator Grading and Selection Criteria for Nomination of Adjudicators 2014 Policy.
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harmonized national scheme while there is a very little and unreliable research
evaluating the effectiveness of the West Coast model. Evans (2014) issued a
discussion paper endorsed by the Building Commissioner in an attempt to review the
performance and operation of the Western Australia legislation since its
commencement. The paper suggested important inquiries to the industry pertaining
the appropriate time limits for complex claims as well as regulation of adjudicators
including qualifications, registration, auditing and training. Until the time of writing
this paper, the final report was not released.

THE ROADMAP TO EFFECTIVE ADJUDICATION REFORM

Marquet (2015) confirmed the need for reform noting that the current volume of
judicial review is destructive of speed, certainty and affordability. He also noted that
the improvement of SOP regimes requires the achievement of just outcomes, not
merely fast or cheap ones. Having summarised the key developments and proposals to
date with respect to the various Australian legislation, this paper now turns its
attention to the future by proposing a roadmap towards the destination of optimising
the statutory adjudication of complex payment disputes in Australia. This roadmap
starts from a well-established position based upon the government and academic
literature to date, the shortcomings of the existing East and West Coast model
adjudication schemes, and consequent need for a better designed adjudication scheme
to determine complex payment disputes. As such, rather than retracing the need for an
improved adjudication scheme, the roadmap aims to move forward the research by
identifying five key areas (or pit stops) from the relevant literature where it is
contended that empirical research is now needed in order to realise the destination of
an optimal adjudication scheme for complex payment claims. The key research areas
— selection of Qld model as a benchmark, criteria of complex disputes timeframes,
appointment and regulation of adjudicators, powers of adjudicators and merits review
system— are discussed below. The discussion includes a justification of each issue as a
research area, and an exploration of the various options available to address the issues
sometimes even putting forward hypotheses for the research. At this preliminary
stage, this roadmap represents somewhat of a ‘blunt instrument’, and intended to
proffer an ‘aunt Sally’ for feedback in order that the roadmap be refined for
subsequent use by the lead author as the basis for his PhD research.

Queensland Model as a Benchmark

It does not make sense to reinvent the wheel and leave the efforts of other legislatures
and scholars behind. As a start point of the roadmap, the Authors are of the opinion
that the QId model is deemed the most appropriate benchmark to deal with complex
payment disputes because of the reasons mentioned earlier such as the appointment
process of adjudicators and the new mechanism to deal with complex claims. Having
said that, it may be too early to judge the effectiveness of the Qld model, so a case
study will be undertaken to evaluate the performance of the Act in its recent form to
have certainty of the improved outcome. Also, there is still a great opportunity to build
upon the current features of Qld model and enhance certain areas relating to complex
claims by considering the remaining pit stops down the road as follows next.

Criteria of Complex Disputes Timeframes

Since SOP was successful in dealing with simple and small claims, it is quite
important to maintain such strength and draw the line, so complex claims can have a
different process within the legislation. Table (1) below shows the distribution of large
claims in major Australian States. As part of the proposed measures in this study, the
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cap of complex claims should be reduced to $500,000 instead of $750,000 which will
capture a bit more applications of likely complex nature (e.g. 3% more as in QId) and
tie it with the claims categorizing of annual reports for accessible data monitoring.
This monetary value is distilled from the NSW Home Building Act, which limits the
jurisdiction of Tribunal to review building disputes up to $500,000,° otherwise, the
claim should be dealt with by a district court or a supreme court. This limitation of
jurisdiction reflects the nature of complexity and substantial economic substance of
claims exceeding this amount. Also, a sliding scale of time limits should be developed
for claims larger than $500,000, so the larger the claim, the longer the timeframe of
adjudication decision to avoid the pitfall of “one size fits all ” approach. A nice
proposal of such sliding scale has been already developed by ALRS (2014: 65) and
deemed a good start point of research to establish reliable and deliberate time limits.

Table 1: Distribution of large adjudicated claims in Australia *°

Claim amount NSW QLD WA

Years 2012 2013 2014 2012 2013 2014 2012 2013 2014
< 100,000 73% T78% 74% 78% 71% 73% 49% 44% 29%
100-499,000 2000 16% 22% 11% 16% 14% 32% 25% 35%
> 500,000 7% 6% 4% 11% 13% 13% 19% 31% 36%

Furthermore, complex claims should include smaller claims with a defined cap
between $100,000 and $500,000 but this consideration should be only decided by the
Registrar following the complexity criteria explained below. The minimum proposed
threshold of $100,000 ensures that more than 70% of applications will be adjudicated
under the original scheme. Also, Department of Services Technology and
Administration (2010) considers simple claims lower than $100,000. This threshold
replicates the same limits in Victoria for having adjudication determination
reviewed." According to his second reading speech, his Honour Madden (2006)
confirmed that such limit is given in order not “to disadvantage small subcontractors
who rely on prompt payment to stay in business ”. This proposal will ensure that
considerable percentage of subcontractors’ claims of complex nature against head
contractors will be likely dealt with, in similar fairer proceedings to the corresponding
claims served by head contractors against their own principals. The complexity
criteria for claims ranging from $ 100,000 to $500,000 should include the volume and
nature of documents, inclusion of expert reports, the nature of disputed matters such
as damages, breach of contract, prolongation claims, legal matters, latent conditions,
changes in regulations etc. Ultimately, the above proposed thresholds and criteria of
complex claims will be subject to further consultation with the industry stakeholders.

Appointment and Regulation of Adjudicators

Although the QIld Reform replacing ANAs with a single governmental registry was
necessary to remove the apprehended bias, it does not appear to resolve the problem
of bias where Qld Government is part of adjudication. This issue was highlighted by
the Parliamentary Committee (2014) who suggested to seek an alternative to the new
appointment process should the Government becomes involved in Adjudication. Such
alternative might be naming one of the reputed abolished ANAs such as IAMA in the
relevant regulation for this purpose. The QId Policy for selecting and grading

°See s 48K of Home Building Act 1989 - NSW

10 Note: In the annual reports, WA adopts calendar year while NSW and Qld adopts financial year. Also, for 2013, the table
considered the first two quarters to work out the NSW percentage which might change upon the release of the annual report.
1 See s 28A (a) of Vic Act.
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adjudicators®? is an excellent tool but needs further pragmatic improvement to
increase the quality standards of adjudicators dealing with complex claims. For
instance, the Registrar, once receives both adjudication application and relevant
response, should decide the time limits of adjudication decision based on the size
and/or complexity of claim in accordance with the above criteria as soon as possible.
Then, the Registrar can refer the case to a prospective adjudicator with a copy to both
parties stating whether the claim is simple or complex and fix the relevant time limits
in the referral notice.

The Registrar should take all possible measure to ensure that the nominated
adjudicator is competent enough to reach just outcome within the stated time limits.
The prospective adjudicator must adhere to a specific code of conduct developed by
the Registrar replicating its counterpart of Singapore Mediation Centre (SMC) such as
raising any actual or apprehended conflict of interest before accepting nomination and
undertaking to adhere to the time limits™. To have some flexibility, the adjudicator
may formally request additional specific time from the party referring the claim to the
Registrar in order to accept nomination. The adjudicator must notify the Registrar and
both parties of his acceptance or decline within four days of receiving the referral
notice. During proceedings, the adjudicator must dismiss the application if satisfied
that it is not possible to fairly reach a decision within the available time limits because
of the complexity of the case.'*

On the other hand, adjudication training should include a compulsory legal training
for adjudicators who do not possess appropriate legal qualifications, while lawyers
with no proven construction experience should have another compulsory training in
construction technology, programming and quantity surveying. Yung et al. (2015)
addressed the necessity of legal training in Western Australia due to the fact that many
submissions for complex claims are prepared by lawyers. To be eligible to adjudicate
complex claims, minimum years of experience should be expressly stated but not less
than 10 years in dispute resolution and local construction experience. Also, a system
for compulsory Continuous Professional Development (CPD) for active adjudicators
should be established as recommended by the Wallace (2014:236). Evans (2014) also
requested submissions on the necessity of the CPD requirements as part of the review
of the WA Act. It is argued that imposing CPD will ensure that adjudicators are well
informed and up to date with the relevant development in case law.

Unsatisfactory adjudicator’s performance should be closely monitored and formally
recorded. A complaints system similar to that of SMC™ should be established and
serious investigation should be carried out by the Registrar which may result in
imposing a disciplinary action on non-performing adjudicators including formal
warning or suspension of registration. Any voided adjudicator’s decision under any
Australian Act should be seriously scrutinized. Where the reasons for voiding the
decision include lack of good faith or substantial errors, the registration of the
concerned adjudicator should be temporarily suspended till he undertakes an ad-hoc
compulsory training with examination. Should the same adjudicator got another
decision voided within five years of the first voided decision, the Registrar may cease

12 |bid no. 7

13 gee (clauses 1,2 and 10), Adjudicator Code of Conduct, Adjudication under the Building and Construction industry Security
of Payment Act (Cap 30B) (Rev Ed 2006), Singapore Mediation Centre

14 see Balfour Beatty Construction Ltd v Lambeth London Borough Council [2002] EWHC 597 at [36]

15 See (clause 9) of Adjudicators Code of Conduct, Singapore Mediation Centre
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renewal of registration or cancel it.'® The Qld model uniquely states that the
adjudicator would NOT be entitled to recover his adjudication fees if his decision was
overturned by a competent court on grounds of lack of good faith*’. However, it will
be advantageous to include quashed decisions for other substantial errors to limit the
influence of legislator’s support and give adjudicators more incentives to turn their
minds intellectually into the cases before them. However, it may be too irrational to
waive the whole fees, so proportionate fee deduction may be decided by the Registrar
in favour of the aggrieved party.

Adjudicator's Powers

Complex claims commonly involve various sophisticated technical or legal issues,
whereas most of eligible adjudicators can’t practically possess such collective
expertise to turn their minds reasonably into all presented arguments. Therefore, in
any complex claim, the adjudicator should be equipped with inquisitorial powers
similar to adjudicator's powers under the UK model such as taking the initiative to
ascertain facts and law, engaging experts and receiving and considering oral evidence
in conferences.*® To clarify and refine the proposed powers further, the adjudicator
should be allowed to use his own knowledge and experience but should request
further submissions from the parties on such opinion or any other issue to ensure
fairness. However, he should be empowered to give deadlines and limit the length of
submissions. He should allow legal representation in conferences but should be
limited as the adjudicator finds appropriate for efficient conduct of proceedings and
avoiding unnecessary expenses*®. To avoid the shortcoming of dealing with expert
reports as mentioned by Skaik et al (2015) or where the differences between experts
are enormous, the adjudicator should call for a conference with experts and conduct
hot tubing, in which both experts are examined concurrently and allowed to cross
examine each other. Atkinson and Wright (2014) argued there is no reason why such
arrangement is not implemented in adjudication where the adjudicator can receive live
expert evidence. If the adjudicator found it necessary to request further submissions,
engage experts, arrange testing or conduct conference, he may request an additional
time (up to 5 business days) from the referring disputant only to avoid potential tactics
of some respondents who may not have the same claimant’s incentive to reach reliable
and robust outcome. Sheridan and Gold (2014) noted that when that party does not
approve such additional time, the adjudicator should resign if it is unfeasible for him
to reach sound outcome and he should warn the applicant about this possibility when
requesting the additional time. These provisions will not only improve the procedural
fairness but also help adjudicators understand complex legal or technical matters, so
the soundness and reliability of the adjudication outcome will be definitely improved.

Review of adjudication decisions

Marquet (2015) noted that although the Full Court supports Supreme Courts in
remitting invalid adjudications, even if the legislation is silent about it, to the original
adjudicator, it is not preferable option being lengthy, complicated and against the
intent of the legislation. According to ALRS (2014: 67), it is preferable to keep any
merits review process away from expensive prerogative writ proceedings that
undermine adjudication by raising jurisdictional issues leaving the actual disputes

18 This approach adapted from 'Code of Conduct for Authorised Nominating Authorities', Building and Construction Industry
Security of Payment Act 2009, South Australia.

175 35(6) QId Act.

18 See (s13, part 1), Scheme for Construction Contracts Regulations, UK.

19 See S 67, Construction Contracts Act 2002, New Zealand
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unresolved. The availability of informal review in the WA and Victoria®* do not
address these concerns as the review is limited to few jurisdictional issues rather than
the merits of the dispute. To control the overall cost and improve the finality and
informality of statutory adjudication, judicial review should be reduced as practical as
possible by establishing a fast track internal review system of the merits of
adjudication decisions. The Singapore model is the only statutory adjudication regime
which provides such excellent mechanism for aggrieved respondents?. According to
Christie (2010), such mechanism is worth serious consideration by Australian
Parliaments envisaging reform of their existing schemes. According to the SG Act, the
respondent must pay the adjudicated amount to the claimant in the first place to be
entitled to apply for review.?® The respondent may apply to the ANA for the review
within 7 days®* of obtaining the adjudication decision if the adjudicated amount
exceeds the relevant response by $100,000 or more. The ANA should appoint one
adjudicator or a panel of three adjudicators if the difference exceeds $1 Million.?> The
adjudicator(s) must issue the decision within 14 days?.

To refine and harmonize the inclusion of this system within the roadmap, the review
should be further limited to complex claims as defined earlier. The respondent should
not appeal the original adjudication decision in court unless having the case reviewed
by this mechanism in the first place.?” Also, the review adjudicator should be selected
from the next higher category in the grading scale. The panel of adjudicators should
be only needed if the original decision was issued by a senior adjudicator with the
highest grade. The review adjudicator(s) must issue the decision within an equivalent
timeframe to that of the original adjudicator under the legislation. The identity of the
original adjudicator should not be disclosed to the review adjudicator(s). It is worth
noting that the proposed review system may not be urgently required if all the
previous pit stops of the roadmap are adopted in the legislation. The review system
acts as a safety net that will not only improve the accessibility, certainty and precision
but also increase the confidence in the final outcome avoiding lengthy and expensive
legal proceedings in arbitration or court on the same payment dispute.

CONCLUSION AND FURTHER RESEARCH

Recently, statutory adjudication in Australia has received increasing criticism
regarding its unsuitability to deal with technically and legally complex payment
claims, where adjudicators are under pressure to consider substantial volumes of
submissions in very tight timeframes. Criticisms have been directed at, inter alia,
adjudicator’s appointment and regulations, procedural fairness, jurisdictional powers
and lack of finality. This paper reviewed the features of successful binding dispute
resolution in the context of complex claims which include procedural fairness,
accessibility (speed and affordability), finality and informality. Then, it briefly
reviewed the evolution of Australian SOP regimes. Finally, the paper proposed the
QId model as a benchmark for the envisaged roadmap to effectively deal with
complex payment disputes with proposed measures of further improvement.

%546, WA Act.

21 528 (b) of Vic Act.

25 18, Building and Construction Industry Security of Payment Act 2004-Singapore “SG Act”

%518 (3) SG Act

%518(2) SG Act

% See S 10(1) the Building and Construction Industry Security of Payment Regulations 2005.

%5 19(3) SG Act

ZSee RN and Associates Pte v TPX Builders Pte Ltd [2012] SGHC 225 at [61] where the appeal on grounds require the re-
opening of the merits of the case was rejected since the review system was not invoked first.
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The paper asserts the need for further investigation to ensure the QId model will lead
to a better overall outcome. The Authors propose specific pit stops for the roadmap to
improve the Qld model drawing upon the collective strengths in other legislations and
commentaries. The measures include establishing criteria of timeframes of complex
disputes, improving the appointment and regulation of adjudicators, equipping
adjudicators with inquisitorial powers and creating a system to review the merits of
adjudication decisions adapted from Singapore model. The paper findings are
presented as blunt instruments or hypotheses to inform the subsequent empirical
research which the authors are currently undertaking to further investigate, strengthen
and validate the proposed pit stops in order to optimise the statutory adjudication of
complex payment disputes in Australia.
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WHAT IS RISK? CONSTRUCTION ACTIVITY NEAR
HAZARDOUS INFRASTRUCTURE

Jan Hayes', Vanessa McDermott and Helen Lingard

RMIT University, Centre for Construction Work Health and Safety Research, Melbourne, Australia

Construction management has a strong safety focus directed primarily at reducing risk
to workers. There is a special class of construction work that has the potential for a
different set of safety issues — work that could damage hazardous infrastructure with
possibly catastrophic effects for workers and the public alike. The natural gas pipeline
failure as a result of car park construction in a light industrial area at Ghislenghien,
Belgium in 2004, which resulted in 24 deaths, is one such example. The primary
focus of this research is a case study regarding project-related construction activity
around high pressure natural gas pipelines in Australia. Drawing on data gathered
from in-depth interviews, alternate definitions and meanings of risk are explored
amongst stakeholders who are responsible in some way for work near or around high-
pressure gas pipelines. The research uncovered perceptions of risk from project
personnel in various parts of the supply chain, couched in terms of project delays,
legal and insurance obligations, as well as reputation management. The research
demonstrates that, whilst damage to buried assets is recognised as something to be
avoided, awareness of the potential for major disaster is poor. Further, supply chain
contractual structures based on 'pay per meter' and risk control strategies relying
solely on enforcement and procedural compliance, create a safety environment that is
ineffective and dangerous. Responsibility for risk is shifted down the supply chain
and yet field personnel are exposed to incentives for timely project completion.
Consequently, strikes or near misses may result as sub-contractors seek to avoid
perceived ‘unnecessary’ time delays and any associated financial impact. The
research shows that efforts to reduce the potential for pipeline strike need to be
targeted at organisational and supply chain structural changes, rather than simply
aimed at worker risk perception and enforcement of safety compliance strategies
targeted at field personnel.

Keywords: risk, health and safety, contracting, motivation.

INTRODUCTION

Construction management has a strong safety focus, but this is directed primarily to
reducing risk to workers from the physical hazards of their specific tasks. When work
is undertaken close to hazardous infrastructure, the potential for catastrophe exists.
This was dramatically illustrated in Ghislenghien, Belgium in 2004 when construction
of a car park damaged a high pressure natural gas pipeline. When normal pipeline
operations resumed some time later, the pipeline ruptured resulting in 24 deaths,
mainly amongst emergency services crews (Mahgerefteh and Atti 2006).

In Australia, analysis of pipeline damage events has shown that 86% are caused by
people outside the pipeline sector working near buried infrastructure (Tuft and Bonar
2009). Such events are effectively 'near misses' for Ghislenghien type events. For the
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gas pipeline sector, this provides a significant incentive to better understand the
motivations of those who are responsible for such work.

This paper reports on some of the initial findings of research commissioned by the
pipeline sector into attitudes towards risk of those involved in work near pipelines. It
addresses a single case study of a large infrastructure project that involves significant
construction activity near pipelines. The aim is to reveal specifically how relevant
stakeholders comprehend risk and responsibility for prevention of pipeline damage or
failure.

The case study project uses typical supply chain arrangements with project
management retained in-house but responsibility for detailed design, installation work
planning and activity managed by a complex chain of contractors and sub-contractors.
All construction work is done on a pay per meter basis.

The analysis is based on an organisational view of accident causation and prevention
as illustrated by James Reason’s Swiss cheese model (1997) and the work of the high
reliability researchers such as Weick and Sutcliffe (2001). In this way of thinking
about safety, the performance of all components in the system is interlinked and the
primary responsibility for safety rests with management, rather than workers in the
field. We also draw on literature regarding error management (Reason 1990),
proceduralisation (Bourrier and Bieder 2013) and the role of rules (Hale and Borys
2013a, b).

METHOD

This research uses a case study approach in order to develop a detailed and nuanced
understanding of the perceptions of individuals through the supply chain of one
construction project. As such, it makes no particular claim to generalizability instead
relying on the value of case studies as concrete, context-specific knowledge that is
critical for expert learning (Flyvbjerg 2006).

The research primarily draws on interviews with representatives from a case study
organisation (CSO) involved in construction of a large-scale infrastructure project and
their contractors (15 interviewees). Interviews with pipeline industry personnel (20
interviewees) also inform the results. These exploratory conversations aimed to
ascertain the differing conceptualisations of risk including how such perceptions are
framed and why. Further data is drawn from a content analysis of policy and
procedural documents. Interviews were transcribed for analysis. Direct quotes were
extracted regarding motivation, primary task and governance frameworks. These were
then analysed in more detail to establish similarities and differences in attitudes to
risk, safety, worker behaviour and organisation of work.

RESULTS AND DISCUSSION

In all cases, these descriptions are taken from the words of interviewees. Our focus is
therefore on work as done (or at least as perceived to be done), rather than work as
described in formally documented systems. We also emphasise the social aspects of
work —who interviewees believe to be responsible, how they report on actions of
others, what they believe to be important etc.

Attitudes to Risk

The first key issue revealed by the data is interviewees' understanding of the primary
task of the CSO - rolling out a national infrastructure project on time and within
budget. They do not (with a few minor exceptions) conduct fieldwork themselves, but
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rather operate a complex chain of what they call Delivery Partners who manage
contractors and sub-contractors across the country on their behalf. Nevertheless, the
CSO project could potentially interrupt supply or damage a high pressure gas pipeline
and attitudes to the risk that this poses are therefore relevant. Across all interview
participants, the risks associated with strikes to underground services generally were
conceptualised and described in terms of the possible consequences using words such
as ‘potentially huge’, ‘catastrophic’ and ‘devastating’. But what are these
consequences of concern?

In addition to safety, other identified risks included negative media coverage, and thus
negative public perceptions of the reputation of any organisations that may be
implicated in the event of a major strike or any interruption of supply eg:

“... it's our brand, it’s our name, it's our reputation that is on the line because no one
ever, if you ask anyone’s that’s going down the street, it's not ... the Delivery Partner
... So it is about us, it is our name and people will see our name and associate us with
that damage before they associate the actual person who done the damage ... it’s
definitely a brand issue.” CSO 06

Other risks identified by the CSO representatives and contractors included damage to
the pipeline asset and other infrastructure, subsequent remediation costs as well as
economic consequences from interruption of supply due to a third party strike.

“Safety there’s obviously a high risk or potential high consequence kind of impact.
1t’d be financial risk as well. I guess they 're the two main ones aren’t they? It’s an
environmental risk as well and it would be a risk to our reputation and our good
name. It’d obviously be well publicised if something did happen.” Civil Contractor 03

“So, it’s a significant problem ... the infrastructure that would be damaged, buildings,
housing, road infrastructure, electrical infrastructure, water infrastructure,
stormwater infrastructure, I mean, it’s all, it’s just a knock-on effect.” CSO 01

Other interviewees were more concerned about delays following an incident and the
legal liability that could follow. As these CSO participants and a civil contractor
engaged by a CSO Delivery Partner indicated:

“... there's delays in the build, there's ... It's the actual reporting time, interviews, and
all that sort of stuff” CSO 10 and 11

“Yeah, I guess ... the first factor would be our legal liability as a [body with statutory
responsibility] to engage with our contractors and Delivery Partners.” CSO 03

“Basically, our job with drilling is to get a new service from point A to point B.
Obviously there is a lot of infrastructure in the ground already. 1) We don’t want to
damage it to cause down time; 2) the biggest thing is safety. We don’t want the guys to
get hurt.” Civil Contractor 02

Importantly, whilst stressing that the types of risk were not articulated ‘in any
particular order’ and despite senior management claims that ‘safety is the first value in
the company,” worker safety or broader concerns around community safety were often
some of the last aspects to be cited.

Perhaps the clearest indication that pipeline strike is not primarily a safety issue for
the CSO is the fact that risk from all buried assets is treated equally. As one
interviewee explained:
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“... Idon’t think we really distinguish between them [types of buried assets], suffice to
say that there’s a work practice process going on that our contractors and workers
need to manage.” CSO 03

Of course whilst the business risk is similar, the safety implications of striking a high-
pressure gas line are completely different to that associated with damaging
telecommunications cabling. For the pipeline industry, avoidance of pipeline strike is
desirable because security of supply is their primary business goal and the public
service linked to that is the highest priority. For the CSO, pipelines strikes have a
different relationship to business objectives. On schedule and budget performance of
their project is paramount and any asset strike, including pipelines, poses a risk to that.

Beliefs About Why Strikes Occur

Many CSO interviewees spoke about incidents of damage to buried assets in general
terms and offered their opinions as to why they occur despite their efforts to eliminate
this problem.

Generally speaking, there are two alternative ways in which errors by field personnel
can be described (Hayes and Hopkins 2014: Chapter 4). The first is an explanatory
paradigm that seeks to understand why an individual behaved in a particular way and
so how this might be avoided in the future. These explanations are found in the
organisational view of accidents described earlier.

Explanations of the behaviour of field personnel can also be made using an ‘error
management' approach to safety (Rasmussen 1982, Reason 1990) which focuses on
the cognitive classification of errors as slips, lapses, mistakes or violations. Such
classifications can also provide insights into the individual and organisational causes
of error. Unfortunately the focus sometimes moves to a normative paradigm which
attributes accidents to individual fault (Dekker 2007). In this paradigm, error would be
eliminated if only workers behaved properly.

CSO people interviewed to date are largely office-based personnel, although some of
them have roles involving site audit. A clear common theme in their explanations of
why accidents occur is that field personnel are at fault. Their explanations are
normative in several ways and so are focused on faults with the workers themselves,
rather than providing any explanation as to why workers might have behaved in
particular ways.

The first commonly proposed reason for errors in the field is lack of knowledge.
Workers in the field make errors because they just don’t know how to do the work in
the right way. For example:

“I think people mostly are unaware of the hazards, they just don't know.” CSO 09

“So people see a marker and they go, “Oh well gas line must be under here so I'll be
right.” Okay, so the different methodology being used by the different utilities is
important for these guys to understand.” CSO 04

This is often an insidious way of shifting blame onto frontline personnel. Lack of
knowledge can perhaps be an indication that improved communication and training is
needed, but it is often framed instead as meaning that workers are ignorant or even
stupid. Some of our interviewees were of this view. As another CSO person told us:

“It’s about workflow management and laziness. Some of our Delivery Partners, their
field people are overworked or just downright lazy ... You can'’t fix stupidity.” CSO 13
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This individual is putting forward two normative explanations for worker errors -
stupidity and laziness. Another normative explanation given by several interviewees
was complacency or carelessness.

“Not enough due care and attention ... is there the danger that as people do tasks
more frequently ... there’s a degree of complacency, 'It hasn’t happened to me, it’s not
going to happen to me,’ that sort of thing.” CSO 02

“You should not put a shovel in the ground before you do a [one call system]. The
information’s there, it’s more interpretation | suppose, comes down to due diligence,
due care.” CSO 06

In summary, the CSO reportedly has a chain of contractors who employ workers who
are stupid (don’t know what they should do, despite having been told/trained), lazy
(know what they should do but do something requiring less effort), careless (know
what they should do but don’t pay sufficient attention) and complacent (know what
they should do but ignore dangers). These explanations put aside consideration as to
why people may have behaved in a particular way and as such are inconsistent with an
organisational view of accidents as described in the introduction. Without that broader
perspective, any efforts aimed at improving performance must focus only on
enforcement of rules and punishment for deviation from the required behaviour.

Risk Shifting

There is an alternative explanation as to why workers do not always follow rules. In
the case of the CSO, a minority of interviewees thought that there may be
organisational reasons why workers behave ‘badly’, specifically, some workers may
engage in these acts based on their belief that they are doing the right thing and in
order to meet project deadlines or ‘get the job done.” This type of routine violation is
well known in the safety literature (see for example Iszatt-White 2007) and there is
evidence of these types of pressures in the data:

“... I've seen our contracting team do the wrong thing in not getting their [one call
system documentation] or getting a permit in place. It's about timelines, trying to get
the work done, pressure from further up in completing that job on time and under
budget. That's the whole thing, because the longer you have those crews out there or
anything like that and they work into overtime, it may not have been budgeted for. So
all those sorts of commercial issues come in for a contractor ...."”" IND-07

“Everything has a deadline, so at the end of the day, safety plus quality plus
productivity should equal the end result. Sometimes we forget, we just look for the end
result or for the target and the pressure to build can affect that. ... we've got, inside
the company and outside the company, people driving ... the quicker you get a job
done the more margin you make.” CSO 07

These comments highlight an important point that emerges from the data. CSO
interviewees have indicated that the main reason for avoiding pipeline strikes is
because of their time and cost impact on the project. However the reasons for avoiding
the measures put in place to prevent strikes is also the time and hence cost involved.
Rather than a question of safety, we now have simply two financial motivations that
are fungible.

CSO interviewees were reluctant to see this link. One senior CSO manager stated that
“... getting paid by the metre might be a factor, but it’s not the root cause. I just think
that there are a number of root causes and incentives or payment is only part of it”
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[CSO 01]. When probed, this participant went on to criticise the field contractors
because they are “poor at identifying where the assets are and exposing the assets ”.
In other words their failure to follow process is the ‘root cause’ of accidental asset
strikes. This illustrates the tendency for CSO personnel to ‘shift’ responsibility — and
blame — for any accidental incursions away from any organisational or structural
factors to the level of the individual contractor or frontline worker.

In summary, the CSO attempts to address third party activities around pipelines
through specific systems and processes to govern work activities. Third party
activities are subject to surveillance and monitoring using an ongoing audit process to
ensure compliance with particular systems and processes as well as legislative
frameworks. Underpinning these systems and processes are strongly held views that
equate compliance with prevention of pipeline or asset strikes. As one CSO
representative explained: “... we just oversee it based on these guys following their
own processes. And they have great ones and it's proven, like probably 98% of the
time, had they adhered to that, their own process, it wouldn’t have happened” (CSO-
10). This person seems to be allocating 98% of the responsibility for pipeline strikes
to the workers and only 2% to problems with processes. In other words, a risk
governance framework in the form of systems and processes is equated with safety.

Governance systems and processes

To manage the risk of pipeline strikes, the CSO implements particular systems and
processes. Risk management, and thus public and worker safety, is conceptualised as
compliance with specific governance frameworks that are articulated in legislation.
The following comment emphasises that in the view of CSO interviewees,
responsibility, and accountability, ultimately rests with the Delivery Partner (principal
contractor) to follow and ensure compliance with rules that are fixed because they
have their origin in regulation and liability:

“Yeah, well that sub-contractor would be responsible for it because it’s their
responsibility to get the [one call system] plans and locate the assets so they have to
follow the rules. The principal contractor would wear obviously some of that
responsibility if there were a death or anything like that and obviously up the chain.
So that’s why everyone has to have their due diligence up to the client, but the main
person would be that sub-contractor.” CSO 12

Whilst clear identification of roles and responsibilities is important, as we can see, the
data again reveals a tendency amongst CSO participants to allocate responsibility, and
thus liability for errors to Delivery Partners or other frontline personnel. There is no

sense that the primary goal of CSO interviewees is to protect the public from disaster.

This exclusively top down and highly rigid approach is reflected in the way that the
CSO behaves. The CSO devolves responsibility for safe work systems and processes
to their Delivery Partners, or principal contractors. However, these groups as well as
any sub-contractors they may engage are required to align their policies with the
CSO’s overarching risk-based compliance framework, including appropriate training
and supervision. Compliance with those processes is audited by the CSO. For
example:

“My job is to manage a team of people whose tasks involve primarily audit and
inspection for compliance to legal and other regulations of our Delivery Partners”
CSO 03
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A significant aspect of the CSO’s array of systems and processes are ‘critical risk
controls (CRCs),” stipulated by top management that specify mandatory systems for
working near underground assets. Of course top management attention to critical
safety issues is to be encouraged as a lack of understanding of the impact of top
management decisions on safety has been shown to be a major factor in several
serious accidents (Hayes and Hopkins 2014). Having said that, Schein (2013) has
described the need for what he calls ‘humble inquiry’ on the part of top management
in order to understand the state of safety, promoting an attitude of listening, rather
than telling. Telling is the dominant communication strategy from the CSO to its
Delivery Partners who are contractually obligated to adopt and orient their own
systems and processes around these CRCs. As these comments from CSO
representatives and a Delivery Partner employee stated:

“They are contractually obligated to the critical risk controls. So they 're given a copy
at tender.” CSO 01

“... we told [the Delivery Partners] that they had to align to [CSO critical risk
controls] and get the systems to align to it. Then we did some audits on that to make
sure that that included all the relevant things that we thought if you implement you
reduce your risk of damaging the assets.” CSO 12

At the CSO, safety is equated with, but ultimately secondary to, risk mitigation, which
is attained through rule-based compliance that is monitored and audited using systems
and processes including critical risk controls.

Compliance and proceduralisation of risk

Adherence to an overly compliance-based approach to safety, or the proceduralisation
of risk, is problematic for safety. This is not to suggest that rules and procedures are
not important. They play a key role in managing risk and are essential elements for
any modern organisation to function effectively but a problem arises when procedures
are seen as a universal panacea. Bourrier and Bieder (2013:3) provide a succinct
description:

Historically, to put it bluntly, proceduralisation has been the response to flaws
identified though accident investigation and analysis. It was also the only response
that made sense in a world where beliefs on safety were (and still are in many places)
based on a model which assumes that safety results from reliable equipment, good
procedures and processes, well-behaved operators and well-designed organisations.

As we have seen earlier, the CSO takes the view that ‘safety’ is achieved by exactly
these types of measures — good procedures and processes and well-behaved operators
that adhere to procedures or rules. The world is, in fact, far more complex than this.

Rules, or procedures, can either act as an aid, supporting workers in a difficult task or
as a standard to which compliance can be enforced (Fucks and Dien 2013, Hale and
Borys 2013a, 2013b). There is evidence of this second approach in the CSO data. For
example, CSO rules about prevention of pipeline strikes are described as ‘rules that
cannot be bent” and as ‘hard and fast rules of what people must do” [CSO 01].
Nevertheless, evidence that this approach is not successful is also illustrated by that
same participant who goes on to note, ‘but we’re still hitting things” [CSO 01].

A further issue with the proceduralisation of risk is that proceduralisation itself
becomes a proxy for safety issues i.e. compliance with the process becomes the goal
in its own right. Adherence to process, accompanied by a concern to manage liability,
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drives a push towards a reliance on audits (Power 2007). This is evident across the
CSO interviews:

“So firstly, we see that ... they ‘ve done a risk assessment and identified all the
different activities and training required ... we look at the systems first, ... then we
monitor them, that they re compliant to their own systems ... “ CSO 04

«

‘... we would audit that they have followed the processes ... they have their own
processes that they have to follow ... we would turn up and do an interaction on a
particular crew on a particular day, might be one week, might be one a day.” CSO 06

From this perspective, failure to comply or deviations from procedure become easier
to understand. However, this also means that the social processes attached to the daily
uncertainties and complexities, or the “real conditions under which safety is
produced ” are neglected (Bourrier and Bieder 2013: 3). The literature shows us that in
reality, safety results from the complementary interaction of formal prescriptions as
well as informal rules (Fucks and Dien 2013). A reliance on procedures can create a
context in which individuals forget, neglect or avoid anything that is not formalised.
Increasing formalisation of procedures, or bureaucratisation, was identified in early
organisational sociology literature, which point out that bureaucracy can lead to over-
compliance. In that type of situation compliance with rules becomes the aim rather
than a means to a goal (Merton 1968). Such over-bureaucratisation in an organisation
can result in the “transformation of people into robots ” (Fucks and Dien 2013:32).
This can also contribute to a decline in actions that perform and enhance safety, such
as the ability to consider a variety of elements, an analytical and critical sense at work
that includes taking the initiative and questioning procedures or practices that are seen
as problematic, ineffective or too complex.

This is an important point because workers' willingness to reflect on, and then if
necessary adapt, their work practices is challenged by procedures that contribute to
perceptions that actions taken outside the rules are ‘too risky,” particularly if people
are convinced that those actions will lead to negative employee evaluations (Reason
1997). Added to that loss of autonomy and reflexivity, and despite being underpinned
by an intention to enhance safety and worker responsibility, reliance on procedures
and rules can contribute to a ‘blame culture’ where analysis of any organisational
failures means that individuals are stigmatised as responsible for those failures
(Dekker 2007). This type of human error paradigm is often used to reduce ‘failure’ to
the individual level but neglects to consider broader organisational or social factors
that might contribute to why individuals make ‘wrong’ decisions. As we have already
seen, there is evidence in the CSO data that errors by field personnel are perceived as
the ‘root cause’ of why accidents occur.

Safety research indicates the many ways in which a strict compliance approach such
as that adopted by the CSO is unlikely to result in the best safety outcomes. This then
raises the question as to why the organisation has chosen to use this method of
managing what they see as a critical risk. It seems that, rather than directly addressing
the difficult problem of managing the potential for a catastrophic pipeline rupture
whilst meeting ambitious project schedules, the CSO pass on responsibility for the
issue and, critically, for management of uncertainty, to their sub-contractors as the
following extract of interview illustrates.

“... we expect our contractors to be diligent. But with the rates that are paid, via
[CSO] or not so much [CSO], but ... the Delivery Partner, the rates that they pass
onto their contractors, they take a lot of the margin out. So the Delivery Partners, it’s
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metres in the ground to them, and while they 're stopped and potholing and all of that,
they 're not getting paid for that. So it’s a commercial impact.” CSO 13

This comment indicates that as far as this interviewee understands it at least,
contractors are required to follow procedures and yet the risk of variation in work that
they are required to do as a result of those procedures is not paid for by the CSO or the
Delivery Partners.

In summary, the CSO attempts to control safety outcomes by using a top down overly
proceduralised governance structure. Indications are that it is not highly successful as
reportedly strikes to underground assets continue to occur (although we have no
specific statistical data on this). In considering why such an approach to safety has
been taken, we have noted that the business model of the CSO appears to provide
strong justification for adopting the strict compliance model that the CSO has put in
place because it shifts financial risk away from the CSO itself.

IMPLICATIONS FOR THE CONSTRUCTION INDUSTRY

Our research to date indicates that within the CSO, there is a high awareness of the
risk of damage to underground assets but this is seen primarily as a business risk to the
organisation itself rather than a significant safety issue. The potentially catastrophic
safety consequences of a high pressure gas transmission pipeline rupture are not
widely understood. The San Bruno disaster in 2010 which caused eight public deaths
and burned down this suburb of San Francisco illustrates the destructive power of a
major leak from a high pressure pipeline (Hayes and Hopkins 2014). Construction
activity could result in a pipeline accident on a scale not appreciated by the CSO and,
we suspect, by many other construction organisations outside the pipeline sector.

In this case, the way in which project work is structured shifts management of low
frequency but high consequence accidents to the bottom of the supply chain. We make
no claim to generalise the findings and yet we note that this contractual structure is far
from unique to this project. Privatised utility operators are constrained in their ability
to address this directly (even if they are aware of the problem) as they have limited
powers to mandate actions by other commercial organisations. There is clearly a role
for government here but effective safety risk management also requires structural
changes in order to align financial and business incentives with the desired safe
behaviours throughout the supply chain.

This research is continuing with further interviews aimed to address two main groups
- workers in the field and other organisations such as local councils that commission
construction near hazardous linear infrastructure.
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Megaprojects present significant economic risks to their financiers and sponsors.
Factors such as inflation, cash flow issues, material and energy price hikes and change
in government policies can cause such capital intensive projects to overrun planned
budget and schedule allocations. Where the project is a commercial asset, delayed
completion time and cost overruns usually have significant impact on the profitability
of the project as well as the estimated returns on investment over the operational
phase of the project. Understanding the dynamics of specific risks can thus be very
crucial in designing containment measures to deal with their likely impact on the
project. Using a case-study of the Edinburgh Trams project in Scotland, the dynamics
of identified economic risks in transportation megaprojects is presented. Through the
combination of interviews, questionnaires and non-participant observation, different
economic risk factors were first identified. The identified factors were then prioritised
using Analytical Network Process (ANP) to establish the most salient economic
variables on the Tram project. Some of these factors include material and energy price
increases as a result of the 2008 recession, as well as inflation and changes in
government funding policies. The selected factors from the ANP were then modelled
within a System Dynamics (SD) framework to appraise their measured economic
impact on the project to gain a fuller understanding of the interrelationships between
the variables in the system. The mean impact of economic risks on Edinburgh Trams
was estimated to be about 22%.

Keywords: analytical network process, cost overrun, economic risk, Edinburgh
Trams, megaproject, system dynamics.

INTRODUCTION

An estimated USD 57 trillion investment will be needed to finance infrastructure
development around the world by 2030, according to a report by Dobbs et al (2013).
This represents an ambitious increase in infrastructure spending when compared to
historical trends. Unfortunately, a significant number of capital intensive projects
experience considerable multi-year and multi-million schedule and cost overruns (see,
Ahiaga-Dagbui and Smith 2013, Ahiaga-Dagbui and Smith 2014a). One of the most
cited sources of cost and schedule overruns in the literature is the ineffective
management of risk and uncertainty (Creedy 2006, Okmen and Oztas 2010) largely
due to a poor understanding of the systemic and dynamic nature of projects (Eden et
al. 2005). Arguably, the nature of construction projects make them particularly prone
to the effects of risk and uncertainty — each project is unique, often complex and
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dynamic; projects are exposed to the vagaries of the weather (not in a controlled
environment); ground conditions are largely unpredictable; large public projects for
example usually take several years from conception to eventual project completion,
making predictability rather challenging. However, even though risk and uncertainty
seems to pervade the construction industry, all too often, they are either ignored or
dealt with in a completely arbitrary manner using rules-of-thumb or contingency funds
(Ahiaga-Dagbui and Smith 2014b). Project risk matrixes or registered have also been
extensively used to identify or quantify risk. However, these do not account for the
interactions or dynamics between risk factors. The crucial skill in risk management is
not to be able to list or rank different factors as though they were stand-alone, but to
be able to see the connections and dynamics between these various factors. As
suggested by Ackermann et al (2007) different risks occurring at the same time,
example, could form a portfolio where the impact of the whole is greater than the sum
of the parts. Boateng et al. (2013) also found that the inability of project managers to
assess risk dynamically in large projects are mostly a major cause of cost and time
underperformance of megaproject construction. The aim of this paper, therefore, is to
assess the dynamics of key economic risks on large infrastructure projects using a case
study of the Edinburgh Tram Network which was completed in 2014. Data from
triangulated sources of questionnaires, interviews and non-participant observations
was modelled within a framework of Analytical Network Process and System
Dynamics.

THE SYSTEM DYNAMICS

System Dynamics (SD) is based on information feedback structure which provides an
avenue to understand the structure and dynamics of complex systems. According to
Coyle (1996), SD has the capability to model the way information, actions and
consequences interact to generate dynamic behaviours, diagnose the cause of faulty
behaviours and to tune its feedback loops to get better behaviour. SD is particularly
suitable for analysing highly dynamic systems that consist of multiple interdependent
components involving several nonlinear relationships. Boateng et al (2012) used SD
to model the impacts of critical weather conditions on construction activities and to
describe its approach in assessing risks in megaproject during construction. Zhang et
al (2014) developed an improved sustainable development ability (SDA) prototype
model using SD to assess construction projects in terms of their sustainable
development value over a project's life cycle. Ackermann et al (2007) developed a
Risk Filter framework for identification and assessment of risks for a multinational
project-based organisation using a systemic approach. Love et al (2002) have
similarly developed an SD model which enables project managers to understand
change and rework in construction project management systems. In this paper, the SD
is combined with Analytical Network Process (ANP) to allow expert judgments to be
synthesised into numerical values given their specific subjectivity inputs and to
prioritize economic risks based on their relative impact on the performance of the
project. The risk prioritization results derived from the ANP were integrated into the
SD stock and flow modelling process at the risk simulation stage to analyse the
behaviour patterns of risks and the level impacts of those risks on project performance
over time.

CASE STUDY: THE EDINBURGH TRAMS PROJECT

The case study project is the recently completed Edinburgh Trams Project (ETN) in
the UK. The construction involved new bridges, retaining walls, viaducts, a tram
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depot and control centre, electrical sub-stations to provide power to the overhead lines
at 750 volts, track laying and tram stops. The project was procured mainly using a
turnkey contract. The Client, City of Edinburgh Council (CEC), used a private limited
company known as Transport Initiatives Edinburgh (TIE) to deliver the tram system.
TIE is a company wholly owned by CEC who were responsible for project-

managing the construction of the tramway from 2008. The role of Tie was to
administer, integrate and coordinate the consultants and principal contractor,

a consortium of Bilfinger Berger and Siemens (Rowson 2008). By February 2011,
contractual disputes and further utility diversion works resulted in significant delays to
the project beyond the originally planned programme. In late 2011, TIE was released
from managing the ETN Project. Turner and Townsend (T&T), a project management
consultant was brought in by CEC to ensure effective oversight and delivery of the
project. Work in 2012 continued smoothly on schedule with a new governance
structure under the management of T&T. After major scope reduction due to large
cost overruns, the project was eventually completed three years late at a reported £776
million as against the initial project cost estimate of £375 million (Railnews 2012,
City of Edinburgh Council 2014).

DATA

The data for this research was derived from triangulated sources i.e. interviews, a
questionnaire survey and structured-case study of the Edinburgh Trams Project. The
data was collected between April 2011 and December 2013. 300 questionnaires were
distributed to members of the project’s client team, site management team,
consultants, subcontractors and suppliers. The project was visited twice a week
throughout the data collection period for onsite non-participatory observations.
Documentary evidence were also obtained from Audit Scotland, the main contractor,
Bilfinger Berger (BBS), as well as other key participants involved in the project.
Also, unstructured interviews were conducted and used primarily to determine the
economic risk dynamics that influenced the cost, time and quality performances of the
project. Coyle (1996) advocated such an approach for identifying and establishing
dynamic relationships as the triangulated data sources allow for the generation of a
rich database to develop the SD models.

SUMMARY OF QUESTIONNAIRE AND ANALYSIS

Out of 300 instruments delivered, 140 completed questionnaires were successfully
retrieved, representing a 46.67% response rate. Among the 140 responses, 99 (71%)
play a role as contractors’ team member (Project engineer, Project manager and Site
engineer), 17 were part of the consultant’s team, 16 were from client’s team while the
remaining 8 did not provide any detail regarding the role they play in the ETN project.
Majority (51%) of respondents worked on the project between 3-5 years, 43% for 1-2
years, 3% for less than a year, while 5 respondents (4%) had worked on the project for
over 5 years.

To standardize the results gained from each survey participant, the identified
economic risk variables were coded and tabulated (See Table 1). Using a Weighted
Quantitative Score (WQS) method, Respondent’s Mean Scores of Importance (RMSI)
were calculated and the results summarised to aid the ANP pairwise calculations. In
this regard, the results achieved by WQS are derived by the Equation 1.

1 -
MV =2 (Ei Eiero) (Equation 1)
Where
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MV = value of mean scores of importance for each criteria/sub-criteria calculated

by WQS.

E = experimental WQS for each sub/criteria expressed as a percentage year of

experience multiplied by each participant’s score of importance.

C = participant’s score of importance for each sub/criteria with respect to cost.

T= participant’s score of importance for each sub/criteria with respect to time.

O= is the participant’s score of importance for each sub/criteria with respect to

quality.

n = total number of participants in this research.
Based on the rounded mean scores of importance, a pairwise comparison of the
economic risk sub-areas was performed with the Super Decisions® software to derive
the risk priority values. The pairwise comparison is a process of comparing risk
variables in pairs to judge which of each variable has a greater amount of quantitative
impact on the project performance. From the ANP computation, project cost, time and
quality are each revealed to have equal synthesized priority weights of 0.33 (33%).

Table 1: Extract from Final ANP Decision Making Priority Results for economic risk factors

Risk Priorities

Economic risks Mean Values Local Priorities (w) Synthesized Risk
(MVrisks) = Priorities Priority
1 —
~ (X1 Eicro) (W)=w o) *0.33 EE%EI))(
Code  Subrisks Cost Time  Quality Cost Time Quality C T Q

(033) (033  (0.33)

Wee) Wy W) We Wiy Wo 3IWeroy

Evi Ch. in funding; 851 7.18 6.31 0.20 0.14 0.14 0.07 0.05 0.05 0.17
Evz Taxation; 390 241 2.42 0.03 0.02 0.03 0.01 0.01 0.01 0.03
Evz Change in gov. 7.01 6.81 5.84 0.09 0.14 0.14 0.03 0.05 0.05 0.13
Evs Wage inflation;  3.38  2.34 2.35 0.02 0.02 0.03 0.01 0.01 0.01 0.03

Evs  Inflation 201 208 203 002 002 003 001l 001 001 0.03
change;

Values of CI, RI, CR and Criteria b Cl Rl CR !

inconsistency (1) for the pairwise Cost (C) 1249 0040 154 003 0.00
: _ Time (T) 1235 0.030 154 0.02 0.00

comparison matrix Quality (Q) 1220  0.020 154 0.01 0.00

The local priority values suggest equal importance of the project objectives to
respondents during construction of the ETN project. Consistency of respondent's
judgment on the level of economic risks impacts on the project as obtained during the
pairwise comparison for each risk with the Super Decisions® with a consistency
threshold of 0.1 to judge whether the comparison conducted is consistent. Where
consistency Ratio (C.R) <0, it meant that respondents’ judgments satisty this
consistency. If not, the experts had conflicting judgments and therefore, the
inconsistent elements in the comparison matrix have to be identified and revised.
Analysis of the results in Table 1 indicates that respondent’s answers to the
prioritization on project objectives during the survey are consistent. Table 1 further
presents the maximum Eigenvector (Amax), Consistency Index (CI), Relative Index
(RI) and Consistency Ratio (CR) achieved for the economic risk factors in this
research. The final Risk Priority Index (RPI) for the economic risk sub-areas is the
addition of the synthesized weights of cost (WC) Time (WT) and quality (WQ).
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Consequently, the RPI for EV1is 0.17 (17%). The RPI for each risk variable is the
final risk priority index that could be used as an indicator to attract a developer’s
attention to potential risks that have the highest level of impacts on project objectives.
The values could also be imported into the SD to simulate the behaviour of such risks
overtime so that appropriate mitigations procedures could be initiated.

DYNAMIC MODELLING OF RISK

The following steps were adopted to in this research to model the dynamics of economic risk during
construction phase of the case study:

i. Problem identification and definition
ii.  Initial model development
iii.  Model verification (using expert opinion)
iv.  Final model development and simulation (analysis of model behaviour)
v. Model validation using software tools and a case study
vi.  Policy analysis, model use or implementation.

After the ANP’s pairwise comparison, a model boundary was formed and a dynamic
hypothesis, also known a causal loop diagram (CLD) was developed. The model
boundary is used to define the limit within which the economic risk model will
operate. It is a representation of “how far in the future should a modeller consider
and/ or how far back in the past lie the roots of the problem? ” Sterman (2010). The
CLD contains risk variables that were identified to generate the problem behaviour on
the cost and time performance of ETN project. Based on a verified CLD, a stock and
flow diagram was finalised in December 2013, by an expert panel comprising 3
project managers, 2 site engineers, 1 system dynamic expert and a risk analyst. A
stock is the term for any entity that accumulates or depletes over time whereas a flow
is the rate of accumulation of the stock. Figure 1 illustrates the stock and flow model
(SFM) which was developed based on a validated CLD. The SMF is developed with
material price, economic risks, risk of project time overrun, risk of project cost
overrun and quality deficiency in focus. However, the latter is excluded from the
analysis in this paper due to lack of data from the real system for validation.

In the SFM, variables such as the economic recession, local inflation rate and material
price have direct influence on the controlling system variable material price hike
which stocks material price. The stock ‘Economic risks’ is in turn influenced by
several other variables through the economic uncertainties as indicated on Figure 1. It
can further be noted that economic risks variable is affected by the economic
certainties. Similarly, risks of project time and cost overruns are influenced by
escalation in project time and escalation to project cost to stock risks of project time
and cost overruns respectively. Further, consideration on the SFM show that a number
of variables influence risk of project time and cost overrun through escalation of
project time and cost overruns. Due to space limitation, the governing equations used
to calculate the system parameters for this model are not provided in this paper.

After the model equation formulation, two assessment tests were conducted to check
the structural conditions of the model. First, structure verification was performed to
compare the structure of the model directly with structure of the real system that the
model represents. To pass the structure-verification test, the model structure must not
contradict knowledge about the structure of the real system. As a result, a review of
model assumptions was carried out with the help of two Project Managers who are
highly knowledgeable about corresponding parts of the real system. Second, a
dimensional consistency test was conducted on the SFM. This test was conducted to
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satisfy the dimensional consistency of the model. By inclusion of parameters with
little or no meaning as independent structural components, often reveals faulty model
structure when this test is performed. Messages from Vensim’s built-in function
indicated that the dimensional tests conducted on the economic risks model are

consistent.

<Project quality

Risks of project
cost overrun

Local inflation rate q——— Foreign exchal

t

nge

Source or Sink

deficiency> Escalation to project
cost overrun
<Economic risks>
Cost of delays Cost of
resolution <Error - .
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funding policy> problems
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Delay of all forms (Utilities - - Risks of project .
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obtaining consents & legal actions) /'time o‘\(errui\
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Figure 1: Stock and flow diagram for economic risks

DYNAMIC SIMULATION RESULTS AND DISCUSSION:

In system dynamics simulation, trend analysis is given priority and numbers do not
have much significance, however, the numbers should be, as far as possible, close to
the real life situations. In the context of the economic risks modelling, the ANP input
to the system to conduct simulation is represented in Table 2.

Table 2: Summary of the ANP Inputs

Code

System Variables

*ANP’s RPI (%)

EV3:
EVS:
EV10:
EV11:

Government discontinuity (change)
Economic recession

Catastrophic environmental effects;
Project technical difficulties

13
03
13
15
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Also, the outputs indicated on Table 3 revealed the dynamic simulation results under
the following time bounds and units of measurements for system variables:

i The initial time for the simulation = 2008, Units: Year

ii. The final time for the simulation= 2015, Units: Year

iii. The time step for the simulation = 0.125, Units: Year

iv Unit of measurement for system variables = Dimensionless

It can be observed on Table 3 and Figure 2 that project time and cost are all impacted
by economic risks. The mean impact level of economic risks (PR3) on ETN project is
revealed to be 21.50%. Time was the most sensitive to the impact of economic risks.
The mean scores of project time and cost overruns of 30.74% and 22.36% respectively
on the project.

Table 3: Extract of Summary of the Dynamic Simulation Outputs

Expected Level of Risk in the project (%)
Min  Max Mean Median StDev Norm

PR3 Economic risks 172 330 215 26.07 10.73 49. 86
EV1: Change in government funding policy 2.21 221 221 221 0.00 0.00

EV2: Taxation 039 039 039 039 0.00 0.00

EV4:  Wage inflation 101 167 150 157 0.19 12.41
EV5: Local inflation 329 337 225 26.67 10.37 46.17
EV6: Foreign exchange 024 141 080 0.77 0.39 49.42
EVT: Material price 8.00 471 266  25.65 13.14 49.42
EV23: Worksite coordination problems 159 335 256  26.90 6.29 24.56

Measured Impact of Economic Risks

Cost
35

30

30.74
Quality Time

E Economic Risks

Figure 2: Measured Impact of Economic Risks

Further to the numerical simulation, results from the system dynamic simulation
patterns were also generated to investigate the influence of exogenous parameters
such as economic recession, government discontinuity, catastrophic environmental
effects and project technical difficulties on the project time and cost performances in
two ways. First the RPIs used as inputs into the SD were fixed to no influence impact
level (0%) for the base-runs simulation and secondly to high influence impact level
(100%) for the current or actual simulation run based on the actual risk priority index
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obtained from the ANP pairwise calculations. As seen in Figure 3, the initial dynamic
pattern based on the actual simulation run turns to increase steadily even with no risk
influence from the exogenous system variables within the first two years of the project
before declining after 2010.

However, when the values inputted in the system were replaced with the RPIs, it can
be observed that after approximately two years and 48 days (2008-2010.13), the
dynamic impact pattern of the economic risks (PR3) increased steadily to reach a
maximum point of 33.03% before declining to a minimum value of 1.72% in year
2015. It is important to note that even with no influence from the exogenous system
variables, the level of economic risks impact was as close to 32% in year 2010 and 48
days into year 2011 but declined steadily to 0% in year 2015. From a holistic point of
view, whether values of the exogenous variables are changed or not, the overall
dynamic patterns for the risks of project time and cost overruns would have increased
to a considerable level and would then become a critical point for the megaproject
developer to assess what the cause might be. This is where the experience of a project
manager's ability to plan for effective risks assessment will come into play. Therefore,
SD/ANP based simulation should only substantiate or aid managerial decisions.

Economic risks

0.4 L/ Max. Prs impact level @
= 0
year 2010.13 = 33.03% Initial RP1 for
0.3 Prs = 25%
impact level.
«&«—  Dynamic
< . pattern (Actual)
5 02 Dynamic pattern
(0% impact level)
0.1
2010.13 Min risk
0 / impact level
2008 2009 2010 2011 2012 2013 2014 2015 for Prs=

Time (Year) 1.72%
Economic risks : Current (Actual) —4 T T p: T

T T T T T T T T
Economic risks : Base run@ 0% (Exogenous) risk impact level

Figure 3: Baserun and actual scenario simulation patterns for economic risks

Up to this point, dynamic simulations have been performed to reveal the level of
economic risks impact on the time and cost performance of the case study project.
However, the question that still remains is whether one particular project objective
experiences greater economic risks impact than those of other objectives? If so, what
is the nature of these distinctions and if not, what is the form of the similarities? To
provide answers to these questions, a one-way analysis (ANOVA) was used to explore
these distinctions using an alpha of 0.001. The impact of the economic risks within the
project objectives represents the variability of values for individual project objectives
in a sample. In these instances, the economic risk impact within project objectives is a
measure of how much an individual objective tends to change over time. The impact
of the economic risks between project objectives, by contrast, examines differences
between individual objectives and was observed in the multivariate context. By
subjecting the results of the level of expected risk impact on the project performance
indicated in Table 3 to ANOVA, the results as represented in Table 4 reveal that the F
(obtained) is 24.143 and is far exceeding the F-critical value of 7.41 for this test when
using an alpha of 0.001. Correspondingly, the observed p-value of 0.000 is well below
the chosen alpha of 0.001. By either standard, the result implies that the difference
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between the levels of economic risks impact on the objectives of the cases study
project is statistically non-significant.

Table 4: One-Way Analysis of Variance: The Extent to which Economic Risks Impact on
Project Objectives

Variance Sum of squares  Degrees of Mean F P
freedom (df). square

Between project objectives  13862.771 2 6931.386 24.143 .000
Within project objectives 48232.202 168 287.096

Total 62094.974 170

CONCLUSION

This paper presents a combined Analytical Network Process (ANP) and System
Dynamic (SD) model that can be used to prioritize and simulate economic risk impact
on large infrastructure projects. The impact of economic risks such as increase in
foreign exchange and inflation, change in government, disputes, change in tax regime
and energy price increases on project schedule and cost were investigated on the
Edinburgh Tram Network project. The analysis shows how project time and cost were
significantly affected by these economic risks, eventually resulting in a 3-year time
slippage and about £400 million cost overrun. Although the behaviour patterns of each
impact level of the economic risk towards the project performance is different, it can
be concluded that the risks of project time and cost overrun are most sensitive to
scenarios in which the dynamic patterns of all risk levels changes at the same time. It
was quantitatively shown that schedule slippages seldom occur in isolation. They are
usually accompanied by cost escalation on the project. This is because project time is
usually intricately linked to the scope of the project, and therefore project cost. Time
slippage on the Edinburgh Tram project was largely due to major changes in scope
leading to significant disputes and perhaps an overly aggressive timescale for the
project.

It is worth mentioning however that the most accurate industry-specific parameter
values were not available for all types of risk. However, our scenarios for the dynamic
risk patterns covered the most possible parameter ranges obtained on the case study
and the results follow the general patterns expected. Nevertheless, the model helps to
prioritize identified risks and conduct comparative simulation of different scenarios to
investigate the effect of changes in different variables of interest on project
performance. As an innovative way of combining ANP and SD to assess risks, the
approach will provide a complete framework for understanding the criteria used for
evaluating and assigning ratings to system elements and the dynamic interrelationship
among those elements. The proposed model could be used by project managers,
sponsors and policy makers involved with the procurement of large infrastructure
projects to enable a systems thinking approach to project delivery. Later stages of this
research will attempt to integrate the impact of other project risk clusters like socio-
technical risk as well as environmental and political risk on transportation
megaprojects using SD-ANP approach.
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The Singapore building industry has been experiencing a trend of going green and the
government has set up a target to have at least 80% of buildings being green by 2030.
To achieve this target, initiatives have been steered towards retrofitting existing
buildings to green buildings. This study aims to assess the risks associated with green
retrofit projects in Singapore. To achieve the objective, 20 risks were identified from
a literature review. In addition, a questionnaire survey was performed with 30
professionals experienced in green retrofits. In the risk assessment, this study adopted
the index of risk criticality (RC), which is the product of likelihood of occurrence
(LO) and magnitude of impact (MI). In terms of RC values, “post-retrofit tenants’
cooperation risk ”, “regulatory risk”, “market risk ”, “financial risk ’, and “pre-
retrofit tenants’ cooperation risk” were the top-five risks. Additionally, comparisons
were made between traditional and green retrofit buildings. 17 and 19 risks received
significantly higher LO and MI values in green retrofits than those in traditional
retrofits, respectively, which contributed to the significant differences in RC values of
19 risks between the two groups of retrofits. These results also confirmed the
necessity of risk management in green retrofit projects. Furthermore, 28 mitigation
measures were collected and received agreement from the respondents. This study
contributes to knowledge by providing an understanding of the risks in green retrofit
projects in Singapore for both practitioners and researchers. Practitioners can
customize their own list of critical risks in green retrofit projects based on the risk
identification in this study.

Keywords: green building; retrofit; risk criticality; mitigation; Singapore.

INTRODUCTION

The building and construction industry greatly contributes to the increase in
greenhouse gas (GHG) emissions, which leads to global climate change (Wu et al.
2014a; Wu et al. 2014b). In recent years, there has been an apparent shift towards
green construction across the world (McGraw-Hill Construction 2013). Singapore has
been viewed as a leader in advocating sustainability in the building and construction
industry with its efficient green strategies and initiatives (WorldGBC 2013), and
launched the Green Mark Scheme in 2005. Additionally, Singapore’s government has
set up a target to have at least 80% of buildings being green by 2030 (BCA 2009;
Hwang and Tan 2012). To achieve this target, efforts should not only be directed to
constructing new green buildings as existing buildings represent a bigger proportion.
Initiatives have been steered towards retrofitting existing buildings to green buildings,
and green retrofit had reduced operating costs by 14% over five years, with a payback
time of approximately six years for green investment (McGraw-Hill Construction
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Zhao, X, Hwang, B G and See, Y L (2015) Green retrofit projects: Risk assessment and mitigation In:
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2013). Construction projects are inevitably plagued with risks (Zhao et al. 2014b), and
in green retrofit projects, the risks are likely to be beyond those associated with
traditional projects. Therefore, to ensure the achievement of the going green target set
up by Singapore’s government as well as the success and subsequent benefits of green
retrofit projects, risks in the green retrofit projects should be well handled and
managed. The objectives of this study are to (1) identify the potential risks in green
retrofit projects in Singapore; (2) analyse their risk criticalities; (3) compare the risk
criticalities between traditional and green retrofit projects; and (4) provide mitigation
measures for the critical risks.

BACKGROUND

In order to reduce GHG emissions, and contribute to the global climate change
mitigation efforts, the BCA launched the Green Mark Scheme in 2005. This scheme
provides certification for building owners who have met the requirements set by the
BCA. Hence, in Singapore, a building is considered as a green building if it has met
the requirements of the Green Mark Scheme (Hwang and Ng 2013). In December
2006, the BCA formulated the 1st Green Building Masterplan to encourage, enable
and engage industry stakeholders to increase their efforts in environmental
sustainability. In 2009, the 2nd Green Building Masterplan were unveiled placed
special emphasis on greening existing buildings because existing buildings represent a
larger fraction and consume a third of Singapore’s total end-use electricity (BCA
2010). Also, the Green Mark Incentive Scheme for Existing Buildings (GMIS-EB) is
initiated to co-fund up to 35% of the retrofitting cost. Furthermore, in 2014, the BCA
launched the 3rd Green Building Masterplan. In this Masterplan, a Green Mark
Incentive Scheme for Existing Buildings and Premises (GMIS-EBP) is provided to
incentivize existing small and medium enterprise (SME) tenants and building owners
to adopt energy efficiency, and a Building Retrofit Energy Efficiency Financing
(BREEF) Scheme is presented to help building owners overcome upfront costs of
energy efficiency retrofits and adopt Green Mark standards for existing buildings
(BCA 2014a).

Green retrofit projects are inevitably plagued with risks, including the risks common
to all kinds of construction projects and those closely associated with green retrofit.
These 20 risks are described in Table 1. In addition to the identification of the 20 risks
above, this study also collected 37 risk mitigation measures from the literature review.
The detailed description is presented in the section of results and discussions.

Table 1: Risks in green retrofit projects

Code Risks Description

RO1 Financial risk A higher certification is usually associated with a greater premium paid (WorldGE
2013). The additional upfront cost associated with green retrofit may threaten the

achievement of the schedule and cost objectives of green retrofit projects.

R0O2 Return on A company’s budget is usually not structured to track lifecycle cost due to the lack
investment of appropriate financing model to estimate the benefits and costs, making it diffic
(ROI) risk to record long-term gains from retrofits. Also, the ROI can range widely dependin

on the building’s age, existing design, purpose, and the level of savings being
targeted.

RO3 Energy saving There are inconsistent energy savings throughout the building lifespan. One shoul«
uncertainty be conscious that it is an unproven business case to accurately justify the energy

saved.

RO04 Accreditation An ESCO is a company dedicated to the provision of energy efficient technology

of energy and services including financing, design, implementation and management of
service projects. Risk resides where the ESCO selected is not accredited and lacks relevan
companies experience and information to conduct benchmarking.

(ESCOs)
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RO5 Regulatory  The uncertainty about how the regulatory environment may evolve with regard to
risk green buildings is a prime concern for developers as changes in regulations could

lead to significant punitive damages if standards were not met.

R0O6 Legislative Legislative risk refers to the risk that a change in the tax and incentives could affe
risk a project. Incentives are not uniform and tend to change over time.

RO7 Warranty risk Warranty risk arises when a contract is not performed as promised. The current
procurement contracts may lack the warranty in delivering the expected
improvements.

R0O8 Marketrisk  Market risk occurs when developers are unable to articulate green building benefit
to the prospective clients and fail to attain the anticipated market value.

RO9 Industry risk  Green building knowledge may not be equally spread among project players withi
the construction industry, leading to the lack of a consensus on the green building
standards and knowledge.

R10 Delay in Delay is a common problem to all types of construction projects, including green
project retrofit projects. In retrofit, measures that minimize disturbance to occupants and
completion  disruption to existing building operations should be considered in the schedule

planning.

R11 Productivity Green retrofit projects require a peculiar set of knowledge and management skills
risk that are different from traditional retrofits. The lack of such knowledge and

management skills is likely to result in low project productivity.

R12 Manpower Green retrofit projects require skilled workers to handle specialized designs and
supply and features. However, there is a significant lack of competent and experienced
availability ~ workforce in the green construction industry. Also, Singapore’s Ministry of

Manpower (MOM) recently increased the foreigner worker levies and cut the fore
worker quotas, which would aggravate the unavailability of competent manpower.

R13 Material In Singapore, the construction material supply, including green material, depends
supply and imports. Foreign governments’ restrictions on material exports would aggravate tr
availability ~ problems of material supply and availability.

R14 Team Being a comparatively new industry, some owners have to approach green project
performance  with an inexperienced team. Others may encounter team members who are
risk uncooperative, as they do not understand the rationale behind green buildings.

R15 Reliability and Many building owners had little information of their buildings’ energy saving
accuracy of  potentials and lacked energy performance indicators for measurement and
benchmark  verification of energy savings. Thus, the owners would not be able to benchmark

themselves for improvement.

R16 Quality risk  Occasionally the green technology and product innovations were not properly fielc
tested or untested and were of inferior quality, thus failing to meet the expectation

R17 Pre-retrofit Pre-retrofit refers to the state prior to the completion of a retrofit project. Retrofit i
tenants’ usually performed while existing operations are running. Tenants may not apprehe
cooperation  the benefits and are uncooperative for fear of losing commercial profits during the
risk retrofit process.

R18 Post-retrofit  Post-retrofit refers to the state after retrofit completion. One of the post-retrofit
tenants’ challenges faced by the owner is the whim of the tenants. To maintain the benefits
cooperation  after the retrofit, equipment has to operate at its best efficiency, requiring tenants’
risk continuous cooperation.

R19 Different Because of the fragmentation nature of the construction industry, different
concerns of  stakeholders tend to have different concerns or conflicting objectives. The
stakeholders  uncertainty in stakeholders’ concerns represents a barrier to the adoption of green

technology and may threaten objectives of green retrofit projects.

R20 Lack of There is a lack of streamlined tools and processes guideline set for companies to
streamlined  follow, which is also a challenge in the green building construction industry in
tools and Singapore. The risk could be magnified with the knowledge gap and lack of
processes experience of design participants.

METHOD

Data collection and presentation

A questionnaire survey was performed to investigate the criticalities and mitigation
measures of risks in green retrofit projects in Singapore. The literature review
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supported developing a preliminary questionnaire. A pilot study was conducted with
three professionals through face-to-face interviews to solicit comments on the
readability, comprehensiveness, and accuracy of the questionnaire. Based on their
comments, new risk mitigation measures were added, revisions were made to improve
the readability and accuracy of the statement of the risks and mitigation measures, and
footnotes were added to explain the terminologies used. The finalized questionnaire
included the questions meant to profile the firms and respondents. Additionally, the 20
risks were presented in the questionnaire, and the respondents were requested to
assess the likelihood and impact of each risk in traditional and green retrofit projects,
respectively. Moreover, the respondents were asked to answer whether they agreed or
disagreed with the 37 risk mitigation measures for the 20 risks, using a five-point
scale (1=very disagree; 3=medium; and 5=very agree). In addition, post-survey
interviews were carried out with five of the respondents, in order to collect the
rationale behind their ratings to support the survey results.

A list of professionals certified with the Green Mark Professional and Green Mark
Manager Schemes was obtained from the BCA, and served as the sampling frame. A
total of 145 questionnaires were randomly sent out, and 30 responses were received.
The response rate was 21%, consistent with the norm of 20%-30% with most
questionnaire surveys in construction research (Akintoye 2000). Although the sample
size was not large, statistical analysis could still be performed because the central limit
theorem holds true when the sample size is no less than 30 (Ott and Longnecker
2008). In addition, the sample size of this study was also comparable with previous
studies relating to risk management or sustainable construction [e.g., 34 in Hwang et
al. (2014); 33 in Zhao et al. (2013); and 17 in Wu and Low (2012)].

The 30 respondents had an average of 13.2 years’ experience in retrofit projects and
an average of 4.4 years in green retrofit projects. 53% of the respondents possessed
over 10 years of experience in retrofits, whilst 63% had more than 4 years of
experience in green retrofits, which was reasonable because the 2nd Green Building
Masterplan focusing on green retrofits was launched in 2009. In addition, the
respondents were from 10 consultancy firms (33%), six developers (20%), six facility
management firms (20%), five ESCOs (17%), as well as three construction firms
(10%).

Risk indices

The respondents were asked to rate the likelihood of occurrence (LO) and magnitude
of impact (MI) of each risk. As the evaluation of risk criticality (RC) is complex and
vague, qualitative linguistic terms are unavoidable (Wang et al. 2004). The LO was
rated according to a five-point scale: 1 = rarely (LO < 20%); 2 = somewhat likely
(20% < LO < 40%); 3 = likely (40% < LO < 60%); 4 = very likely (60% < LO <
80%); and 5 = almost definite (LO > 80%). The MI was evaluated using another five-
point scale: 1 = very small; 2 = small; 3 = medium; 4 = large; and 5 = very large. The
LO and Ml of each risk can be calculated using equation (1) and (2), respectively.
- .
LO' = ~%, LO; (1)
- .
MI' = =32, MI] (2)

where n = the number of the respondents; LO' = the likelihood of occurrence of risk i;
LO'; = the likelihood of occurrence of risk i by respondent j; MI' = the magnitude of
impact of risk i; and MI';= the magnitude of impact of risk i by respondent j. Thus, the
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LO and MI of each risk are actually the mean scores assigned by the respondents. This
study adopted a RC index to evaluate the criticality of each risk. RC has been widely
recognized as the function of the LO and MI (Wu et al. 2013; Zhao et al. 2013).
Hence, the RC of a risk can be computed as follows:

RC! = LOj x MI] (3)
RC' = -¥7L, RC| 4

where n = the number of the respondents; RCi,- = the risk criticality of the risk i by
respondent j; and RC' = the risk criticality of risk i. Thus, RC is on a full scale of 25.

RESULTS AND DISCUSSIONS

Risk ranking in green retrofit projects

Using Equations (1)-(4), this study calculated the LO, Ml and RC values of each risk,
as indicated in Table 2. According to the RC values, the risks were ranked. The top
five critical risks are discussed as follows. In the risk ranking, “post-retrofit tenants’
cooperation risk ” occupied the top position, suggesting that tenants were likely to be
uncooperative after the green retrofit completion. Without tenants’ cooperation, the
energy saving technology would not be used at the best efficiency and all the potential
benefits would not be secured. Consequently, the owner would not have sufficient
evidence to demonstrate the energy savings to the BCA, and may not be eligible for
the financial incentives under the GMIS-EBP or BREEF Scheme. In addition, the
BCA re-assess the certified Green Mark buildings every three years (BCA 2014b).
The lack of tenants’ cooperation would make the building fail in the Green Mark re-
assessment.

“Regulatory risk ” was ranked second. In Singapore, the regulatory environment
relating to green building has been evolving in the past 10 years. The Green Mark
Scheme became mandatory when the Building Control (Environmental Sustainability)
Regulations were enacted in 2008. After December 2010, all new buildings had to
comply with a higher Green Mark standard. This required an additional 10% in energy
savings and the minimum standard was also 28% higher than that released in 2005.

“Market risk ” received the third position. The rationale behind this high RC was
collected from the post-survey interviews. In the property market, most practitioners
lacked relevant knowledge on green technologies and may find it difficult to clearly
express the possible benefits to the clients. Hence, the owner was not likely to ensure
the expected market value. Also, many tenants tended not to relate green technologies
with improved quality of life, and held an idea that the costs of green retrofits were
transferred to their rent.

“Financial risk ” was ranked fourth. Although Singapore’s government provided
various financial incentives schemes, such as the GMIS-EB, the GMIS-EBP and the
BREEF Schemes, they would not significantly assist the building owners financially
because of the uncertainty in receiving the cash incentives. In addition, the cash
incentive in the GMIS-EB has expired with effect from 28 April 2014 because the
funds for the cash incentives have been fully committed. Moreover, the S$50 million
GMIS-EBP is only applicable to SME tenants and building owners, and building
owners with at least 30% of its tenants who are SMEs.

“Pre-retrofit tenants’ cooperation risk” was the fifth most critical risk. This risk was
perceived impactful as the green retrofits are usually conducted with the tenants’
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operation going on. The post-survey interviewees indicated that it was a challenge to
obtain the tenants’ cooperation because most of them believed that green retrofitting
was not necessary and the works inevitably impacted their business. These findings
echoed the viewpoint of Miller and Buys (2008) that tenants tended to view
retrofitting works to be disruptive.

Table 2: Comparison between traditional and green retrofit projects in Singapore

Code Traditional Green Pe_lired t-test

LO M RC Rank LO MI RC Rank Difference  p-value
RO1 263 350 920 3 3.80 437 1683 4 7.63 0.000*
RO2 273 273 7.97 11 3.63 3.73 1350 11 5.53 0.000*
R0O3 2.07 273 6.90 18 3,57 433 1183 15 4.93 0.000*
R04 203 290 540 20 3.80 3.87 10.73 16 5.33 0.000*
RO5 287 3.13 10.73 2 3.70 427 1777 2 7.04 0.000*
RO6 213 287 7.47 15 3.80 3.87 10.07 18 2.60 0.000*
RO7 233 247 7.30 17 440 3.47 10.13 17 2.83 0.001*
RO8 293 330 910 4 3.87 4.03 17.00 3 7.90 0.000*
R0O9 3.10 2.83 840 6 297 3.93 13.00 13 4.60 0.000*
R10 243 297 817 10 353 3.77 1217 14 4.00 0.000*
R11 270 343 833 7 2.73 3.20 9.43 20 1.10 0.065
R12 273 250 7.60 14 273 3.67 13.30 12 5.70 0.000*
R13 227 373 6.03 19 4,13 390 1530 7 9.27 0.000*
R14 257 350 740 16 257 4.03 14.40 10 7.00 0.000*
R15 290 320 9.00 5 297 3.80 1447 9 5.47 0.000*
R16 260 3.13 823 8 4,17 410 1520 8 6.97 0.000*
R17 270 270 790 12 3.30 4.17 1590 5 8.00 0.000*
R18 3.00 333 7.77 13 3.30 430 1897 1 11.20 0.000*
R19 3.20 3.03 11.00 1 287 3.97 1537 6 4.37 0.000*
R20 283 257 823 9 3.97 3.30 9.93 19 1.70 0.008*

* The paired t-test result is significant at the 0.05 significance level.
The Spearman rank correlation coefficient is 0.408 (p-value=0.075)

Risk criticalities: Traditional vs. green retrofit projects

The respondents were also requested to rate the LO and M1 of the 20 risks based on
their experience in traditional retrofit projects in Singapore. Thus, the RC values were
compared between traditional and green retrofit projects (Table 2). The paired t-test
results showed that p-values of 19 risks were less than 0.05, indicating significant
differences in RC values between traditional and green retrofit projects. The RC
values of these 19 risks in green retrofit projects were significantly higher than those
in traditional retrofit projects.

The differences in the RCs of “pre-retrofit tenants’ cooperation risk” and “post-
retrofit tenants’ cooperation risk” between the two groups were great. It is an arduous
task to manage tenants to main the benefits brought by the green retrofits, as a post-
survey interviewee indicated. In traditional retrofit projects, the building owners do
not have to demonstrate the evidence of energy savings, so the cooperation of tenants
is not recognized as crucial.

“Material supply and availability " also received a low risk rank in the traditional
group, and the second largest difference in RCs between the two groups. The post-
survey interviewees expressed their struggles to search for green materials and were
unaware of the available resources in the market, while the common materials are
more widely available and known.

The difference in the RCs of “market risk ” was the fourth largest. This was possibly
because the real estate agents and investors were not clear about the green building
benefits. The buildings with Green Mark Platinum usually experience a noticeable
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increase in the sale price premiums, compared to those at the Green Mark Certified
level (WorldGBC 2013). The high price premiums tend to make green retrofit
buildings unattractive to the potential investors (Durmus-Pedini and Ashuri 2010).

“Financial risk ” received the fifth greatest difference in RCs, although it was ranked
high in both groups. Compared with traditional retrofitting, green retrofitting involves
investing in energy-saving equipment and technologies, thus having higher upfront
costs. Also, the development of an accurate cash flow forecast relies on current
knowledge and past experience. However, most practitioners are relatively
inexperienced in cost estimation of green retrofitting.

“Regulatory risk ” was ranked second in both groups, but the RC was much higher in
the green retrofitting. This was because green retrofit projects should be in compliance
with both the basic regulations and those specifically related to the Green Mark
Scheme.

Furthermore, the Spearman rank correlation was used to check the agreement in the
risk ranking between the two groups. The correlation coefficient of 0.408 with a p-
value of 0.075 suggested that there was no significant agreement in the risk ranking
between the two groups.

Risk mitigation measures

The respondents were asked to rate whether they agreed or disagreed on the 37 risk
mitigation measures. As Table 3 shows, 28 risks obtained significant agreement. To
obtain tenants’ cooperation after the retrofits, building owners could increase tenants’
awareness of the benefits and provide incentives and rebates to the tenants, such as
rental rebates. This measure has been adopted by some commercial buildings in
Singapore, such as the 313@Somerest building. This practice is also consistent with
the concept of the green lease. In addition, as for the mitigation measures for the pre-
retrofit tenants’ cooperation risk, the respondents did not believe it was feasible to
perform work outside standard working hours and arrange relocation for tenants
because these two measures would increase the project cost and tenants may still be
reluctant to cooperate. Thus, it is feasible to first get the tenants to understand the
rationale behind the retrofit works.

To mitigate the regulatory risk, it is reasonable to hire consultants for advice, who
have the experience and knowledge in managing green retrofit projects. These
consultants should be registered under the Green Mark Professional Scheme.

As for the mitigation measures for the market risk, building owners could make the
public aware of the possible benefits of green buildings through media, and use
specific evidence to demonstrate these benefits. Previous studies have emphasized
educating public through media (Durmus-Pedini and Ashuri 2010; WorldGBC 2013).
However, collecting the evidence of building performance and energy saving received
a higher score from the respondents, indicating that practitioners preferred real case
studies to just education.

To handle the financial risk, practitioners could choose to retrofit in phases. By
performing the green retrofit project in phases, the size and first cost would be
noticeably lesser, and the impact on companies’ cash flow would not be great. Also,
Singapore’s government has been very supportive of green retrofitting and provided
several financial incentive schemes. Hence, these incentives schemes could be utilized
to mitigate financial risk. These two measures received high scores from the
respondents, indicating their applicability.
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Table 3: Risk mitigation measures in green retrofit projects

Risk Risk mitigation measures Mear
RO1 Mla Retrofit in stages 4.23
M1b Share the risk with other parties by contractual agreement 3.67
M1c Tap on government and financial incentives (e.g. GMIS-EB, GMIS-EBP, and BREEF) 4.03"
R02 M2 Document building performance and savings to establish a proof of higher 3.60°
performance
R0O3 M3 Establish a performance based contract with the consultants 3.97
R04 M4a Check ESCOs' credibility with reference to the list of ESCOs provided by the 4.07
government
M4b Seek background information on the type of past projects handled by the ESCOs 3.50°
RO5 M5 Hire consultants for advice 3.73
R0O6 M6a Obtain legal advice (e.g. when drafting contract) 3.80°
M6b Clearly define the liability 3.63°
RO7 M7 Transfer risk to a third party (e.g. purchase insurance) 3.83
R0O8 M8a Educate the public on green building through use of media 3.53°
M8b Document performance and savings earned as benefit evidence 3.77
R09 M9a Educate professionals’ knowledge of green building 3.27
M9b Government to sponsor more green building courses for professionals 3.30
R10 M10a Adopt technologies (e.g. BIM) to manage projects 3.00
M10b Set attainable milestones and monitor them regularly. If necessary, expedite the project 3.80°
M10c Understand and set reasonable buffer time 3.73
R11 M11 Implement good resource scheduling and planning to maximize productivity 3.80°
R12 M12a Increase the usage of automation and machinery 2.90
M12b Change Singaporean mindsets and encourage them to take up the job 2.60
R13 M13a Procure materials which are manufactured and available in either Singapore or the 2.60
neighbouring countries
M13b Carefully schedule material supplies 3.73°
M13c Industry institutions and government to provide a portal or list of green materials 3.93
available
M13d Obtain government support and invest in green material and technology research and 3.80°
development
R14 M14a Improve team members communication and integration 343
M14b Select the Design & Build delivery method 3.13
R15 M15 Prepare a “knowledge portal” for historical data and lesson learnt to be recorded 3.70°
R16 M16a Use tested and certified green materials 3.50°
M16b Conduct routine checks to ensure the desired level of workmanship are met 3.37
R17 M17aPerform retrofit work outside standard working hours 2.83
M17b Arrange relocation for the tenants 2.97
M17c Explain the rationale for retrofitting existing building to green building 3.57
R18 M18a Increase awareness of the benefits of retrofitting existing building to green building  3.50°
M18b Provide incentives and rebates to the tenants (e.g. rental rebate) 3.97°
R19 M19 Engage in the Design & Build delivery method 3.27
R20 M20 Government to sponsor more green building research 3.33°

* The one-sample t-test result is significant at the 0.05 significance level.

To integrate various stakeholders, Design and Build (DB), as an integration delivery
method, is a viable solution to improve communication and minimize alienating any
stakeholder base (Kibert 2012). This is because DB allows early discipline integration
(Xia and Chan 2011), and thus various stakeholders’ concerns can be put across.

Moreover, to ensure the material supply and availability, a portal or list of green
materials available can be helpful because post-survey interviewees revealed
difficulties in searching for suitable green materials available in the market. A careful

schedule of material supply is also reasonable to handle this risk. Another approach,

with agreement from the respondents, is to develop green materials through research
projects funded by the government, thus reducing Singapore’s dependence on imports
of green materials.
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Furthermore, to ensure the quality of green retrofit projects, the tested and certified
green materials should be used. However, it was not feasible to conduct routine check,
as revealed by its non-significant score. This was not surprising as routine checks
would not be able to reduce “green washing ”.

CONCLUSIONS

The objectives of this study are to (1) identify the potential risks in green retrofit
projects in Singapore; (2) analyse their risk criticalities; (3) compare the risk
criticalities between traditional and green retrofit projects; and (4) provide mitigation
measures for the critical risks. Quantitative and qualitative data were elicited from a
questionnaire survey and interviews. The analysis results showed that the top five
risks in the ranking were: “post-retrofit tenants’ cooperation risk”, “regulatory risk”,
“market risk ”, “financial risk”, “pre-retrofit tenants’ cooperation risk”. In addition,
19 risks received significantly higher RC scores in green retrofit projects than in
traditional retrofit projects. Furthermore, 28 risk mitigation measures obtained
significant agreement from the respondents.

Although the objectives were achieved, there were some limitations to the conclusions
that may be drawn from the results. First, the RC index proposed in this study was
subjective and could be influenced by the experience and risk attitude of the
respondents. Nonetheless, many risk management studies indicated that most risk
management practices in the construction industry depended on experience and
subjective judgments (Thevendran and Mawdesley 2004; Zhao et al. 2014a). Second,
as the sample size in this study was small, one should be cautious when the analysis
results are interpreted and generalized. Also, the findings from this study were well
interpreted in the context of Singapore, which may be different from the context of
other countries. Nonetheless, this study still provides an in-depth understanding of the
risk criticalities and the mitigation measures in green retrofit projects in Singapore for
both practitioners and researchers. Practitioners can customize their own list of critical
risks in green retrofit projects based on the risk identification in this study. In addition,
because Singapore has been recognized as a leader in advocating sustainability in the
building and construction industry with its up-to-date and efficient green strategies
and initiatives (WorldGBC 2013), the implications of this study can also be helpful
and useful to the practitioners in other countries, where green building or retrofit
projects are advocated.
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The importance of developing effective disaster management strategies has
significantly grown as the world continues to be confronted with unprecedented
disastrous events. Factors such as climate instability, recent urbanization along with
rapid population growth in many cities around the world have unwittingly
exacerbated the risks of potential disasters, leaving a large number of people and
infrastructure exposed to new forms of threats from natural disasters such as flooding,
cyclones, and earthquakes. With disasters on the rise, effective recovery planning of
the built environment is becoming imperative as it is not only closely related to the
well-being and essential functioning of society, but it also requires significant
financial commitment. In the built environment context, post-disaster reconstruction
focuses essentially on the repair and reconstruction of physical infrastructures. The
reconstruction and rehabilitation efforts are generally performed in the form of
collaborative partnerships that involve multiple organisations, enabling the restoration
of interdependencies that exist between infrastructure systems such as energy, water
(including wastewater), transport, and telecommunication systems. These
interdependencies are major determinants of vulnerabilities and risks encountered by
critical infrastructures and therefore have significant implications for post-disaster
recovery. When disrupted by natural disasters, such interdependencies have the
potential to promote the propagation of failures between critical infrastructures at
various levels, and thus can have dire consequences on reconstruction activities. This
paper outlines the results of a pilot study on how elements of infrastructure
interdependencies have the potential to impede the post-disaster recovery effort.
Using a set of unstructured interview questionnaires, plausible arguments provided by
seven respondents revealed that during post-disaster recovery, critical infrastructures
are mutually dependent on each other’s uninterrupted availability, both physically and
through a host of information and communication technologies. Major disruption to
their physical and cyber interdependencies could lead to cascading failures, which
could delay the recovery effort. Thus, the existing interrelationship between critical
infrastructures requires that the entire interconnected network be considered when
managing reconstruction activities during the post-disaster recovery period.

Keywords: post-disaster recovery, critical infrastructure, infrastructure
interdependency.
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INTRODUCTION

The financial and emotional burden of natural disasters is expected to increase in the
coming years (World Bank, 2011). Factors such as urbanization and environmental
degradation, as well as climate instability are major contributors to the severity and
the rate at which natural disasters occur since the 1980s (World Bank, 2011). Despite
all of the mitigation and preparedness measures taken in advance, and which have
partially succeeded in few cases, the occurrence of natural disasters and their
consequences in the built environment are almost inevitable. Therefore, there is
increasing recognition that the reconstruction process can contribute to reduce the risk
of damage from future disasters, even if the sole reconstruction of the built
environment will not eliminate the broad ranging consequences of natural disasters
(Amaratunga and Haigh, 2011). Thus, it is during the post-disaster recovery period
that disaster vulnerabilities which appear mainly in the forms of economic, social,
environmental and physical variables need to be minimized (Australian Government,
2013 ; Bureau of Transport Economic, 2001; Chang et al., 2014).

Major disasters generally require substantial efforts to rebuild physical infrastructure
and recover from personal loss (Amaratunga and Haigh, 2011). The impact of natural
disasters can have long-lasting implications for the national development of a country
as they can impinge development efforts and drain economic resources. This is
primarily due to the disabled functioning of critical infrastructures, which are essential
enablers to economic and societal living conditions (De Bruijne and VVan Eeten, 2007,
Moteff and Parfomak, 2004). All developed societies, to a large extent, rely on the
constant operation of a set of vital infrastructure systems such as energy, transport,
water including sanitation, as well as information and communication technologies
(ICT). The incapacitation or destruction of such infrastructure systems would have a
debilitating impact on national security, economic security, and the public health and
safety of communities (De Bruijne and Van Eeten, 2007; Moteff and Parfomak,
2004). Disabled critical infrastructures can exacerbate poverty, disrupt large industry
as well as small businesses activities, and quite often suppress vital lifelines
responsible for economic activity and service delivery (Canterbury Earthquake
Recovery Authority, 2012; Hyogo framework, 2005). Given these realities, it is
indispensable to develop a comprehensive approach for the effective reconstruction of
interdependent critical infrastructures.

Analysts and decision makers have recently started to recognize that critical
infrastructure systems have become highly interconnected and mutually dependent on
each other’s uninterrupted availability, both physically and through a host of
information and communication technologies (Dudenhoeffer, Permann, and Manic,
2006; O'Rourke, 2007). When disrupted by natural disasters, such interdependencies
have the potential to promote the propagation of failures between critical
infrastructures at various levels, having dire consequences on reconstruction activities
(Duefas-Osorio and Vemuru, 2009). In this context, infrastructure interdependency
refers to the reciprocal influence or relationship that exists between two or more
infrastructures, through which the condition of one infrastructure affects the condition
of the other infrastructure (Dudenhoeffer, et al., 2006; O'Rourke, 2007). Under normal
working conditions, the relationship is apparent when critical infrastructures depend
on the inputs and outputs of services they share between each other (O'Rourke, 2007;
Rinaldi, Peerenboom, and Kelly, 2001). For instance, in most cases, without
electricity, a variety of other critical services will also fail during the post-disaster
recovery period. Energy systems provide power for switches and to operate ICT
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networks. Water and sanitation systems are dependent on electricity to run pumps and
control systems, as well as to generate petroleum fuels for transportation of repair and
maintenance personnel. Similarly, ICT systems provide network services (including
information and telecommunication services) necessary for the operation and
supervision of electrical networks. Additionally, energy requires water for cooling and
to reduce emissions. Transport infrastructure systems provide accessibility to other
infrastructure operators, recovery crews and the logistics chain during the post-
disaster recovery period, and are in turn dependent upon electrical and ICT systems as
well as drainage systems.

It is indisputable that infrastructure interdependencies have always been
acknowledged by many industries. However, the real challenge is to incorporate and
prioritise these interdependencies during the reconstruction period to prevent existing
damage from escalating and resulting in additional damage, which could hinder the
post-disaster recovery activities. Therefore, in order to develop robust infrastructure
protection strategies after disasters, it is important to identify and understand the
overall behaviour as well as the inherent vulnerabilities of these interdependent
systems during the recovery period. This paper contributes towards an understanding
of the risks that interdependencies pose to the post-disaster reconstruction of critical
infrastructures. The paper also examines the fundamental roles that interdependency’s
dimensions including the types and degrees of interdependencies play in impeding
post-disaster recovery effort.

CRITICAL INFRASTRUCTURES

One of the main challenges in overcoming the damaging effects of critical
infrastructure interdependencies on post-disaster recovery is to understand the
meaning of the concept of interdependency itself. Additionally, critical infrastructures
being large complex systems, very often made of large collections of interacting parts
and entities, understanding and preventing the propagation of failure due to
interdependency remains a major technical challenge for the construction industry
(Alesch, 2005; Duefias-Osorio and Vemuru, 2009). To a large extent, targeting
infrastructure interdependencies during post-disaster recovery requires an
understanding of the dynamics and characteristics that underline not only the
individual functioning of critical infrastructures, but also the linkage between them.
Conscious of their criticality, several organisations around the world have been
seeking to manage infrastructures and reduce the impact of their failures on the well-
being of society (Canterbury Earthquake Recovery Authority, 2012; Hyogo
framework, 2005). Infrastructures owners have recognised the need for clear
identification of their assets’ criticality in order to know exactly which assets to
protect, how well to manage them as well as how to prioritise the reconstruction
process. The list of critical infrastructures varies across countries and changes over
time. In 1996, for example, US President Clinton signed the Executive Order 13010,
establishing the President’s Commission on Critical Infrastructure Protection (PCCIP)
(Clinton, 1996). This Executive Order (E.QO.) listed and classified critical
infrastructures according to their national importance. These critical infrastructures
included:

e Telecommunications;
* Electrical power systems;

* Gas and oil storage and transportation;
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* Banking and finance;

» Water supply systems;

* Emergency services (including medical, police, fire, and rescue), and
* Continuity of government (Clinton, 1996).

In 2004, the Information Analysis and Infrastructure Protection Directorate (IAIPD)
provided a much broader list with approximately 1,700 infrastructures considered to
be critical (Moteff and Parfomak, 2004). Several infrastructures that were identified
were not listed in previous reports. Nuclear power plants, for example, have recently
been considered to be a critical infrastructure in some countries; while they are still
non-existent in others (Moteff and Parfomak, 2004; Partnership, 2006). The variation
in number of critical infrastructures over time is mainly due to the ever evolving
influence that technological, economical and geo-political factors have on public
safety (Australian Government, 2012 ). Nevertheless, the scope of this research is
limited to critical infrastructures that predominantly form the resource pillars on
which the global security and prosperity of a country such as Australia stands. As
mentioned earlier, these critical infrastructures vary in numbers but are essentially
limited to energy (including electric power), transport (including roads and railway
systems), water supply (including sanitation), and Information and Communication
Technology (ICT) systems (Australian Government, 2012 ; Bureau of Transport
Economic, 2001).

As much as these infrastructures are considered to be critical, some are more critical
than others during post-disaster recovery, and within the same infrastructure, various
elements can be more critical than others, either because failures due to
interdependency have minimal impact on them, or because failure of one
infrastructure does not preclude the other to function (Rinaldi, et al., 2001). Energy
and ICT systems for example, are considered as high priority systems during recovery
as they provide services directly to most infrastructures, unlike water systems from
which other infrastructures could possibly abstain, depending on the circumstances.
However, this does not exclude the fact that both potable water and wastewater
evacuation and treatment are fundamental to the well-being of the community. In
many ways, water is essential to minimise the risk of untreated effluents from
contaminating water systems where humans come into contact, especially after floods
and cyclones. The criticality of infrastructures during recovery depends to a large
extent on the amount of services needed not only by the local community but also by
other dependent infrastructures in order to recover quickly from natural disasters. In a
series of recent interviews conducted in Queensland, Australia, as part of this study,
five out of seven infrastructure’ owners rated ICT as being the most critical
infrastructure during the recovery period as the inoperability of such systems would
inevitably hinder the recovery efforts of not only the dependent critical infrastructures
but also the recovery crews involved in the reconstruction process. Being unable to
communicate with recovery crews or other community members was considered by
respondents as being the worst case scenario that could be encountered during and
after disasters. Only two respondents rated energy and transport systems as being the
second most critical after ICT systems. Having constant electricity and available
access and mobility (through roads, bridges or rails) to reach damaged infrastructure
was also considered indispensable during recovery. Nonetheless, when taking these
factors into consideration, it appears evident that securing a unique infrastructure,
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isolated from all other interdependent infrastructures has become increasingly
inefficient, particularly during post-disaster recovery.

ELEMENTS OF CRITICAL INFRASTRUCTURE
INTERDEPENDENCIES WHICH AFFECT POST-
DISASTER RECOVERY

Interdependencies are generally driven by the need to maintain interactions between
critical infrastructure, in order to deliver efficient services that are transmitted both
physically and through a host of information and communication technologies.
Disruption of critical infrastructures due to interdependencies generally falls into two
categories: physical disruptions (which may correspond to shortage of
supply/consumption/production of an asset) and cyber disruptions (which may
correspond to electronic, radio-frequency, or computer-based attacks, to name a few).
It was by investigating these emergent behaviours of critical infrastructures that
several researchers, including Rinaldi et al. (2001), defined the six dimensional
characteristics of interdependency as followed:

* Types of interdependency;

« Coupling and response behavior (or degree of interdependency);
« Infrastructure characteristics and environment;

* The state of operation of infrastructures; and

* The types of failures (Buldyrev, Parshani, Paul, Stanley, and Havlin, 2010;
Dudenhoeffer et al., 2007; O'Rourke, 2007; Setola, Bologna, Casalicchio, and
Masucci, 2009).

This paper will mainly focus on the challenges from the types of interdependencies as
well as the extent or degree to which these interdependencies occur.

Challenges due to types of interdependencies during post-disaster recovery

In the interview questionnaires that were tested during the pilot study, the types of
interdependency were depicted according to the nature and sort of interaction that
exist between critical infrastructures through the sharing of physical supplies and
commodities (physical interdependency), virtual information (cyber interdependency),
the same geographical location (geographical interdependency) as well as the same
legislation and public opinion (logical interdependency). These classifications were
performed using key concepts and sub-concepts derived from the notion of
interdependency described in various literatures (O'Rourke, 2007; Rinaldi, et al.,
2001).

The results revealed that during post-disaster recovery, geographical interdependency
is considered to be almost an integral part of physical interdependency. Logically, to
be physically interdependent, critical infrastructures need to be somehow
geographically interdependent (within the same location, region or country etc.), even
though the reverse is not obvious. Physical interdependency results from the exchange
of services between two or more critical infrastructures (O'Rourke, 2007; Rinaldi, et
al., 2001). The change in condition from one infrastructure could have serious impact
on the functioning of the other infrastructure. Geographical interdependency on the
other hand, results from the influence that a natural disaster (or external cause) such as
flood can have on critical infrastructures located in close proximity to one another,
creating simultaneous disturbance in the state of interdependent infrastructures
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(O'Rourke, 2007; Rinaldi, et al., 2001). In this case, the change of condition of one
critical infrastructure does not affect the operation of the other infrastructure. Thus,
critical infrastructures that are geographically interdependent are not necessarily
physically interdependent. Nevertheless, general managers responded collectively that
during post-disaster recovery, physical interdependencies are usually restored first,
regardless of the location of the infrastructure. This is why in this research the two
types of interdependencies have essentially been reconceptualised and examined
within the physical interdependency facet of critical infrastructures.

One of the main issues with regards to physical interdependency that was raised by
general managers and risk practitioners from transport industries was the necessity of
having inexhaustible resources available in order for infrastructures to continue to
operate. Therefore to remain physically interdependent, the amount of shared services
between critical infrastructures needs to be constantly available. Resource availability
in a sense is also an indication of the performance of a critical infrastructure during
post-disaster recovery. This anticipation that an infrastructure system will still remain
operational and continue to provide resources to another infrastructure, allowing it to
operate during post-disaster recovery, requires a certain level of reliability to be
established between interdependent infrastructures and their organisations as well
(Kapur, 2014). Infrastructure reliability in this context refers to the probability that
resources or services will still be available to facilitate the sharing process between
critical infrastructures during post-disaster recovery (Kapur, 2014). In this case,
reliability is measured in function of the availability of resources and represents the
probability of an infrastructure to continuously produce resources during the recovery
period. The fewer available resources an infrastructure produces during the recovery
period, the less reliable it is considered to be. Analysis of data also revealed that the
challenge in maintaining physical interdependency is not only limited to resources
availability and infrastructure reliability but it also requires the effective transfer of
resources from one infrastructure to another. If access to the distribution channels
from which resources are conveyed and delivered from one infrastructure to another
are disrupted during recovery, physical interdependency would also cease to exist,
regardless of the resources' availability or of the infrastructures' reliability. Therefore
availability, reliability, and transferability or deliverability of resources are considered
to be essential attributes or main contributors to physical interdependency. If any of
the above conditions is not satisfied, then the physical interdependency will fail.

Although cyber interdependency is created through the share of virtual information
and communication between critical infrastructures during recovery, most critical
infrastructures possess a supervisory control and data acquisition (SCADA) system,
which allow them to individually operate. The main role of ICT in regards to
interdependencies with other critical infrastructures is to provide telecommunications
services necessary for the supervision, control and evaluation of the state of these
systems at any given time (Ventura, Garcia, and Marti, 2010). Therefore availability,
reliability, and transferability are also essential conditions in attaining cyber
interdependency. In the same way that physical interdependency will fail if these
conditions are not reached, cyber interdependency would also be inexistent. Logical
interdependencies, in contrast, do not rely on these attributes as they are tailored by
human decisions or factors including procedures and policies that shape a specific
region. Logical interdependency is also associated to the conformity of critical
infrastructures to the laws, rules and regulations of their organisations (Dudenhoeffer,
et al., 2006; O'Rourke, 2007). An example of logical interdependency can be observed
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after a road closure following a natural disaster, which destroyed a section of a
motorway. The decision of closing the road could necessitate an increase in traffic on
a parallel railway due to a large number of persons and goods travelling by railway
instead of using personal vehicle, bus or truck. The increase in rail traffic volume
would require more electric power to sustain the traffic flow, which in turn could
possibly generate an overload usage of the electrical network and possibly lead to a
failure of the latter. Thus, logical interdependency (based on human decisions)
influences all other types of interdependencies and can hinder the reconstruction or
repair of critical infrastructures during post-disaster recovery.

Challenges due to degrees of interdependencies during post-disaster recovery

The degree of interdependency denotes the extent (or intensity, strength, and
amplitude), to which interdependencies between critical infrastructures exist and are
manifest (Dudenhoeffer, et al., 2006; O'Rourke, 2007). This sort of interdependency is
generally perceived in the reciprocal influence exerted between critical infrastructures,
which is also observed through the mutual exchange of services that occur among
them. The strength of the interrelationships between critical infrastructures varies
considerably. Some interdependencies are loose and thus relatively flexible, whereas
others are tight, leaving little or no flexibility for the system to respond to changing
conditions or failures due to natural disasters (O'Rourke, 2007; Rinaldi, et al., 2001).
Loose interdependency implies that infrastructures are relatively interdependent of
each other at a certain level, and thus the state of one is weakly correlated to the state
of the other infrastructure (Ventura, et al., 2010). Tight interdependency means that
infrastructures are highly dependent on one another (Rinaldi, et al., 2001). For
instance, nineteen percent of respondents amongst general managers agreed that
energy and ICT systems induce high degree of interdependencies to other critical
infrastructures systems as they provide services, which are crucial to the functioning
of these infrastructures at all time. Railway systems for example are strongly
dependent on electric power to function, while energy systems are loosely dependent
on railways. Although railway systems provide access and transport for natural gas
derivatives and energy utilities, disturbance of rails does not necessarily induce the
disruption of electric power.

Disturbances tend to propagate rapidly both through and across tightly coupled
infrastructures. According to Rijpma (1997) and Weick, Sutcliffe, and Obstfeld
(2008), tight interdependency is likely to be found with infrastructure systems that
rely mostly on the use of unifiable, invariant, and time-dependant processes (Rijpma,
1997; Weick, Sutcliffe, and Obstfeld, 2008). These processes must be performed in a
set sequence to avoid halting the exchange of services at one stage and restart again
(Rijpma, 1997; Weick, et al., 2008). Rijpma (1997) further explains that such orderly
systems both increase the likelihood that tasks will be accomplished and that
disturbances could easily escalate and be diffused more widely to the rest of the
interdependent systems. Whereas in loosely coupled systems, the production sequence
can be easily redesigned during post-disaster recovery if a disturbance occurs (Rijpma,
1997; Weick, et al., 2008). Therefore, tightly coupled systems could cause greater
concern for the reconstruction and repair of critical infrastructures. This is why it is
essential to determine the extent to which critical infrastructures are interrelated, and
in certain conditions to determine whether or not their degrees of interdependence
could have an impact on their recoveries.

141



Mulowayi, Coffey, Bunker and Trigunarsiah

To determine how strong the interactions between two critical infrastructures exist
during post-disaster recovery, it is necessary to determine for each infrastructure the
other infrastructure that it continuously (or nearly continuously) depends on to operate
normally, and also investigate the channel by which the services are delivered (from
one infrastructure to the other infrastructure) (Ventura, et al., 2010). Furthermore,
time is another factor that indicates how strong interactions between critical
infrastructures are. Time, as a measure of interaction, refers to both the frequency
(how often exchanges are performed) and the duration (how long infrastructures have
been dependent on each other). The latter provides an indication of how long
supported infrastructures could function during post-disaster recovery if they were
deprived of services coming from the supporting infrastructure (s). According to
general managers and risk practitioners, a strength capability measure is used to
determine the amount and the intensity of reciprocal services between infrastructures
when faced with such complex interactions (Ventura, et al., 2010). However in the
case of simple linear interactions, considerations are generally given to determining
how indirect, or direct, interdependencies between two critical infrastructures are,
whether they are directly connected to one another, or indirectly coupled through one
or more intervening infrastructures (Rinaldi, et al., 2001). Overall temporal interaction
affects any other degree of interdependency, whether the relationship was generated in
the past, the present or is ongoing.

CONCLUSIONS

The preliminary results of a recent pilot study conducted in Queensland, Australia,
revealed that the types of interdependencies, including physical and cyber
interdependencies as well as the degree to which infrastructures interact, have the
potential to impede the post-disaster recovery effort. The results also revealed that
within these elements, critical factors such as resources availability, reliability and
transferability can also impede the post-disaster recovery effort. The continued
reliability of critical infrastructures is paramount during the post-disaster recovery
period. As mentioned earlier, the escalating complexity and vulnerability of
infrastructures due to their interdependencies has been evidenced in recent years by
their notable failures. For instance, a large-scale power outage could affect
simultaneously all the interdependent critical infrastructures. The reliable exchange of
services that occurs between interconnected systems also depends on the uninterrupted
functioning of these infrastructures. Supposing that interconnected infrastructures fail
to achieve their intended purpose, interdependencies will be likely to cause more harm
than benefits to the entire network system during recovery. In this case, there are two
paradoxical effects associated to the existence or inexistence of interdependencies
between critical infrastructures. On one hand, interdependencies could generate
widespread cascading failures amongst critical infrastructures in the aftermath of
disasters (Buldyrev, et al., 2010). On the other hand, the absence of interdependencies
as such, could also interrupt the functioning of the entire interdependent network.
Viewed from this perspective, in a post-disaster reconstruction framework, it is crucial
to maintain reliable infrastructure interdependencies to both the constancy of shared
services as well as to the safety of critical infrastructures.
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Over the years, researchers and practitioners have argued that the integration of value
Management (VM) and Risk Management (RM) in construction projects would help
avoid duplication of work and deliver better value for money thereby leading to better
project outcomes. Others have integrated the VM and Environmental Management
(EM) to achieve the same goals. In the UK, research has shown that the lack of
awareness of the environmental issues and the timing of implementing the various
Project Management Systems (PMS) during the course of a construction project are
the main constraints to better integration of these systems. This paper will argue that
the integration of VM, RM and EM would provide better efficiencies and suggest
how it could be achieved. Using desk study, the paper investigates the issues and
problems surrounding the integration of PMS. It also identifies the aspects of VM,
RM, and EM that could be integrated in projects using published literature. The
findings at this stage form an initial frame of reference as a basis upon which a model
will be developed for the complete integration of VM, RM and EM in construction
projects at the early stage.

Keywords: value management, risk management, environmental management,
systems integration.

INTRODUCTION

Typically, the activities that any organisation needs to manage can belong to different
management systems such as risk, value and environmental management systems. The
organisation can achieve the maximum efficiency at the minimum cost by managing
these different systems collectively rather than separately (Bernardo, 2014). Applying
this practice involves assessing the different activities in the different systems,
exploring the synergy between them and finally integrating them together in a new
management system, i.e. integrated management system (Orlru, 2014). Hence, the
integrated system will be largely affected by the integration strategy, the integration
methodology, the level of the integration, and the benefits and barriers of the
integration (Bernardo, 2014).

The integration of value Management (VM) and Risk Management (RM) in
construction projects has been argued to help avoid duplication of work and deliver
better value for money, leading to better deliverables in projects and higher level of
satisfaction. Others have argued for the integration of VM and Environmental
Management (EM) to more or less achieve the same goals. To date there is no
comprehensive integration model to merge and combine these three project
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management systems (PMSs). As a part of an ongoing research project this paper
contends that the integration of VM, RM and EM would provide better efficiency,
particularly when set up at the strategic definition stage (i.e. RIBA Stages) (RIBA
Plan of Wok, 2013). It also suggests how this integration can be achieved. The paper
sets out to investigate the issues and problems surrounding the integration of PMSs
through desk study. It also identifies integration models and explores the aspects of
VM, RM, and EM that could be integrated in projects. The findings at this stage form
an initial frame of reference as a basis upon which a model will be proposed — at later
stages of this research once the expert opinions were gauged using corresponding
methods — to help realisation of full integration of VM, RM and EM in construction
projects.

INTEGRATION OF MANAGEMENT SYSTEMS

The different management systems, e.g. VM, RM, and EM can be integrated mainly
using three approaches namely i) developing a new model, ii) using an existing model,
or iii) merging two or more existing models (Dalling and Holt 2012). In case of
adopting an existing model, one can use one of the following available models:

Wilkinson and Dale (2001) proposed a total quality model to integrate quality,
environment, health and safety processes into one management system. The model
earned the title total quality model as it implements a full integration between the
different activities in the different management systems such that the independent
systems are digested and amalgamated into a new system rather than simple merger of
documentations of different systems. Furthermore, this model is based on considering
effect of both integrated organisational structure and people’s culture on the interplay
between the resources, processes and procedures throughout different phases of the
integration, as described in table 1.

Pun and Hui (2002) suggested a similar model to integrate Quality, Environment,
Health and Safety (QEHS) processes into one management system. This model is built
upon the synergy between the different processes involved in the integrated system,
which are assumed to be interrelated. For instance, in case of QEHS, several links
were found between the size of company and awareness of safety and quality
management on one hand and structure of the organisation, focus of employee,
leadership, safety culture and cost consideration of integration on the other hand. This
model adopts the Total Quality Management (TQM) in the integration phase but adds
one phase for planning the different processes and identifying the synergies and one
phase after integration to train people on quality and safety culture and get them
involved and finally to standardise the adopted methods.

Karapetrovic (2003) proposed the systems model to combine the benefits of the
process model, which guides interconnected processes to achieve best quality, and
Shewhart’s Plan—Do—-Study—Act (PDSA) cycle or Plan—-Do—Check—Act (PDCA),
deals with a single process. Therefore, the idea behind the systems model is to
improve every phase of the integration by focusing on improving the efficiency of not
only the collective multiple processes as a whole but also the single processes by their
very individual nature. The continuous improvement of these processes can be
achieved throughout the different major phases of the integrated system as indicated in
table 1.

Nevertheless, it should be mentioned that the success of the integration process does
not depend only on the choice of the model but also on certain key factors. These
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factors rely on achieving: clear focus, common understanding of the integration
structure and processes, complete implementation of the integration model, and
complete implementation of the PDCA procedure (Dalling and Holt 2012).
Furthermore, Ranesh et al. (2012a) identify four main Critical Success Factors (CSF)
for effective integration:

1. Availability and adoption of appropriate integration standard.

2. Appropriate linkage between the tasks and phases of the systems.

3. Degree of integration.

4. Selection of appropriate integration techniques, e.g. brainstorming, etc.

Table 1: Available models of integration systems

Model Main stages
Process model Planning objectives and tasks determination
(Pun and Hui 2002) Integration implementation and evaluation
Installation
Measuring results and standardizing procedure
Goals determination
Planning and designing processes
Acquiring resources
Deploying resources
Implementing processes
Evaluating results
Goals determination
Resources integration
Processes integration
Planning, controlling and implementing processes
Evaluating results and redefining goals
Continuous improvement cycles

Systems model
(Karapetrovic and Jonker
2003)

Total quality model
(Wikinson and Dale 2001)

The integration between the different management systems can be performed at
different phases throughout the project. For instance, the integration can be
implemented in the project’s job plan through workshops and brainstorming (Abd-
Karim et al. 2011). Ranesh et al. (2012a) conclude that the integrated workshops are
the most accepted means of integration from the client’s point of view. These
workshops can help achieve integration while minimizing the cost and time compared
to workshops when held individually. In addition, the integrated workshops help
utilize the multidisciplinary team. In these workshops, it is vital to incorporate
external experienced consultants (Ammenberg and Sundin 2005). These consultants,
along with the multidisciplinary, team can help to stimulate the discussion, pinpoint
the appropriate links between the tasks in the different systems, find appropriate or
alternative solutions, and adopt apt existing standards or modify them as needed.

Based on the aforementioned discussion, the integration of different management
systems seems to be beneficial. Nevertheless, this integration can also have certain
disadvantages. The advantages, disadvantages and barriers for any integration process
will be discussed thoroughly in the following sections.

BENEFITS OF INTEGRATION

There are several benefits to integration between the different management systems.
These benefits include saving time and resources, maximizing efficiency, facilitating
the flow of information and improving the decision making process (Hiley and
Paliokostas 2001, Ranesh et al. 2012a). The complete formal integration also promises
better outcome and maximizes the savings of time and efforts through avoidance of
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repeating the common tasks (Ranesh et al. 2012b). Moreover, the integration benefits
greatly from addressing certain tasks and issues encountered in one system in light of
the experiences gained through similar tasks and phases in other systems (Mootanah et
al., 1998). For instance, Haghnegahdar and Asgharizadeh (2008) suggest that the
integration of RM and VM can help in early recognition of risk, decrease project time,
and increase value. Dalling and Holt (2012) reiterate this by stating that integration is
beneficial and mention that finding correlations and shared impact between the
different tasks involved in the project is one of the greatest benefits for the integration.
Hiley and Paliokostas (2001) argue that the benefits of integration exceed the
traditional view of best value for money (VfM) to include better communication
between the team members and stakeholders. In addition, clearer objectives can be
defined and followed. Rajkovi¢ et al. (2008) stress that integration provides better
control of the resources compared to when individual management systems are
deployed separately. Kirk (1995) highlights that the integration is beneficial from
different angles including i) the benefits of the views of outside experts, ii) eye-
opening to difficult-to-quantify elements, and iii) analysis of savings based on the
different alternatives. Finally, Ranesh et al. (2012b) assert that the benefits of
integration include simplifying the management records and facilitating
communication and discussion between the team members and stakeholders.

BARRIERS TO INTEGRATION

Despite numerous advantages of integration, there are inevitable disadvantages and
barriers that can greatly affect the integration efficacy. For instance, Hiley and
Paliokostas (2001) argue that the lack of information about the exact guidelines and
standards, which practitioner should follow, can be one of the biggest obstacles in
integration process. In addition, integration can be hurdled by differences in two or
more systems which are to be integrated, what requires different team members with
different views in order to tackle the problems in more efficient ways (Hiley and
Paliokostas 2001). However, having a multidisciplinary team in the same workshop
might not always be beneficial. This is because integrating two systems that are
somehow different and involve different phases, makes it difficult to discuss the two
in the same workshop, which can result in losing the purpose or focus mainly due to
lack of enough time, appropriate knowledge and/or relevant information. Therefore,
there is a need for a facilitator to organise the participation at different stages of the
project. This leads to another critical issue that is people involved in the integration
process might not be needed all the time (Ranesh et al. 2012b).

Campos et al. (2014) suggest that a well-defined and permanent organisation structure
is required to implement and follow-up the integration process. Ammenberg and
Sundin (2005) affirm that integration can be affected or hindered by the available
standards, driving interest, available resources, competence and information.
Similarly, Dalling and Holt (2012) summarise six barriers for successful integration:
1) Lack of commitment, 2) Conflict of interests, 3) Lack of stakeholders drivers for
integration, 4) Lack of standardized methods and protocol for integration, 5) Lack of
information and knowledge, 6) Resistance to change.

On the other hand, Zeng et al. (2006) show that the main internal barriers for any
successful integration include human resources, knowledge, structure and culture of
the organization. In addition, the main external barriers are lack of technical standards
and models, lack of legislation bodies, lack of stakeholder’s interest and the
institutional environment. Rajkovic¢ et al. (2008) reiterate these barriers and add that
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the complexity of the different management systems and the effort needed for
integration can also hinder the integration process.

INTEGRATION BETWEEN VM AND RM SYSTEMS

The aim of the integration between value management and risk management systems
IS to maximize the value for money by the efficient allocation of risk. RM and VM are
somehow similar in different aspects including that both i) are structured decision
making tool, ii) contribute to the VM, iii) have same processes with different focus,
iv) involve the same stakeholders, v) require information sharing, and vi) use the same
techniques such as brainstorming and function diagrams. The complete formal
integration also pledges better outcome and maximizes saving in time, cost and effort
through the avoidance of repeating the common tasks, which is common occurrence
where VM and RM are considered separately (Ranesh et al 2012b). Moreover, the
integration benefits greatly from addressing all risk issues in light of VM (Mootanah
et al. 1998). To investigate the extent of integration between VM and RM, Ranesh et
al. (2012b) use semi-structured interviews conducted with ten industry practitioners
involved in Public Private Partnerships (PPPs) projects in Australia. The study
concluded that the integration between VM and RM were never performed formally.
Similarly, Hiley and Paliokostas (2001) came up with similar findings which imply
that the integration between VM and RM is practiced in the built environment project
in informal ways. One reason behind this formally abandoned integration can be
attributed to the confusion related to the lack of knowledge of how exactly to integrate
VM and RM and at which stage of the project should this be addressed (Ranesh et al.
2012b, Hiley and Paliokostas 2001). Therefore, to avoid any confusion, Othman
(2005) proposes that the IRVM should be simple and easy to follow, otherwise the
integration will be hindered and the focus will be lost. In addition Ranesh et al.
(2012b) suggest that the participant of Integrating Risk Management and Value
Management (IRVM) should be knowledgeable of not only VM or RM but also the
two of them together. This is also proposed by Othman (2005) who indicates that the
diversity of the team is crucial for making good decisions.

There are several approaches for integrating VM and RM. Abd-Karim et al. (2011)
study the applicability of integration in the project’s job plan through workshops and
brainstorming in four infrastructure projects in the UK. The study highlighted that the
efficiency of integration through the job plan and brainstorming is much better than
applying only one of them. Moreover, the study identified that the efficacy of
integration relies upon the time and budget constraints in addition to the project’s
complexity and client’s requirements. Another critical element is that all the
participants in the IRVM workshops should be familiar with the methods, techniques
and tools used in the integration (Ranesh et al. 2012b). Ranesh et al. (2012a) identify
several CSF for the implantation of IRVM including the discipline, scope, location,
and time of the study as well as the involvements of the key stakeholders and the
client’s willingness and requirements. On the other hand, Ranesh et al. (2012b)
identify the following six CSF for the IRVM integration: 1) Study type; 2) Study
methods; 3) Study tools and techniques; 4) Selection of integration standards; 5)
Effective linkage between RM tasks and VM phases; 6) Degree of integration.

Many studies have introduced clear methodologies and models for integration. For
instance, Kirk (1995) presented a methodology for the complete integration between
VM and RM in every stage of the project. In addition, Othman (2005) introduced
Value and Risk Management Protocol (VRMP) asserting that the integration should
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be performed in three main stages: i) the pre-study phase that is used to collect data
and information, ii) the study phase where the objectives and alternatives are defined
and evaluated, and iii) the post-study phase during which the best alternative is
implemented and monitored. Mootanah et al. (1998) highlight that these stages are in
line with the different value management phases, and therefore can be carried out
simultaneously while performing VM tasks. Haghnegahdar and Asgharizadeh (2008)
argue that applying integration at the early stages, e.g. briefing stage, is best practice,
which leads to minimized cost and early recognition of risks and their effects on
value. Chang and Liou (2005) argue that the degree of integration should not be
considered arbitrarily but rather as inversely proportionately to the budget and
urgency of the project. Therefore, for small budget projects, the authors propose to
integrate RM into only the evaluation phase of the VM. This is an executive approach
to save more time and money that is especially applicable to small projects.

Based on the aforementioned discussion, it can be concluded that the integration
process is complex and requires paying careful attention to all the details of the project
including its location and budget constraints.

INTEGRATION BETWEEN VM AND EM SYSTEMS

The whole life value of any project involves the identification of stakeholders,
functionality, performance, cost, risk and environmental sustainability (Mootanah
2005). Zeng et al. (2006) examine the difficulties and barriers in integrating the
environmental and occupational management systems. The study showed that the
main internal barriers for any successful integration of EM include human resources,
knowledge, structure and culture of the organization. Furthermore, the main external
barriers are lack of technical standards and models, lack of legislation bodies, lack of
stakeholder’s interest and the nurturing institutional environment (Zeng et al. 2006).
Al-Saleh and Taleb (2010) investigate the integration of VM and sustainability
especially in the Gulf States. The study concluded that in most of the cases the
integration is very weak. The study also identified the following reasons behind this
absence or procrastination of integration in built environment projects:

e lack of infrastructure and government bodies to support the integration

o lack of skilled workforce to implement and follow-up the integration process

e lack of awareness of local regulations concerning the necessity of sustainability as a vital
integral part of the project.

Al-Yami and Price (2005) also point out that the biggest obstacles on the way of full
integration can be related firstly to the misinformed practitioners that sustainability is
already taken care of by Value Engineering (VE) or RM and secondly to the lack of
information concerning the guidelines of how to apply the integration in different
projects. Al-Saleh and Taleb (2010) also point out that the lack of codes and protocols
as well as time constraints can put hurdles on the way of integration. Moreover, the
focus on cost reduction rather than sustainability improvement can hinder the
integration significantly. Al-Yami (2006) draws attention to the fact that cost of not
considering sustainability, including environmental sustainability, in fact increases
due to the increased consumption of energy and raw material. Furthermore, Al-Yami
(2006) suggests that the only effective way to implement sustainability is by changing
the general view to focus on long-term value instead of short-term cost. Campos et al.
(2014) assert that a well-defined and permanent organisation structure is required to
implement and follow-up the integration process. Al-Yami and Price (2005) advocate
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a link between VE and sustainability which can be linked in early stages of projects
using an integration scheme that utilizes six stages:

i) professional consideration of VM using experience of VE

i) identification and optimization of the available resources

iii) dedication of a team for VE

iv) finding creative solutions to achieve the project’s goals in light of the available
resources

V) performing the VE study

vi) implementing the recommendations of the VE study

Furthermore, Ammenberg and Sundin (2005) claim that integrating the EM system
and design for the environment (DfE) could be achieved by adding a life-cycle
perspective to the EM system.

INTEGRATING VM, RM AND EM SYSTEMS: A PROPOSAL
FOR A NEW FRAME OF REFERENCE

Berawi et al. (2013) show that the main factors affecting the success of any building
project are the time schedule of the project, completion effectiveness, efficiency of
investment, security and safety, and physical and psychological comfort of the
occupants. In addition, their study suggests that the main barriers to the success of a
project are lack of commitment and support from management, unethical behaviour
from the professionals, lack of supervision, lack of expertise in the project, and
delayed implementation schedule. These factors can affect the VfM and can impose
additional risks if not handled properly. This highlights the need to integrate VM, RM
and EM to maximize value, minimize risk and achieve long-term sustainability. This
need for integration is also stimulated from the fact that the whole life value of any
project involves the identification of cost, risk and environmental sustainability
(Mootanah 2005). Therefore, the integration between the value, risk and
environmental management systems is expected to improve the whole life value. So
far, this integration is not fully achieved. In addition, thus far no complete model has
been proposed to formally establish clear guidelines for the Integrating Risk
Management, Value Management and Environmental Management (IRVEM) process.
This paper aims at filling this gap and laying the foundations for proposing a model
for integrating VM, RM and EM systems.

The proposed model is inspired by the models, which are proposed, by Kirk (1995)
and Othman (2005) for IRVM. Kirk is one of the first to propose a full
implementation model for quantitative assessment and analysis of the associated risks
with the different elements in each process, i.e. labour, material, duration and cost.
Therefore, a probability curve can be obtained for every associated risk, which can be
used to weigh the possible alternatives to choose from. Othman (2005) used the same
methodology but suggested that not only risks but also value should be quantified.
Hence, based on Othman’s model, one needs to develop a hierarchy matrix, i.e.
importance weights, for every objective. In addition, one needs to develop a decision
matrix through which risks are taken into account based on their severity and
likelihood whereas the alternatives are assessed based on their importance weights in
the hierarchy matrix.

Adopting the same philosophy to integrate EM in RM and VM, the first step in our
proposed IRVEM model is to define the hierarchy of demand i.e. the most critical
elements in the integration that have the greatest impact followed by the less
influencing elements. For instance, in case of considering the integration of value, risk
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and environment, the first element in the hierarchy of demand is risk minimization,
followed by value maximization and saving resources. The critical task here is to find
the common ground to achieve most of the hierarchy of demand matrix with less
resources and faster response time. In this respect, the following frame is proposed for
a new integration model:

1. Pre-integration phase
1.1. Identify the goals
1.2. Identify the hierarchy of demand matrix

1.3. Identify the tasks related to every item in the matrix

1.4, Identify the resources available to every task

1.5. Identify the different risks associated with the different tasks

1.6. Identify the elements in the different tasks related to environment

1.7. Rank the matrix items and the associated tasks, resources, environment elements and risks
according to the demand. The final rank would be considered as the importance rank
multiplied by the number of associated tasks divided by the available resources

2. Integration phase

2.1. Link the different resources in order to maximize the value for money

2.2. Recalculate the hierarchy of demand matrix based on the linked and shared tasks

2.3. Integrate the tasks according to their rank, e.g. high-risk tasks together and high-value

tasks together.
2.4. Deploy resources on the integrated tasks based on their rank
2.5. Implement processes
3 Post-integration phase

3.1 Evaluate outcome

3.2 Redefine goals

3.3. Re-identify the tasks, risks, resources and hierarchy of demand matrix
3.4. Compare the current ranks with the initial counterparts

3.5. Reprocess

The advantage of this model is the clarity of the phases and the tasks involved at each
phase. In addition, it presents clear criteria for making the decisions about which tasks
should be merged together or considered simultaneously. Interviewing expert
practitioners in the field of RM, VM and EM will help shed some light on
functionalising the model, its applicability and adopting any recommendations and
adapting the preliminary model through professional feedback loop validation process.

CONCLUSIONS

In the UK, research has shown that the lack of awareness of the environmental issues
and the timing of implementing the various Project Management Systems (PMS)
during the course of a construction project are the main constraints to better
integration of these systems. This paper argued that the integration of VM, RM and
EM would provide better efficiencies and suggest how it could be achieved. Using
desk study, the paper investigated the issues and problems surrounding the integration
of PMS. It also identified the aspects of VM, RM, and EM that could be integrated in
projects using published literature. The findings formed a basis upon which a
framework for a new model was developed and proposed for the complete integration
of VM, RM and EM in construction projects. This initial framework will be deployed
at the next stage of this ongoing research project as a basis for developing a novel
model to integrate VM, RM and EM. Real data will be collected and collated from
different live projects and via questionnaire surveys, expert interviews and industrial
expert steering/focus groups to help facilitate the approach and to mobilise the model.
Through the text and content analysis, different factors, elements, barriers and
facilitators of such integration will be interrogated, and effective strategies, methods
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and actions will be developed to help form the model, its verification and improve its
applicability, validity and reliability through a reiterative feedback loop.
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PRODUCTION STAGE THROUGH THE USE OF
CONTRACTOR-LED DESIGN MANAGEMENT
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Many large scale construction projects (LSPs) are designed in a collaboration between
famous international architects and local design firms. Design management usually
evolves as a tool at the design stage for designers and design solution. One of the
special characteristics of the Korean construction environment places a duty and
responsibility on the contractor to coordinate and check design information. Hence
the contractor must manage and integrate diverse design information into the
production process. This research considers how the design management diagram
(DMD) can help as a part of the system at the pre-production stage of LSPs in Korea®.
The pre-production stage receives insufficient attention from the research community
from the perspective of design management; it is a complex process involving
interdependence, risk, and uncertainty. Through the application of a DMD from the
pre-production stage, the contractor can predict and manage the design-related
uncertainty during production stages. The design management factors (DMFs) were
analysed by the analytic hierarchy process (AHP), and then used complexity system
theory to understand the interrelationship between the causal factors. DMFs are
presented as a causal loop diagram which can help the contractor to cope with design-
related uncertainties at the early production phase.

Keywords: causal loop diagram, contractor-led design management, international
design team, pre-production stage.

INTRODUCTION

Construction projects are being increased in size, scale, and complexity. The
contractor must calculate the production cost and the time requirements, and then
establish the appropriate execution strategy at an early stage. Large scale construction
projects (LSPs) incorporate lots of design elements that require unique and innovative
structural, mechanical, lighting, electrical, and environmental systems (Aminmansour
and Moon, 2010). The complex technologies and systems with different requirements
for expertise including specialist, subcontractors and suppliers more increase the
project complexity. In addition, international design team involved in the design
process add another layer of complexity that the contractor must manage. Such design
teams are influenced by different culture, technical standards, and work processes,
making design collaboration challenging. Such arrangements often results in a
complex for the delivery of the design information to the contractor. This has led to
project cost overruns, time overruns, and poor profitability for Korean contractors.
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2 For the purpose of brevity, Korea has been used throughout the document to denote the Republic of
Korea, which is South Korea.
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It is very difficult for the contractor to address these complexities and uncertainties
during production stage. They have to establish the appropriate production strategy
and prepare a suitable implementation plan within the short period of the pre-
production stage (Song et al, 2009). During the pre-production stage, the time
constraint means lots of critical elements are overlooked. Thus, the contractor should
retain the appropriate method to manage the design information. The contractors need
to convert the design information into production information. Moreover, contractors
should consider the assembly of the construction team, the pre-ordering of materials,
and the planning of production prior to work commencing at pre-production stage.
However, contractor normally does not have their own design management team to
manage the diverse and complex design information. Particularly, under multinational
complex projects, contractors have suffered from the uncertainty caused by
insufficient management of design information. This can directly influence rework,
duration, and profit at production stage (Lopez and Peter, 2012).

Insufficient attention has been given to the effective management and use of design
information at the pre-production stage. This research focuses on how design
management at pre-production stage can help the contractor to recognize design-
related uncertainties and prepare appropriate execution methods. The aim of this
research is the establishment of a DMD from the contractor's perspective to manage
the design-related uncertainty at the pre-production stage. It will be useful particularly
for Korean construction enterprises working on LSPs designed by international design
teams. Based on complex system and system thinking as an underlying theory, factor
interdependent causal loop diagram was established as a DMD in order to understand
how DMFs influence the practical production stage.

PROJECT DELIVERY IN KOREA

Large contractors who are part of a large conglomerate dominate the Koran LSP
market. These large conglomerates have both moral and legal responsibility to deliver
projects; they are an important part of the business and social infrastructure of Korea.
The general contractor as an affiliate of a conglomerate takes a total responsibility for
project delivery. Legal and statutory responsibility lies with the contractor to ensure
engineering integrity of design. Legally a contractor has to review and confirm the
integrity of drawings and documents along with the project supervisor before
commencement of construction (Bea et al., 2006; Moleg, 2014). When contractors
take over a project from the architect they have to check all the design and documents,
and then establish the implementation plan to manage the design-production elements.
International design teams, in many cases in Korean LSPs, rely on contractors to
respond quickly to unexpected problems on site, even though the initial problem may
have been caused by insufficient or incorrect design information.

Almost all large contractors in Korea act as a construction manager and as a design
manager on the project as well. Because there is no practical concept of a project
manager in the Korean construction industry, the design management team undertakes
large parts of the project manager's role. Design management team is closely
interconnected with all production stages as well as influencing project productivity
and performance; it is one of the main reasons that the research focused upon
contractor-led design management.

Many large Korean conglomerates have diverse subsidiary companies in the
construction industry such as developer, contractor, consultant, and provider of heavy
equipment and construction materials as part of their business. When the large
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conglomerates develop a LSP, consideration is given to different business aspects
directly related with their subsidiary companies. Subsidiary companies constantly
request design or material changes in order to supply a certain material or equipment
which they produce or trade (Kim and Kown, 2005). At the early project stage, the
contractor who controls the LSP should analyse and manage all of the design-
production elements requested from brother companies to reduce unexpected risks.

LITERATURE REVIEW

Project complexity

The emergence of complexity brings new questions to the construction project in the
age of chaos and interdependence. Studies associated with complexity, chaos and
uncertainty are steadily increasing in project management research literature (Austin
et al., 2002).

Thomas and Mengel (2008) defined complexity from the systematic perspective. They
insisted that complex systems are made up of large numbers of multiple-interacting
components in which it is difficult to understand the behaviour of the individual
components or predict the overall behaviour of the system. In accordance with the
study by Vidal and Marle (2008), a synthetic approach can be taken into account for
management of complex projects in which different participants will have different
perspectives. They assert that synthetic integration of individual characteristics is
useful in understanding how the complex personalities can be perceived as a part of
project. Migliaccio et al. (2008) also investigated implementation of complex projects.
They consider design aspects to address rapidly changing construction elements. From
the investigation, barriers and facilitations to understand the comprehensive
interconnection between individual design and construction elements were presented.
They developed a framework to cope with design-related construction elements
caused by multinational participants and off-site materials.

Complexity is a feature of a project which makes it difficult to understand, foresee and
keep under control its overall behaviour, even when given the complete design
information (Owens et al., 2011). Thus, appropriate management of design
information is essential for reducing uncertainty risk at early project phase.

Contractor's design management

In design management literature, the research of contractor-led design management
started with the shift of procurement from the 1990s. Gray et al. (1994) describe the
growing importance of contractor’s design management (Gray and Hughes, 2001).
Contractor’s design management was the coordination and regulation of the building
design process, resulting in the delivery of a high-quality building. Design
management texts have not emphasized sufficiently how contractors can manage the
design information and process for the production stage and the challenges they face.

However, different research is being carried out on contractor's design management
more recently. Emmitt (2007) found that due to the complexity of current building
projects, management responsibility of the contractor has risen even in design aspects.
He argued that the contractor should be involved more substantially in the
management of design information. Broadbent and Laughlin (2003) emphasised the
importance of systematic design management. From the contractors' point of view,
design management is a function that coordinates the design information to deliver
high-quality performance, enabling the needs of the design, manufacturing, and
construction processes to be met. There are more substantial studies dealing with the
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contractor's role in design process. Walker and Walker (2012) also studied
contractor’s early involvement on project; they suggested that because contractors
have practical experience of design-related problems on site, they should be involved
from the initial project phase as soon as possible.

The role of design management is becoming more systematic and contractor-oriented.
Like above studies, involvement of contractor-led design management from initial
stages is expanded by improved schedule, cost, safety, and quality performance
(Emmitt, 2010).

RESEARCH METHOD

This research focuses on the understanding of the current problems and practical ideas
from the collected and analysed data. This research is structured into three parts: the
factor identification, data collection, and data analysis. 40 potential DMFs were
obtained from diverse academic literature and industrial data. After semi-structured
interviews by 11 experts in the construction industry, 21 DMFs were determined to
constitute the survey questionnaire. Interviewees were asked to evaluate the
appropriateness of selected factors and to add any additional DMFs. The questionnaire
was divided into two parts. Part 1 acquired personal and general information. Part 2
evaluated the degree of importance of each factor and the interrelationships between
factors. Questionnaires were issued to Korean construction professionals engaged in
international-based LSPs as a project manager, site manager, project engineer, or
design manager. All respondents were selected from Grade 1 contracting and
engineering firms registered with the International Contractors Association of Korea,
or the Korea Construction Engineers Association.

284 questionnaires were distributed and 98 valid responses were returned representing
a response rate of 34% which is an acceptable response rate for a questionnaire
survey. Among the 98 sample, 24 respondents (24.5%) were construction managers,
32 (32.6%) were site managers, 31 (31.6%) were project engineers and 11 (11.3%)
were design managers. The majority of the respondents (78%) had over 5 years
working experience in their organizations. They were all at middle or higher
management levels, which indicate that a high level of accuracy and credibility of the
collected data were achieved.

Statistical methods were used for the analysis. The analytic hierarchy process (AHP)
was used for data analysis. AHP analysis uses a hierarchy to resolve a decision
problem, and then develops priorities for the alternatives throughout the system
(Saaty, 1987). Each survey question was designed for pair-wise comparison, thus
interrelationships between two target factors can be evaluated and analysed more
substantially. Through the pairwise comparison, a more accurate relationship between
two target factors can be achieved than result from statistical group response (Whang
and Kim, 2014). The respondents selected one DMF which was deemed more critical
between the two target factors by people with actual project experiences or
professional knowledge. By the above procedure, the importance of each DMF was
evaluated, and also the degree of the relationship between two compared factors was
presented. Based on the results, all factor interrelationships were shown alongside
how strong the relationships are between the factors and which factors have multi-
relationships with other critical DMFs.

The importance and priority weight of each factor are ranked and shown in Table 1
with Figure 1 showing the different interrelationships among factors. Based on factor
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interrelationships in Figure 1, synthetic causal loop diagram was established as seen
Figure 2.

DATA ANALYSIS AND DISCUSSION

Importance weight evaluation

Important weights of all DMFs are evaluated by AHP analysis. The first step of AHP
analysis is to classify a hierarchy by organizing the critical DMFs. The next stage
evaluates the relative importance of each factor using a set of pair-wise comparison
matrices by a nine-point scale using a scale from 0_(lowest level) to 9_(highest level)
(Al-Harbi, 2001). The survey respondents selected one factor that seemed to be more
important corresponding to the factors being compared. According to the respondent’s
determination on a chosen factor, importance weight of each DMF was estimated.
AHP also measures the overall consistency of judgments by means of a consistency
ratio (CR). The CR provides a way of measuring how many errors are created when
providing the professional judgment (Saaty, 1987). If the CR is below ‘0.1°, the errors
are fairly small and thus, the final estimate can be accepted. If it is more than ‘0.1’, the
judgments may be somewhat random and should perhaps be revised. After CR
checking, if the figures present inconsistent results, judgment should be repeated.

The priority of the DMFs was also presented as a concrete figure according to each
weighted result as seen in Table 1. Unlike importance weight, factor priority allowing
multiple responses means favourable and acceptable factor by construction experts. In
other words, even if high priority factors cannot be perceived as very important, they
are recognized as indispensable in design management. Thus, these DMFs would be
considered and applied into the real LSPs.

Through the AHP analysis, all DMFs have both importance and priority weight.
Among 21 factors, management of the design interface between international design
firms (F17), standardization of different types of drawings (F7), proposal of value
engineering (F3), and integrated design management teams on-site (F5) are ranked as
the top four critical factors. In comparison to other factors, they have significantly
high importance weights (at least over 9%). The sum of these four factor weights is
more than 40% of the total weight. Because these four factors can influence the whole
project duration and performance, they can be incorporated into the project design
management process at the initial project stage.

Oppositely, low ranked factors have specific and regional features. For example, some
factors focus on multinational aspects such as building code interface management
between different global standards (F16) and regular detailed design meetings with
subcontractors and suppliers (F12). The other factors including changed data
management during production stage (F20) and prior discussion on major buyer's
requirements (F18) are directly related with Korean features. The sum of the
importance weight of the 5 lowest factors (11.372) is less than weight of the highest
factor. However, because these factors are interconnected with diverse factors as seen
in Figure 1, from the systematic perspective, they can influence high ranked critical
factors.
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Table 1: Importance weight and priority result

No Design management process factor  Rank Importance Priority

Weight (%)  Result (%)
F17  Management of design interface between international 1 11.678 6.128

design firms
FO7 Standardization of different types of drawings 2 10.231 6.016
FO3 Proposal of value engineering 3 9.267 4.425
F05 Integrated design management team on-site 4 9.086 8.112
Fo1l Project documents review 5 6.138 9.015
FO6 Application of BIM 6 5.232 7.261
F02 Review of the design level compared to budget 7 4.592 3.623
F15 Changing design coordination 8 4.461 5.063
FO4  Application of project management information system 9 4.188 3.727
F09 Documents management according to Fast-Track 10 3.872 5.152
F10  Structural grid planning review(over design, omission) 11 3.731 3.521
F14 Off-site construction manual and guideline 12 3.627 3.368
F19 Interior finishing simulation 13 3.468 3.362
FO8 Establishment of design integrity checklist 14 3.374 3.492
F21 Support for an environmental building certification 15 3.142 3.427
F11 Making criteria for pre-assembly process on site 16 2.541 3.127
F13 Approval working drawing and sample material 17 2.497 6.113
F16  Building code interface management between different 18 2.484 4.540
global standards

F20 Changed data management during production stage 19 2.303 3.051
F18 Prior discussion on major buyer's requirements 20 2.059 3.214
F12 Regular detailed design meetings with subcontractors 21 2.029 4.263

and suppliers

* Priority results include multiple responses
Factor interrelationship evaluation

Factor interrelationships are meaningful as much as the importance weight. All DMFs
can have advantageous or disadvantageous impacts on project performance
simultaneously. In addition, some factors which are quite advantageous in the early
stages can have serious influence on the project performance later on. For example,
Application of BIM (F6) factor can be advantageous to improve productivity.
However, at the same time it also can cause the increase of construction cost and
duration due to out-sourcing costs for BIM modelling and training cost for BIM
operators.

In Figure 1, all DMFs are located on the graph based on priority and importance
weight. Herein, factors which have strong and closed relationship with other factors
are expressed as bold and thick lines according to the questionnaire response. Overall,
high priority factors have diverse relationships with other factors, while high
importance weight factors have more strong relationships comparatively. Figure 1
indicates that high ranked factors in both importance weight and priority such as F1
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and F5 have various and strong relationships with other factors at the same time.
Indeed, these kinds of factors can have a dominant influence on whole project
performance, particularly in small and middle size projects. However, in international-
based LSPs, the efficient integration of diverse factors is more critical than focussing
on a small number of predominant factors. Thus, even if some factors do not have
high importance weight such as F12 and F13, they can play as a hub factor having
diverse interrelationships with other DMFs; indeed F12 and F13 have 8 and 6
relationships with other factors respectively.

Figure 1: Interrelationship between design management factors
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CAUSAL LOOP DIAGRAMS

The traditional management approach assumes that if each project component can be
understood, then the whole project can be controlled easily. However, the
interrelationship between components of LSPs is more complex than the linear
thinking system from the traditional approach. Thus, comprehensive approaches such
as the causal loop diagrams which focus on system structure have received attention
(Wolstenholme, 1990). Causal loop diagram is an analysis method for system
dynamics used for the development of complex, long-term, or one-off projects such as
spaceships, computer programs, or offshore plants. International LSPs have similar
features of complexity with above projects; hence causal loop diagrams have been
used for different LSPs to analyse structural features or project systems. Even if it
cannot provide the detailed schedule and cost solution, it can improve the
understanding of the project system and provide evaluation of major parameters from
the structural perspective.
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Figure 2: Design management factor causal loop
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Figure 2 shows the causal loop diagram as a DMD for a LSP, which considers the
interrelationship between DMFs. The diagram reflects the cost, time, and quality
performance during the production stage. Among DMFs, only two factors (FO3, F15)
influence project performance directly; FO3 and F15 impact on cost and quality
performance, respectively. Others mutually influence each other or impact on other
dependent elements. By the establishment of a causal loop diagram at early pre-
production stage, contractors can establish their design management strategies and
substantial implementation plans according to the project performance target. For
example, if contractors should reduce the construction costs at a certain production
stage, preferentially they can consider the value engineering proposal (FO03). This
factor is ranked 3rd on importance weight (see Table 1); it also has a direct
relationship with cost performance (see Figure 2). However, if there is no specific
performance target, contractors may consider the integrated design management team
on-site (FO5). Even if FO5 cannot influence on in any performance target directly, it
give impact on quality and cost performance as well as other DMFs at the same time.

CONCLUSION

Contractors are facing increasing risk and uncertainty on projects caused by
complexity. In the Korean construction industry contractors are more responsible for
the whole project from design to production; this is of particular importance where
international design teams are involved with indigenous local design partners. To
manage uncertainty caused by such design-production risk, this research focused on
the establishment of the contractor-led DMD from pre-production stage. Through data
analysis, collected DMFs were ranked by importance weight and expressed by factor
interrelationships. The data was used to establish causal loop diagrams in order to
understand the structural features of whole project. Viewing a causal loop diagram can
help to provide a comprehensive insight into the fundamental dynamics of the project
elements. With this insight, contractors can recognize which DMFs should be
considered and implemented as a DMD according to project performance targets and
conditions. Such information is very valuable, helping contractors to prepare
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appropriate construction methods and to organize resource allocation at pre-
production stage. The causal loop diagrams can also be used in system dynamics
simulation. Through the simulation, optimal and balanced design management
strategy can be established from the contractor’s perspective to minimize project
uncertainty.
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CONCEPTUAL FRAMEWORK FOR RISK
PROPENSITY, RISK PERCEPTION, AND RISK
BEHAVIOUR OF CONSTRUCTION PROJECT
MANAGERS
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College of Management and Economics, Tianjin University, Tianjin, China

Although a number of quantitative risk management measures and methods have been
developed, the risk decision-making behaviour of construction project managers still
needs to be further considered. Taking the characteristics of construction projects into
consideration, this research put forward an integrated framework from the perspective
of construction project managers and proposes 11 general hypotheses, putting risk
propensity and risk perception in central roles. Individual differences, including
demographic traits, personality differences, and knowledge and experience are
identified as factors affecting risk propensity of construction project managers. Risk
perception, on the other hand, is mainly influenced by magnitude or probability of
potential gain or loss, problem framing, and culture influence. Questionnaires were
distributed and multiple hierarchy regressions were employed to test 2 of the 11
hypotheses. The results confirm that extraversion positively influences risk propensity
while agreeableness negatively does. Besides, risk propensity has a negative influence
on risk perception of construction project managers. Propositions derived not only
shed light on guidance for future research on the risk behaviour of construction
project managers, but also provide decision-making support through a better
understanding of the factors affecting risk behaviour. More empirical tests of the
proposed hypotheses should be conducted in future researches.

Keywords: construction project manager, risk decision-making, risk perception, risk
propensity.

INTRODUCTION

A construction project is plagued with various risks and uncertainty due to its complex
and dynamic nature. Risk management as well as the quality of risk decisions thus
plays a critical role during the implementation of construction projects. As an overall
planner, controller, and coordinator of a project, the construction project manager
must ensure the requirements of completion on time, within budget and required
quality standards (Rwelamila, 1994). A project manager is the main decision maker of
the project, taking the major responsibility of the risk assessment and management.
Risk decision-making behaviour of the project manager thus is critical to the project
success. A better understanding of risk behaviour of decision-makers can contribute to
risk management programs in project organizations.

Previous research has developed various methods to study the risk decision-making,
including expected profit and loss value decision method, the Bayesian decision
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method, the Markov decision method, etc (Wang and Yuan, 2011). However,
quantitative studies about risk decision-making (e.g. mathematical programming,
economic models) have both practical and theoretical limitations (Lin and Chen,
2004) for they rarely focused on the characteristics or behaviours of decision-makers.
It is stated that decision-makers perceive risk differently when faced with various
situations, the reasons of which refer to early experience, education background,
personal beliefs, and culture (Alexopoulos et al., 2009). Therefore, when it comes to
risk behaviour of decision-makers, the subjective factors influencing the way project
managers make decision cannot be ignored. Risk decisions during the implementation
of construction projects are not only based on the rational evaluations of the likelihood
and magnitude of risks, but also rely on the personal traits of the project manager.

A mediated model of the determinants of risk decision-making was proposed by Sitkin
and Pablo, indicating that risk propensity and risk perception of the decision-maker
are the main variables influencing risk decision-making behaviour (Sitkin and Pablo,
1992; Sitkin and Weingart, 1995). Meanwhile, organizational (Thomas et al., 1993),
personal and project characteristics (Mller et al., 2009) are contextual factors which
may produce impacts on manager’s decision-making. Most of the research on risk
propensity, risk perception, or risk behaviour is based on the theory of behavioural
decision, generally from the domain of psychology. Little attention was given to
factors influencing decision-makers’ risk propensity or risk behaviours in construction
projects (Wang and Yuan, 2011). Thus, this research tends to find out the critical
factors affecting project managers’ risk decision-making behaviours. Based on the
literature and hypotheses, the purpose of this research is to build up a conceptual
model about the relationship among various antecedents, risk propensity, and risk
perception of project manager, which also takes the effects of project attributes into
considerations.

THEORETICAL BACKGROUND

Risk Propensity

Risk propensity, also conceptualized as an individual’s risk-taking tendency, is
defined as an individual’s current tendency to take or avoid risks and considered as an
individual trait which can change over time as a result of experience (Sitkin and
Pablo, 1992; Sitkin and Weingart, 1995). An individual’s willingness to take or avoid
risks may have a significant impact on his decision-making under conditions of risk
and uncertainty (Keil et al., 2000). Important decisions take place under conditions of
incomplete information, thus it is impossible for project managers to gather all the
information and take all risks into consideration to make the wise decisions. In such
situations, the decision-makers’ risk propensity may play an important role.

Risk propensity is considered to be a situational-specific variable, indicating that a
decision-maker’s risk propensity differs in various situations (Keil et al., 2000). There
is plenty of research on risk propensity of executives (Brockhaus, 1980; MacCrimmon
and Wehrung, 1990; Wiseman and Gomez-Mejia, 1998). However, there is limited
research conducted in the construction domain, except for a few studies, such as Han
et al (2005) studied the risk attitude of contractors when making bid/no bid decision of
international projects. Wang and Yuan (2011) also identified the critical factors
affecting contractors’ risk attitudes in construction projects. This research aims to
study the risk propensity from the perspective of project managers in the construction
context.
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Risk Perception

Risk perception refers to “a decision maker’s assessment of the risk inherent in a
situation” (Sitkin and Pablo, 1992). As an inherent part of the decision-making
process, risk perception could be understood as an individual’s assessment of risk. It
means that when individuals are faced with identical situations, some consider the
situation to be very risky, while others believe it is with low risks. There is a high
chance that decision-makers who perceive low level of risk might take risky actions
even if they are risk averse. Forlani and Mullins (2000) put forward a framework
which indicates risk perception of entrepreneurs, venture characteristics, various
contextual effects, and individual traits play key roles in entrepreneurs’ decisions to
enter new ventures.

Risk perceptions of various individuals may differ due to certain types of cognitive
biases lead people to perceive different levels of risk (Simon, Houghton, and Aquino,
2000). According to Simon et al. (2000), cognitive biases can directly influence risk
perception, which further produces impacts on the decision of individuals to start a
venture. There are a certain number cognitive biases types, for instance,
overconfidence, covariation and control, availability, representativeness, multi-stage
evaluation, and so on (Simon et al., 2000).

HYPOTHESES AND CONCEPTUAL MODEL

Sitkin and Pablo (1992) put forward a reformulated model integrating the
determinants of risk behaviour and argued the mediating mechanisms of risk
propensity and risk perception. Thus, individual characteristics, such as risk
preferences, inertia, and history of prior outcomes of risk decision-making, affects risk
behaviour indirectly through the impact on the decision-makers’ risk propensity. On
the other hand, organizational and problem characteristics, including cultural risk
values, organizational control systems, problem familiarity, problem framing
(Kahneman and Tversky, 1979), affect risk behaviour only by influencing what is
perceived (risk perception). Based on the three aspects, namely individual, problem-
related, and organizational characteristics, the following sections aim to find out the
effects of key variables on the project managers’ risk propensity and risk perception in
construction projects.

Hypothesis 1: Higher levels of risk propensity of construction project managers lead
to riskier risk decision-making behaviour.

Hypothesis 2: Construction project managers’ risk behaviour is negatively associated
with their levels of risk perception.

Factors Influencing Risk Propensity

Demographic traits

Upper echelons theory put forward that the executives’ personalities greatly influence
their interpretations of the situations they face and, in turn, affect their choices or
decisions (Hambrick, 2007; Hambrick and Mason, 1984). The demographic
characteristics of executives can be used as valid, albeit incomplete and imprecise,
proxies of executives’ cognitive frames (Hambrick, 2007). The demographic traits of
project managers are thus associated to their way of making risk decisions.

As for age, young males or females take more risks than older males or females, based
on which it is proposed and then verified that risk propensity will be inversely related
to age (Nicholson et al., 2005). As for gender, women are found to be more risk
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averse than men when facing gambling situations. It is also assumed that female
project managers are less risk taking.

Lots of studies have been conducted to explore the magnitude of relative risk aversion
or risk taking, but there is little consensus and few generalizations to be concluded
from the existing literature (Halek and Eisenhauer, 2001). Therefore, this research
tries to explore the relationship between demographic traits and risk propensity of
project managers in the construction context.

Hypothesis 3: Risk propensity of construction project managers is negatively related
to age. Meanwhile, female project managers tend to be more risk averse compared to
male managers.

Personality

Personality traits are predictable characteristics of individual behaviour which can
explain differences in actions of people in similar situations (Koe Hwee Nga and
Shamuganathan, 2010). This research mainly uses the conception of the Big Five
model, namely extraversion, agreeableness, conscientiousness, emotional stability,
and openness to experience.

Extraversion trait is manifested by sociable, outgoing, positive attitude and assertive
characteristics (Ciavarella et al., 2004), which creates a positive drive to risk-taking
propensity and need for achievement. Agreeableness trait concerns the ability to foster
social consensus in order to maintain mutual trust (LIewellyn and Wilson, 2003).
Overly agreeable personality may result in compromising to gain acceptance and
lower risk-taking propensity (Koe and Shamuganathan, 2010). Conscientiousness is
related to an individual’s meticulousness, responsibility, industriousness, which may
promote their dependability at work (Ciavarella et al., 2004). Emotional stability
represents individual differences in adjustment. Individuals who are more emotional
stable can be characterized as self-confident, clam, and relaxed (H. Zhao and Seibert,
2006). Openness to experience is a personality dimension which indicates that
individuals tend to seek new experience and explore novel ideas (H. Zhao and Seibert,
2006). Individuals who are high on the dimension of openness tend to be versatile,
imaginative, and often face challenges and display creativity (Llewellyn and Wilson,
2003). It thus can be regarded as a cognitive stimulus for risk seeking, chartered as
acceptance of experimentation, tolerance of the uncertainty, change and innovation.

Much research has examined the relationship among personality trait, risk propensity,
and entrepreneurial status (Miner and Raju, 2004; Nicholson et al., 2005). The
relationship between risk propensity and big-five model personality is however
controversial (H. Zhao and Seibert, 2006). Limited research has been conducted to
explore the relationship between personality and project managers’ risk propensity.
Thus it is necessary to test the relationship in the construction industry.

Hypothesis 4: Extraversion and openness to experience are positively related to
project managers’ risk propensity, while agreeableness, conscientiousness, and
emotional stability are inversely associated with risk propensity.

Knowledge and experience

Knowledge mainly refers to professional knowledge of project managers. Professional
knowledge, and scope of knowledge all play significant roles in influencing
contractors’ risk attitudes in the Chinese construction industry (Wang and Yuan,
2011). Thus, it is also considered to be important for the project manager, as the main
individual who is responsible for the whole construction project, to have a good
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knowledge of all work in projects. Project managers with adequate knowledge are
likely to be more confident in his decision-making, thus becoming more risk taking.

Hypothesis 5: The risk propensity of construction project managers is consistent with
their professional knowledge.

Experience section mainly considers project managers’ engineering experience and
social experience. It is noted that people tend to fear risk involved in an activity which
they are not familiar with. As an individual’s experience of problems or tasks
increase, he is willing to accept higher levels of risk (Richards et al., 1996). In the
construction context, before a person becomes a project manager, there is high
probability that he has gained 5-10 years of experience working in the construction
sites. Adequate engineering and social experience are thus the foundation of project
managers’ decision-making and make them feel confident in the construction field.

Hypothesis 6: As construction project managers obtain more and more engineering
and social experience over time, this will influence their risk propensity.

Factors Influencing Risk Perception

Risk propensity and risk preference

Risk propensity may influence the relative salience of threat or opportunity under
certain situations and thus cause biased risk perception (Brockhaus, 1980; Sitkin and
Weingart, 1995). A risk-averse decision maker tends to weight negative outcomes
more heavily than positive outcomes and overestimate the probability of loss, leading
to a heightened perception of risk. Conversely, a risk-seeking decision maker is likely
to weight positive opportunities more heavily and overestimate the probability of gain.
Scholars also confirmed risk attitude as a prominent explanatory role in shaping risk
perception (Sjoberg, 2000).

Hypothesis 7: The higher a construction project manager’s risk propensity, the lower
the level of perceived situational risk.

Magnitude or probability of potential gain or loss

Risk is conceptualized as a function of probability (likelihood) and magnitude or
regarded as the combination of the probability of desirable events and the magnitude
of loss associated with such events (McNamara and Bromiley, 1999). People’s risk
perception is based more on risk magnitude than on probability, meaning that the
magnitude of potential loss is a more influential factor in shaping risk perception (Keil
et al., 2000). A popular managerial perspective of risk taking behaviour argued that
managers consider risk not as a probability distribution but as the size of potential loss
from certain decision (March and Shapira, 1987).

Hypothesis 8: The magnitude and probability of potential gain or loss both influence
the construction project managers’ risk perception and within different situations the
role of magnitude and probability may change.

Problem framing

Problem framing, which refers to whether a problem is framed in positive or negative
terms (Sitkin and Weingart, 1995). Prospect theory stated the opinion that positively
framed situations resulted in risk averse decisions (Kahneman and Tversky, 1979).
However, it should be noted that research also showed positively framed problems
foster risk taking because they can draw more attention to the opportunities (March
and Shapira, 1987). Emphasizes on the potential losses would heighten the salience of
risk, while stressing the potential gains is related to a lower level of perceived risk.
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Thus, there exist differences about the relationship of problem framing and risk
perception. New research should be considered in the context of construction.

Hypothesis 9: Construction project managers in positively framed situations will
perceive lower risk than negatively framed situations.

Culture influence

Researchers have argued that cultural theory is an important explanatory scheme for
understanding risk perception (Sjéberg, 2000). Cultural norms and values play an
indispensable role in shaping people’s risk perception (Alexopoulos et al., 2009).

Hofestede's (1980) way of cultural division is accepted. Uncertainty avoidance is
often related to high levels of aversion to risk. Americans and northern Europeans are
highly convinced that they can control events, while East Asian cultural groups tend to
hold the view that events are complex, which are affected by various factors and are
inevitably less controllable (Nisbett and Masuda, 2003).

Cultural risk value is defined as organizational tendency to prefer certainty versus
uncertainty and risk avoiding versus risk taking (Douglas and Wildavsky, 1983).
Thus, the cultural risk value of a project, which indicates or reflects broader attitudes
toward uncertainty and risk, may provide important guidelines for project managers
when they make risk decisions. Specifically speaking, being in the risk-seeking
culture, the project manager is likely to be influenced by the project culture and make
risk-seeking decisions, even though he might tends to be risk averse naturally.

Hypothesis 10: National culture in different countries is likely to influence the way
people perceive risk.

Hypothesis 11: Project culture or organization culture affect construction project
managers’ risk perception. To be specific, project managers in construction projects or
organizations with higher risk-seeking cultural values tend to take more risks.

Based on the existing theory and empirical findings of previous research, this research
proposes a conceptual model of the relationship among individual differences of the
project manager, project or organizational attributes, culture influence, risk
propensity, risk perception, and risk decision-making behaviour. Figure 1 shows the
integrating framework of this research with 11 hypotheses in total.

Figure 1: Conceptual model related to project managers’ risk behaviour
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HYPOTHESES TESTS

To partly verify the validity of the proposed conceptual model, this research chose
part of the hypotheses to conduct an empirical test. H4 and H7 will be tested, and
questionnaires were distributed to gather data in this research.

Sample

All the formal respondents were project managers from Chinese construction industry,
whose privacy were highly protected. 150 questionnaires were sent by e-mail to the
construction project managers, and 114 replies were received, making the response
rate 76%. After the completeness analysis, 48 effective questionnaires were finally
employed, making the effective rate 42.1%. The sample size is not that large because
it might be more difficult to gather data from construction project managers only, as
the number of project managers is markedly less than general employees.

Measures

The Big Five personalities

Gosling et al. (2003) developed a simple Ten Item Personality Inventory (TIPI) based
on previous complex scales, and tested the reliability and validity of TIPI. Scholars
have translated TIPI into Chinese, and the reliability and structural validity are all
acceptable. This research uses TIPI to measure project managers' personalities.

Risk propensity

The scale measuring risk propensity in this research is a 5-item scale called General
Risk Propensity (GRP), employed from Hung and Tangpong (2010). This scale has
also been modified and tested under Chinese context.

Risk perception

Psychological measures are usually used to measure risk perception in construction
area. Respondents are asked to evaluate the probabilities for certainty risk factors. In
this research, 29 risk factors were used based on the research of Zou et al. (2007).

Control variables

Four variables are considered as control variables, namely gender, age, working
experience and education background. These individual traits might be correlated with
independent variable, and would have influence on risk propensity. So they should be
controlled to get the real influence of personalities on risk propensity.

Results and Analysis

The Cronbach’s alpha for extraversion, agreeableness, conscientiousness, emotional
stability, openness to experience and risk propensity was 0.748, 0.672, 0.663, 0.651,
0.763 and 0.824 respectively, indicating the internal consistency of the scales was
acceptable. Then a confirmative factor analysis was conducted to test the structural
validity of Big Five Personality Model. Results show satisfactory support for it
(CMIN/DF=2.001, CFI=0.909, NNF1=0.837, GF1=0.912, RMSEA=0.100).

Multiple hierarchical regressions were applied to test the developed hypotheses. The
results are shown in Table 1. The results indicate that extraversion is significantly
positively related to risk propensity ($=0.128, p<0.05), and agreeableness is
significantly negatively related to risk propensity (f=-0.242, p<<0.01). In addition, the
relationships proposed in H4 between risk propensity and openness to experience,
conscientiousness, and emotional stability are not significant. This might be due to not
considering different contexts. Research has implied that openness to experience and
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emotional stability may positively influence risk propensity if the project gained
revenue, while not to influence under loss. These results indicate that H4 is partially
supported. When testing H7, the results show that risk propensity is significantly
related with risk perception (p=-0.252, p<<0.001), suggesting that H7 is supported.

Table 1: Conceptual model related to project managers’ risk behaviour

Risk Propensity Risk Perception

Independent Variable Model 1 Model 2 Model 3 Model 4

Gender -0.411*  -0.341 -0.027  -0.131
Age -0.031  -0.025 0.005 -0.002
Educational Background 0.187 0.142 0.033 0.080
Working Experience 0.034 0.016 -0.002  0.006

Extraversion 0.128*

Agreeableness -0.242**

Conscientiousness -0.034

Emotional Stability 0.006

Openness to Experience 0.068

Risk Propensity -0.252***
R2 0.084 0.270 0.004 0.138

F 2.216 3.775*** 0.100 3.083*

Notes: *p<<0.05, **p<0.01; ***p<<0.001

CONCLUSIONS

This research mainly puts forward a conceptual model related to key factors
influencing project managers’ risk decision-making behaviour in the construction field
and set forth a theoretical framework for examining risk behaviour. Three clashes of
factors influencing risk behaviour are considered, namely individual characteristics,
organizational characteristics, and problem-related characteristics. 11 relative
hypotheses are put forward through identifying critical factors from literature review.
Individual differences, such as demographic traits, personality differences, and
knowledge and experience are identified as factors affecting risk propensity of project
managers. Risk perception, on the other hand, is mainly influenced by magnitude or
probability of potential gain or loss, problem framing, and culture influence. 2 of the
11 hypotheses are empirically tested. The results confirm that extraversion positively
influences risk propensity while agreeableness negatively does, and risk propensity
has a negative influence on risk perception of construction project managers.

This research yields some new insights into project managers’ risk behaviour by
integrating perspectives from both risk decision-making literature and risk
management theory in the construction context. Prior research often focused on the
objective factors of risk and a number of quantitative measures and methods have
been developed. However, apart from the objective factors, the individual
characteristic of project managers also influence the way they make risk decisions.
Studying the relationship between risk characteristics and risk propensity, risk
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perception can help improve predictive models about risk behaviour. On the other
hand, this research provides project managers a framework for thinking about their
own risk propensity and risk perception and how the risk decisions are made. Top
managers from the construction enterprises can take the individual differences into
account when selecting appropriate project managers.

In addition, this framework is only a starting point to focus on the risk decision-
making of project managers. Models or framework are in fact incomplete depictions
of the empirical world. Additional work and research should provide more potential
influencing factors, revisions, or even challenges to this conceptual model. As to the
methods of the research in the future, qualitative method of interviewing is considered
as an appropriate way to collect data. Researchers can interview the project managers
to discover how they interpret situations, what are their concerns when facing
particular issues or problems, how they make final decisions, etc.
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Risk management continues to be well recognised as an integrated key function of the
enterprises management process in the construction industry. Literature has
established that it is rapidly becoming an indispensable approach adopted by
organisations in the industry for achieving strategic business objectives. However,
due to inadequate provision of training programmes in risk management, Small and
Medium Enterprises (SMEs) mainly suffer from its lack of implementation. Focus of
training on the general concept of risk management without considering the
organisations’ characteristics and requirements has influenced the SMEs’
understanding of risk management. On the basis of a semi-structured interview and
qualitative research with SMEs, the nature of training provisions of risk management
in SMEs in the UK construction industry was discussed. 30 participants outlined that
training within organisations, particularly in SMEs, is a complex and context-
embedded activity. Its development requires a full consideration of organisational
characteristics including the system of management; level of resources; degree of
employees’ knowledge; and objectives of the organisation. The result of the study
also indicated that risk management training programmes have to be geared to the
organisational activities to deliver the benefits and advantages of the process. It needs
to provide a proven method for incorporating risk management processes as integral
elements of business management. Moreover, training should focus more on creating
the learning environment that supports employees to improve efficiency by
controlling the risks of activities.

Keywords: risk management, training provision, small and medium enterprises.

INTRODUCTION

Over the past few years, significant changes in the UK construction industry - i.e.
practice of Building Information Modelling (BIM) process - have imposed
considerable pressure on its organisations to respond adequately to their business
environment (Holt et al., 2000). Requests for industry improvement resulted in the
emergence of numerous government commissioned reports evaluating the industry’s
structure, culture and operation (Latham, 1994 and Egan, 1998). The critical role of
Risk Management (RM) for improving the organisational operation within the
construction industry has been confirmed by those reports. RM was introduced as a
process to promote productivity and business entrepreneurship by managing
uncertainties (Chapman and Ward, 2008). This view is supported by the UK
Government through the British Standard focusing on RM (BS 31000:2009). It is
argued that the main drivers behind the practice of RM among enterprises operating in
the UK construction industry are the prerequisites from the government for industry
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improvement and the individuals’ demands to obtain competitive advantage in their
organisation.

Recent studies in the UK construction industry indicated the weak reputation of RM
within organisations (Lyons and Skitmore, 2004; and Smith et al., 2014). The
researches by Bowen (1993) and Liu and Cheung (1994) explained that the challenge
in the implementation of RM within organisations is mainly related to professionals’
inadequate level of knowledge in RM concepts and mechanisms. Couillard (1995)
highlighted that, even management with frequent use of RM find it difficult to
understand the rationale for and formal process of RM in new projects. Diversity in
parties’ perceptions in a construction project invites undesirable biases in decision
making which makes the process of managing risk more complicated and
unacceptable (Liu and Cheung, 1994). Researchers such as Akintoye and MacLeod
(1997), and Carr and Tah (2001) indicated that a small number of organisations
practise formal RM systems with analytical approaches in assessing risks. They
identified the “human problem” which is associated with knowledge and experience
of the key players as an initial barrier for RM implementation in the construction
industry. Rostami et al., (2015) through an empirical research outlined the role of risk
management training programmes in the mitigation of the human problem. They
specified that an appropriate training programme assists SMES to raise awareness of
risk management concepts and mechanisms, and enables them to adapt RM based on
organisational characteristics.

This paper evaluates the nature of training provisions for RM in SMEs in the UK
construction industry through semi-structured interviews which were fundamentally
designed and developed based on a broad review of literature on SMEs’
characteristics and the key issues in RM.

TRAINING FOR RISK MANAGEMENT IN SMES

The degree of receiving benefits from RM is dependent on the professionals’
quantitative backgrounds and their ability to interpret and apply RM concepts within
organisations (Wood and Ellis, 2003). Education and training as two essential factors
play a significant role in the development of professionals’ ability within
organisations. Professionals in construction organisations use both education and
training to bridge the gap between theory and practice in RM (Akintoye and
MacLeod, 1997).

The objective of education and training is to improve performance by developing
skills and knowledge (Lane, 1987). Education in this context conveys the general
knowledge and understanding of the environment which improves the employees’
observation, analysis and decision-making abilities. However, training is concerned
with employees’ performance in a specific area or job which they are hired to do
(Flippo, 1961). Goldstein (1980) explained training as the “acquisition of skills,
concepts, and attitudes that result in improved performance in all job environments .

The theory and processes of risk management have been extensively explained by
professional bodies and in standards; however, none of these have addressed the
fundamental principles of applying the process to the situation that small and medium-
sized enterprises find themselves in (APM, 2010). Evidence indicates that training
programmes to support risk management implementation and its continued application
are inadequate for SMEs. Few training programmes exist in the area of risk
management that consider the practitioners’ size and capability; and most training
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courses address risk management practices in large enterprises with less attention to
SMEs’ characteristic. (Rostami et al., 2015)

A review of the literature on RM in the construction industry indicated three major
barriers to training (Akintoye and MacLeod, 1997; and Chileshe and Kikwasi, 2013).
The first barrier is concerned with financial resources for training programmes. The
second is the absence of adequate capability to run training programmes. And the third
is the limited time people have to attend the training programmes. Many SMEs, due to
their characteristics, suffer not only from resources restriction but also from inability
to carry out training programmes, despite there being a need for initiating, planning
and implementing the training. Wood and Ellis (2003) also highlighted that there is a
limited evidence of employees receiving training on formal RM. Thus, there is an
empirical requirement on training for RM in SMEs in the construction industry.

RESEARCH METHODOLOGY

This research aimed to determine the nature of training provision for RM in SMEs in
the UK construction industry that can be applied to the development of a RM
framework for SMEs. As a whole, the study was based on a sequential explanatory
mixed method and included quantitative and qualitative studies. This paper embraced
the qualitative part of the study with literature review.

The data for the study was obtained by means of semi-structured interviews.
Organisations which participated in this study employed more than 10 people but less
than 250. Database for the study was obtained from the Office of National Statistics
(ONS), the Small Business Gateway, the Financial Analysis Made Easy (FAME) and
the Scottish Centre for the Built Environment (SCBE).

The non-probability ‘self-selection” sampling technique was adopted to seek
assistance from organisations that highlighted their interests in the research topic at
the first (quantitative) part of the study. Saunders et al. (2009) stated that unlike quota
and probability samples, there are no rules for sample size in a non-probability
sampling approach; rather, the actual size depends, among other things, on available
resources and the logic behind the sample selection. This argument is supported by
Patton (1990), who maintains that the validity and understanding that the researcher
will gain from the data in this type of sampling will have more to do with the data
collection and analysis skills than the size of the sample.

The period of the study was from the 10" of April to the 21% of May 2013. 30 small
and medium-sized enterprises participated in this study (Table 1). Attempts were
placed to have samples across architecture, engineering, quantity surveyors, and
construction organisations.

Table 1: Organisation distribution which participated in the study

Quantity Surveyors

Organisation | Architecture Engineers Contractors Total
Small 3 5 5 4 17
Medium 2 3 4 4 13
Total 5 8 9 8 30

Through the semi-structured interviews, the subject of risk management training was
discussed. The first part of the semi-structured interview stimulated responses of
participants in risk management training strategy. It considered delivery methods and
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different types of training with information about barriers in risk management training
within organisations. The second section discussed the nature of the current training
provisions for risk management in SMEs. The last section addresses the nature of
future training which is required for risk management in SMEs in the UK construction
sector.

Content analysis was adopted to convert the obtained large quantities of data from
interviews into a meaningful and usable format. Coding and analysis of the interview
sessions were accomplished by NVivo 10. The responses were arranged through the
Nodes field. Nodes included tree-nodes and sub-nodes which formalised the hierarchy
structure of the data. There were sixteen questions in the research interview; thirteen
questions were asked in part 1 and three questions in part 2. In total, there were seven
sub-nodes under the interview response by questions category.

THE NATURE OF RISK MANAGEMENT TRAINING
CURRENTLY IMPLEMENTED BY SMES

The aim of training within enterprises is to enhance the efficiency of employees and
consequently businesses (Hughey and Mussnug, 1997). Mathieu et al. (1992) outlined
that individuals’ skills are directly dependent on training which expands their current
knowledge and experience. Training in risk management assists organisations in
developing personnel’s understanding of the process and thereby controlling the
business environment. Training is in general categorised into internal and external
training courses. Internal trainings are mainly carried out by senior staff with a
sufficient degree of knowledge and experience within the organisation; however in
external trainings, the employees attend courses provided by professional
organisations.

Training for risk management should be developed according to the work
environment (Isaac, 1995). They need to demonstrate some benefits from the practise
of risk assessment and risk control in projects (Capleton et al., 2009). A literature
review outlined that training for risk management had not been fully developed
(Akintoye and MacLeod, 1997; Uher and Toakley, 1999; and Lyons and Skitmore,
2004), albeit risk analysis trainings in construction projects had been offered by many
professional bodies.

Through the semi-structured interviews, the subject of risk management training was
discussed. The first part of the semi-structured interview that stimulated responses of
participants in risk management training strategy was,”is there a specific risk
management training programme in your organisation?”. The analysis of collected
data revealed three types of managerial strategies for training (Table 2).

Table 2: Training Strategies within SMEs

Type of training strategy Small Medium Total Percentage
General training plan 12 14 26 87%
Specific training plan for risk management 8 13 21 70%
No training plan 4 0 4 13%

Twenty-six participants out of 30 enterprises highlighted that there was a general
training plan within their business plan. The training programmes were mainly
provided by construction professional bodies such as The Royal Institution of
Chartered Surveyors (RICS), The Chartered Institute of Building (CIOB), The

178



Training provisions for risk management

Institute of Structural Engineers (ISE), The Royal Institute of British Architects
(RIBA), Construction Industry Training Board (CITB) and the National Construction
College.

Twenty-one out of 26 organisations had specific plans for risk management training.
The enterprises without a risk management training plan stated that risk management
training courses in the construction sector were only applicable to large organisations,
and to the best of their knowledge, no external training programme had been designed
on the basis of small-sized enterprises’ characteristics. Also, lack of on-the-job
training programmes to meet the organisational objectives was highlighted as the
second barrier to the risk management training.

From the data in Table 2, it is evident that 4 of the 30 organisations had no general or
specific plan for risk management training within their organisations. All those
companies were small-sized enterprises. They mostly named time and budget
limitations as the key barriers to training. A sub-contractor’s owner-manager stated
that planning and running training programmes require a considerable degree of
investment in time and budget, as well as significant human resources — hence
training disrupts business’ activities and wastes organisational assets. Another
manager from a small organisation defined training programmes as total waste of
time. He argued that the organisations could save resources with less training sessions
and by employing experts. The SMEs mainly recruited professionals to utilise their
expertise in their construction business, and hence there was no need for training
investment.

In this study, twenty-six interviewees out of 30 stated that they preferred to have in-
house and on-the-job training for risk management. This outcome confirms the result
of the past research of the CITB which outlined that most construction enterprises
select in-house training programmes instead of external courses. The study’s result
indicated that after nearly twenty-seven years the industry’s attitude towards the
training courses had not changed. Lyons and Skitmore’s (2004) empirical study
focused on the Queensland engineering construction industry also underscored in-
house training as the most popular method of training. They specified that the most
beneficial risk management training that organisations had received was through in-
house training and experience.

Eighteen of the 21 organisations with specific training plans for risk management
indicated that they held in-house training sessions for risk management for their
construction projects. They classified those trainings into on-the-job and off-the-job
trainings (Table 3).

Table 3: In-house and Public Scheduled Trainings within SMEs in the Construction Sector

Training methods In-house Public scheduled Total
for risk management | On-the-job Off-the-job trainings
Small 6 1 1 8
Medium 9 2 2 13
Total 15 3 3 21

Fifteen out of 18 interviewees that practice in-house training, indicated that they
implemented and practised on-the-job training for risk management, while three
interviewees used off-the-job training for managing risk. They named full
concentration on learning rather than performing, and freedom of expression as the
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main factors for selecting off-the-job methods. On the other hand, fifteen interviewees
pointed out travel cost saving, more focused training, use of current work examples,
team building and convenience structure as the key features of on-the-job training.

The Job Instructional Technique (JIT), Apprenticeship and Mentoring were revealed
as the most practised methods for on-the-job training within SMEs. These methods
provide a practical form of risk control for practitioners. JIT and Mentoring
techniques assist managerial trainees to have an overview of the involved risks, their
impacts, and the desired results (APM, 2010).

Through JIT, the trainer illustrates the task or the skill to trainee, and allows trainee to
demonstrate his/her understanding on the job. This technique delivers a step-by-step
learning process, highlighting when the trainee has learned. One of the interviewees
stated that this method was a valuable tool for trainees, which also affords
practitioners the possibility to receive feedback on each stage in the work-place.

The second revealed apprenticeship as their training method for on-the-job training.
Five organisations were practising this method as a mode of risk management
training. Chand (2014) defined apprenticeship as a system which trains a new
generation of practitioners for a skill. This method is used in particular trades and is
mainly facilitated by practical experience (Egbu et al., 2003). One small-sized
enterprise stated that the apprenticeship method helps to manage unexpected problems
by training individuals, albeit a long period is required to obtain proficiency.

Mentoring is a critical method that requires modification of the employees’ attitude to
develop into a proficient practitioner (De Janasz and Sullivan, 2002; Allen et al., 2004
and Emmerik, 2004). This method focuses on the improvement of business by
transferring individuals’ (mentors’) advanced experience and knowledge to employees
(Ragins and Cotton, 1999; and Emmerik et al., 2005). In this technique the mentor
plays the role of both the content expert and the process consultant (Swieringa and
Wierdsma, 1992). An interviewee from a medium-sized enterprise stated that the
mentor’s skills helped them to improve their reflection process, and delivered
knowledge to senior employees as to how to assess their suggested solutions in
activities. Another interviewee highlighted that the method of mentoring increased the
skill and creativity of their staff in uncommon business difficulties. In two
organisations, the senior managers of the companies were mentors and responsible for
staff training. They taught risk analysing processes to new employees to enhance their
skills in the process.

Uher and Toakley (1999), and Lyons and Skitmore (2004) explored that both
individuals and firms in the construction industry present a moderately strong
commitment to cultural change by actively supporting new management concepts and
strategies. While the construction industry is undergoing change, the rate of change
appears to be slow. The main obstacle identified is the low level of knowledge and
skill, which are caused by lack of commitment to training. Five interviewees
confirmed this cultural issue and stated that the industry has to improve its
commitment to training, if it is to take full advantage of risk management. The
outcomes indicate that the nature of training provision for risk management within
SMEs in the construction industry is primarily based on in-house, on-the-job training
with the practise of Job Instructional Technique (JIT), Apprenticeship and Mentoring.
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FUTURE TRAINING FOR RISK MANAGEMENT WITHIN SMES

The last question of the interview assessed the nature of future training for risk
management within SMEs in the UK construction industry. In this study, the
participants outlined the similar method of training for the future. Twenty-two out of
30 interviewees determined the in-house, on-the-job training method for future risk
management training. Eight participants mentioned they would prefer to have short
and brief external courses rather than in-house trainings. They specified case studies
in external training helped them understand the benefits and challenges of other SMEs
who were successful in risk management implementation and practice. They believed
that external training courses facilitated by specialists deliver more opportunities for
trainees to share knowledge and experience within seminars and group discussions.

All interviewees specified the importance of risk management training within
organisations. They suggested that future risk management training needs to: be time
and cost effective; focussed more on particular aspects of projects; geared with
projects’ activities; and formalised training programmes (Table 4).

Table 4: The Nature of Future In-house Training for Risk Management

Future In-house training for RM need to: Small Medium Total Percentage
Be time-effective and cost-effective 12 9 21 70%
Focus on particular aspects 8 9 17 57%
Gear with work environment 3 11 14 47%
Formalise training programme 2 3 5 17%

The data in Table 4 present that 70% of SMEs in this study desired to have time-
effective and cost-effective training courses in the future. They indicated that trainings
would have to meet their allocated time and budget resources. A manager from a
small-sized organisation stated that risk management training should be an in-house
training, but it would totally depend on the cost and how much time would be taken.
For in-house training, the organisation needs to have sufficient number of trainees to
justify the financial input. Another project-manager from a medium-sized company
outlined; “the problem is of course how to find time and where to fit trainings within
the working days of an employee ”. SMEs mainly suffer from lack of time and budge
in their projects; however, they need to have right skills within the organisation. They
realise that training helps employees to relate their activities to risk management and
match their tools and techniques with their duties.

Time and cost effectiveness factors were followed by the focused training programme
for risk management within SMEs. 57% of participants stated that training in risk
management should focus on particular aspects of projects. Training through a
focused in-house training could provide in-depth information (by case studies and
sample sites); however, external trainings typically discuss general aspects of risk
management. A focused training programme supports employees to have a practical
visualisation of what a risk represents, also helps SMEs to identify and eliminate
relative risks in their work. This type of training is more beneficial for senior staff
with particular knowledge and experience.

Fourteen out of 30 participants specified that future training courses had to be geared
to organisational working environment. This factor presented the impact of risk
management on SMEs. 47% of SMEs had difficulty in understanding the connections
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between risk management outcomes and their activities. In-house and on-the-job
trainings link objectives of the business with risk management processes. Employees
need to see how risk management and risk analysis outcomes could affect their
activities. A specific example by an expert based on the organisation’s business
environment is more tangible than an irrelevant site simulation in an external seminar
or conference. A senior manager from a medium-sized company stated that involved
risks in a project need to be considered in time and matched against cost management
plans, and need to be measured in each related activity. This process is known as the
Risk Break-down Structure (RBS) that could be obtained through a geared risk
management process. A geared risk management training assists staff to relate what
they have been taught and what is actually happening on the site. Furthermore, the
discussion on the nature of future training specified formalised training programmes
for risk management. 17% of the participants indicated that a formalised training
programme within the organisation would be more beneficial than irregular training.
Formalised training with determined mission and vision in the organisational business
plan can provide a range of useful information that would improve individuals’ skills
and knowledge.

The result of the current study along with the views of Mathieu et al. (1992) and
Armstrong (1996) in organisational training programmes indicated that developing
risk management training needs an inclusive consideration of learning theories.
Antonacopoulou (1999) emphasised that learning theories need to be assessed with
employees’ training requirements, and have to consider the involved factors of adult
learning (Harrison, 2000 and Kepczyk, 2001).

CONCLUSION

On the basis of a survey with the UK construction SMEs having adequate knowledge
and experience of construction management, training provisions for RM was
discussed. The results outlined that the existing risk management training programmes
largely review the general concept of risk management without considering the
practitioners’ characteristics and requirements. The content analysis specified that
majority of SMEs preferred to have in-house and on-the-job training for risk
management. This type of training enables SMEs to focus on a particular aspect of
each project. It also connects the risk management processes with the organisational
activities that facilitates understanding of the benefits and advantages of the process.

Risk management training within SMEs is a complex and context-embedded activity.
It requires a full consideration of the organisational characteristics including the
system of management; level of resources; degree of employees’ knowledge; and
objectives of the organisation. In SMEs, the training of risk management should focus
more on creating the learning environment that supports employees to improve
productivity by controlling the risks of activities. Review of the principles in adult
learning specified the needs of the future training in risk management, which could
assist to improve the organisational competitiveness.
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Corporate Social Responsibility (CSR) has been conceptualized in a variety of ways
and interest groups approach the subject differently. These variations have been
observed in the way construction organisations in the UK report on their CSR
activities. Research into CSR practices has used annual CSR reports to demonstrate
the differences in reporting practices across geographies and sectors. However, what
many of these studies have not explored is how reporting CSR practices can provide
an insight into the evolution of CSR within these organisations. This paper adopts a
sensemaking perspective to explore how construction organisations have labelled and
categorised CSR in their annual CSR reports and if these have evolved over time. The
annual CSR reports are treated as products of CSR related sensemaking processes
within the organisations. A desktop study was conducted of annual reports from
2009-2013 of three large construction organisations in the UK. The data from these
reports was analysed and the evolution of CSR within these organisations was plotted
on the basis of labels and categories each individual organisation assigned to CSR.
The study reveals that these labels and categories are individual to the organisation.
Furthermore, the study shows that the labels and categories evolve and change over a
time period, thus hinting at an active ongoing CSR sensemaking process within these
organisations. An important observation is that the organisations have shifted from
CSR to sustainability reporting. Elements of sensemaking theory are applied as a
theoretical lens for explaining how the evolution of CSR has occurred within these
organisations. This study forms the initial part of a larger piece of work on
understanding the dynamics of CSR strategies in large construction organisations

Keywords: corporate social responsibility, CSR reporting, labelling, sensemaking.

INTRODUCTION

The concept of Corporate Social Responsibility (CSR) has been highly debated and
researched particularly in the last thirty years. The subject has been conceptualized in
a variety of ways by interest groups that have approached the subject differently
(Carroll and Shabana 2010). The lack of a consistent approach to CSR has been
attributed to the lack of synergy in the manner in which the meaning of CSR has been
articulated by CSR theorists and practitioners (Dahlsrud 2008) and this has led to
several authors arguing that CSR is an ambiguous term that can mean anything to
anybody and is therefore meaningless (Frankental 2001). So far, mainstream and
construction research into CSR has adopted a mainly normative approach to
simulating what socially responsible behaviour of organisations should be.
Furthermore, a large section of the CSR mainstream literature is of a quantitative

! ankit.singh@pgr.reading.ac.uk

Singh, A, Connaughton, J and Davies, R (2015) Making sense of corporate social responsibility
strategies in construction organisations in the UK In: Raidén, A B and Aboagye-Nimo, E (Eds) Procs
31° Annual ARCOM Conference, 7-9 September 2015, Lincoln, UK, Association of Researchers in
Construction Management, 187-196.



Singh, Connaughton and Davies

nature and has focused on establishing a business case for organisational engagement
with CSR (Weber 2008; Carroll and Shabana 2010). These studies have primarily
attempted to examine the link between corporate performance and CSR engagement.
However, these studies have contributed little in the way of understanding the
organisational processes that shape the interpretation of CSR for individual
organisational purposes (Nijhof and Jeurissen 2006).

In recent times in response to the growing public awareness and sensitivity to the
responsibility of business organisations to society, business organisations are
increasingly keen to demonstrate their commitment to CSR. Annual CSR reports are
seen by both businesses and their stakeholders as a key mechanism through which
business organisations can demonstrate their commitment to CSR to their
shareholders, customers, employees, public at large and the government (Jones et al.
2006). The ambiguous nature of CSR coupled with pressure on organisations to
engage in CSR has meant that organisations have had to interpret the concept of CSR
to suit their needs. Some of these differences in interpretations have been observed in
the comparative studies of organisational annual reports. Studies such as Kotonen
(2009) for instance have explored CSR reporting practices of organisations and found
that organisations’ CSR reporting practices tend to be heavily influenced by the social
and cultural context. This is despite the introduction of common reporting guidelines
such as the Global Reporting Initiative (GRI). Kotonen (2009) found that
organisations mobilize the concept of CSR differently to suit their own unique needs
and requirements. Heijden et al. (2010) have argued that the process of translating the
general concept of CSR for operational purposes is distinctive to each organisation.
Based on this perception, this paper investigates the individual nature of CSR in
construction organisations from the starting point that each organisation gives its own
meaning to the concept of CSR.

Several authors in CSR empirical studies have used sensemaking theory. This has
been applied to a range of subjects that include: CSR, new venture creation, IT driven
knowledge and technology, innovation and decision making processes (Gioia and
Chittipeddi 1991; Weber and Glynn 2006; Heijden et al. 2010; Green 2011; Sergeeva
2014). These analyses regard sensemaking as a generally applicable process Weick
(1995) advocates that sensemaking is a universal process. However, Heijden et al.
(2010) believes that searching for the meaning of CSR within organisations can be
approached in many different ways and that the process of CSR sensemaking is
specific to the organisation in question. Authors such as Cramer (2006); Basu and
Palazzo (2008) have identified sensemaking as a useful research perspective that can
be used to understand how the concept of CSR is interpreted and operationalized by
organisations.

CSR from a sensemaking perspective can be defined as an interactive social process in
which the meaning of CSR is systematically organised and reorganised by a network
of organisational actors who create and recreate an individual and collective shared
frame of reference in relation to CSR objectives, activities and results (Nijhof and
Jeurissen 2006).

Construction specific literature on CSR has attempted to model socially responsible
behaviour of organisations based on a rather normative approach and has been largely
inconclusive (e.g. Petrovic-Lazarevic 2008; Kornfeldova and Myskova 2012). The
understanding of how CSR is interpreted and implemented by construction
organisations can gain significantly from a sensemaking perspective as it brings into
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focus the context that leads to the selection of CSR strategies. Looking at CSR from a
sensemaking perspective examines CSR as an evolutionary processes that assumes
that different agents act and react upon one another (Weick 1995). Such an approach
to CSR means focusing on the dynamic social processes that drive the development of
CSR within organisations (Nijhof and Jeurissen 2006).

Viewing the identification and classification of CSR as part of a sensemaking process
is a relatively new research approach (Nijhof and Jeurissen 2006; Heijden et al.
2010).The representation of annual CSR reports as products that can be used to
demonstrate characteristics of a wider sensemaking process, is central to this article.
These reports are seen as a useful starting point in exploring CSR sensemaking
processes as they provide an overview of CSR priorities that each organisation has
arrived at through their sensemaking. It is argued that the annual CSR reports
represent the sense that organisations have made of CSR explicitly in the form of
labels and categories of CSR that they address.

This paper therefore takes the first step to describe and explore CSR as a sensemaking
process within construction organisations and in particular to examine how
organisations have labelled and categorised CSR in their annual reports and if these
labels have evolved over time. This review of annual reports forms the first stage in a
wider study of the CSR sensemaking processes in construction organisations. As part
of the qualitative research design, for that wider study a conceptual framework is
developed that helps explain the data from annual CSR reports and how it links to a
wider sensemaking process that leads to the production of these reports. The
conceptual framework is based on some of the key assumptions of Weick’s
sensemaking theory.

TOWARDS A SENSEMAKING PERSPECTIVE OF CSR

Sensemaking is a process by which individuals or groups interpret, produce and assign
a meaning to phenomena. It is through the processes of sensemaking that people enact
the social world, creating it through verbal descriptions that are communicated to and
negotiated with others (Weick et al. 2005; Brown et al. 2008). In this way
organisations may be seen as products of day-to-day interactions of its members.
Prevailing organisational forms are an amalgamation of past decisions and solutions
that have successfully worked, without ever having arrived at one best way. The
concept of sensemaking when applied to CSR strategies highlights its organisation
specific nature. It is contended that people within the organisation, influenced by
organisational, individual and social contexts make sense of what they perceive and
act out a meaningful picture. Thus in that process they construct their own enacted
environment. Annual CSR reports are seen as products of a CSR sensemaking process
that are arguably produced for internal and external consumption to demonstrate the
organisational sense of CSR. Sensemaking therefore involves a constructivist
ontology and assumes that reality does not exist independently of our cognitive
structures, but it is socially constructed (Weick 1995).

CONCEPTUAL FRAMEWORK FOR ANNUAL CSR REPORT
SENSEMAKING

This paper approaches the annual reports as a product of a wider organisational CSR

sensemaking process, that is essentially frozen at a particular moment in time (Weick

1995). It is argued that the process of production of the annual CSR reports involves
organisational actors placing boundaries around the flow of the CSR sensemaking
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process, whilst isolating moments and cues in the form of labels and categories that
help organisational actors make sense of a specific time period in order to enact the
annual CSR report. It is further argued that CSR labels that are used within the annual
reports to define and map the area of CSR addressed by the organisation, are
generated by a specific organisational context and are communicated to a target
audience (Morsing and Schultz 2006). These labels describe what CSR means to the
organisation the meanings and interpretations associated with these labels may change
with time. Elements of sensemaking such as the concepts of labels, categories and
communication are introduced below and are used to identify and analyse the data
from annual CSR reports.

Sensemaking is Ongoing

The process of sensemaking is in continuous flow within the organisation, it is only
when sensemakers attempt to place a boundary around some portion of that flow, does
it become an event (Weick 1995). Weick explains that we are constantly making sense
of what is happening around us but in order to make sense of the current, we isolate
moments and cues from this continuous sensemaking (Weick et al. 2005). The notion
of ongoing sensemaking refers to the idea that sensemaking neither starts a fresh nor
stops cleanly. However this paper argues that the production of an annual CSR report
functions as a temporary event or an interruption to the CSR sensemaking flux within
the organisation. It triggers a sensemaking phase wherein organisational actors focus
on some elements within the wider sensemaking flux, guided by rules and regulations
in order to extract cues and construct an account for their CSR commitment over the
year (Mills et al. 2010; Weick 2011).

Sensemaking Cues

In order to focus on the meaning of sensemaking and give it substance, Weick (1995)
recommends drawing upon vocabularies that form the content of sensemaking. This is
based on the assumption that people draw upon frames of references to prompt their
understandings, these frames of references are derived from past moments of
socialization, while these prompts or cues are results of present moments of
experiences (Weick 1995). Weick states that the content of sensemaking is determined
by the connection between the prompts or cues and the frame of reference.

Labelling and categorizing

In order to stabilize the streaming of experience sensemakers label and categorize the
organisational phenomena. According to Chia (2000) labelling works through a
strategy of “ differentiation and simple-location, identification and classification,
regularizing and routinization [to translate] the intractable or obdurate into a form
that is more amendable to functional deployment” (p.517). In the process of
organising functional deployment requires that the sensemaker imposes labels on
interdependent events in ways that would suggest plausible acts of managing,
coordinating and distributing. Therefore the manner in which these events are
envisioned kick-starts the work of organising as events are bracketed and labelled by
the sensemaker to find common ground with others around them. Weick (2010)
explains that in order to generate common ground among the actors, the labelling and
bracketing is designed by the sensemaker to ignore cognitive differences between
actors in order to generate repeatable behaviour. Tsoukas and Chia (2002, p.573)
explain,
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“For an activity to be said to be organized, it implies that types of behaviour in types of
situation are systematically connected to types of actors.... An organized activity provides
actors with a given set of cognitive categories and a typology of actions. A crucial feature of
labelling and its categories and types is their plasticity .

The categories have plasticity as they are socially defined (by the sensemaker in social
context of other actors) and because they are adapted to local circumstances and have
a radial structure (Tsoukas and Chia 2002). As the sensemaking process unfolds
activities may be re-labelled, Weick (1995,p.31) suggests that when sensemakers
enact they:

“Undertake undefined space, time and action, and draw lines, establish categories, and coin
new labels that create new features of the environment that did not exist .

Sensemaking is comprised of sensegiving

Sensemaking is comprised of a notion of “sensegiving ”, that is directed by the
sensemaker at external parties whose perceptions are held to be important and hence
worth influencing(Weick et al. 2005). Sensegiving is a related process to sensemaking
by which sensemakers attempt to shape the sensemaking processes of others (Gioia
and Chittipeddi, 1991). Particularly in an organisational context, it is this cyclical
processes of sensemaking and sensegiving that lead to an iteratively developed set of
shared meanings and actions (Weick et al. 2010). The idea that sense is collectively
pooled is fundamental for organisational sensemaking, as organisations are viewed as
networks of “inter-subjectively shared meanings” (Brown et al. 2008, p.1038). It is
argued that during that the production of annual CSR reports, who the target audience
is plays a key role in guiding the selection process during the production of the annual
CSR report (Heijden et al. 2010). CSR annual reports are seen as an expression of
sensegiving, wherein the shared sense that the organisation has made of CSR is
communicated to its stakeholders and a wider audience. Studies such as Castellé and
Lozano (2011) have identified that through annual CSR reports organisations
highlight their identities and resources to their stakeholders thus leading to a
distinctive differentiation of CSR strategies. Furthermore this forms a key part of
sensegiving where through their annual CSR reports organisations choose to convey
specific issues in order to influence their stakeholders that the organisations
perception of CSR is legitimate.

Sensemaking is Enacted

Within the sensemaking process, action is used by sensemakers as a means to gain
some sense of what they are up against. They do this by asking questions of others
within and outside the organisation or by building a prototype to evoke reactions or by
making a declaration to see what response it receives or probing something to see how
it reacts (Weick 1995). It is through these actions that the sensemaker makes sense of
their experience within an environment, thus their sensemaking can either be
constrained or created by the very environment it has created (Mills et al. 2010).
Annual CSR reports are arguably produced by the organisation to demonstrate their
commitment to CSR and enhance their credibility as a socially responsible
organisation (Jones et al. 2006).

METHODOLOGY

The following section explains how the sensemaking perspective informs the
methodology. For this study, qualitative methodology is used to address the research
question. While empirical research into CSR has primarily been done from a
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quantitative stand point, qualitative techniques are common place in the study of
sensemaking in organisational research (Heijden et al. 2010). Central to this paper is
that organisational CSR sensemaking processes are ongoing and constantly keep
evolving as sense is made. Using key concepts of from sensemaking theory in
particular, labelling and categorizing the CSR reports from the selected organisations
were analysed

The limitations of the desktop study are recognized particularly in the area of CSR
rhetoric. The annual CSR reports are not viewed as being a democratic representation
of the sense that organisations have made with regards to CSR. However it is argued
that the labels and categories within the annual CSR reports provide an insight into the
boundaries within which the organisation deals with its CSR commitments. The
evolution of the labels and categories help in identifying how the organisations have
continued to make sense of CSR over the given time period.

The construction organisations chosen for this purpose have been selected for the
following firstly, they had an established track record of engaging with CSR for a
minimum period of five years, secondly, they are large construction organisations of
comparable sizes, in terms of employees, projects and turn over and have the
resources to engage in CSR related activity (Heijden et al. 2010). The empirical data
was analysed using the annual CSR reports that covered a period of five years from
2009 until 2014. The reports were analysed on the basis of the different labels the
companies used to address CSR. The reports were analysed with the primary focus of
identifying the labels and categories that the organisations used to define CSR (see
table 1) and to explore if they evolved over time.

OBSERVATIONS

Labelling of the reports

From the analysis of the reports it is observed that a range of labels are used by the
three organisations to identify and label CSR. For example, company A initially labels
it as corporate responsibility report. After the label stabilises for a period of three
years as it is addressed as such consistently. It is reviewed and made sense of again
and is addressed as CSR as part of their annual report, this is eventually revised and
relabelled as sustainability report the following year. Company B shows a similar
evolution as it recognises CSR as part of its annual report, this meaning appears to
stabilise as it is utilized over a period of three years and is then relabelled as a
sustainability report. Company C, shows an evolution from CSR to corporate
responsibility to then addressing CSR as either responsibility or as part of a wider
social issue.

Categories associated with the labels

Each of the three organisations categorise their labels very differently. For example,
Company A initially categorises the label of corporate responsibility on the basis of
social and environmental areas such as boosting the skills of their employees,
charitable giving, reducing carbon emissions and minimizing waste. While company
B on the other hand initially categorizes CSR on the basis of health and safety, people
and environmental areas and company C categorizes on the basis of people, health and
safety, environment, community involvement, customer suppliers and corporate
governance. These labels and categories appear to address similar broad areas of CSR
however each organisation chooses to address them in their own individual manner,
choosing different categories and priorities under these labels.
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It is also observed that as the labels evolve the categories under the labels change to
reflect that evolution, for example when the CSR label of company A from CSR is
relabelled as sustainability review, the categorisations change from addressing just
social and environmental categories to addressing sustainability categories such as
economic, social and environmental. Company B shows a similar pattern when their
labels evolve from CSR to sustainability their categories change from addressing
health and safety, people and environmental issues to a wider range of sustainability
issues. Subsequently in the following year this is re categorized under people, planet
and profit. The report labels and categories of Company A and B change to reflect a
change in their organisational sense of CSR, here organisations move away from the

label of CSR to sustainability.

Tablel : Time line of CSR labels in the three construction companies.

Year  Report Label Type of Report Broad Categories Addressed
Corporate
Responsibility
Company A 2009  report Standalone Social and environment
2010  No report No report No report
Corporate
Responsibility
2011  report Standalone Social and environment
Sustainability section
as part of combined  Sustainability- Social and environmental
2012  Annual report annual report categories
Sustainability Sustainability- Social and environmental
2013  Review Standalone categories
Annual Review-
Corporate Social CSR section as part
Responsibility of combined annual
Company B 2009  section report Health and safety, people, environmental
Annual Review-
Corporate Social CSR section as part
Responsibility of combined annual
2010  section report Health and safety, people, environmental
Approach to sustainability, Safe workplace,
developing talented employees, Reducing
Group waste, reducing energy consumptions and
sustainability carbon emissions, improving sustainable
2011  report Stand alone procurement, supporting local employment,
Sustainability
2012  Report Stand alone People, Planet and Profit
Sustainability
2013  Report Stand alone People, Planet and Profit
CSR section as part People, Health and safety, environment,
of combined annual ~ community involvement, customer and
Company C 2009  Annual report report suppliers, corporate governance,
2010 Annual report Corporate Health and safety, community involvement,

responsibility section

people, environment, customers and
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as part of combined
annual report

suppliers, corporate governance

Responsibility
2011  Annual report section

Business risks- Financial risks, health and
safety, the environment, human resources,
community involvement.

CSR as part of low

Business risks- Financial risks, health and
safety, the environment, human resources,

2012  Annual report carbon economy. community involvement.
CSR as part of Business risks- Financial risks, health and
community safety, the environment, human resources,
2013  Annual report involvement. community
CONCLUSIONS

The research question of this paper focused on exploring how organisations label and
categorise CSR in their annual reports and if those labels change or evolve over a time
period. This paper demonstrates that the three organisations with the different
ownership structures label CSR differently. The change in labels from CSR to
sustainability indicates a change in the organisational sense and perception of the
concept of CSR, which seems to gravitate towards that of sustainability. The evolution
and stabilising of labels and categories in the annual CSR reports of the three
construction organisations has indicated the presence of a wider ongoing CSR
sensemaking process within the selected organisations.

These labels and categories provide a useful initial insight into the manner in which
these organisations have interpreted the concept of CSR. The fact that these
organisations in their reports include certain labels and categories while excluding
others demonstrates in part the sense the organisation has made of CSR. This
organisational sense does not necessarily accord with all views of individuals or
internal stakeholders and in turn this does the raise the issue of who the key CSR
decision makers are and what influence they have on the sensemaking process.
However it must be recognized that these reports are issued on the behalf of the
organisation and reflects the organisational sense of CSR and not individual sense.

There is also the issue that part of the sense made in order to produce the annual CSR
reports includes an element of rhetoric. It has been argued that annual CSR reports are
a representation of what the organisations believe the market wants to hear (Castell6
and Lozano 2011) and are a means to promote themselves. However, when viewed
from a sensemaking perspective it is part of the sense that organisations make of CSR
in that they choose to promote themselves in a certain way. As argued by Alvesson(
1993) rhetoric is a critical cultural and symbolic resource for an organisation to
develop and convey the sense that they have made.

Furthermore, it is argued that once these reports are published by the organisation they
become the defacto sense of CSR, which is then pursued by the organisation i.e.
organisations pursue the objectives defined under the labels and categories that are
outlined in these reports rather than what is not documented.

It is recognized that varying organisational contexts cannot be adequately reflected
without exploring the organisational sensemaking processes that influence the
formation of these labels and categories. However while these reports have a
marketing function, through the labels and categories these CSR reports help define a
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rough boundary around the issue of CSR for the organisation to work within.
Furthermore, it is recognized that further research is needed to explore why the labels
and categories have evolved in the manner they have.
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MAKING SENSE OF CSR IN CONSTRUCTION: DO
CONTRACTOR AND CLIENT PERCEPTIONS ALIGN?

Greg Watts', Andrew Dainty and Scott Fernie

School of Civil and Building Engineering, Loughborough University, Leicestershire, UK

The achievement of Corporate Social Responsibility (CSR) objectives is increasingly
being viewed as of key importance in the procurement process of public sector
construction projects. As such, main contractors and public sector clients are
increasingly interested in and keen to espouse the benefits of CSR strategies and their
measurement. However, it cannot be assumed that both sets of broad stakeholders
share a common understanding of what CSR means, what it constitutes and how it
can be used to serve vested interests. This research aims to provide a deeper
understanding of the motivations for stakeholders across the public procurement
divide to participate and engage in CSR related to the procurement and delivery of
construction projects. In-depth semi-structured interviews with practitioners from
main contractors and various public sector client organisations were conducted. These
formed the basis of analysis in order to explore how each constituency made sense of
CSR. The theoretical frame used to analyse the data drew from Weick's (1995)
sensemaking approach and revealed similarities and differences in the understanding
of CSR between the constituencies on either side of the contractual divide. The
importance of, and motivation for, CSR participation is shared by constituencies, but
an agreed definition couldn't be reached, and what 'counts' as CSR in one
geographical location for one client, may not count for another. These findings
challenge simplistic assumptions about CSR and highlight significant limitations on
what CSR can deliver via public sector procurement processes.

Keywords: CSR, procurement, sensemaking, strategy.

INTRODUCTION

Arguably, the construction industry has experienced major changes over recent years,
both in terms of the value of work available since the economic recession and the
demand from clients to get ‘more for less’. It is said the drive to achieve ‘more for
less’ can be attributed to public sector clients as they use the considerable size of their
contracts as a powerful driver for their increasing concern with achieving CSR
objectives (Varnas et al 2009) in addition to traditional procurement goals of time,
cost and quality.

Research has shown that the size of the UK public sector to private organisations is
substantial (Loader 2015). Arguably, if private organisations want to continue to
successfully win public sector work they need to provide evidence that not only do
they have CSR strategies in place, but that these CSR strategies align with those of the
client (Snider et al 2013). However, the literature is awash with persistent conflicts
and debates in defining what CSR actually is (Petrovic-Lazarevic 2008) with the
concept now becoming an umbrella term covering a variety of topics (Freeman and
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Hasnaoui 2011). It is unsurprising that CSR is likely to mean different things to
different people (Lindgreen and Swaen 2010).

Notwithstanding problems in defining CSR, there remains a need for contractors and
public sector clients to align CSR strategies with their client's expectations. Research
is required to enable an understanding of how such alignment can be encouraged and
better developed to provide wider societal benefits in ways that yield successful
business outcomes for contracting organisations. This paper contributes to this gap in
knowledge by exploring the ways in which contractors and public sector clients make
sense of the CSR construct. A sensemaking lens is adopted (cf. Weick 1995) to gain
an insight into the multiple interpretations of CSR and how these differ across the
public procurement divide.

CSR

For many years the debates in the field of CSR were focused, unsuccessfully, around
reaching an agreed definition with a plethora of definitions provided from all manner
of sources (Blowfield and Murray 2011). Whilst CSR has increased in importance an
agreed definition hasn't been reached (Valiente et al 2012), providing the basis for
misunderstandings across academia and industry (Lindgreen and Swaen 2010).
Research by Griffith (2011) concluded that organisations use the term CSR so often it
IS now part of common business lexicon. This was confirmed in recent research by
Madrakhimova (2013) who argues that the concept of CSR is now universally
accepted as a requirement of organisations and expectation of clients.

Despite its acceptance into the vernacular of the business lexicon, Freeman and
Hasnaoui (2011) concluded that CSR has become an umbrella term embracing a wide
array of definitions and components. These elements can include the economic, legal,
ethical and voluntary features of an organisation's behaviour (Carroll 1983), society
(Petrovic-Lazarevic 2008), and the environment (Arjalies and Mundy 2013). Visser
and Tolhurst (2010) also press the importance of geographical context as a factor
when defining CSR in that applicable CSR activity is often defined by its location, in
that it needs to occur in an area required by those judging the success of the activity.

Debates have persisted around the motivation for organisations to engage in CSR for a
long time and largely include the question of whether they do so for financial benefit
or are driven by altruism, with Oberseder et al (2013) arguing that some organisations
embrace CSR whilst others use it for PR. However, regardless of the organisational
motivation, research has found that there are myriad benefits that can be accrued via
participation in CSR including increased reputation (Brammer et al 2007), increased
appeal to potential employees (Backhaus, Stone and Heiner 2002), and most potently,
increased competitive advantage (Arjalies and Mundy 2013). Therefore it can be
concluded that CSR participation is advantageous for organisations. However,
research by Snider et al (2013) illustrates a challenge for contractors to realise these
benefits of CSR participation, as he reports contractors need to align their perceptions
of CSR with that of the clients in order to successfully procure contracts. This
potentially has a profound impact on the public procurement process, and suggests an
alignment of CSR views is a prerequisite for contractor success.

However, in addition to the reported benefits of CSR participation, there have always
been arguments against organisations engaging with CSR, with the focus of

organisations being solely upon profit generation and not social responsibility. This is
illustrated by Inoue and Lee (2011) who highlight the belief that if CSR does not lead
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to financial benefit then it should not be worthy of investments of an organisations
time and money. Indeed, Green (2009) suggests that there is a legal requirement of
public limited companies to maximise profit for its shareholders, which presents a real
tension at the centre of the CSR concept, as a study by Patari et al (2014) finds no
relationship between CSR and FP. However, counter arguments have also developed
which directly and indirectly link an organisation's CSR participation with its financial
performance (Saeidi et al 2014). If correct this serves to reposition traditional
arguments against CSR participation further reinforcing the rationale for contractors
that engaging in CSR is beneficial for work winning in the public sector (Uttam and
Le Lan Roos 2015). This of course places an emphasis on CSR as an important
element to be considered by both the public sector and the private sector contractors
within the public sector procurement process.

CSR AND PUBLIC SECTOR PROCUREMENT

The public sector itself has been described as an ambiguous term, but this paper
adopts as a definition proposed by Uyarra et al (2014) who define it as including the
NHS, national and local government. According to the HM Treasury (2010) these
three public body groups contribute to around 90% of public procurement spending, a
figure that equates roughly to research carried out by Loader (2015) who argues that
the size of UK public procurement is substantial with around 83% of public spend
coming from the three sectors mentioned above. When measured by value of
construction output the entire public sector accounts for around 26% of UK
construction work, and during 2008 and 2009 increased at a time when private sector
work reduced (Rhodes, 2014). Therefore we can see that the size and consistency of
the public sector offers a degree of reliability and certainty to contractors.

Traditional procurement criteria of construction works have been on a competitive
basis revolving around time, cost and quality (Wong et al 2000), with the lowest
priced contractor usually awarded the works. However, over the last few decades
public construction procurement has evolved in two main ways: firstly an increase in
private sector collaboration (Jost et al 2005), and secondly, that procurement
requirements of public clients has a more social and environmental focus (Wong et al
2000). According to Powell et al (2006) this approach to procurement has been
criticised for focusing entirely upon environmental issues, and so was replaced by the
term 'sustainable procurement’ which includes considerations for the environment,
society and community (Uttam and Le Lan Roos 2015), all of which are elements
pertaining to CSR (Snider et al 2013). This confirms the increasing importance of
CSR in public procurement, a fact that is also evidenced in the growing weighting
CSR has in tender documents, which from not being a factor, is currently reported to
be worth around 10% (Varnas et al 2009; Uttam and Le Lan Roos 2015). Such
weighting can have a significant effect on which tenders are successful depending on
the CSR participation of the contractor. Despite the ambiguous nature of CSR there is
clearly no doubt that engaging with its objectives is a pre-requisite to winning public
sector work in contemporary markets.

SENSEMAKING

Sensemaking is a cognitive process individuals experience when trying to understand
new and complex information, and consists of seven key characteristics (Weick et al
2005). It is in many ways a separate body of literature to CSR, but has been adopted
as a lens to understand the views and opinions of individuals and how meanings are
created (Angus-Leppan et al 2010).The foundation of sensemaking is identity
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construction, or how an individual’s background and experience influences their
ability to make sense of future encounters (Ericson 2001). A second characteristic is
retrospective, whereby individuals reflect on the experience, which leads to a better
understanding being gained (Angus-Leppan et al 2010). The characteristic of enactive
of sensible environments is concerned with how the individual influences their
environment, and then how in turn this environment influences how the individual
makes sense of information (Seligman 2006). It is also noted that the ‘'making of sense’
Is a social process where sense of a situation is only fully made when meanings are
discussed and agreed upon (Seligman 2006). Another characteristic of sensemaking is
that it is an ongoing and continuous process as an individual will always make further
sense of new and old situations experienced; cues are extracted from their
environment by an individual to help make sense of information (Seligman 2006). The
final characteristic of sensemaking is driven by plausibility rather than accuracy and
highlights how, when 'making sense’, individuals can settle for information that is
plausible but not necessarily accurate (Weick et al 2005). According to Van der
Heijden et al (2010) CSR is implemented through the setting of a strategy, with CSR
becoming a form of strategic change which individuals make sense of, triggering the
process of sensemaking (Bartunek et al (2006) By utilising sensemaking theory, and
structuring interviews around the seven characteristics, it will allow for an in depth
understanding of both contractor and public sector client's perceptions of CSR to be
gained.

METHODOLOGY

The search for a deeper understanding of individuals' views on CSR requires an
interpretivist methodology, which is concerned with ascertaining the individual's
interpretation of CSR from their own frame of reference (Blaxter et al 2010). This
research therefore explores individual human knowledge, and requires qualitative data
to establish an understanding of, and provide clarity on, the context in which an
individual's unique insights and interpretations are formed (Barbour 2008).

Public sector bodies were identified through an online search of different geographical
areas of the UK. The public bodies were separated into three categories: defence and
healthcare, local government, and housing. A purposive sampling method then ensued
to select each body for interview participation. An initial review of the public bodies’
website for an appropriate contact or department was conducted, before contact was
made to explain the purpose of the research, and a suitable candidate was sought to
ensure all responses would be relevant (Bryman 2012). The websites of the top 20
main contractors by turnover were reviewed for information on their public sector
presence. Those without an advertised public sector presence were removed and a
random sampling method occurred to select from those remaining.

Due to the ambiguity and breadth of the different understandings as to what CSR
constitutes, interviews were utilised as they allowed a detailed insight to be gained
from each of the participants (Creswell 2013) as to their understanding of CSR, and
the motivations for their organisations participation in CSR activity. Semi-structured
interviews allowed an in-depth perspective to be gained (Bryman 2012) as long
responses could be elicited (Arjalies and Mundy 2013) using the participants own
language preferences (Edwards et al 1997; Ericson 2001). Face to face interviews
allowed for more complex questions to be asked (Kothari 2004) with studies also
showing that they result in greater participant-interviewer relationships due to the
presence of effective nonverbal communication (Drolet and Morris 2000). Debates
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exist over the effectiveness and prevalence of telephone interviews (Kothari 2004;
Holbrook et al 2003), however, due to the reduced time, diary constraints, and the
geographically spread participants, telephone interviews were utilised when it was
impractical to arrange face to face interviews (Uyarra et al 2014). Fourteen interviews
were conducted in total, seven with clients and seven with contractors. Both main
contractor and pubic body interviews were conducted with senior members of staff,
with interview questions based around the seven characteristics of sensemaking to
purposefully elicit a meaningful dialogue from which the participants' understandings
and motivations behind their organisations CSR involvement could be ascertained.
From analysis of the interviews, responses were coded under common headings which
derived from prevalent discussion points. These discussion points were themselves
derived from the questions asked which were framed around the participants
understanding of CSR, and which utilised the seven characteristics of sensemaking as
a framework for eliciting this understanding and how it was created. This allowed a
comparison to occur under the coded headings from the different interviewees
whereby differences and consistencies of understanding could be established.

RESEARCH FINDINGS AND LIMITATIONS

The sensemaking lens allowed an in-depth and comparable understanding of
individual CSR perceptions to be gained. Analysis and comparison of the interviews
found several notable areas of interest. Firstly the interviews confirmed that CSR is
indeed of increasing importance to both main contractors and public sector clients in
the public procurement of construction works. Interestingly the spectrum of CSR
engagement differed dramatically between all organisations interviewed; public
clients ranged from minimal CSR requirements in procurement to CSR playing a key
deciding factor when awarding work. Between main contractors this spectrum was not
as widely distributed, as all contractors believed CSR to be of high importance in
procurement. However, a common theme to all responses from both clients and
contractors was that the majority believe they are behind the curve when it comes to
CSR. They all saw competitors as ahead of them with their CSR demands,
engagement and reporting, with this understanding illustrated within the 'social’ and
‘focused on and by extracted cues' elements of the sensemaking framework, as
contractors reported their views derived from discussions internally with colleagues,
and information they ascertained from industry media.

When discussing how their respective organisations made sense of CSR, the ‘social’
and ‘enactive of sensible environments’ elements of the sensemaking framework
played an important role in the understandings individuals formed. Public sector
clients commented that all staff members shared a common understanding of the need
for CSR, and so were all behind its requirement and implementation. They reported
this understanding was promoted and reinforced by the information available across
the organisation in internal communications which shared best practice and
accomplishments in the form of success stories. Main Contractors did not discuss the
same consistency of support from fellow staff, with inconsistent understandings and
approaches to CSR shown. Some contractors reported more organisational support
than others, and all commented on how this support had increased over recent years
which they believed to be a trend across the construction industry, although all
contractors mentioned differing levels of organisational resistance. They believed this
resistance was in part due to the social environments staff worked in, and how
‘pockets’ of colleagues perceived CSR as a ‘waste of time’ and a ‘distraction from the
job’. This finding contradicts the literature that a benefit of organisational CSR
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participation is increased appeal to employees. However, those interviewed did opine
this was a reason for their own desire of continued employment with their respective
organisation. CSR, it seems, only appeals to employees if they understand the broader
advantages that CSR participation can bring.

Generally, there was a consensus across all contractors who were motivated to
participate in CSR for two main reasons. Firstly, to improve and give back to society,
and secondly, as CSR participation assisted work winning, both responses were
always given but the former was constantly highlighted as the most important from
the respondents. This closely aligned with public sector clients’ understanding for
CSR participation, whose primary response was that it is to maximise the benefit of
public sector spending for members of the community, reinforcing arguments in the
literature. There was also a consensus amongst clients that CSR participation leads to
a competitive advantage for contractors, as CSR plays an increasingly important role
in tendering, and therefore leads to a competitive advantage, reiterating findings in the
literature. The findings show an alignment in opinion of the motivations behind CSR
participation for all contractors interviewed, and all clients. This alignment of
understanding also extends across the public procurement divide.

However, there was not a shared definition of CSR between contractors and public
sector clients, with a disparity in the understanding of what CSR actually is, and how
it is made sense of. Both contractors and clients used a plethora of terms to define
their understanding of CSR, how it was interpreted, and what it meant to them;
reinforcing arguments in the literature that CSR is an umbrella term under which there
is little agreement, but that all organisations know what CSR is in relation to their own
operations. There was an overlap in some CSR understandings on elements such as
environmental and social importance, but the main difference emerged as what
'counted' as applicable CSR participation. The ‘grounded in identity construction’,
‘enactive of sensible environments and ‘driven by plausibility’ elements of the
sensemaking framework provided an insight into how understandings of CSR were
formed. In all cases contractors saw their identity as national, and so understood their
CSR to be on a national basis. Whereas all public clients were local to only the one
area in which they operated, and therefore only valued CSR activity as applicable to
procurement if it fell within their geographical remit. This view wasn’t shared by five
out of the seven contractors interviewed who regularly included all their CSR
participation in tenders; even if it bore no connection to the geographical region the
client was based. Another potential reason for this difference in understanding
geographically applicable CSR can be seen in the ‘retrospective’ and ‘ongoing’
elements of the sensemaking framework which showed that for the majority of
contractors, their understanding and interpretation of CSR was not an ongoing
process, but had in fact been created previously and retained within the organisation.
This differs across the public procurement divide from clients who commented that
CSR was an evolving concept depending on the needs of their communities.

Due to the office locations of the main contractors and public bodies who agreed to
participate in the study, the geographical spread of results was wide. However, a
limitation of this research is that it cannot claim to represent an overall nationwide or
regional view of main contractor and public body opinions on CSR participation due
to the sample size of interviewees. Indeed, the sensemaking element ‘grounded in
identity construction’ showed that all individuals interviewed from contractors saw
themselves and their role as heavily CSR orientated, and so a certain degree of bias in
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the responses could have been experienced towards an increased CSR awareness
which may not be representative of the entire main contracting organisation.

Table 1 highlights the key differences identified between clients and contractors
understandings of how they view the construct of CSR.

Construction Main
Contractors

Public Sector Clients

Support from fellow
organisational staff

Reported inconsistent and
sporadic CSR support from
some staff groups.
Organisational resistance was
highlighted as a result of not
understanding the full
advantages of CSR
participation.

High levels of consistent
support from across the
organisation. A strong
belief and consensus of
opinion on CSR
participation and
motivation was reported.

Definition of applicable
CSR activity

All contractors were national
and so believed CSR activity
to be the same. The majority
of contractors believed CSR
activity regardless of location
would be sufficient for
inclusion in tender
documentation.

Only CSR activity which
fell within the clients'
geographical remit was
considered applicable when
comparing contractor
tenders. CSR activity
outside of this area was not
viewed as favourable.

How an understanding
of CSR was reached

From their initial formation,
contractors' understandings of
CSR remained the same. The
understandings were retained
within the organisation and
were subject to little
evolution.

Clients reported an ongoing
understanding of CSR
which was subjective and
based upon the current
needs of their local
communities.

Table 1: Key differences in contractor / client CSR construct
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE

This study explores the organisational benefits of CSR participation to contractors
who bid for public sector work, and the different perceptions of CSR that exist across
the procurement divide. The literature argues that confusion still exists over the
precise nature and definition of applicable CSR activity, but that it is an agreed and
accepted organisation action, which has a positive relationship with competitive
advantage. Interviews were conducted with both public bodies and construction main
contractors. Sensemaking was found to be an effective lens through which to structure
the interviews as it helped elicit insightful opinions and help gain an in-depth
understanding of how individuals make sense of CSR, and how the information they
receive informs their perceptions. Comparison and analysis of the interviews
concluded that CSR was of increasing importance to clients and contractors, but an
exact alignment of what the term covered did not exist. A key criteria which was not
shared related to the difference in assumptions as to what constituted applicable CSR
activity reinforcing arguments in the literature by Visser and Tolhurst (2010) and
Snider et al (2013). The geographical locality of CSR activity was of high importance
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to all public sector clients with activities falling outside of their geographical remit not
given as much positive weighting when comparing and awarding public sector works.
However, this geographical limitation was not shared by most main contractors who
regularly used examples of their CSR activity from outside of the public body's
geographical remit in an attempt to secure procurement opportunities. This could have
implications for communities which fall within areas where public bodies do not have
the same buying power as others, and therefore cannot extract similar CSR outcomes
from their supply chains. Future studies could build upon this research further by
conducting similar research but focussing upon an example of public procurement in
an attempt to add validity, or increase the sample size and number of organisational
actors interviewed.
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The challenges measuring social value is not a new concept for the construction
industry which is good at measuring costs, timings and efficiency of projects but not
the benefits of intangibles such as good design even though design can promote
everything from reduced crime to higher productivity (Macmillan, 2005). The
measurement of social value has become increasingly important through the
enactment of the Social Value Act 2012 requiring public authorities to consider
economic, social and environmental well-being when awarding public sector
contracts. Social Return on Investment (SROI) is an approach that can be used to
measure the social, economic and environmental benefits of an activity by dividing
the value of outcomes for stakeholders, by the inputs of the activity leading to the
SROI ratio. The research reports on a project at Construction Youth Trust to develop
a bespoke Social Return on Investment (SROI) model to capture the value of
activities helping young people facing barriers access opportunities within the
construction industry. The research examines the primary and secondary research
that went into the development of the Trusts bespoke SROI model that was developed
in partnership with the construction industry and part funded by construction
company Willmott Dixon. Initial conclusions are that SROI is still under
development and there are a lot of technical challenges to implementing the approach
such as a lack of universal bank of financial proxies and the inability to compare
SROI reports. Therefore implementing SROI is currently a time consuming and
expensive process.

Keywords: social return on investment, social value, SROI.

INTRODUCTION

The measurement of social value has become increasingly important for the
construction industry through the enactment of the Social Value Act 2012 requiring
“public authorities to have regard to economic, social and environmental well-being
in connection with public service contracts” (HMG, 2012). The research reports on a
Knowledge Transfer Partnership (KTP) project with a third sector organisation,
Construction Youth Trust, to evaluate the impact of its activities helping
disadvantaged young people access opportunities within the construction industry.
The research reports on the development of a bespoke SROI model for the Trust’s
Budding Builders programme which aims to provide young people with practical
construction training and work experience opportunities in the construction industry
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trades. The overarching aim of the research was to produce and embed bespoke,
transparent and robust Social Return on Investment (SROI) measures in order to
continue to measure the social and financial impact of the organisation. The
calculation of social value and social returns on investment is a contested field. The
lack of a universal bank of indicators means that SROI currently requires a great deal
of research and is time consuming and expensive. Macmillan (2006) suggests there is
a need for a common vocabulary for the numerous kinds of value created for
stakeholders and a framework to measure value interactions between stakeholders.
While the SROI methodology presents a framework to measure value the lack of
consistency in financial proxies means it can be argued there is not currently a
universal language in SROI measurement. Moreover, the recent Social Value Act
Review found that barriers defining social value were a barrier to implementing the
Act (Cabinet Office, 2015). The research reports on the primary and secondary
research that went into the development of the SROI model at Construction Youth
Trust.

It has been argued that there is a clear need for local authorities and clients to take the
initiative for training within the construction industry (Chevin, 2014a). The cross
party parliamentarians’ inquiry examines youth unemployment and the construction
industry notes, the downturn in the economy has “had a devastating effect on
construction, with 400,000 job losses” (Chevin, 2014a: 6). However, the impact of
the financial crisis has also led to significant reductions in the recruitment of young
people and apprenticeships have fallen significantly. In “2013 the number of
construction apprentices completing their apprenticeship in England fell to just 7,280
half the figure for 2008/09 ” (Chevin, 2014a: 6) Hogarth and Gambin (2014: 846) note
that apprenticeships in construction are provided “mainly to young people leaving
school and college and thereby play an important role in assisting young people make
the transition from school to work. The importance of this...at a time of historically
high youth unemployment should not be underestimated .

The public sector in the UK has two mechanisms to leverage training and
apprenticeships within the construction industry. Firstly, through section 106
agreements these are planning elements designed to ensure developments are
sustainable and meet the needs of future generations this can include economic
sustainability through the training and employment of local people. Specific
contributions include training, employment advice, interview guarantees and work
placements” (Chevin, 2014a: 25). Secondly, training and employment can be levered
in the procurement process as contractual obligations as part of the Social Value Act.
Chevin, (2014) explains that social landlords are more and more using these levers to
secure training but these are more isolated incidence of good practice rather than a
consistent approach to secure training as part of the procurement process.

The commencement of the Public Services (Social Value) Act requires “public
authorities to have regard to economic, social and environmental well-being in
connection with public service contracts” (HMG, 2012). Arvidson and Kara (2013:
3) explain the intention of this law is to make sure that, “when awarding contracts,
commissioners should consider not just cost aspects of a proposed project or bid but
its overall value to the community ”. The ‘Social Value Act’ Review examined issues
affecting the knowledge, understanding, and uptake of social value as well as the
impact of the Act not only on the commissioning practices of public bodies but also
on the providers and end users of services (Cabinet Office, 2015). The review advises
that the challenges defining social value were a barrier to implementing the Act but
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conversely found potential for social value to help commissioners achieve value for
money within a competitive process. However, in order for social value to be
included more comprehensively there needs to be significant development in how
social value is measured pointing to the lack of consistency in how outcomes are
measured and quantified (Cabinet Office, 2015). Explaining the lack of clarity in
social value measurement makes it harder for procurement officers to evaluate the
additional value for money claimed by a social value offer (Cabinet Office, 2015). In
the periodical Construction Manager an article suggests there is general support for
the social value approach, particularly if “it does allow the industry to compete on its
sustainability and social credentials rather that price ” noting conversely “the
clamour to ensure return on investment has left firms feeling confused and a tad
sceptical ” (Chevin, 2014b).

The calculation of intangibles is not a new concept for the construction industry.
Macmillan (2005) explains the genuine difficulty in measuring the benefits of good
design because they are intangible. It has been argued that it has been a significant
problem for the construction industry that is relatively good at measuring the costs of
design and construction but not as convincing at measuring value (Macmillan, 2005).
However, it should be asked whether financial measures are an accurate measure of
actual performance. If measures are quantitative and simply look at the costs, timings
and efficiency we are missing the qualitative dimensions and the impact and the
quality of buildings and communities for end users. Pearce (2003: 50) explains that
good design can promote everything from “physical and mental health, to a sense of
identity and wellbeing, to good social relationships reduced crime, and higher
productivity. Bad design and dilapidated stock has the opposite effect .

This research does not attempt to explain how the value of social and non-economic
impacts can be measured in construction or measure the benefits of good design.
However, they are being used to illustrate this is not a new phenomenon and various
approaches have been used. For example, Glasson and Wood (2009) used a Social
Impact Assessment to determine the social impact of a regeneration initiative in
London. Negative impacts were identified for young people as part of the
regeneration of Woodberry Down including being excluded from public spaces such
as private courtyards. However, there were also significant beneficial outcomes for
equality groups in terms of employment and skills particularly for BME groups and
women who were the target group for targeted skills training and employment within
the construction industry (Glasson and Wood, 2009).

The measure of intangibles and social impact is not just a problem for the construction
industry. There have been a plethora of tools developed to measure impact. Such as
equality impact assessments, Genuine Progress Indicator, Results Based
Accountability, Quality of Life indicators, SIMPLE social impact assessment, Social
Accounting and Audit, Sustainability Assessment Model. This is by no means an
exhaustive list but gives some indication of the range of impact measures currently in
use. The calculation of social value and social returns on investment is a contested
field. While acknowledging the pros and cons of the methods used to measure impact
above two methods were seriously considered to measure the value the Trust creates
social accounting and SROI. There are similarities between social accounting and
SROI both methods use a framework to enable organisations to report on its triple
bottom line of social, environmental and economic performance. Social accounting
and audit enables an organisation to demonstrate accountability proving they walk the
walk as well as talk the talk by examining whether activities meet the mission, vision
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and values of an organisation (Pearce and Kay, 2005). It was felt that SROI was the
best method for the Trust as an aim of the study was to measure the impact of projects
in partnership with the construction industry and community partners. As such it was
unnecessary to measure whether the Trust’s activities were fulfilling the aims and
objectives of the organisation. Instead an approach was needed that explained the
value of a project with inputs from and outcomes for various stakeholders and SROI
was considered the best approach that would resonate with the construction industry
and key funders.

SROI is a framework for measuring a broader concept of value it is a framework
based on seven principles “involve stakeholders; understand what changes; value the
things that matter; only include what is material; do not over-claim; be transparent
and verify the result” (SROI Network, 2012: 9). The SROI Network (2012: 8)
explains that SROI strives to “reduce inequality and environmental degradation and
improve wellbeing by incorporating social, environmental and economic costs and
benefits. SROI is ground breaking as it endeavours to measure and value on what
really matters to service users the outcomes of services for them. SROI is not without
its critics but it could be argued it is simply a method under development but the
inroads the approach is making measuring intangibles should be acknowledged.

SROI fundamentally is an approach that describes the story of change through
measuring social, environmental, and economic outcomes and uses monetary values
to represent them. Once stakeholders have identified changes that have happened for
them financial proxies are used to value these changes. Then what would have
happened anyway, if the activity did not exist, is deducted from these proxies to
establish the impact of the activity being analysed. In order to calculate the SROI
ratio the net benefits of changes stakeholders identify are divided by the amount
invested in the activity. The SROI Network (2012) have put together a framework for
undertaking an SROI study that contains six stages identifying key stakeholders,
mapping outcomes, evidencing outcomes, establishing impact, calculating the SROI
and reporting, using and embedding the report.

Current guidance on SROI does not recommend the comparison of SROI reports.
Arvidson et al (2013: 3) note a “tension between the participatory element in the
design of each SROI exercise and its use for the purpose of competition”. However,
paradoxically SROI reports require a great deal of data to underpin assumptions and
SROI practitioner reports are a good source of data. For example, Bates and Yentumi-
Orofori (2013: 1) explain that SROI assumptions need to be defensible explaining
they used “NEF accredited reports as the source for deadweight, displacement and
drop-off figures. We have used Department for Work and Pensions (DWP) and
Ministry of Justice (MoJ) figures for costs relating to state benefits and criminal
costs” This gives an indication of the amount of research needed to produce a valid
SROI study.

One of the reasons that SROI requires so much research is that there is not a universal
bank of indicators. The SROI Network has a repository of practitioner reports and is
continuing to develop useful tools such as the Global Value Exchange (no date) an
interactive website that enables users to upload outcomes, indicators and financial
proxies. Therefore, although there is progress towards the production of a standard
approach to SROI the approach currently needs organisations to undertake a
substantial amount of research to essentially put financial value on intangible
measures. Macmillan (2006: 268) suggests the measurement of intangibles in the
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context of measuring the benefits of good design requires a need for “a common
vocabulary for the various types of value created for different stakeholders, and a
framework for understanding value exchanges between these stakeholders ”. Perhaps
SROI is this framework but arguably without the standardisation of proxies the shared
vocabulary is missing.

Construction Youth Trust is a registered charity that helps young people overcome
barriers to access opportunities within the construction industry. Construction Youth
Trust has two overarching programmes Budding Builders and Budding Brunels.
Budding Builders is a programme that helps young people overcome barriers to enter
employment in construction industry trades. Budding Brunels is a programme that
helps young people overcome barriers to access opportunities in the construction
industry professions. The Budding Builders programme aims to give young people
valuable work experience and an opportunity to learn new skills such as carpentry,
tiling, plumbing, painting and decorating and health and safety. The research
evaluates the SROI of a practical construction project that is part of the Trust’s
Budding Builders programme. Practical community projects provide young people
with work experience in the heart of their local community.

The SROI model was developed at the Trust is discussed below. The development of
the model is generally talked about however a single case study is used to illustrate the
development of the model. A forecast SROI study was undertaken of a practical
project at the Summerfield Community Centre in Birmingham. The Trust and
Willmott Dixon worked in partnership to deliver a practical construction skills course
to eight young people. The course culminated in the young people working alongside
Willmott Dixon and Construction Youth Trust staff to carry out improvement works at
the community centre. The SROI study of the practical project is a forecast one
because not enough time had passed to undertake an evaluative SROI. There are two
types of SROI analysis forecast and evaluative. Evaluative SROI is carried out
retrospectively based on the outcomes that have taken place and forecast, predicts the
social value that will be created if activities meet their forecast outcomes”(SROI
Network, 2012).

In the SROI model at the Trust outcomes for beneficiaries were divided into two
broad categories employment outcomes and soft outcomes. For employment
outcomes wages, increased tax take, reduced welfare benefits and improved health
were claimed. Secondly, softer outcomes of increased confidence and increased
social networks were claimed for the forecast SROI at the Trust. A description of
what was claimed for the study and the research that went into each financial proxy or
cost used to value the changes that happened as a result of Budding Builders projects
at the Trust are described below.

The DWP study carried out a Cost Benefit Analysis (CBA) of Welfare to Work
programmes explains with the exception of health and crime they were able to derive
good estimates of willingness to pay (WTP) for most of the economic and social
impacts of employment programmes (Fujiwara, 2010). Explaining, “this is because
the majority of the costs and benefits of employment programmes are already in
monetary terms, which represent good approximations of WTP ” for example wages
(Fujiwara, 2010: 8). Dattani and Trussler (2011) used wages earned by the
beneficiaries who gained employment after engaging with Tomorrow’s People they
used data from Tomorrow’s People telephone survey on job titles. They then used
the Office of National Statistics (ONS) Annual Survey of Hours and Earnings (ASHE)
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that provides the characteristics of earnings for employees within industries,
occupations and regions. However, the welfare benefits they would have received if
they had remained unemployed were deducted from the wages it was forecast that
they would earn. Wright et al. (2009: 463) established a monetary value, of an
intervention to help people access work in rural communities “based upon net
increases income i.e. client’s wages minus lost welfare benefits and increased taxes”
(Wright et al., 2009: 463).

A direct consequence of higher employment is “income tax revenues can be expected
to be higher than they otherwise would have been” (Dattan and Trussler, 2011: 18).
There are obvious cost savings to the exchequer as a result of previously unemployed
people entering employment. The first being an increase in tax revenue, ACEVO
(2012: 14) explains, 18 to 24 year olds moving into work “would contribute a net
extra £582 each year to the exchequer through taxes ”. As minimum wage was used
in the forecast SROI of the practical project the tax they would pay on minimum wage
was claimed for this was calculated at £501.20 (Bridgeman, 2014: 25).

The other benefit of former unemployed people entering employment is a reduction in
welfare benefits. The SROI study of Tomorrow’s People estimated reduced welfare
payments as a result of the Tomorrow’s People Welfare to Work programmes. This is
because an increase in jobs as a result of the activities of Tomorrow’s Peoples would
not only increase tax revenues the Exchequer would also benefit from lower benefit
payments (Dattani and Trussler, 2011). They calculate employment increases based
upon estimating who had secured a job compared to what would have happened in the
economy anyway. ACEVO (2012: 14) calculate that 18-24 year old NEETS cost the
exchequer £5,663 per year in benefits.

The evidence suggests being in employment improves people’s health. Fujiwara
(2010) suggests despite a plethora of evidence of the health benefits of employment it
is difficult to actually measure and monetise them. Fujiwara (2010: 36) suggests
“medical service usage rates lend themselves better to monetisation”” and the “use of
medical services can be matched to medical costs to determine monetary value for
health outcomes ”. They use a conservative estimate, based on evidence, to assume
that as “people move from employment to unemployment they incur 50 per cent more
in medical costs than employed people ” (Fujiwara, 2010: 38). They then use Hojoff’s
(2008 in Fujiwara, 2010: 38) estimate of the average annual cost to the NHS of a
working age person which was £1,220 in 2008. These figures are used to estimate
that when an unemployed person moves into work they save the NHS £610 per
annum.

Increasingly it has been acknowledged that soft outcomes for young people such as
increased self-confidence can contribute to the achievement of hard outcomes such as
securing employment. Softer outcomes such as social and emotional capabilities can
be difficult to measure. McNeil et al (2012: 7) explain “self-esteem, resilience and
thinking skills, for instance, all underpin young people’s progress but can be hard to
assess . An initial literature review demonstrated hesitancy to measure soft outcomes
in some SROI studies. The SROI of Tomorrows People’s Welfare to Work
programmes only focuses on hard outcomes as softer outcomes such as the positive
life effects of employment are subjective and difficult to quantify (Dattani and
Trussler, 201). In an SROI of a transport scheme, to help people access employment,
Wright et al (2009: 463) explain that some outcomes and impacts such as increased
self-esteem cannot be easily monetised and therefore “are often overlooked .
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Conversely, in the SROI analysis of Jamie Oliver’s apprenticeship scheme it was
recommended that SROI analysis could be strengthened if soft outcomes were
recorded. They continue by recommending a baseline data collection system similar
to the outcomes star (Lawlor, 2011). The Trust has existing mechanisms in place to
measure change, notably a Progress Web to measure the distance travelled2 of
beneficiaries as a result of engaging with the Trust. This is a bespoke tool that was
developed in-house. The Progress Web consists of a grid where beneficiaries of the
Trust measure the progress they make as a result of working with the Trust on a scale
of 1to 8. It was considered that the Progress Webs were analysed to feed into the
SROI model at the Trust.

Through consultation with stakeholders on the practical construction projects through
semi-structured interviews, telephone interviews and observation it was discovered
using their newly learned construction skills to benefit their local community really
improves the confidence and self-esteem of young people. The SROI study of the
Veterans Contact Point (VCP) used a financial proxy to place a financial value on
increased confidence as part of their SROI study. Bates and Yentumi-Orofori, (2013:
1) argue that their research demonstrates significant change to veterans as a result of
the VCP and that this change cannot be measured in financial terms of improved
finances “but also in terms of self-esteem and self-confidence ”. They use the cost of a
confidence course of £1195.00, explaining that this proxy was also used in an
unpublished New Economics Foundation (NEF) report ‘Coventry Local Enterprise
and Growth Initiative’. This financial proxy was taken forward to the SROI study at
the Trust.

Beneficiaries also told us they had increased their social networks as a result of
participating in the Practical Project. Young people who completed courses at the
Trust commented they really valued meeting new people from their local community
and making friends on courses. The SROI study of ‘Wellbeing Works’ Tokarova,
(2014) used Janneson’s (2010) proxy of £806 to value an increase in social networks.
Following an SROI training course Janneson (2010: 48) used participants “perceived
value in relation to total positive value created ” to value increased social networks.
The financial proxy of £806 was taken forward to the Trust’s SROI study.

Another element that needs to be calculated as part of an SROI analysis is how long
outcomes can me claimed for. Pathak and Dattani (2014) explain that two methods
are used in the context of business valuations using discounted cash flow model.
Firstly, “to take the economic value of future benefit streams only over an explicit
period” explaining that this can be aligned with business plans or strategic goals.
This method assumes the “‘same benefit will accrue every year for 20 years” (Pathak
and Dattani, 2014: 95). The second approach “to project the benefits into infinity
using a terminal value ” explaining after five years benefit streams become too
uncertain to provide an approximation of value (Pathak and Dattani, 2014: 95). They
explain, “the terminal value in Year 5 divided by (discount rate minus growth rate),
where the growth is the anticipated year-on-year growth in benefits ”. Pathak and
Dattani (2014: 95) suggest that although the second method gives a higher SROI it
gives a more robust result when “forecasting changes in the probability of
employment several years hence is impractical and exposes such projections to a
variety of uncertainties limiting their validity and credibility to institutional
investors”.

Z In this context the distance travelled is the progress a beneficiary makes towards a goal
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Deadweight refers to the extent of the “outcome that would have happened even if the
activity had not taken place” (SROI Network, 2012: 56). The deadweight is
calculated as a percentage. For example, if an employment programme finds that as a
result of its activities 30 per cent of beneficiaries go into employment. However, if
the employment statistics went up by fifteen per cent then credit could only be
claimed for 15 per cent of beneficiaries. The SROI analysis of St Giles’s Trust
Through the Gates scheme used statistics to calculate deadweight. In order to estimate
its impact the re-offending rates of clients that they had worked with were compared
with national re-offending rates. This was to demonstrate the impact that Through the
Gates has “over and above the national average ” (St Giles Trust, 2009: 10). This
was analogous to the method used to calculate the deadweight in employment figures
for the SROI model at the Trust. In Birmingham deadweight was considered to be
3.7% as youth unemployment decreased from 13.7% in December 2013 to 10% in
August 2014 (Birmingham Council, 2013 and Birmingham Council 2014).

Once the counterfactual has been accounted for the net benefits of the project are
divided by the inputs. In the SROI analysis of Construction Youth Trust’s practical
project at the Summerfield Community Centre the forecast net benefits totalled
£70,328.17. The net benefits were divided by the inputs of the project these were
£5,000 donated by the Willmott Dixon Foundation and Willmott Dixon staff time
supporting the young people which was valued at £5,800. This resulted in a forecast
SROI ratio of £1 :£6.51 indicating if the planned project outcomes are realised there
will be £6.51 of wider social value creation for every £1 invested in the project.
However, SROI is about the social value a project creates and not just about the SROI
ratio and especially without a universal approach the SROI ratio currently needs to be
viewed with all the supporting information that led to the headline figure.

CONCLUSIONS

The commencement of the Social Value Act 2012 requires “public authorities to have
regard to economic, social and environmental well-being in connection with public
service contracts ” (HMG, 2012). The recent Cabinet Office Review (2015) found
that the challenges around defining social value were a barrier to implementing the
Social Value Act (Cabinet Office, 2015). However measuring intangibles is not a new
phenomenon for the construction industry and there have been challenges measuring
intangibles such as the benefits of good design even though design can promote
everything from reduced crime to higher productivity (Macmillin, 2005). However,
measuring intangibles is not just a problem for the construction industry social value
measurement and SROI is a contested field. SROI can be used to measure the triple
bottom line of social, economic and environmental benefits. However, SROI is still
under development and there are technical challenges implementing the methodology.
There is not a universal bank of financial proxies that organisations can use although
progress has been made with the Global VValue Exchange (no date) an interactive
SROI website where users upload proxies. However, we are a long way from a
universal language of value for the approach making SROI time consuming and
expensive.

The research examined the development of a bespoke SROI methodology at
Construction Youth Trust. Focus was placed on the Trust’s practical projects that
provide young people with work experience in the heart of their local community.
There were two categories of outcomes claimed to forecast the social value that would
potentially create project. Firstly, there were employment outcomes based on the Cost
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Benefit Analysis framework used to value DWP’s Welfare to Work programmes
(Fujiwara, 2010). This framework has been applied in other SROI practitioner reports
such as the SROI study of Tomorrows People (Dattani and Trussler 2011). Secondly,
softer outcomes of increased confidence and increased social networks have been
claimed for. The former used in the SROI report of Veterans Contact Point (Bates,
and Yentumi-Orofori, 2013) and the latter used in the SROI study of Wellbeing
Works (Tokarova, 2014). The SROI ratio for the practical project at the Summerfield
Community centre was £1: £6.51 meaning for every £1 invested in the study there was
wider value creation of £6.51. This is a powerful indicator of the projects success and
illustrates one of the challenges using the SROI approach. The lack of consistency in
the process means that the SROI study at the Trust cannot be compared with another
SROI study. This effectively means that the whole study needs to be read to
understand the value a project creates. There is clearly a need for more research in the
SROI methodology and arguably more standardisation of the approach.
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South African society has been beset by an endemic problem of xenophobia since its
liberation from apartheid in 1994. During apartheid citizens were over-sensitized
about their identities through particularistic political prescription of race and ethnic
identities. Black South African were oxymoronically referred to as ‘foreign natives’,
as they were technically from the Bantustans and not bona fide citizens of the country.
When racial segregation was dismantled, only those who could demonstrate a family
connection with the colonial/apartheid formation of South African could claim
citizenship at liberation. The rest and the deluge of immigrants that followed were
regarded as opportunistic claimants to hard fought gains of emancipation. The popular
prescriptions founded on indigeneity bolstered the hegemony of xenophobic discourse
which reached its zenith during the pogrom of 2008. Although there has never been a
repeat of a widespread physical torment of these migrants till recently in March/April
2015, there is a general disquiet among foreigners that the nativist exclusion is
bordering on the compromise of the extension of basic humans rights. The majority of
these migrants find their way into construction sector of the economy. In this climate
of non-abating ethnical tensions, the research is investigating the treatment of foreign
construction workers on site. Five case studies which were upwards of $40 million
each were used in Johannesburg where interviews were conducted with foreign
workers, construction managers and few local workers as well, for perspective. It was
found that job commitment, tenacity, determination and generally better conditions
and pay, compared to home countries which have no credible alternatives results in
increased loyalty to the employers. Although all the foreigners were regarded to be
disciplined productive workforce, their perception of acceptance differed by their
country of origin.

Keywords: recruitment, xenophobia, foreign workers, indigeneity.

INTRODUCTION

South Africa has welcomed foreign workers for decades but the ushering of a new
dispensation brought unprecedented numbers of foreigners into the land, who entered
even the hitherto untouched sectors. The xenophobic sentiments that have developed
over the years have affected most workplaces. Unlike other countries which are new
to the idea of the globalization, South Africa's labour has always had an international
mix. This study seeks to assess how the new negative sentiments towards these
arrivals particularly those from beyond the immediate neighbouring countries are
treated in the construction.
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The dismantling of Apartheid in 1994 not only ushered in a new dispensation which
advocated democracy but opened the floodgates for an unprecedented migration of
peoples from the rest of the continent and beyond, most of whom were economic
migrants. The concept of the 'push’ and 'pull’ factors attracting people into South
Africa should be understood within a context of specific countries and regions in the
continent experiencing one conflict after another (Hussein 2003). The majority of
these new arrivals do not have recognized qualifications and some of them are
unqualified for highly technical sectors making certain sectors like mining, agriculture
and construction the most easily accessible. This happens in a country with
progressive migration laws to such an extent that you cannot deny anyone the claim
and temporary status of an asylum-seeker, and this is due to a number of precedent
setting rulings of the courts, as well as various clauses of the Refugee Act. According
to the former Home Affairs minister Pandor (2014) this has led to a situation where
economic migrants are abusing the Act in order to have status in South Africa. Unlike
many jurisdictions, South Africa grants temporary asylum status to applicants and
allows them to work with such a temporary status. The system is bedevilled by its own
Act and the human rights jurisprudence prevents introducing changes that detract from
the essential core of the human rights character as enshrined in the country's Bill of
Rights (Pandor 2014).

LITERATURE REVIEW

A xenophobe is a person who is fearful or contemptuous of that which is foreign,
especially strangers or people from different countries and cultures; a phenomenon
that can tersely be defined as a deep antipathy to foreigners (OED 2015). When one
follows the global literature on globalization, scholarly treatments of xenophobic
violence in South Africa also tend to rely on theories of anomie and chaos. This is
articulated by Nyamnjoh (2006) when he states “the accelerated flows of capital,
goods, electronic information and migration induced by globalization have
exacerbated insecurities and anxieties, bringing about an obsession with citizenship
and belonging and the re-actualization of boundaries through xenophobia.” The basic
crux of the arguments is that globalization automatically generates anomie and
confusion and that xenophobic violence is a natural reaction to this flux. However,
rapid migration, mixing, and culture contact is historically a feature of the sub-
continent since the mid-1800s and sometimes in arguably the more extreme forms
than today especially when one considers the mfecane, the apartheid era forced
removals and other periods of massive intense dislocation (Landau 2010). These
events and the recent ones in March/April 2015 have inspired a lot of soul-searching
in South Africa as academics seek to explain why multi-culturism in the much-
vaunted Rainbow Nation has become so elusive (Hickel 2014).

Many accounts of the pogroms around the world seem to focus on globalization as a
primary driver. Two strands emanate from this argument, one holds that neoliberal
policy and structural adjustment undermine livelihoods and spur violent competitions
over the ever shrinking scarce resources of housing and jobs. A second strand is
preoccupied with identity politics, and posits that the cultural “flows ” that are
characteristic of globalization induce a state of hybridity, flux and moral anomie that
triggers the impulse to violently recreate social boundaries (Hickel 2014). In South
Africa xenophobia phenomenon is a recent development contextually birthed by the
geo-political developments post 1990. Not only did the proxy wars in Africa between
the East and West come to an end around this period, but within South Africa itself
the newly appointed leaders of the ANC were followed by the citizens of the countries
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that gave them shelter during the tumultuous struggle years. These were also joined by
peoples from other countries who traditionally had not had their citizens working in
South Africa.

History of Labour Migration in South Africa

South African has been a migrant-receiving country for decades, although
traditionally the majority of those migrants were from neighbouring countries within
the Southern African region. It is important to note that before 1994 the country was
also an important destination for (white) immigrants from Europe, who were allowed
to have dual citizenship with their countries of origin. Historically the labour migrants
were largely concentrated in their largest numbers in the South African mining
industry (Pederdy 1999). The precise mix of the source countries varied over time but
Mozambique, Lesotho and (until the 1970s) Malawi were the major suppliers. Entry
into the country was on a temporary basis on fixed contract and governed by bilateral
treaties between South African and the supplier countries. Recruitment was
centralized in a single industry-financed monopoly, The Employment Bureau of
Africa (TEBA), which managed an extensive network of recruiting offices in supplier
states. These migrants were transported home at the end of their contracts to renew; if
they became diseased, severely injured or disabled they were sent home (Department
of Labour 2007).

Concessions were granted to the commercial agricultural sector and until the 1960s
there were arrangements to allow arrested irregular migrants to be employed by
commercial farmers (Pederdy 1999). There were regional agreements dating back to
the apartheid era but which spilled over into the current era, where the Department of
Home Affairs and the Department of Labour allow the recruitment of seasonal
agricultural foreign migrant workers (SAMP 2000). Besides these two aforementioned
sectors other employers were not permitted to hire foreign labour. However before
1963 there were no restrictions on the movements of migrants from Botswana,
Lesotho and Swaziland. Despite these arrangements irregular migrants were
repatriated (Pederdy 1999). Irregular migration into South African thus has a long
history, although it focused on commercial farming, and to a lesser extent domestic
service and construction (Jonathan and Alan 1997). This has created a situation where
in most households there is a family member working in South Africa.

South Africa has always had the strong pulling forces as an employment destination.
However all black workers local and foreign, were subjected to extreme forms of
exploitation under apartheid. Foreign workers were regularly deported or simply left
because of apartheid restrictions which made migration very hard. Migration actually
peaked in 1951 at just over 600,000 to 320,000 by 1985 (Department of Labour 2007).

The arrival of a new type of immigrant

The international migration is divided into three main types; namely labour mobility,
refugee movements and permanent migration (Kok, Gelderblom and van Zyl 2006). It
has been noted by others that labour migrants although unskilled, often have
considerable entrepreneurial drive towards self-betterment, some complement of skills
and some resource in order to finance the trip or trips. Labour migration tends to be
cumulative: 'remittances may lead to more migration because they show that
migration works, they finance other family members' trips, and they show what the
neighbors have to do to “keep up with the Joneses ™ (Ellerman 2003:15-16).
Remittances from migrants are so significant that they outweigh the international
development aid flowing into developing countries.
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Refugee movements as with work migrants are reluctant migrants who generally want
to return home. When they do, it is often to a developing country, frequently one
ravaged by conflict (Nicholson 2002). The last group is that of permanent migration,
which is comprised of people who have higher skills as a result of the greater
economic return to education in industrial countries. This last group comprise what is
normally termed the brain drain (Kok, Gelderblom and zyl 2006).

The immigration statistics in South Africa are very unreliable even by the
government's own admission. The highest movement appears to be internal migration
since in the new dispensation people are now free to move around from province to
province, a scenario that is new in this country. For instance between 2001 and 2007
Gauteng population grew naturally by 74% and only 26% was due to migration with
cross-border migration accounting for only 3%. International or cross-border
migration is far less numerical, although there are speculations of between 1-8 million.
The known statistics are for recognized refugees, asylum seekers, persons with work
permits and deportees, although these do not represent migration trends (FMSP 2010).
Since the dismantling of apartheid opened a lot of sectors that were a preserve of the
locals, the construction sector is one such sector that has been subjected to a deluge of
foreign workers. Because of the dire situation they left in their home countries it has
been argued that in the construction industry the foreign labourers are more committed
and therefore more productive.

RESEARCH METHODOLOGY

This research is mixed method qualitative in that it sought to engage with people and
solicited their sentiments about their sentiments towards foreign workers. But since a
questionnaire was extensively used it is also quantitative and therefore a mixed
method approach. According to Maxwell (2012) to design a qualitative study, one
cannot just develop (or borrow) a logical strategy in advance and then implement it
faithfully. Qualitative research design, to a much greater extent than quantitative
research is an innovative rather than a standardized process, one that involves
gleaning back and forth between the different components of the design, assessing
their implications for one another. It does not begin from a predetermined starting
point or proceed through a fixed sequence of steps, but involves interconnection and
interaction among the different design components (Maxwell 2012). So a mixed
method offers more than one type of investigative perspective, in that it offers the best
of two worlds: the in-depth, contextualised and natural insights of qualitative study
bolstered by the predictive power of a quantitative approach. Most pertinently the
design must fit not only its use but also its environment. The methods deployed below
were the ones it was felt would be the most appropriate for this type of research.

The central question in this study was ‘Is the South African construction industry
exclusively Hostile Towards Foreign Nationals?’ Interviews were conducted with
construction managers in five different sites, who are in charge of the work progress,
and pertinently with the foreign workers and local workers (10 ~2/site) for
perspective. This research is interested in the depth of the data and in appreciating its
breath, to attain a proper understanding of the data the researcher has to play an active
role in the data collection (Wimmer and Dominick 1997). It was therefore decided that
interviewing the people and getting the experiences of the groups from working with
each other will give depth and appreciable girth to the enquiry. Describing what an
interview is, Frey and Oishi (1995) defined it as a “purposeful conversation in which
one person asks prepared questions (interviewer) and another answers them
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(respondent) ” this is done to gain an in-depth information on a particular area to be
researched. Open-ended interviews were opted for and they are defined by Nichols
(1991) as “an informal interview, not structured by a standard list of questions.
Fieldworkers are free to deal with the topics of interest in any order and to phrase
their questions as they think best. ” Open-ended questions allow the interviewer, if
they wish, to probe deeper into the initial response of the respondent to gain a more
detailed answer to the question (Wimmer and Dominick 1997). The richness of the
data can thus be enhanced by this approach. This is very important in a situation
where the contracts managers are involved in hiring foreign workers and deal with the
problems that could be encountered on a daily basis. The domestic workers also
provided insightful input when articulating their sentiments about foreign workers and
themes emerged which are discussed below. This is critical as it help us in
understanding social phenomena in natural (rather than experimental) settings, giving
proper emphasis to the meanings, experiences and views of the participants (Mays and
Pope 1995).

A questionnaire was used and 35 respondents were engaged in the five identified sites
in Gauteng. The questionnaires were given to foreign workers who were willing to
participate although some had reservation talking to people who were outsiders. The
same questions were asked to the foreigners, who were seven per site and the intention
was to get the widest possible spread of representativity. The questions are shown in
figure 2 below. A questionnaire is defined as a formalized set of questions for
obtaining information from respondents. The overriding objective is to translate the
researcher’s information needs into a set of specific questions that respondents are
willing and able to answer. A questionnaire is the main means of collecting
quantitative primary data (Malhotra 2011). A questionnaire enables quantitative data
to be collected in a standardized way so that the data are internally consistent and
coherent for analysis. In all cases the role of the questionnaire is to provide a
standardized interview across all subjects. This is so that when the questions are asked
or presented, it is always in exactly the same way. To avoid a plethora of different
responses that could be saying the same thing put in hundred different ways,
questionnaires were thought to be the best tool to provide standard responses that
could easily be analysed. The questions dealt with specific challenges foreigners could
be facing on site from the information gathered from the media and anecdotal
accounts.

The mixed method approach advocated for earlier on was opted for because it was
thought both methods together enhance the perspectival clarity of the research
problem intensely than either type by itself (Creswell, 2008). The multiple viewpoints
accorded by this approach pits the subjectiveness (which provides depth) of
qualitative data against the objectiveness (which provides girth) of quantitative
approach. This is complementarily beneficial in assisting researchers in properly
appreciating the nature and extent of the phenomenon under scrutiny. Interviews
elicited common themes from the respondents and the thematic analysis was used to
code these themes, after which they were grouped in order to glean any commonalities
that might be meaningful. There are two stages to treating themes, the semantic and
the latent level (Boytzis, 1998). The semantic looks at the surface meaning of what the
data says and does not go beyond what the respondent has actually uttered, without
theorizing about the significance of the patterns and their broader meanings and
implications (Patton, 1990). On the other hand the latent level goes beyond the
semantic content of the data, and starts to identify the underlying ideas, assumptions
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and ideologies that are theorized as shaping or informing the semantic content of the
data. In this study the contextual political exigencies will not be ignored when latently
interpreting the data. Thus for latent thematic analysis, the development of the themes
themselves involves interpretative work, and the analysis thus produced goes beyond
the descriptive but it already encapsulates theorization. The overall research design is
Convergent Parallel Design where quantitative and qualitative data collection and
analysis is done separately but the results of both the questionnaires and interviews are
compared and related to offer a substantive interpretation. Not only does this approach
offer corroboration from different methods but it profers a more complete
understanding from the two databases.

RESULTS AND DISCUSSIONS

The research was taken before the current spate of xenophobic attacks in South Africa
as of April/March 2015. We believe the results are not tainted by the heightened
negative sentiments towards foreign workers. Interviews were held with the contracts
managers in 5 sites and also with local workers for perspective and questionnaires
were handed to willing foreign workers. In interviewing the contracts managers and
local labourers certain themes emerged as shown in figure 1 below. It was clear that
there is no official stance in all the companies to preclude foreigners from
employment although managers were in agreement with their employees that there is
proclivity to commitment by the foreigners vis-a-vis their local colleagues. A situation
which is bolstered by literature when one looks at the dire situations they left in their
home countries. The general exclusive sentiments which were tantamount to making
the industry a preserve of the locals were voiced more by the locals with managers not
demonstrating any stance on this issue. However xenophobic acts were observed even
by some contracts managers and their staff in the form of intimidation, name-calling,
general disrespect and bullying. This has been observed in the society at large and it is
an observed phenomenon especially during periods of heightened ethnic tensions.
What was surprising was the general regard of BOLESWA citizens as not technically
foreign, a fact which could be attributed to ethnic similarities, historical ties,
physiognomic similitudes and their long history of working in South Africa.

The questionnaire yielded the results shown below in figures 2 and 3. The main
intention was to assess the treatment of foreign workers by their local peers and by the
employer. For the most part it appears that there is some intimidation meted against
foreign workers by their local peers. In conducting interviews with them it appears it
normally comes from them performing the tasks assigned to them quicker and
therefore being used as a benchmark by the employers as how an efficient worker
should perform. The intimidation was bad in a few cases that the foreign workers had
to change sections or had to resign and find some other work. Apparently there were
no major differences in the responses from different sites.

However the discrimination that manifests itself in name calling and the general
disrespect is almost non-existent when it comes to employees from BOLESWA
(Botswana, Lesotho, Swaziland) countries. The only reason one could find is that
ethnically these peoples are related to South Africa and the languages of Sotho
(Lesotho), Tswana (Botswana) and Swati (Swaziland) are all spoken in South Africa
as one of the nine official languages. Physiognomically these people are not any
different from the South Africans and they don’t really seem as foreign as the people
from other countries. These appear to be the most predominant plausible explanation
because the Mozambicans have been working in the country for a long time but they
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have never really been accepted. If the construction industry was a new territory for
foreigners then the animosity should have been meted against everyone equally.
Figures 2 depicts the experiences of foreign workers in different sites. Figure 3
particularly shows the nuances with regards to intimidation that is meted by fellow
workers to their peers differentiated by the foreign workers country of origin.

B Confracts Managers

Local labourers

I

Foreignersare Foreign Foreignersare Companies  The industry ohserved
welcomed  workershave willing to take prefer must wenophobic
more areduced pay foreignersto  exclusively acts on site
commitment local labourers hire the locals
than the locals
Figure 1: Themes on xenophonobia from the interviews
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Figure 2: The experiences of foreign workers on site
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Figure 3: The intimidation experienced by sampled foreign workers on site

The findings from the interviews and the results from the questionnaires appear to
offer some corroboration and the findings will be discussed below.

FINDINGS

The construction industry in South Africa fully opened to the foreign workers legally
as the same time as the country was opening to the entire world. The only industries
that have a history of accepting foreign workers is the mining, agriculture and to a
limited extent the domestic services sector. The influx of unskilled migrants found an
easy access to the construction sector. Their commitment was embraced and accepted
by employers. The local workers generally believe the foreign workers invite their
compatriots to the exclusion of the locals once they are in a position of authority to do
so. This fuels the accusation of job snitching by foreigners. There were also
accusations of accepting lower wages although this could not be proved on the sites
visited. Although there is no proof of overwhelming preference to the exclusion of
the locals, the preference was perceived as dislodgement from sectors traditionally
regarded as a preserve for the unskilled local labourers. This perception and the
demonstrable aptitude for productive task execution, has fuelled animosity on the
construction sites to such an extent that the intimidation has in some occasions led to
foreign workers changing jobs in extreme cases. Foreigners however many they are on
a site, as long as they are from BOLESWA countries which have a strong ethnic
relation to the South Africans they are treated like locals without any abuse and
prejudice. Hence the xenophobia on sites is ethnically nuanced. This happens despite
the fact that peoples from most SADC countries in general, have worked in South
African mines for over a century.

CONCLUSIONS

Although South Africa has been welcoming foreign workers for decades this was only
concentrated on a few sectors namely, mining, agriculture and domestic service. The
arrival of new migrants post-1994 who have come to the land to seek better
livelihoods have created a new significant foreign element in the workforce. Although
there are many foreigners in South Africa, prejudice was found to be rife and nuanced
and the following conclusions were made:
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7. Foreigner workers treatment is ethnically nuanced. BOLESWA foreign
workers who are ethnically similar to indigenous South Africans are treated
like the locals by their peers.

8. The otherness of the foreign workers is predominant at the coalface but there is
no systematic official sanctioned ill-treatment by companies.

9. The general negative sentiments toward foreign workers, which are manifested
in prejudice and intimidation are not officially sanctioned but are rife at the
grassroots level.

10. The dire politically conditions in the home countries of foreign workers result
in workers who value their work and demonstrate a comparatively better
commitment which has endeared them to their employers.

11. Because of the official stance of the companies which is not exclusive, the
xenophobic tendencies of the staff does impact the new foreigners seeking to
join the industry, and the foreign talent is not lost.
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The use of advanced and green materials by the construction industry can
significantly improve sustainability by reducing demand on scarce resources,
reducing greenhouse gas emissions, improving safety, facilitating resilience of
structures and encouraging the use of modern construction practices. Examples of
such material include laminated veneer lumber, glulam, rammed earth, high strength
concrete, lightweight concrete and adobe brick. To evaluate the use of such materials,
an exploratory survey was conducted on-line in Australia and New Zealand into their
use by small and medium enterprises (SMESs) that were undertaking either design or
construction. The purpose of this survey was to better understand the use of such
materials by the selected firms, understand why they were used or not used, and
assess their likelihood of use in the future. Thirty firms responded to the survey. Each
firm was asked to respond in detail to the use of five advanced and green materials,
selected from a total number of sixteen. The extent to which these materials were used
varied by individual firms and their role in the industry. It was found that there were
seven leading issues (or factors) with respect to the use of such materials. The range
of factors tended to depend on whether or not the firm had used the selected material.
Experience appeared to be the leading issue restricting the uptake of individual
materials. Other factors included cost of material and the availability of standards or
codes of practice. While it is recognised that further work is required to validate the
results of this research and extend it beyond Australia and New Zealand, this survey
has given good insight into the use of these materials by SME firms in the
construction industry.

Keywords: green buildings, material usage, small and medium enterprises,
sustainability, technology transfer.

INTRODUCTION

Advanced and green materials in the construction industry can significantly improve
sustainability by reducing demand on scarce resources, reducing greenhouse gas
emissions, improving safety, facilitating sustainability and resilience of structures and
encouraging the use of modern construction practices. While there have been a
number of applications of these materials, their uptake at a more general level in civil
engineering and building projects, and particular the small and medium enterprise
(SME) building and construction sector, has not always been as rapid as it might be.

A number of such materials have considerable promise in terms of innovation in
engineering design, construction and asset management. Polymer composites, for
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example, are used in a number of construction applications, such as non-critical
structures. There are also a number of applications of other construction materials,
such as advanced concrete products and timber based composite materials like glulam.

The SME construction sector can be quite innovative, such as with the adoption of
proven products and improved processes (Thorpe et al. 2009). There are, however,
factors that can impact on the adoption of new materials by firms in this sector, such
as price, which is driven by the competitive tendering process, and was found to be
the main factor in a study on the adoption of pozzolans as substitutes for cement in
Wales (O'Farrell and Miller 2003).

To better understand the adoption process with respect to advanced and green
materials, exploratory research was undertaken to evaluate issues for SMEs in the use
of advanced and green engineering materials (AGEMSs), which require considerable
investment and resources in research, design and innovation to develop. SMEs play a
large part in the construction market and therefore their adoption of new materials can
be crucial to the success of advanced and green engineering material products.

The objectives of this research have been to:

e undertake a survey of SMEs to identify their perceived issues in the use of
AGEMs
e evaluate the issues for SMEs in the use of AGEMs
e undertake exploratory research to support further studies into the issues with
the use of AGEM for material manufacturers and the construction industry,
and particularly its SME firms.
The main terms, and the issues (or factors) in the use of advanced and green materials
in the construction industry, are discussed in more detail below.

ISSUES IN THE USE OF ADVANCED AND GREEN MATERIALS

Description of Advanced and Green Materials

Advanced materials are an improvement on conventional materials. They are
developed to enhance strengths, or mitigate weaknesses of conventional materials.
Polymer composites, advanced concrete products and glulam have previously been
listed. Other examples of such materials include post-tensioned timber, which
combines timber's flexibility, aesthetic and environmentally friendly properties, with
the ductile properties of steel to improve the ductility and strength of timber (Symons
2014); and ductile self-compacting concrete (DSCC), which minimises the need for
skilled labour as levelling and compaction occurs under self-weight (Nuruddin et al.
2014). A New Zealand company is manufacturing an advanced heavy timber material,
cross-laminated timber (CLT), which has strong demand in Europe and elsewhere
(Symons 2014).

The definition of green materials is contested and seldom completely understood, with
greenwashing leading to reports that Americans believe only 12% of products that
claim to be green actually are, through to consumers tending to rank equally
environmentally friendly products differently due to the centrality of the green
component (Gershoff and Frels 2015). This research used the definition that green (or
sustainable) materials can provide a more energy efficient alternative to conventional
materials. They may be classified into one or more of six categories such as green
process, improved sustainability, recycled content, recyclability, low toxicity and
biodegradability (RSMeans 2002: 232-234). The nature of green can be challenging
for practitioners due to the wide variance of materials conforming in one form or
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another, to one or more categories, which adds an extra layer of complexity to the
evaluation of alternatives.

Use of Advanced and Green Materials by SMEs

Small and medium-sized enterprises (SME), which are distinguished from larger firms
by the number of staff employed and legal forms of business, comprise a significant
number of the business enterprises in modern countries. In New Zealand, for example,
SMEs firms have up to 49 employees, with firms of up to 19 employees accounting
for 97% of enterprises (Ministry of Business, Innovation and Employment, 2014).
SME firms in Australia may have up to 199 employees, and comprise over 99% of
actively trading businesses (SME Association of Australia 2015). Their legal forms of
business can include sole proprietorship, partnership, or corporation, each of which
has a different structure, may be assessed for taxation differently, and may have
different approaches to risk management.

While advanced and green materials are developed to extend the boundaries of
conventional materials and help in the provision of an environment that can be
enjoyed by future generations, the research, design and innovation involved in
developing them can take sizable resources and investment, and therefore they can be
relatively costly compared with traditional materials. Their perception can also impact
adoption, particularly by the SME sector, which because of the smaller size of firms,
has less capacity to take risks than better financed larger firms.

Factors related to materials include material properties, and the perception,
environmental impact and selection of materials available. In addition, the use of the
term “green” may lead to perceptions of something that is low-technology,
uncontrolled and unprofitable to SMEs. Some manufacturers may be reluctant to
advertise the use of green processes for fear of prejudice (Spiegel and Meadows
1999).

There may also be relatively few standards and guidelines for advanced and green
materials, with those that are available being performance rather than prescriptive
(Spiegel and Meadows 1999). The lack of standards has been highlighted more
recently by the Queensland Department of Transport and Main Roads in the case of
engineered fibre composites, in which it was observed that there was a lack of an
Australian standard for that product. Fragmentation and the use of Intellectual
Property as a tool to closely guard information, but also limit transparency
surrounding manufacturing, can limit the openness of information published in papers.
Ultimately, such a lack of standards poses a professional indemnity risk for designers
(Pritchard 2014).

Green materials may also suffer from requirements to both use the standards of the
conventional materials they are replacing and meet the requirements of sustainable
design standards such as BREEAM (BRE Global Limited 2014) to demonstrate the
sustainability aspects of a material. Thus while construction using green materials is
required to be built and managed to a budget and provide economic benefit, it should
also implement sustainable development requirements (Brundtland 1987) by
maintaining the balance between the economic, social and environmental aspects of
sustainability.

Overall, while there are likely to be a number of positive features for the use by the
SME construction sector of advanced and green materials, there are also a number of
barriers to their adoption by this sector, including perception of the materials and their
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use, and both design and construction risks associated with the requirement for more
standards. The next section discusses additional factors that may impact on the use of
such materials by the SME construction sector.

INVESTIGATION OF THE MATERIAL USAGE DECISION

Factors affecting the decision by SMEs to adopt advanced and green materials

The adoption by an organisation of an advanced or green material is an innovative
step. An innovation may be defined as an idea, practice, or object that is perceived as
new (Rogers 2003: 12). In the decision to adopt an innovation, the potential user of
the innovation gains knowledge of the innovation, forms an attitude about it, makes a
decision whether to accept or reject it, implements the new idea, and confirms the
decision (Rogers, 2003: 168-170). There are rewards for early adopters of an
innovation, and also negative risks, such as potential financial loss. This situation is
particularly relevant for SMEs, which tend to be more exposed to such risks as they
are generally younger (Abdullah and Manan 2011) than larger mature firms and are
likely to be experiencing higher growth than them, particularly in an active industry
like construction, in which there tends to be a strong demand for materials. Such
materials are required to be profitable to the firm, in order that the firm can pay
interest on funds borrowed or pay dividends to equity investors, and thus grow.

In addition to perception, the limited availability of standards and the matters
associated with growth, a number of other factors (or issues) have been identified,
through literature or hypothesized by the authors, which have the potential to impact
on the use of advanced and green materials by the SME sector. A discussion of these
additional factors is below.

Experience

The construction industry tends to rely on previous experiences to guide future
decisions. As SMEs have less access to expert opinion than larger organisations,
advanced and green materials carry more risk to SMEs with less experience. This risk
increases the risk premium used in their evaluation (Brooks 2010).

Identification and Evaluation of Materials

The identification of the most suitable materials for a particular application may be
quite complex and costly as a result of the number of alternatives available.
Evaluation methods will include financial assessment and may also include other
considerations such as ease of use of the material, its acceptance by clients, its
availability and ethical considerations, including the evaluation of externalities, which
refer to situations when the effect of production or consumption of goods and services
imposes costs or benefits on others which are not reflected in the prices charged for
the goods and services being provided (OECD 2003). They include positive
externalities, such as improved air quality from using green material; and negative
externalities, such as greenhouse gases created in the production of Portland cement.
Externalities can be difficult to evaluate and quantify.

Material Cost

SMEs are likely to have less access to capital than larger organisations, thus making
them quite sensitive to material cost. Advanced and green materials tend to be more
expensive by face value. For example, conventional 30 MPa concrete tends to cost
less than 30 MPa lightweight concrete (Simons 2012). This premium in the cost of
such materials covers externalities, or compensates for research and development or
specialist knowledge and labour required. Externalities can include improved future
sustainability. For example, in timber products, there may be a premium paid for
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maintaining forests through planting and other resource management (Mankiw 2009).
Other sources of cost include investigation and evaluation of new materials; and the
difficulty of evaluating future benefits of new materials, which can make it
challenging to justify their use given their increased cost.

Inventory management

Inventory management is closely linked with working capital and the management of
current assets. Firms require working capital, which is the net of current assets and
liabilities, to operate. A lack of working capital will lead to insolvency. Thus
maintaining positive working capital is an issue to firms of any size (Brooks 2010).

Availability and properties of materials

Availability of materials is also a likely factor in the decision to adopt advanced and
green materials. It varies with the material. For example, concrete is very widely used,
and timber and wood are renewable resources when managed sustainably. The
availability of earthen materials, for example, would be expected to be locality
dependent. The properties of materials, and knowledge of these properties, can also
impact on the material usage decision. For example, research on earthen materials
tends to lack depth and consistency compared with research of other engineering and
construction materials.

Materials investigated for this research

While there is a large selection of advanced and green materials available, it was
decided to limit those used for this research to a representative group of such materials
primarily used in the building structure. The materials used for this research were:

e Advanced concrete materials - ductile self-compacting concrete (Naik et al.
2008); high strength concrete; lightweight concrete; fibre reinforced concrete
(Sivakumar and Santhanam 2007); cement replacement materials, such as
pozzolans and geopolymer cement.

e Earthen Materials (Miccoli, Muller, and Fontana 2014) - adobe brick, rammed
earth; cob (a mixture of earth, water and plant materials).

e Timber - glued-laminated lumber (Glulam); laminated timber lumber (LVL);
cross-laminated timber (CLT); hybrid timber with post-tensioning reinforcing
(Symons 2014); glued-laminated bamboo (Glubam) (Xiao et al. 2014); hybrid
timber with fibre reinforced polymers.

e Other - green roof and pervious concrete.

Each of these materials has quite different properties and uses.

RESEARCH DESIGN AND IMPLEMENTATION

In order to further investigate the use of advanced and green materials in SME firms
in the construction industry in Australia and New Zealand, a survey was conducted in
mid-2014. This survey was approved by the Human Research Ethics Committee of the
University, and is discussed in further detail below.

Survey questions

The survey questions were formulated to: collect generic firm details; evaluate issues
that the firm had with advanced and green materials; identify such materials
previously used and unused by the firms; and assess whether their use would continue
(for used advanced and green materials, or commence (for unused materials), with or
without perceived issues being addressed. Participants were asked to select materials
from the list of 16 materials listed above, or could nominate other materials.
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The questions were split into four sections, as follows:

12. Business profile - type of firm, staff numbers, areas of the construction
industry and regions in which the firm operates, use of AGEMs.

13. The three most common AGEMs used by the firm, including use of the
material, main issues in its use, whether firm will continue using it.

14. Two AGEMS not used by the firm (selected by the firm) - issues preventing
use (selected from a list), questions about material and possible future use.

15. General issues with AGEMs - issues (selected from a list) ranked on a five
point Likert (strongly disagree to strongly agree) scale, how firms identifies
potential materials for use, how firms evaluates alternate materials.

The issues (or factors) to which responses were requested at a general level were
standards or codes, experience, identification of alternative materials, evaluation
methods, inventory management, cost of material, material properties, perception and
growth of business. For individual materials not used by the firm, the factors were
standards or codes, experience, evaluation methods, inventory management,
availability, cost of material, material properties and perception. Respondents could
add additional materials and issues to those asked. While responses to most questions
were specific, open questions of how the firm identified potential materials for use and
evaluated alternate materials sought more detailed answers.

Selection of firms

A number of SME firms in the construction industry in the three disciplines of
architecture, engineering and construction in Australia and New Zealand were invited
to participate in the survey. The list of participants invited was collected from the 16
regions (up to 10 firms from each region per discipline) of New Zealand, and 6 states
(up to 20 firms from each state per discipline) of Australia. The firms invited to
participate were identified from the Yellow Pages telephone business directories of
New Zealand and Australia. This process resulted in an email list of 749 firms.

Administration of the survey

The survey was administered using an online data collection tool, using email,
Facebook posts and a web link. An initial email containing the survey was followed
up, if there was no response initially, with a second email showing the link to the
Facebook page. In the third week of the survey, a further email was sent to firms yet
to respond with a web link.

There were 30 firms that responded to the survey. While this number was not high, it
did permit analysis of the sample of firms that responded to the survey, but was less
satisfactory for analysis of results by discipline or country (19 responses were
received from New Zealand and 11 responses from Australia), or for detailed trends to
be examined for each material. The relatively high proportion of responses from
architects (50 per cent of responses, compared with 20 per cent of engineers and 30
per cent of contractors) could potentially introduce bias into the sample. The
breakdown of responses by discipline and country is shown in Table 1.

Table 1: Breakdown of number of firms responding by discipline and country

Country Architect Engineer Contractor Total
New Zealand 11 2 6 19
Australia 4 4 3 11
TOTAL 15 6 9 30

While 30 responses is not ideal and cannot be claimed to represent an industry of
many thousands of firms, it is contended that it can provide some indication of how
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results of the survey can be perceived by industry. The basis for this statement is that
according to Hamburg (1970), the sample size n for a given estimation of the mean is
given by the formula (z*2*variance/e”2), where “z” is the number of standard
deviations from the mean for a desired confidence level and e is the magnitude of the
error. Transforming this formula to calculate “e” given “n” shows that a sample size
of 30 would, for a variance of 1.0 (considered on the high side for most 1 to 5 Likert
Scale results) and a z value of 2.0 (about 95 per cent of a normal distribution), result
in an error in the mean of +/- 0.365 from the point of view of the overall population,
which is well within the limits of one gradation in a five point Likert Scale. The use of
a more qualitative interpretation of most responses to the survey is also considered to
aid its wider applicability.

MAIN FINDINGS

Issues in the use of advanced and green materials

The majority of firms approached in this exploratory review (90 per cent) indicated
that they used advanced or green materials. Their main use was occasionally (50 per
cent of firms). The inclusion of focus groups and in-depth interviews in further
research will help to determine whether a bias towards firms that have previously used
advanced and green construction materials responded to the survey was present.

With respect to issues (or factors) in the use of these materials at a general level, seven
factors out of the nine to which responses were requested were considered significant.
They received a mean ranking from the survey of more than three (3)ona1to5
Likert scale, and were experience, perception, cost of material, standards or codes,
evaluation methods, identification of alternatives and material properties. Growth of
business and inventory management were considerably less significant in the decision
by firms to use these materials.

The main ways in which firms identified potential materials for use were research,
reading (for example, trade literature), client and peer discussions, and investigation of
design and performance of the material. In evaluating alternative materials, there was
a stronger focus on in-depth research, assessing technical specifications and testing.

Materials commonly adopted by SMEs

There were six advanced and green materials commonly adopted by at least 10 per
cent of the SME respondents. They were:

e Laminated veneer lumber (LVL), used in roofs, floors, walls and inbuilt
furniture. The main factors in use were cost of material, material properties
and availability.

e Glulam, used in roof, floors and walls. The main factors in its use were cost of
material, availability and evaluation methods.

e Rammed earth, used in walls and retaining walls. The main factors in its use
were cost of material, experience, perception and material properties.

e High strength concrete, used in floors, road pavement and foundations. The
factors in its use were cost of material and experience.

e Lightweight concrete, used in walls and floors. The factors in its use were cost
of material, experience, availability and material properties and availability.

e Adobe brick, used in walls. The main factors in its use were material
properties, experience and evaluation methods.

Overall, the main factors in the use of these materials were cost of material, material
properties, experience and availability. Evaluation methods and standards and codes
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were also listed as factors by respondents. With the exceptions of high strength
concrete and adobe brick (both of which are expected to continue to be used by the
majority of respondents), all materials are expected to be used in the future.

Materials not commonly adopted by SMEs
Six advanced and green materials were commonly not adopted by SMEs. They were:

e Post-tensioned timber

e Cement replacement materials

e Cob

e Cross laminated timber (CLT)

e Ductile self-compacting concrete (DSCC)

e Rammed earth.

The main issues in the non-use of these materials were experience, standards or
codes, availability, evaluation methods and cost of material. High strength
concrete was likely to be used in the future by all respondents if the issues were
addressed. There was doubt about the future use of cob, ductile self-compacting
concrete and rammed earth.

DISCUSSION AND CONCLUSION

Of the 30 firms responding to the survey, 90 per cent had used advanced or green
materials. There were seven main factors, which are a combination of organisational
factors and factors specific to each material that affected the decision whether to use
these materials.

It was found that the main four factors relating to AGEMs commonly used by the
SMEs in the sample of 30 were cost of materials, material properties, availability and
experience. For AGEMs not commonly adopted by SMEs, the main factors were
experience, standards or codes, availability, evaluation methods and cost of material.

Experience and cost of materials were common to all three sets of factors, and can
therefore be considered significant in any decision with respect to the firms in the
decision whether to use a particular advanced or green material. Material properties
were significant at the general level and for materials commonly adopted by SMEs
Standards and codes were significant at both the general level and for AGEMs not
previously adopted by SMEs. It is therefore considered that properties of materials,
and the availability of standards and codes, both of which may be considered related
to the material, are important considerations in the new material selection process.

It follows that the primary factors in any decision by the SMESs surveyed to use an
advanced or green material were experience and matters related to the material itself.
These findings tend to be supported by the innovation decision process discussed by
Rogers (2003) and other literature. For example, the study by Thorpe et al. (2009) into
innovation in small residential builders found that most innovations tended to be those
developed or researched by the firms themselves. As discussed previously, Pritchard
(2014) noted that a lack of standards and other factors related to materials and the
construction industry impeded the use of advanced materials like fibre composites in
the road industry, and also imposed a risk on their use in design.

Of the materials that the respondents were asked to consider, the most commonly used
materials laminated veneer lumber, glulam, lightweight and high strength concrete,
rammed earth and adobe brick. These materials had different applications in the
construction industry. Only post-tensioned timber, cement replacement materials, cob,
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ductile self-compacting concrete, and timber with fibre reinforced polymer were not
used. Most of these materials would be used if current issues were addressed.
Therefore, there was reasonable usage among the respondents of these materials. The
range of factors in their evaluation by the firms depended on whether the material had
been used before, with tangible factors (such as cost of material) predominating over
intangible factors (such as experience) for materials that been used by firms.
Intangible factors tended to be dominant for materials that had not been used by them.
Price was an issue noted in the study by the previously cited study O'Farrell and
Miller (2003) into the use of pozzolans in Wales.

The main materials used tended to be fairly well-known to the industry. This
consideration, along with the strong focus on experience and factors related to
particular materials, may reflect the lower risk taking approach of SME firms
compared with larger and better resourced firms, which would result in their being
later adopters of product innovations. This caution is underscored by the verbal
responses to the identification and evaluation of potential new materials, which
indicated a cautious approach to their use. One possible option with respect to
encouraging more use of such materials by SME firms could be improving their
awareness and understanding of them through dissemination (for example, through
industry organisations and education).

Because of the small sample size of respondents to this research, its results can be
viewed as indicative only of the use of advanced and green materials in SME firms in
the construction industry. A logical extension to this research is to validate it, possibly
through using one or more focus groups, a Delphi survey, in-depth interviews, or
similar approaches. Doing so would present the research questions to a different
group, and may also overcome bias towards architectural firms in the sample. It could
also address another potential source of bias in the survey, which is that firms with
little or no previous use in these materials may choose to ignore the survey. Other
improvements to future research might include the addition of other materials, such as
advanced plastics and metals, in-depth elicitation of reasons by firms for using
selected materials, and extension of this research beyond Australia and New Zealand.

Overall, this research has shown that, within the group of firms undertaking this
survey in the SME construction sector in Australia and New Zealand, there is good
use of particular advanced and green building materials, but less use of others. As
AGEMs have the potential to contribute substantially to sustainable construction
practices, it is desirable that their use be encouraged. Steps to improve their use that
have been provisionally identified in this research include the development of detailed
standards and codes, an improved pricing structure, and developing knowledge and
use of them though knowledge dissemination and the provision of opportunities for
firms to gain experience with them.
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Studies on construction, demolition and excavation (CD&E) waste management
(WM) suggest that among many success factors for ensuring sustainable management
of waste, government legislation is the most critical. In the UK, there has been
different legislation targeting the management of waste of which CD&E waste is a
priority stream. To determine the criticality of waste legislation in the management of
CD&E waste, this research investigated the drivers that dictate the WM strategies of
construction firms. The study was conducted through a multiple case study approach
using four construction firms who received awards for their environmental
management and sustainability practices on their construction sites in 2013. Data was
collected through interviews with the sustainability and environmental managers of
the companies who have the overall responsibility for WM strategy in their firms and
review of the environmental and waste policy documents of these firms. The results
suggest that, although government legislation plays a role in the WM strategy of these
companies, legislation is not the most critical driver for WM practices as firms pursue
WM for other reasons such as, cost reduction, company sustainability agenda, client
demands, company image, and industry benchmarking. The research concludes that,
to ensure sustainable management of CD&E waste, more attention should be directed
at these other reasons for which firms manage waste. For legislators, proactive
enforcement approaches which can detect and prosecute for non-compliance will
make legislation a key driver. Legislation should also be tied to financial incentives
and targets should include the client whose demands act as a key driver. For clients to
make more inputs, their demands can also be tied to cost implications as this is the
number one driver for contractors. For contractors, sustainable WM should be
pursued as it makes good economic sense through cost reduction on projects and
increase in the possibility of winning work from environmentally aware clients.

Keywords: construction and demolition waste, drivers, waste legislation, waste
management practice, waste management strategy.

INTRODUCTION

Studies on environmental management (EM) suggest there is the need to control the
pollution of the environment and the management of resources to ensure sustainable
development is achieved (Barrow, 2004, p.12; Mohammad, 2013). A key aspect of
EM, which targets decoupling environmental pollution from the level of development,
is the management of waste. In this regard, the construction industry is considered key
because of the environmental and social impacts that occur at each stage of the
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construction ‘lifecycle’; from the extraction of raw materials, through processing,
construction, demolition and recycling, to final disposal (Craighill and Powell, 1996).
Construction activities such as excavation, building and civil works, site clearance,
demolition, road works, and building renovation are the main causes of waste
generation in the construction industry (Tam, 2008). The contribution of construction,
demolition and excavation (CD&E) waste to the total waste stream in any developed
economy is between 10 and 40% (Lu and Yuan, 2011). The concern for these high
levels of CD&E waste is multiple folds: running up a large amount of land resources
for waste landfilling (Jaillon et al., 2009); harming the surroundings by hazardous
pollution; wasting natural resources (Yuan and Shen, 2010) and increase in the cost of
construction projects (Hao et al., 2008). For these reasons, CD&E waste management
(WM) has become an established discipline worldwide (Lu and Yuan, 2011).

One of the major accusations levelled against the construction industry is the
excessive consumption of global resources (Curwell and Cooper, 1998; Ding, 2008).
This accusation, puts increasing pressure on the industry to find ways of reducing the
over reliance on natural resources. The promotion of EM, coupled with the mission of
sustainable development has resulted in pressure demanding the adoption of
appropriate methods to improve environmental performance of the construction
industry (Udawatta et al., 2015). The Sustainable development paradigm has been one
of the driving forces in shaping waste legislation and policy since the 1980s and has
led to WM approaches embracing the three dimensions of sustainability; social,
economic and environment (Strange, 2002; Yuan, 2012).

CONSTRUCTION WASTE MANAGEMENT AND LEGISLATION

Research on the subject of CD&E WM, report that WM legislation is one of the most
critical factors to ensure the negative effects of waste on the environment are
controlled (Osmani et al., 2008; Jallion and Poon, 2008; Wang et al., 2010; Yuan,
2013). The EU since 1992 has regarded CD&E waste as a priority waste stream
leading to upsurge in WM legislation and increased pressure on the industry to
manage waste. In the UK, waste legislation is derived from the EU regulatory
framework (Burmer and Burch, 2005; Jordan, 2006). The overarching legislative
framework for the WM in the EU is the EU Waste Framework Directive (WFD)
(Directive 2006/12/EC on waste) which sets the obligations for member states on the
collection, transport, recovery and disposal of waste. The amended Waste Framework
Directive 2008 (Directive 2008/98/EC), sets the obligation for member states to take
appropriate measures to encourage: the prevention or reduction of waste production
and its harmfulness; and the recovery of waste by means of recycling, re-use or
reclamation or any other processes with a view to extracting secondary raw materials,
or the use of waste as a source of energy (DEFRA, 2012). Other Directives which
affect CD&E WM are the Landfill Directive (1999/31/EC) and the Integrated
Pollution Prevention and Control Directive (IPPC) (2008/1/EC). The aims of EU
waste legislation are promoted by the EU WM principles (prevention principle,
precautionary principle, polluter pays responsibility, and principles of proximity and
self-sufficiency) and the EU waste hierarchy (Strange 2002).

The legislative framework for CD&E WM is shaped by sustainable development
concerns such as; the need to reduce the level of pollution of the environment, the
need to reduce the over reliance on and depletion of natural resources, and running out
of space for waste landfilling. The EU waste legislation and policy set the goal to
ensure 70% of all CD&E waste is reused, recycled or recovered by 2020. Notable
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regulations in the UK transposing EU Directives are the Wastes (England and Wales)
Regulations 2012, Environmental Permitting (England and Wales) Amendment
Regulation (EPR) 2012 and the Hazardous Waste (England and Wales) Regulations
2005. The most recent CD&E WM specific regulation in the UK was the Site Waste
Management Plans Regulations (SWMP) 2008 which sought to promote sustainable
management of CD&E WM but this was repealed in December 2013 as part of the
DEFRA red tape legislation challenge.

Waste regulations impose obligations on construction firms who devote resources to
meet regulatory requirements. To sceptics, WM regulations is a major burden on
industry and business (Jordan, 2006; Baldwin et al., 2011), whiles supporters suggest
regulations promise economic advantages and a green light to innovation (del Rio
Merino, et al., 2010; Baldwin et al., 2011).

The criticality of government legislation in driving sustainable WM is the ability to
cause a behavioural change in the industry (Wang et al., 2010). Studies by Jaillon and
Poon (2008) and Karavezyris (2007) suggest that government plays a crucial role in
promoting CD&E WM practices by enforcing policies for the whole industry. For a
WM system to be sustainable, it needs to be environmentally effective, economically
affordable and socially acceptable (Ye et al., 2012; Yuan, 2012). This suggests that
the drivers for sustainable WM within the construction industry may go beyond
legislative demands to encompass social concerns and economic incentives. To
determine the extent to which government legislation affects WM practices within the
industry, this research investigates the drivers for WM within the UK construction.

This research is part of a PhD research at the Faculty of Science and Engineering
within the University of Wolverhampton which seeks to investigate WM practices of
construction firms in the UK.

METHODOLOGY

This paper reports results from a PhD research which uses a multiple embedded case
study approach (Yin, 2014). Four companies were selected from a list of award
winners from different awards schemes within the UK construction industry in 2013.
The award winners selected for this research were from categories relating to
sustainability and environmental management. Data on the drivers for WM was
collected through interviews with sustainability and environmental managers or
directors in the companies who have responsibility for WM at the corporate level of
the companies. Documentary evidence on corporate level WM was also reviewed.
The QSR qualitative data analysis software Nvivo10 was used as the main tool to help
in data analysis process through coding (Miles and Huberman, 1994) of the interview
transcripts and documents imported into the software. Through description, analysis
and interpretation, stages of qualitative data analysis (Wolcott, 1994), the files
imported into NVivo were coded based on three main coding styles, open, axial and
selective coding. To ensure an in-depth analysis of the data, the coding process began
with micro analysis of the interview transcripts and documents through open coding.
The codes generated were grouped together through axial coding to form themes and
subthemes which served as the main basis for presenting and discussion of the results.

ANALYSIS AND DISCUSSION OF RESULTS

The results of the analysis of the data indicate that, though the drivers for WM are not
exactly the same within the four companies, they can be grouped under nine (9)
common categories (themes). These are: benchmarking; client demands; company
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vision/agenda; economic concerns; environmental concerns; legislation on waste;
reputation and image; resource demands for WM; standards rating and support
systems. (This is shown in the NVivo output below)

Corporate level
wasle
management

Ratirfgs
Standards
and Support
services

Drivers for
waste
management

nnnnnnnn

Parent

Non-
compliance
and effects -
on company ~. /SN ~_ 7 Economic
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waste
management
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compliance

Figure 4 Drivers for waste management

Figure 1 above shows an NVivo output of the drivers of WM from all the companies
involved in this research. The extent to which these factors drive WM differ from one
company to the other.

The drivers in each company as shown in table 1 below are analysed.
Drivers for WM in company A

The highest internal driver in Company A is the company vision to be a sustainable
company. This vision serves as the basis for all environmentally related activities
within the company. The sustainability manager of the company describes the
company's vision in the extract below:

At Company A, sustainability, it really is everything. Whatever our impact is,
whether its construction, or maintenance, or anywhere we operate a business, we
impact to community, or we deliver a programme of work and we engage with that
community, we use materials and manage waste, everything we do is in our
sustainability agenda.

Beyond wanting to be sustainable, the company’s WM practices are driven by the
need to ensure cost is reduced through sustainable material usage. Costs include cost
of the materials, the cost of man hours put into the process, the cost for obtaining
permits, the cost of transporting waste and charges for the landfilling or disposal of
waste. The company considers sustainable WM as a means to cut down cost on
construction projects. As a company poised to be industry leaders, benchmarking of
their WM performance against other players in the industry is also a key driver. The
desire to have a good reputation or image and the trickled down effect on business,
acts as a driver of WM activities. The sustainability manager of the company
suggested that image is not necessarily ‘image’ in the eyes of the general public but in
the eyes of the client. The demands of clients for specific WM targets or outcomes,
(BREEM ratings) is also seen as a major driver for WM within the company.
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Environmental concerns also drive WM. The policy to do well for the environment is
also seen as a social or moral responsibility as the company recognises the effects of
its activities on the environment and the need to curtail such efforts. Legislation as a
key driver plays more of a secondary role. This is because, the company reckons they
are environmentally friendly and regard legislative demands as pushing for a similar
outcome.

Table 1: Drivers of waste management practices in all four construction companies

Internal Drivers

External Drivers

Company A Company Sustainability (vision) Benchmarking of activities
Cost considerations Client demands
Company image/reputation Government legislation
Moral and social imperatives
Resource availability
Company B Cost considerations Client demands
Company image/reputation Benchmarking of activities
. Government legislation
Environmental concerns
Resource availability
Company C Cost considerations Government legislation
. . Benchmarking of best practices
Company image/reputation
. Client demands
Environmental concerns
Environmental standards
Company D Cost considerations Client demands

Company image/reputation Government legislation

Environmental concerns  Benchmarking of best practices

Moral and social imperatives

NB: Internal drivers of WM refer to drivers largely dependent on the factors that exist
within the control of the company whereas external drivers are drivers outside the
control of the company. Drivers are in order of importance based on emphasis by the
interviewees.

Drivers for WM in Company B

A key driver of WM in Company B is the concern for the environment and the quest
for sustainability. The company has an aspiration to develop a business that has zero
impact on the environment through a cradle to cradle approach (Company
sustainability report) and this drives to a large extent WM in the company.
Sustainability is an integral part of the company’s business and the aim is to be able to
deliver sustainable solutions to the client. This makes client demands also a very
important aspect of WM within the company. Both the environmental policy and
resources management plan of the company emphasizes the client as an integral part
of their WM agenda. Another key driver of WM practices within the company is cost
considerations. The company regards WM as having potential cost savings. The senior
environmental manager of the company summed up the relevance of WM to their
company in the statement below:

‘And how is it relevant to the business? So, by showing that we re a responsible
company, it gives us a competitive advantage, potentially, to say that we can reduce
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waste and save costs on construction sites and we 've got proof to demonstrate that
we 've reduced waste over time. Also, a lot of clients are starting t0 have high targets
for waste diversion from landfill or, in some cases, zero waste to landfill aspirations,
so we can demonstrate that we 're working towards that too. I think that’s about it.

The company sees government legislation on waste as a key driver of their WM
practices. By principle, the environmental policy of the company proposes compliance
and beyond compliance where possible (with environmental legislation) as a driver of
their activities. For the company, legal compliance has both financial and social
impacts and the company makes sure WM practices are in line with compliance
demands.

Drivers of WM practices company C

For Company C, the number one driver for WM is financial concerns. This is because
the company sees waste generation as a huge financial wastage and puts in every
measure possible to reduce the cost of waste to their projects. The company recognises
government legislation as a key driver for environmental management and this to a
large extent drives the WM practices of the company. As the environmental manager
explains, though cost is a key factor, compliance with legislation will not be traded for
financial reasons. She ranks legal compliance and cost as the two most important
drivers for WM:

I think, in construction, the legal and the finance are equal. Yes, we have to be legal
compliant, and providing that one ticks the boxes, the next one is, definitely, finance.
Finance would not take over legal compliance.

For company C, client as a driver of WM practices is more of a reputational concern.
For the company to be able to attract and win contracts, the company ensures waste is
managed sustainably to give the company a good reputation (image). Having a good
reputation affects the business you get and this drives WM. Standards and support
systems like 1ISO 14001 also drive WM though according to an interview with the
company’s environmental manager, these standards do not change much of what they
do as a company. The feel good factor with being a contributor to environmental
protection is another driver for WM as this company views WM as a moral and social
concern. Before the feel good factor is the availability of resources to manage waste.
As explained by the environmental manager, managing waste comes with resource
demands (human and material resources) and this drives the WM practices.

Benchmarking is another driver for WM within the company as the company reports
their performance to UKCG so they can be compared against the industry
performance.

Drivers for WM in Company D

The number one driver for WM practices in company D is client demands and this is
due to of the type of clients the company deals with. Unlike Companies A, B and C,
company D is a management contractor and has a lot of high-street brands as clients.
These clients usually set the targets for the levels of waste generation and
management. These companies (clients) are more interested in broadcasting their
contributions toward environmental management. Such clients expect the contractor to
sustainably manage waste to enable them publish their performances in CSR reports.
Cost of waste generation is the second most important driver for the company. The
company views material wastage as a waste of money and accepts managing waste
makes good business sense.
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Company image is a key driver for WM for two main reasons: to show the general
public that the company is responsible; and to serve as a means to win contracts (from
environmentally inclined clients). To show they are a responsible contractor, the
company has registered with the considerate contractor’s scheme so their activities
can be audited. Benchmarking also drives WM practices just like the other companies
to show they are doing better than their competitors in the industry. The
environmental manager simplifies these drivers in this sentence:

In terms of our organisational structure, I would say, at board level, we 're interested
in overall project figures meeting customer targets and being able to compete with
other contractors and say ‘we’re actually doing better than you do’ kind of thing.

The company regards legislation as a move towards environmental management
(protection) and puts in place measures to ensure compliance is achieved at all times.
Due to the company’s strong commitment to environmental protection, legislation
automatically becomes a driver as it seeks a common environmental outcome. It was
also gathered that the company due to their commitment to environmental protection
sees WM as a moral and social responsibility.

Extent of effect of WM legislation on WM

As can be seen from the analysis above, the drivers for WM practices are multiple fold
(Morrissey and Brown, 2004), and the role of legislation in each company differs to a
large degree. Whereas for companies like C and D rank legislation as a key driver
(Osmani et al., 2008), companies A and B give a lower ranking to legislation as a
driver of their WM practices. Though some of companies suggested that legislation is
not a key driver for WM in terms of driving activities, all the firms still had structures
in place to ensure compliance with government legislation. For this reason, this
research investigated the main role played by legislation and the following results
emerged.

The results indicate that, compliance with legislation affects the ability of the
companies to win work in a number of ways due to its effects on the image of the
companies. As deduced from the companies, a history of non-compliance and
subsequent persecution for non-compliance are requirements to be reported in bids for
new contracts. According to the interviewees, such incidents become a dent on the
image of the company and can be the difference between winning a project and losing
one. For this reason, there is always the need to ensure legal compliance. This point of
non-compliance having a toll on business of the company was summed up by the
senior environmental manager of company B in the extract below:

The main reason to comply with legislation, above all, is the risk to future business. If
you are prosecuted as a company, there’s a massive black mark on your record, which
you then have to report in most prequals and tenders that you send to prospective
clients. So the prospective clients will say ‘have you been prosecuted at all in the past
five years?’ It’s a companywide thing as well, if one site causes a pollution incident,
or a breach of waste legislation, then it’s a black mark for the whole of the company,
it’s primarily because of the risk of public perception and winning future work.

All other interviewees shared similar concerns on the effect of non-compliance on the
business of their companies. This suggests that the role of legislation in sustainable
WM in the construction industry goes beyond just meeting regulatory demands
(Morrissey and Browne, 2004). The effects and motivations to comply with legislation
are multiple fold and these occur through a complicated cause and effect manner.
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IMPLICATIONS OF RESULTS

The results imply that the main drivers for WM in the construction industry, especially
for large firms as used in this research, go beyond government legislation (as reported
in previous research Osmani et al., 2008; Lu and Yuan, 2010; Wang et al., 2010) and
encompass multiple fold drivers (Morrissey and Brown, 2004). As ranked in Table 1,
economic concerns, company vision, image and reputation, environmental concerns,
and resource availability are the major internal drivers that push companies to
manager waste whiles client demands, benchmarking and government legislation are
the main external drivers. Cost as a number one driver for WM is not surprising as
there is evidence to suggest that on the average about 21-30% of all cost overruns on
construction projects can be attributed to material wastage (Udawatta et al., 2015).
Hao et al., (2008) also report that due to the profit maximizing nature of firms, cost
affects their willingness to adopt environmentally friendly measures. On the issue of
client demands driving WM, Manowong (2012) found that clients perceive waste as
an extra expense on projects. It is not surprising then that some clients are switched on
to the issue of WM. Research by Udawatta et al. (2015), suggest that company
policies are more influential in construction WM than legislation. Legislation however
still has its place (either direct or indirect) as it has the ability to influence WM
practices due to the reputational effects persecution for non-compliance has on
companies. Negative reputation has a negative influence on image and ultimately the
ability to win projects which leads to economic effects (decrease in profitability). For
legislation to play this role effectively, the ability of legislators to detect and persecute
non-compliance needs to be boosted.

CONCLUSION

As shown in the preceding discussion, there are many drivers for WM within the UK
construction industry. These drivers can be grouped generally into economic concerns,
client demands, company vision/agenda, reputation and image, environmental
concerns, legislation on waste, benchmarking, resource demands for WM, and rating,
standards and support systems. The extent to which these factors drive WM differ
from one company to the other and these differences are mainly as a result of the
vision of the company and the level of importance they attach to WM.

Though some studies have reported that government legislation is the most critical
success factor for sustainable WM in the construction industry (Osmani et al., 2008;
Wang et al., 2010), the results of this study suggests that, at least for the large firms
used in this research, there are a lot more pressing drivers for WM than government
legislation. Key among these are cost (financial concerns), client demands, reputation
as a sustainable company, and the need to benchmark results against other industry
players. Government legislation still remains a driver of WM practices but in most
cases plays a secondary role as firms believe (in some cases) they go beyond legal
compliance. The effect of legislation as a driver occurs through the negative image a
company stands to suffer should they be prosecuted for non-compliance and the
trickled down effect of not winning work (economic concerns).

Based on the reasons stated above, this paper recommends that greater attention
should be given to these key drivers to move the industry closer to the goal of
ensuring a zero waste economy is achieved. For legislation to play a key role in
CD&E WM, enforcement strategies that can help detect and prosecute for non-
compliance will be a major boost as firms are more concerned with the negative effect
of prosecution. Legislation should also be tied to financial incentives and target clients
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whose demands act as a key driver for WM. Due to the key role played by clients and
the economic drive of contractors, clients can make greater input by tying WM
demands to cost implications. For contractors, WM should be given more attention as
it makes good economic sense: reduction in the cost of projects due to reduced waste
generation; and a positive image which helps increase the possibility of winning work
from environmentally aware clients thereby contributing to profitability.
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Buildings consume a large amount of natural resources and generate high volumes of
environmental emissions. A number of studies have attempted to quantify these life
cycle emissions of buildings. Unlike other phases, emissions at the construction phase
of a building include both greenhouse and non-greenhouse gas emissions. Most of the
emission studies on buildings have either overlooked or concentrated only on
greenhouse gas emissions when considering emissions at the construction phase. On
the other hand, the majority of the commercially available software either lacks
reliable inventory or involves complex modelling processes to quantify emissions at
the construction phase. Many industry personnel and researchers observe the
requirement of a simple toolkit which can accurately evaluate emissions at
construction phase with minimum effort. Thus the main focus of the study is to
develop a toolkit which can estimate and compare emissions due to materials,
equipment usage and transportation at construction phase of the building. The
emission factors published by United States Environmental Protection Agency,
Australian National inventory report and Inventory of Carbon and Energy were
adopted to develop the mathematical models in the toolkit to estimate greenhouse and
non-greenhouse gas emissions due to equipment usage, transportation vehicles and
materials, respectively. The main functions of the toolkit also include comparison of
emissions between two construction methods and activities of the project. A case
study was utilized to justify the validity and implementation of the toolkit. This
developed toolkit will aid researchers and construction contractors to estimate and
compare emissions of different construction techniques with minimum effort.

Keywords: greenhouse gas emissions, construction phase, toolkit.

INTRODUCTION

Buildings are known to be a major contributor of natural resources consumption and
environmental emissions with studies showing that it contributes 30% of the
greenhouse gas (GHG) emissions (Mao et al., 2013). Apart from GHG emissions,
buildings may indirectly contribute towards non-GHG emissions due to its heavy
equipment utilization at construction stage. Both these emissions may have adverse
environmental and health effects in both short run and long run. Therefore a slight
opportunity to reduce these emissions would attract significant emission reduction
prospects. At initial stages of the building construction industry, the main research
focus was to introduce cost efficient buildings with little interest given to the
environment. But the introduction of sustainable construction has changed the
fundamental research focus towards energy-efficient buildings. These energy-efficient
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building designs typically focus on the use phase of the building in order to provide
improved comfort level to its inhabitants. Apart from use phase, a typical building is
also associated with emissions due to materials, construction and end-of-life.
Although emission studies have outlined the significance of emissions at use phase,
the emissions at other phases cannot be neglected (Guggemos and Horvath, 2005).
Focusing only on use phase will not only eradicate the possibilities of reduction of
emissions at other phases, but also will eliminate the possibility of the analysing total
environmental impact of a building.

Life-cycle assessment (LCA) is a technique that measure environmental impacts of a
product or a process over its life cycle (Diakaki and Kolokotsa, 2009). Selection of
materials, equipment and construction techniques may influence the total emissions of
a building considerably at an aggregated level. Therefore emissions at construction
stage should be given more attention. However, Research studies seldom focus on
analysing environmental emissions at construction stage due to many complications
(Guggemaos, 2003). Collection of accurate and reliable on-site data and constant
disturbances at the construction site are few of the major issues at the data collection
stage that would force researchers to give less consideration on construction stage.
Apart from data collection issues, lack of reliable software which can estimate
emissions at construction phase is another major issue for studies to approximate or
neglect the emissions at construction stage. Thus contractors and designers find the
necessity of a toolkit that is able to evaluate and compare emissions at construction
phase with minimum effort.

The objective of this paper is to develop a toolkit that is able to estimate and compare
environmental emissions at construction stage of a building. A framework was
initially developed to identify the functions of the toolkit. The toolkit is able to
separately analyse the emissions due to materials, equipment usage and transportation.
Knowing the emissions at a lower level will enable the designers and contractors to
introduce emission reduction methods during the execution phase. A previous case
study from a literature is used to check the accuracy and functions of the toolkit.

TOOLKIT DESIGN AND DEVELOPMENT

Functions and scope of the toolkit
The aim of the study is to include the following functions in the toolkit.

Analysis of emissions at construction stage with minimum effort

Assessment of the emission patterns of the construction equipment used
Emission evaluation between two construction techniques

Comparison of emissions among the activities of construction stage

The next design step is to specify the scope and system boundary for the defined
functions. The system boundary is selected to incorporate all the major activities
related to environmental emissions. Emissions due to materials, equipment usage and
transportation are considered as the emission sources at construction stage. The
emissions from these sources are further divided in to GHG and non-GHG emissions.
Non-GHG emissions are pre-dominant in equipment usage and transportation stage
due to partial combustion of fuel whereas GHG emissions are significant in materials
stage. Previous studies point out that CO, emission governs the GHG emissions
(AGGA, July 2013; Seo and Hwang, 2001). Therefore the study limits GHG
emissions to CO, emissions. Figure 1 shows the scope and the system boundary for
the toolkit. The scope also classifies the construction stage of a building into
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foundation, structure and whole building construction. Foundation and structure
construction are given separate consideration because it covers majority of the
construction.

Development of the toolkit

Development of the toolkit is based on two key considerations. The first was to decide
the user inputs for the toolkit. Three important factors had to be taken into
consideration when deciding these inputs. Firstly, the inputs should not be
complicated, secondly it should be user friendly and finally the inputs should make a
comprehensive analysis. The second stage was to decide system specific data and
inputs steps to deliver the desired outputs in a simplified manner. Figure 3 describes
the calculation steps of the toolkit with clearly specifying the user input data, system
generated data and information on calculation steps. Explanation of the working flow
of the inputs is given in the following sections.

Emissions at
construction phase

v v v
= equipment transportation
Blaeiiaistane usage stage stage
I
v ¥ v ¥
CO, Cco, NOx CO
emissions emissions | | emissions | | emissions
Cco, CcoO NOx PM HC SO,
emissions || emissions || emissions | | emissions | | emissions | | emissions

Figure 1 Scope and system boundary of the study (Toolkit)
Mathematical models/ emission factor inventories used

The mathematical models are developed based on the emission factor inventories
selected. Emission factors published by United States Environmental Protection
Agency (US EPA) are used to determine non-GHG emissions from equipment usage
(Exhaust, 2002) whereas emission factors published by Australian Greenhouse Gas
Accounts are used for calculation of GHG emissions from transportation and
equipment usage (AGGA, July 2013; Exhaust, 2002). US EPA factors were found to
be a comprehensive set of emission factors to evaluate non-GHG emissions (Jung et
al., 2009). Emission factors for materials were obtained from Inventory of Carbon and
Energy (ICE) as it was one of the most commonly used comprehensive database for
material emission factors (Hammond and Jones, 2008).

Initial development using excel-based spread sheet

The mathematical models and design steps of the toolkit were first employed in an
excel spread sheet to understand the execution and complication issues of the toolkit.
Macro settings and mathematical functions available in excel were used to develop the
working flow of the toolkit. Figure 4 shows the working flow for the intended toolkit.
The first three steps are project specific inputs whereas the final two steps are analysis
based inputs. The first step is to enter the project specific details into the system.

Step 1a) Scope of the analysis — The user has the option of considering either
foundation, building structure or the whole building construction for the emission
study.
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Step 1b) Project information — General project information such as building use,
height and location of the building, number of floors are requested from the user. This
information is later utilised in the comparative analysis.

Step 1c) Building information — In this step the user is invited to input building
specific information such as construction type, total floor area, plan area, contractor
name, foundation and structure construction type and soil type. Contractor name is an
optional input and the others are compulsory inputs.

The next step is to input the machines, materials and vehicles used during construction
stage.

Step 2a) Machine and equipment details — Total usage hours of every machine used at
site should be entered in this step. Machine specific details such as machine type,
make, model number, power (in hp), technology and cumulative usage are also
required to carry out the analysis. A machine’s emission pattern is different from one
another and therefore every machine will have a unique emission factor for each
emission substance. Thus a database is created to incorporate all the unique emission
factors (HC, CO, NOy, SO,, CO; and PM) of the different construction equipment.
These emission factors and the corresponding machine characteristics are sorted based
on the model number of the machine. The user has the privilege of loading the
corresponding machine details once the model number is entered if it is already in the
database. If not available, the user can create a new machine profile using a new entry
by typing the machine type, model number, power and technology. Technology
refereed here is an emission standard (usually tier 1, 2, etc.) which can be obtained
from the technical statement. A view of the database for construction equipment
emission factors is shown in Figure 2.

Step 2b) Transportation details — The user is required to input all the details of
transportation vehicles used during the construction. Vehicle specific details such as
type of vehicle, model year, category, fuel type and project specific details such as
cumulative km’s travelled, fuel consumption and the distance travelled are the
required inputs for calculating emissions from tra