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Abstract

The causes of operational failure remain unclear to those tasked with both delivering

projects and managing opeoaasal assets. Greater awareness of diager and their
supply networkcapabilitiesto mitigate failurecould reduce significant quality costs that
can amount to many millions of pounds. This thesis investigates why assets handed over
to the owner have fall during operation, and proposes new ways that capabilities can be
integrated to reduce and prevent potential operational failure from arising. An abductive
reasoning with a grounded theory approach was used over aydaegeriod, and
involved quartet expert research steering group meetings to validate the iteration
between literature and empirical observation to obtain new insights. The first workshop
and questionnaire phase of the study created a Cost of Quality (COQ) framework; this
was then testedn five multi-case studyand subsequently developed within a single
expert owner organisation using sestructured interviews, card sorting and a Delphi
review. The results show that the owner and rthdti-organisationalsupply network
capabilities arefragmented in addressing operational failure. By identifying and
measuring quality cost failure, owners and their supply network will learn and be able to
procure more integrated capabilities in failure mitigation for reducing quality cost failure.
This will be achieved with better understanding tbé relationship between owides
strategic requirement, technical project delivery and functional operatianagement
capabilities, which is summarised in a capabilities cycle model. The model illustrates the
need fora strategic project and quality management approach to integrate capabilities
wi t hin each phas e Amirtegratedgapabilitiespproacsis ptoposed c y ¢ |
for the owner andits multi-organisationasupply and operatonetwork to intgrate and
collaborate in relation to the capabilities required to equally share project risk and quality

cost in mitigating the failures.

Keywords: Failure, failure mitigation, integrated capabilities, quality cost



| mpact statement

Not manypeopleareaware & the impact ofoperational failure in construction project

This multi-case study describes how researc@amstruction and f®ject Managemenat
University College London has contribdtdo innovative new project and quality
management; this aludesa new process ananew organisation and network structtwe
improve the operational delivery of a project. The new strategic approach has directly
contributed to the project and quality management approach in failure mitigation. The
research hashswn that there is a need totegrate owneér strategic requirement,
technicalproject delivery and functional operations management capabilities in failure
mitigation. Using the measurement of cost of quality measure, owners andthi-
organisationbsupply network can address the problem of capabilities distribution in a
projecb Bfecycle. Theresearchsupports theonstruction industry in the development of
anew strategic approach to better understand the operational faifluesucing quality

cost failure Research contributions to projdmsed organisation delivemyclude acost

of quality framework that is suitable for construction scope to support the understanding
of failure mitigation.The researclascertainsvhat could be done to shakaowledge of
failure throughout the supplyetwork and to create a shared culture of quality between
all partners. This researgirovidesgreater transparency of where costs lie within the

owner and itsnulti-organisationasupplynetwork

Wider dissemation routes have been through conventional publicatians
presentationgconferences, seminaras well asa steering meeting tpromote benefits of

the cost of quality measure (workshop§)hrough the very close collaboration with
industry partnerstiie Chartered Quality Institution working group), research outputs have
provided practical implicatian for the organisational impact. h€ work has been
publishedin Quality World Magazingo address the failurand cost of poor quality in
construction. Theollaboration work wittthe cost of quality working group has increased
the interestin the research area, attracting new staff, studantsresearchers to
contribute to the new integration model in supporting the reduction of operational failure
in condruction. This research benefited from the working group arsdbban directly
supported by one athe UKO deading construction owner organisatoin providing
significant data. Wider benefits of this imp&etveled to the owner organisation forming
new capability to focuson and highlight changes in the organisational structune the

development of a new Knowledge Transfer Partnership application
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ignorance and incompetence, or even
dishonest performance.

Gl ossary

Applying capability: Capability that is
applied during project execution to fit

Functional operations managementA
proactive system of business function
responsible for managing tlo@erations

operational needs and requiremetits of an asset through a collaborative
the capabilities that are applied during process ofhecreation ofthegoods and
the execution, eablishment and services. The management is concerned
coordinationto meet the operational with designing and controlling the
environmentThis capability isshaped managementf the production and
according to the earlier transferred redesigning the business operation to
capabilityby the project tearto shape pontrolaqq ensurmedellverat_)lllty of
the later development of operational its capabilityto meet the functionadeed.
capabilities.This capability will allow a Multi -organisational supply and
developnent for the operations ability to operator network: An extension
operate the assets or projects. of supplychainswith the operational

team it involves different capabilities
Capability: The distinctive managerial that isseeks to accommodate and
knowledge, experience and skills located  constructhe commercial complexity
within a single organisation (a firnof associated with the creation and delivery
either it is an individual experience oras  of thegoods andervices This involved
an organisation ab|||ty)tprov|de the different Organisationﬁom thedelivery
desire knowledge and skills. which of raw materials to theompletions of

project that meetndusersatisfaction

are required to establish, coordinate and .
and towards the operations of the asset

execute a project. This includes a distinct

behavioural pattern, which is complex in Operating (Operational) costs:These
nature, involving both formal and are the expenses related to
informal processes. the operationof a business, or to

the operationof a system or asséthese
Cost of quality: Thisis an approach that are the cost incurrediie to the day
allows an organisation to determine the today operating works such as fixed cost

extent to which its tools and resources (e.g.: rent or mortgage) or variable cost
are used for activities that prevent poor (e.g: maintenance or insurarjce

quality, that appraise the quality of the _ . 3
organi sationds pr oduQperationgl capapiltiesyTheghdlityto an d

that result from internal angperational align critical processes, resources and
failures. The information will allow an technologies according to the overall
organisation to determine the potential guiding vision and ownefocused value
savings to be gained by implementing propositions coupled with the ability to
process improvements. deliver these processes effectively and
efficiently. It isthe capabilityto fully
Failure: Failure is defined as the emgoy and maintain the asset/system to
condition or fact of not achieving the meet aroperationaheed.
desired end or ends. Failugean
unacceptable difference between Operational failure: This is the
expected and observed performance; inability of a system to meet a specified
also the termination of the ability of an performance standard. A complete loss

item or system to perform an intended or  of function is clearly one type of
required function. Failure usually results ~ operational failure. However, the term
from a combination of conditions, alsoincludes thdack of capability and
mistakes, oversights, sunderstandings, inability to function at the level of
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performance that has been specified as
satisfactory during project operations.
Operational failure can lead to corrosion
and catastrophic damage to the system
that will have a cosnirelation to

quality.

Owner capabilities: This is a complete
set ofcapabilitieshat an organisation
requires to executes itsisinessnodel

or fulfil its mission. It is an
organisational level of skills imbedded in
people, process and/or technology.

Owner strategy and requirement:
Owner 6s initial
new project, a structure for defining,
approving and implementing the project
scope within an organisation or funding
programme. It provides a strategic
requirement for procuring capaitigs.

Owner: Entity that initiates a project,
finances it, contracts it out and benefits
from its output(s).

Project capabilities: These are the
knowledge, tasks and structures that
organisations require to design and
produce complex products and syssem
as oneoff units or in small, tailored
batches to address the requirements of
large businesses, governments and
institutional owners. Theapability
includesdifferent sources of skill and
knowledge in delivering a project. This
includesthe activities ad structures
required to manage the project through
its life, from the fronrtend engagement
with owner and sponsors, through
tendering and project delivery, to the
backend handover to the owner and
provision of oRgoing support.

Project failure: Any project that fails to
meet time, budget and quality targets is
considered a failurd2roject failure is
when a project cannot attain its aims and
causes a negative impact for the owners,
contractors and otherghis includes
insufficient capabilities to delivehe
desired function of a project and further
resulted in quality cost of failure.
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Quality cost failure: This is costs

arising from failure to achieve specified
guality within the organisation or the
quality specified for the project. It deals
with identification of problem areas and
analysis of quality costQuality cost
failure includes all the cost incurred due
to the occurrences of the failure be it
either before the project is complete or
after its handover.

Quality failure: A lack or deficiency of
a desirableuality or a nonfulfillment of
the agreed specifications or
requirements. ) . .
nitiati
Quality management: The act of
overseeing all activities and tasks needed
to maintain a desired level of excellence.

ng a

Recognising capability:Capability that
is recognied and captured for the
owner 6s future
ability to captue the operational
capability that consists of the set of new
routines tdbe combinel with the

existing operating environment or to add

projec

to the owner 6s operat
Thisis further developed as an
i mprovement to the ow

for existing and future businegdsis
recognised aa new set of capability for
owner and multorganisation based on
thelearnng that is obtaineétom the
previous failure.

Stakeholder: A person or group of
people who own a share in a business or
project that has an interest in a company
and can either affect or be affected by
the business.

Technical project delivery: A

temporary organisation that undertakes a
design process to delivére desired
outcome that meets the business needs.
The organisation provides the initiative
from a concept through to a concrete
deliverable as projectwith specialist
technical knowledgéy utilising the
allocated resources within a piefined
timescaé.



Total quality management: A
management approach to letegm
success that views continuous
improvement in all aspects of an
organisation as a process and not as a
shortterm goal.

Transferring capability: Capability that
is transferr atdgcfrom owner 6s str
planning towards the project execution.
This was later developda; the project
teamasa project capabilities to execute
the intended business goal. It consists of
different sets of capabilities to suit the
project scopes and ainiBhis capability

is own by the owneand itsmulti-
organisational supply and operator
network that need to betegrated
throughouthe project lifecycle.
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1l ntroducti on

1.1 Overview of thethesis
This thesis presemtknowledgeon appraising the cost of quality (COQ@Jlowing an

understanishg of the causes of operational failure in project management (PM). It seeks
to understand the key elements that contelbaithe growth of operational failure and to
provide an integrated model that can help owsdo better manage theimulti-
organisationasupply and operator netwonk reducing the COQ. This chapter addresses

the research scope and problem, research question, research aim and objectives,
significant contribution to knowledge, research design, research structure apidrgh

and, finally, the significace of this study.Ilt explains how the research was carreed

based on the root problems to achieve the underlying aim and objectives.

1.2 The research problem and need
The complexity of constructiorotlay andthe sophistcated demandsontribute tothe

pressurised environment that makes it difficult to obtain a successful Total Quality
Management (TQM). Industries are now seeking a better resolution in regards to the
failure costgKrishnan, 2006 Ahsen, 2008; Love & Li, 2000)The exact nature of these
costs andheir root cause are not understodiguel & Ponte] 2004) As such, there is
limited control and management of these costs. The introduction of Cd3uadity
(COQ) in TQM was first propounded to help many oigdions in various sectors to
better understand ¢hdistribution of quality cost in regasdo the reduced failure costs
(Figure 11). However, despite the general classification of COQ ithatidely used in
various industries, studies have shown many difficulties in applying COQ (Abdul
Rahman, 1993; Low& Yeo, 1998; Love & Li, 2000; Halk Tomkins, 2000 Aocieong et

al., 2002; Reenfeld, 2009; Love & Irani, 22; Jafari & Rodchua; 2014).
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Figurel.1l: Traditionalcost ofquality (Adapted from Juran, 1951)

The innovation ofTQM today has become a challenge to the above traditional
view of COQ (Basu, 2015)A more dynamic model needs to be integrdfueska et al.,
2013) to support e reduction of failure costdlthough tere is no doubt various
applications of the COQ in the construction industry have demonstrated tangible savings
(Abdul-Rahmanet al, 1996; Love & Irani, 202; Love & Li, 200Q failure cost is still
highly recurren (Taggart et aJ.2014) COQ is now highly priorised and is a key part in
managingbusiness strategfTye et al., 2011)Studies show COQ can erage 10%
12.4% of the total project co@Rosenfeld, 2009)it is believedthatthe use of COQ can
increase profitability by reducing the operating costs incurred from -qpoaity
processes and project failure@perational failure (failure cost durig operational
performance) are considered as the most signifi&meska et al., 201®ut weremostly
found to be hidden in the procgé®ve et al, 2002) In ISO9000, quality islescribed as
a managerial issue that must be embedded in the production process. In this sense, there is
an increasing necessity to understand the emphtation of COQ and to resolve the

misalignmenbf incentives that work against the achievement of quality.

Given the difficulties in quantifying the COQ in construction prgestudes
showthatthe implication of quality failureloesnot only occurat project handoverit has
further implicatiors throughout the lifecycle of a buildinglosephson & Saukkiipi
2005; Josephson & Saukkuriipi 2007)he difficulty d quantifying the COQ ina
construction project may keechallenge but emphasistsat the opportunity for saving

substantial part of construction quality cosexdremelybeneficial. Howeverthis has not



been well articulated in how COQ could improve the project performadeace,
sophisticatedly capturing and balancing project quality cost could be oformn
imperative(Rosenfeld, 2009yith a new integrated and dynamic mod&nieska et la
2013)that combine both the project and operation managen{BenaMora et al., 2008)

in reducing the quality failure costs. The main importance of appraising COQ is thus to
see beyond what its capability is in improving quality performance. Orgamsanust

see beyond normative tools and techniqudsch includes softsystems approaches. The
complexity of themulti-organisationalsupply and operator network the operational
environment is seeas the core in supporting tiuality Managemen8ystem (QMS) of

measuring COQ@ndthus reducing failure.

An organisation must first synchronisés internal departments if it is to
implement a successful QM@afari & Rodchua, 2014)There is a need to promote
guality costing systems in improving the oggnal performanc€Shah, 1999)as a
guantification to reduce failureOmar & Murgan 2014) Currently, the successful
completion ofa constuction project is no longer judgesiimply according tats meeting
the targeted time and budgett includes the quality perforamce after its post
completion. However, here is little evidence from the literature showing how
construction projects manageuality within their processs (DelgadeHernandez &
Aspinwall, 2008while many studies have shown the increasing numbers of [mojitiat
quality failure (Willis and Willis 1996; Barber et al., 2000; Hwang and Aspinwall, 1996
Teo and Love, 2017pndcost overrun and delaygdam et al. 2017; Invernizzi et al.
2018) Industries are now seekirg better resolution in regards to failure (Krishanan,
2006; Ahsen, 2008¥pecifically in responding to its impaam project operationgSlack,
2005) The link between cost incurred after the project completith overall project
performancein general has not kB well understood with an interchange of
understanding the causes of failure with defect or rewdikgmon & Agren, 2015
Josephson 1998 Miguel & Ponte] 2004. As such, there is limited control and

management of these cosfdailure.

Despite the enormous amount of cost in delivering infrastructure devetbpm
projects, surprisingly little systematic and reliable knowledge exstmrding the
performance of these investmegnn terms of the actual cost and its operational
performance. Existing studies of cost, benefit and uncertainty in infrastructure
devebpmens are few especially in looking atthe operational side of complex

infrastructure projects. Most large capital projects havedad live up to expectations,



with the majority being abandonedafter a few years(Flyvbjerg et al. 2002) Some

examples of welknown project that expemnced operational failures are Heathrow

terminal 5(Caldwell et al. 2009) Berlin Branerburg airport Nieto-Rodriguez 2017
andthe dVlillennium Domein London that hdto be closed only a yeafteropening due
to the failure to suain the operationéBourn, 1999) Recently, the industry was aled

by the Grenfell towerincident which resulted in marfatalites An independent report

by Hackitt (2017)revealed the use @fregulatory fire system does not fit the operational

purpose. The repostated

The primary motivation is to do things as cheaply as ptessather than to

deliver quality homes which are safe for peopthere is a cultural issue across

the sector which can be described as a race to the bottom caused with through

ignorance, indifference or because the system does not facilitate godidgrac
There is insufficient focus on delivering the best quétigckitt, 2017; p.6)

All too frequently projects deliver failures in critical operational outcomes, put

operations at risk, constrain future investments and jeopardise innoveitmout
knowledge and incentive to changa project can beexpected tohave poorquality
outcomes (Brookes 2013) projects are seen as lacking in identifying functional
requiremerd, which needs more emphas project managemenflthoughconstruction
organisations acknowledgthat it is essential to delivehigh-quality products and
services, the consequences of failure
of increasing customer and stakeholder expectations. There ameastiflquality failures
that cause damagde reputation(Love et al, 2018)and waste monefMiguel, 2015)in

construction projects.

Quiality failures at any scabre becomingncreasingly unacceptabémndthere are
many construction professional membership ie®dsuch asthe Chartered Quality
Institute (CQI) and Institution of Civil Enginesr(ICE); the latter recently formethe
Infrastructure ClientGroup (ICG) which is working actiely in sharing experts
experience to support and highlight the opporturstyimproving the delivery of majo

infrastructure projest The organisations are strongly promoting optimisation of

operational effectiveessto avoid the potential catastrophic consequences of getting

things wrong. Thie aims are to articulata clear vision for quality to sustain theld/ery

of high-quality product and improvethe commissioning and delivegrof projects.Those

procuring onstruction projects are mostly aware of the need to improve. At every level

of the construction supplyetwork the prices tendered by companies uige allowances
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for the management, overhaaahd corrective cost of failures, all of whiaheavoidable.
Delivery to time, cost and quality has perhaps remained the mantra of the construction
industry, although failures pesbmpletionarestill highly recurrent(Razak et a).2016)
andfew studies are focusing on the failure impkions (Hall& Tomkins, 2000 Barber et

al., 2000.

The @nstruction profession negedo ensure it is capablef avoidng the
consequences of poor governance, ineffectjuality assurance, inertia to chah@nd
subsequent quality failure. There isn ancreasing need for improvement and
transformation in how quality is deliverd®lawale & Sun 2015; and particularl in
understanding the magnitude of different fastitrat caus quality failures(Josephson,
1998) and of how cost has impacted the delivery of the project based on retrospective
views Adam et al., 2017)Studies suggest top management supigottie most critical
success factor for project success (Pi&tcelvin, 1983) and literature highlights the
need to call for improvement from capable pulbheness (Adam et al. 2015 andowner
project capabilities(\Winch & Leiringer, 2016)that would helptop managemento
support themitigaton of potential failue. This showsthat the owner may playa
significant rolein developinganew strategic approadb project and quality management
to integratethe capabilities in mitigating failuresHowever, it is neither practical nor
desirable for top managers to beedy active at the project level in ensuring the quality
is delivered. Projects may need to get the right input at the right time to prevent quality
failures buttheindustryd sommonly understoodiew of quality isfrequentlydefined by
the ownerandis st at thebeginningof the projectthus projecst do not always deliver

theright quality.

Capable owners assume projects will integrate with operations. Some place
significant weight on the capabilities of contractors and suppliers in understanding how
this is done, but research perhaps shatlast theo wn e r 6 ss anm ropeyagooat
capabilities are the key (Davies et al., 2016). Although these capabilities are frequently
held by their supplyetworkand distributed across an ini@ganisational netwér they
need to be simultaneously managé&hvies & Brady, 2016)Recent project studies
acknowledge that project capabilities are either embedded or unigneoirganisation,
but can be transfexd throughthe project lifecycle of acta participating indelivery of
the project acrosshe domain of projec and programmes, projebased firms, and
owneroperator organisatia(Winch, 2014) It is agreed that owngican enact project

and operational capabilities through different cgadé a project to achieve a balance



between confirmation of establishing delivery expectatamd the negativexpectation
of service outcomes upon project handdZarjav et al., 2018 However, &hough there
is a great deal gbroject and operational management literature on capabilities, there is
currently no research looking at how these capabilities aredistributed within the

project lifecycle influencéhe dperational deliverin reducing quality failure.

The diversity of capabilities involved within theaulti-organisationalsupply
network may be another challenge fdhe owner to undetake effective prect
operatioml management. Management actions need greater examination at the strategic
and operational levelPenaMora etal., 2008) wherethe multi-organisationaprojects
operational capability will be embedded through the transmission of resamt@gople
(Davies & Brady, 2016). Although the importanof the operatioris strategy and
capability ha been convegd (Slack, 2005; Hobday et al., 2008)e nature and scope of
how the owner could mitigate failure ka not been widgl addressd, whilst capabilities
theory suggestsa strong relationship between project process and operational
management (Davies & Brady, 2016) and the importancewsfing the operational
capability throughout the pregt supply network (Thoo et al. 2015) It has been
explained how knowledge embedded within different projects shpyolddecompetitive
capabilities as part adin organisatiod sssets to capture lessoeaned (Flynn et al.,

1990; Brady & Davies, 2004ndwhich areuseful forthe owner to reduce the failures.

Thes forms of capabilitiesmust be advancedif projectsare going to deliver
operational outcomes that do not failhe application ofthese capabilitein failure
mitigation need further clarification. Therefore, this research seeks to fill the gap in
guantifying the COQ within complex construction projects to provalebetter
understanding fohow the owner could reduce failureBy appraising and undgtanding
guality cost failureownerswill learn lessos and be more able thstribute operational

capabilities acrosthe project supplynetwork

1.3 Research questions
Based on the research problems identified, this section stekdicit the research

pumpose and defines the core aim, objectives and research questions.

1.3.1 Aim
The aim of the researdh to investigate why assghanded over to ownghave failed
during operation anthow thecomplex interrelationship of an owner and its multi-

organisational supply network members may influence the existermfeoperational



failure and its quality cost to further develop a new strategic project and quality

management approach in mitigating failures.

1.3.2 Objectives andesearchguestions

In achieving the researchnaj the following objectives and research questifirablel.1)

are addressed through this thesis.

Tablel.1: Research objectives and questions

ResearchObjectives

Research Questions

Supporting
Evidence/ Chapters

To explorethe existing
COQ and investigate its
empirical application within
an overarching TQM
system.

Awhat @l tG@dicantin
supporting the mitigation of operational
failure?

Literature review
(chapter 2)

To investigate the status of
guality cost and the
occurrence o€0Q within
the construction supply
network

AwWhat are the qual
operational failurén the construction
industry?

Literature review,
data collection
(workshop,
guestionnaire and
survey) Chapter, 4
& 5)

To investigate the causes ¢
operational failure within
theowner and itsnulti-
organisationasupply
networkcapabilities.

A Wh ardthe causes ajperationafailure
and tow does the diversity of capability
influencethe occurrences of quality cost
operatin?

Literature review,
data collection
(interviews, case
study and workshop)
(chapters3, 5 & 6)

To developanew strategic
project and quality
management approach in
failure mitigation to
integrate capabilities
between the ownemulti-
organisationasupgy and
operator network.

A H@mmCOQ be integrated with projec
management as a new approachitigate
operationafailure and reduce quality cdat

Discussion and
recommendation
(chapters/, 8 & 9)




1.4 The scope andfield of study

1.4.1 The field of contribtion

As described earlierthere areonly limited studiesthat quantifythe COQ within
construction projest although nany have agreed on the challenges of applgiggality
cost systento thedynamic nature othe constructionproject Research therefe focuses
on exploring the COQ withithe construction industry aheinitial stage. The research
intent on understanshg the empirical application of quality within the complex and
emerging construction process as a way to reduce failure. Howendarstanding this
concept in isolation and withithe quality management perspective would not help to
develop an integrated measuoe feducing the failures. The research further investgat
the causes behind operational failure witlanmulti-organisabnal supply network
capabilities perspective to better understand the relationship of imostred and
operational failureAlthoughthe project management field has defined taoiosubfields
and approaches, none have helped osynaulti-organisationia supply and operator
networkto mitigate failureand reduce quality cost$he outcome of this thesisaddress
this gap and contributeto a strategic project and quality management approach to
address problems irProjectbased Organisatien (PBOs), project capability and
operational capability to directly buiidtegrated capabilitiem failure mitigaton (Figure
1.2).

.
{ Strategic project and quality management
-
ra N
Project-based organisation I Project capability I Operational capability

e, -

, 1 ! ! o —
Operational Project Supply chain Quality Cost of
readiness failure Management management Cuality

o,

-

p
Integrated capabilities in failure
mitigation

L

Figurel.2: Thesisfield, domains anaontributionareas



1.4.2 Making a contribution to practice

The initid consulting phase ofthis research was supported entirely by the industrial
research partiewho areexperencingoperational failurgthis includes owner, contractor
and consultants)rhe organisatianinvolved in this work are doing so becaugeimarily,
they want to understand why COQ is highly recurrent and the reason behind operational
failure in order to mitigate this failure. The research does not identify exactly the
technical details behind every operational issue fduses orthe situatios wherethey
happen, thaareknown andto what extenthey areinfluencing the occurrenceand this

is what helg the author to understand the cause of operaitfaiiure. The final output is

to better understand the root cause of failwithin the ownerand complexmulti-
organisationakupply network as the way to improvethe distribution of capabilities in
mitigating operational failuresThe research provides a ng&rspectivethat combines
the principles of organisatioal structure, project quality peess and quality performance
outcome in developinga strategic project and quality management appréoaafitegrate

the diversity of capabilitiesin the complex supplynetwork that will help to mitigate

failures.

1.4.3 Complexity inherent in researching failure

An interpretiveapproach to project failure helps reveal the nature of whabnstitutes
project performancé€Sage et al.2013) and research showmany interdependencies in
complex projed have long been associatedth failure (Holgeid & Thompson 2013)
However, in investigating operational failurey emportant issuén the presenstudyis
the quality cultureg(Barber et al.2000) and how the construction environment can be
adapted to deliver optimal qualiithiraj et al., 2005; Castillo el., 2010; Snieska et al.,
2013 to reduce failure costhis is because cog one of the success critefiy which
thesuccess or failure of a project is judgé€sbokeDavies 2001)andis also known to be
an effective tool tohelp management tasualise and understanide different technical
language usal in projects(Hwang & Aspinwall 1996)This is why the measwamentof
COQ in the manufacturing industiywell advancednd effectivgTang et al., 2004put
the use of COQn the complex construction environmaststill limited (Castillo et al.,
2010) This may bedue to many factors, such as ineffective decisi@king (Love &
Irani, 2002) design errors poor communication, construction deficienciesd
uncertaity aboutground conditionsl{ove & Li, 2000; Krishnan, 20Q6Castilo et al
2010, Hwang & Aspinwall, 1996 most of al| it is becauseachconstruction project is

unique



1.4.4 Moving from failure gantification to failure capability qualification

A vital challenge is the insular waglating tohow quality isto be quantified (Love &
Irani, 2002) that leads to uncoordinated project manage{Dale & Plunkett 1995)in a
complexenvironment Hwangand Aspinwall (1996 stressthat the difficulty is due to
difficulties in collecting timeindexed data during practical proces®thers mentiorthat
service industries are difficult to define and collect quality émsh, assuch industries
involve humarrelated interatton that is diverse in natufdsher, 1990; Asher1988)but
the management of peopleed acombination otthe ability to managpeople capability
and project and operationatapabilities(Bredin, 2008) Consequently, capabilitieare
embedded inan idiosyncratic social structure thas frequently presunte to be
organisational resource allocatiqchreyogg & Kliesckeberl 2007) but it is still
difficult to explainthe use ofheterogeneity in resources and capabilifjeielfat &
Peeraf 2003) in mitigating failure Thus, the identification of social and behavioural
features of resources and capabilities in relation to failure and quality cost implication
may be beneficialas most organisatiendo notrealisethat coss of poor quality are
included in many of construction activitiekosephson & Saukkoriipg2003)including the
resources and capabilitigsielfat & Peteraf 2003) that are encapsulat within the

capabilitescycle of a project.

1.4.5 Operational failure in a broader management of projects environment
While in project management failure istem assumed to be due to the deficienames
managemen{Sage et al.2014) a different theoretical positiois requiredto gain better
understading of its causes(Pinto & Mante] 1990) In the main construdbn project
ownerstend to chooséhe procurement routevith which they are familiarandyet many
projecs sufferwith variatiors in cost affecting oner another actofOsipova & Eriksson
2011) However, the combination of methsdin procurement seems to be another
problem in addressing thguality cost(Al-Tmeemy et a).2012) that need managerial
awarenes$Jafai & Rodchua 2014; Olawale & Sun2015) Many have suggestdatiata
well-establisked standard procedures an important attributen the cost control system
(Jafari & Rodcua, 2014; Olawale & Sun, 2015) to overcome the challemge others
believethata comprehensive moded a necessitin judging the causes of its occurrence
(Porter & Rayner, 1992, AbduRahmanet al, 1996,Low & Yeo, 1998; Yang, 2008;

Hwang & Aspinwall, 1996, whichwill help in improving project performance

Research on projecind project performance management has a long hidtaty,

there isstill a gap withinthe many project managemeapproachesn understading
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project failure, especiallgs it relates toperationsTheinterest in the concept of project
capability develoment is relatively recent (Ahern et al., 201Apove all,it is important

to see how the assembly of project capabilities towlardse  p romejaterat néesl will

help ownes to better understand the diversity of capabilitiesmitigating operational
failures. Therefore, it is then imperative to advocate a comprehensive study with regard to
these challenges to establish a new integrated capability model that includes a more
routinely collaborative environmefitr COQ as a way to mitigate failureBhis thesis is

thus based on the concept of CCGXppraigng the existence obperationalfailure and its

quality cost to further understand the causes of operational failure. This concept is then
further mapped with the emergefindings upon wider project magement literature

and finally, through understanding the concept of capabilities, the research explores how
the capabilities concept ithe PBO was developed.The outcome of this thesis will
address this gap andontribute todirectly build the strategic project and quality
management approach in failure mitigati An integratedapproachwill be developed
focusing onhow integration of capabilities across owner amdlti-organisationasupply
network could be developed tmitigate the occurrence of faihe and thus reduce the

quality failure costs.

1.5 Thesis structure and research phass
To begin with, this research aimsuaderstand(i) how COQ occursandis absorledin

the construction industry(ii) the causes of operational failuresd (iii) howfailures can
be congenially described and generalised across the complex seppbyrk To achieve
these aims and objectives, three research phaiiebe applied. Thesare framework
developmentworkshopand questionnairéPhase 1)five projectmulti-case stug using
interviews card sorting and a Delphi reviemith a single experbwnerorganisatio, its
multi-organisationakupplyand operator networiPhase 2)and finally, analysis of data

and theory building (Phase 3).
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1.5.1 Thesis structure
The sudy comprises nine chapters; the chapter structure is shdvigure 1.3.

Chapter 1 Introduction

Chapter 2 Chapter 3
Quality managemen€OQand failure Projectbased, project failure and
literature capabilityliterature

Chapter 4 Research Designd Methodology

Chapter 5 Chapter 6
Understanding COQ Exploring the operational failures
(Phasel i framework development) (Phase 2 framework developed)
Chapter 7

The capabilitiesycle
(Phase 3 theory building)

Chapter 8
Conclusion and conbution to knowledge

Chapter 9
Recommendations

Figurel.3: Research structure

1.5.2 Research Pha&s
The three research phasesfraimework development, developed framework and theory
building are described in a Research MBjgure 1.4) and reflect the methodology. They

are summarised as follows

Phasel i Literature reviewworkshop and questionnaire

The first phase used the COQ literature and empirical analysis to devg@omary
framework that expands the theory andglaage ofthe complex supplynetwork in
understanding operational failures. This framework development is described in €hapter
1-5 and address objectives 1 and 2, which combine tHellowing research questien

What is COQ? What are the categories of(@CHow is COQ being applied? Dot

TQM system support COQ? Whataperationafailure quality cost? What are the quality

12



cost elements aperationafailure in the construction industry¥hat is the perceptions
of the project supplyand operatonetwak in relation tooperationafailure and itsquality

costs?

A literature review was conducted to build tps knowledgeand to understand
the problems. Theeviewbegins first with the COQ in the construction industogusing
on the operationalfailure and its quality cost then moves on téhe area of project
managemeniexamining collaborative working with practical practices. At this stage, the
COQ literature is extensive while that on the complex supptyworkis more modest.
The first stage invokd a critical review in these two fieldsyorkshopsand a
guestionnairenvere usedto support thedevelopnent ofthe new COQ frameworkThe
COQ model (Chapter 5)developed from the literature and steering graoligcussion
shows quality cost elements in eaciategoy of Prevention, Appraisal and Failuréhis

model is further defined and categorised in each phase of this study.

Workshops were conducted within the steering group. Thisetdlp further
classify the categories, maturity and ownership of eash element. The result of the
workshopshows the complexity and interrelation of the supmyworkwith most of the
cost elements. The insight of this relationship may be dependent orisaigantype,
roles, contract and projeotlated factors. It higighted the multi-organisational
complexity that shows why measurement is hard, understanding is often lost and that
such costs are today expected overheads. The oppprtonthese costso bethe basis
for supporting longerm relationship building inconstruction projects is becoming
apparent. The alternate vigwthatoperationafailure quality cost is onlybornby ownes

T is therefore challenged.

The questionnaire wasonstructed to generally understand the maturity of each
failure quality cost lement. It helps to characterises and define the wider industry context
for comparison with the responses from the case study.vietaollected from a range
of construction industry stakeholders and experts. The population of this study is
comprisedof professionals working in construction projects thre United Kingdom,
ranging from operations and asset managev&er quality directors and managers,
contractor and consultant project/commercial managdcs designers and
technical/specialist supplyetwok members. Data from the questionnaire will provide
statistical evidence of relationshifBSellows & Liu, 2012)to determine the direction of
operationalfailure and itsquality cost element causalities when combined with theory

and literature.
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Phase?2i Five projectmulti-casestudyfroma single owner

During this second stage of the study, the author &belosely witha Quality Manager
to acquire and participatée.g. through action research) pnoject data collection All
multi-case studywas undertaken within theowner orgarsatiord sprojects. The
retrospective research on selectedlti-case studyelpedto investigate the COQ nature
in the construction industry and to give an insight into the prgjeetific natureof the
complexity of the supplynetworkin relation to faure elements (to build an -gepth
gualitative examination). This provides a comprehensive analysis of how COQ is
implemented. Thus, the case study inctldetetaking activities(Taggart, 2014)semt
structured interviewsind workshop discussioatawas collectedfrom acrosssection
of project participants to gain understanding and opin{@etlows & Liu, 2008) All
activities including informal conversatiomgere summaised and recorded in field nate

and a researathary.

The multi-case studyprovidesrelevant information in constructing a theory for
reducing theoperationafailure quality cost. All samples have been selected based on the
authod assumptiorthat they will provide a rich source of informati@@ay et al., 200%.
Taking into consideration the viability of the case, earlier informal interviews (through
pilot studie$ that were conducted with key participants ithe owner organisation
demonstrategbarticipant® willingness to sharexperience and knoetige of the COQ
phenomenonThis supports full understanding and commitment. In qualitative research,
the case study data will be collected to anséemnd and vhyd questions (Gay et al.,
2009) where qualitative data can be difficult and laborious toys@a@nd must be
systematically handled (Fell®& Liu, 2008). Therefore, during this stage, definition and
selection of caseand units of analysis will be fully justified (Yin, 2003). However, the
concept and content including level of analysis will eraeilgring the last phase of the

research.

Phase3i Analysis of data and theory building

Furtherqualitativedata analysigook into consideratiothe complexnature ofthe case

study interviews. A flexible design approach has been selected to managéathEhda

author rigorously examimiboth the qualitative and quantitative data and adhiete the
grounded theory methodology. The methoth vo kg esgsément from ex|
0t he use of <cal cul at lnanalgsiog mul@bsastmdylcresssée S u n ,
analysis will be usefGay et al.2009) Through the thematic analysis methadgries of

coding is used to analyse and interpret interview transcripts for all participants. The
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importance in conducting this kind of cresgse synthesissithat it relies strongly on
argumentative interpretatiorfBoblin et al, 2013) The quantitative medium of the case

study strengtheedthe breadth of the data aadalysis.

The contribution to knowledge stated in this final pdise. he distribution of
capabilitiesinfluence on operational failure withthe capabilities cycle is addressed to
develop a strategic project and quality management approach in failure mitigation.
Integration across the owresstrategic requirement, dbnical project delivery and
functional operations management capabilities is proposedh&powner, its multi-
organisationakupply and operator network to mitigate failure and reduce quality. cost
Figure 1.4shows the research map of the study theds, which is used at the beginning

of eachchapter as a signpost to guide the reader.
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CHAPTER & Introduction, Aim and Objectives
backaround. aim and obiective

CHAPTERS2 and 3- Literature Quality management, COQ| - Prolect hasee, pioject fallre and
review and acknowle@ment of and failre Terature PeRy
gap
CHAPTER 4 Methodology Research philosophy, design and methodology
Phase 1i Framework Study A Categorising and defining
development operational failurejuality cost Study B (i} Call to action on major
elements project quality failure
. Workshop (n=5) Trial survey (n=25)
CHAPTER § COQ Steering group discussions (n@)

framework development

and application
Study B (ii) - Measuring cost of quality in major construction projects-post
handover
Industrybasedjuestionnaire (n=17)

Study B (iii) - Quantifying quality cost failure in major construction projects post
handover
Projecs case study

Phase 21 Developed StudyC - Infrastructureclient multi-case study
case study Operational quality issues within singleerit organiation
CHAPTER @
Study C (i)- Exploring the operational issues sampl
In_frastruct_ure Delphi review Study C (ii)- Identifying project
clientmulti-case Quality manager (n=1) sample within specific projects
Study Operational team project selection (n=2) Phase 1 interviews (n=7)
Detailknowledge on specifiprojects(n=4) Project managers across projects
Advanceknowledge on potential projegh=2) A-E

Final cases selection workshop (n=3)
Study C (iii)- Identifying the causes and operational outcomes of issues
Phase 2 interviews (n = 19)

Project A Project B Project C Project D Project E
(n=4) (n=2) (n=5) (n=2) (n=6)

Study C (iv) Advancing finding from project operational failure
Phase 3 Workshop 1 (n=2)
Workshop 2 (n=2)

Phase 3 Findings and theor Draw crosscase conclusion, comparison wikisting theory and
y
building development of new theory

CHAPTER 7 Discussios

Conclusions and contributions

CHAPTER 8 Conclusiors

CHAPTER 9 Recommendatian Recommendations

Figurel.4: Research Map
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1.6 Academicsignificance andvalue

1.6.1 Project managememnindthe application of COQ

This study searchder capabilities held by owners, tier 1 contractors and suppliers on
how to mitigate failure. While the measurement @DQ has been explored in the
construction sector, its application within complex project environments and across
supply and project manament capabilities has ndthe importance of quantifying COQ

is known(Juran, 1951)but the required sophistication in measurement (Branca & Lopes,
2011) has often created drawbacks that have led to criticishiffé&ierova & Thomson,
2006), and questions on the applicability of COQhe tonstruction industry (Alod
Rahman et al., 1996; Barbet al 2000; Love & Li, 2000Love & Irani, 2002 Yang,
2008; hiffauerova & Thomson, 2006; Jafari & Rodchua, 20C0)Q failure has yet to

be quantified in the construction industrych8fauerora and Thomson (2006) stressed
the importage of an improved model for a project management context. Currently, no
empirical work existshat focus oroperation Previous studies show only partial work in
addressing COQ without transmitting its causes thedinfluence ofa complex project
supplynetwork on operational failureMany have considered a single project, but none

have looked at the capabilities employed by an owner across a number of projects

Measurement by way of amganisational performan@xcellence moddias been
the current focus (Miguel, 2015)ut this has not defined thomplex array ofowner
capability for failure mitigatiomeeded in managing the supplgtworkof a multiproject
network Some have identified the need for a robgshlity management system,
management structuresd tools(Barlow, 2009) but these need elaborating to ensure
guality in a projecbased context (e.g. contractor quality performance) and beyond that to
ensure the delivery of operational quality ahds owner satisfaction Yasamis et aJ.
20®2; Basu, 2015).This study will show how owner organisations deployCOQ
measurement capabilities alongside traditional project management approaches to better
ensure that they can prevent and mitigate the operatianatef. In so doingit will
explorenew and inventive ways giromoting COQ quantification(Barlow, 2009)and
provide better understanding of its concept, system, tools and culture to suit the
construction environment (Rosenfeld, 2008hd more specifially, a single capable
owner with a complex muHproject environmentThus, the academic significaof this
studyis in defining and characterising thapabilitiesfor failure mitigaton typified by a

largescale projecsupporting organisation and jisojectbased supply network
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1.6.2 The existing COQ and its relationshipdperationalfailure quality cost

In the currentabsence of a comprehens@©Q framework in the constructiomdustry

(Hall & Tomkins, 2000 Schiffauerova & Thomson, 2006; Jafari Rodchua, 2014), the
development ofa reflective framework foan improvedCOQ approachis believed to be a

basis in further appraising the occurrences of failures in construction prétjecimbines
principles, process, a framework and structured metlasdsuggested bycBiffauerova

and Thomson(2006), and uses a focus on failure cost as the test case to understand the
implementing of COQ (as operational failure is the highest contributor when ignored
according to Ahsen (2008) and Land Asllani (2013 andto see the causes of the
occurrences of quality failures; and so provides the greatest opportunity for efficiency
improvementaccording to Miguend Pontel (2004 At the beginning of theaesearch,

this COQ framework is used to understand the relaghip of the costincurred within

the project organisation and will be extended into the values, systems and culture of the
business environment that link COQ elememdmulti-organisationasupplynetworkin

PBO and the occurrences of operational fees (Figurel5). The use ofthe COQ
framework is then further developed during the research procéssherdevelopingthe
understandingn a project management contexthe future COQ framework (resulting

from this work) will then support dynamic dsion-making tavards theintegrated
capabilitiesby the owner, multi-organisationasupply and operator netwoik mitigating

failures.

Opeationd
failures

organisation

Figurel.5: COQ links towards projediased organisatieand operational failure
(Surce: Authordéds own)
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The COQ incurred within each operational failure is believed to be linked with
how projectbased organisations are manadedhlgaard et al. (199Zhave highlighted
the importance ofjuality measuremepésa continuous improvement tardinish failures
(Taggart, 2014). Quality costs exist in any type of organisateEgardless of function
(¥zkan & Kar ai b ralthbughmiadffdctive and Ongy8tg¢matic capture
throughout the whole constructiqerocessis sea as problematic (Miguel & Pontel,
2004). Eachfailure may be quite different from one to another, and so the causes of
project failure may be contingemtn the projectlifecycle (Pinto & Mantel, 1990).
Therefore, project management literature has suggetted need for a better
understandin@f the organisational structure and projbased management in managing
capabilities (Soderlund & Tell, 2011)nd the quantification of quality cost (Ha8
Tomkins, 2000.

Currently, quality maagement systems (BS EN ISO 900B000) mostly
correspondd to the processes of creating the prodletri & Asllani, 2013) However,
today the complexity of the construction industry is creating dewaand highlighting
the inadequacy of this partial view. Quality in product and services, after delivery to
owner (Feigenbaum, 1956has had little attentigmeither hashe complexity of the
multiple supply network capabilites involved in complex infrastructure project
Focusng on failurethrough quantifying & costcould demonstrate the root causeitef
occurrenceand create solutions to the intangibility of its high occurrences. Taggart (2014)
indicates that supplyetwork participantscan help identify the root causes and could
suggest possible cesffective solutions. It is believed thaperationalfailure quality
costs are incurred during and after the operational process that is shared within the supply
network This is however yet to be explored and explat In most cases, a quality
standard (British Standards Institution 1ISO 9002000) helps in determining #

improvement effort but little attention is paid to its impact on failure d@stsr, 2010)

No mechanisnihas beeriound to be effective (Miguel &ontel, 20@), while most
studies only indicat¢hat basic guidelines are needed for control over failure cost (Dror,
2010; Snieskaet al, 2013)and none have explored theupply network relationship in
achieving cost reduction in existing COQ. This complexity furtiererates uncertainty
and ambiguity. It is therefore necessary @ragvaluation of these quality costs should be
initiated with the identification of potential failure and causes embedded within the
organisatioal capabilitiesof the project lifecycleBy far, it is acknowledge that the

quantification of failure cogs frequently used to transfer the effects of poor quality into
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monetary terms (Hwang Aspinwall, 1996) this should be usedto assistowner
management in preventirfgture potentiafailure. The result of this study could haae

considerable impact amitigating failure in complex projest

1.7 Significance andrelevance of this studythe practicability of the
research)

1.7.1 Why quantifying COQ failure is important taitigate failure inproject
management enterprises

There are strong relationships in the organisational suppbtwork the culture, the
operations process and the failure cost.rétoee, thee relationshipwill be sought to
enrich the boundary of existing knowledge to achiaveair distribution of capabilities

that includes quality culture in mitigating failure and thus redydailure cost.
Understanding the project management enterprises may be important in explaining the
unigueness of project failure, project environmentsjegtasupplynetworkand form of
contract, but it imlsoimportant to understand the existing application of COQ in order to
create improvement as a way to mitigate faillree lack of anintegrated approach in
understanding COQ is perceived as a chaflefqy reducing the failure costs. As
suggested by.ove and Josephson (2004nowledge about the causes is needed to
reduce construction ermrand thiscan only be achieweby examining the chain of
evens and ts relation to costs. However, project management practice is still lacking
when it comes taising costing to support wider decision makjhgdvig & Gluch 2010)

that will support the change and willingness of construction particgpenttake

comprehensiveesponsibility.

Measuring COQ shows the financial consequences of adoptirguality
improvement programe (Omar & Murgan, 2014)and creates a healthy business
environment(Jaju et al., 2009hat leads to lower costs, lessldiag, and better use of
time and material resources. Some suggest that a traditional accounting system approach
may no longer be adequate (Omar & Murgan, 2014). This research will provide valuable
insights into the behaviour of the different components ttumstitute the existing
approach to COQ imitigating failures The occurrences aperationalfailure quality
cost will be explored through understanding the maturity and awareness of the
construction supplyetworkin dealing with the quality cost elemts. This study will
further elaborateon the causality of COQ application within the organisaiian

managerial and project team by looking into their projects.
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Quantifying COQ will help organisations to quantify and minimise internal losses
(Snieska etl., 2013) that contribute to unsustainable performdisaksson2006) and
indicate wherdnigh COQmeasurenight show low quality and profitabilit@Zairi, 2002)
Systematic visualisation through this study will help the attainment of sustainable quality
programme implementation (Krishnan, 20@@&ju & al., 2009), and provide a reliable
processby which to portray intangible and complex data that can respond to rapid
technological and market change (JafariRdchua, 2014, ATmeemy et al., 2012).
Dynamic measurement will support cycles of change ality which are neveending
(Juran & De Feo, 2010and providea balance between efficiemceconomy and quality
of the product and productiofBorri & Boccaletti 2006) From a philosophical
perspective, COQ categories of prevention, appraisal and failure are intimately connected
and a full understanding of one category cannot be achieved without taking the other
category into amount.As explairedby LoveandLi (2000), processsimprove over timg
prevention cost is expected to rise at the beginointhe projectand thus reducéhe

appraisal and failure codtiring construction

For a wider adoption adin advancd project maagement approach, this research
looks at the operational side of construction prggedt is suggested that there is an
advantagen linking the financial performance to shdkedirection for action and ressit
(Ludvig & Gluch 2010) By looking at the addption, coordination and alignment that
emerge around the operational sidea@bnstruction projectthiswill help to accrue the
value forthe project user and operat@Zerjav et al. 2018) Continuous investment is
needed to build new resource configurations, and to respond and adapt capabilities to the
extenal environmentComparatively little attention has been devoted to how distribution
of capabilities will impact project operational failure in managing complex psojact
study byDavies and Brady (201&cknowledgd the importance of owner requiremgnt
and @apabilitiesintegration roleThis is becausproject participantsreoften focused on
their own interests anoh managing their own project risks, rather than on the operational
real i sati on octivest(Hughest Murdoch6200) dhisj @n lead to the

misalignment of project capabilities that increases the risk of operational quality failures.

In achievingan innovative project, capabilities needcontinuous routine that is
shape and adamd differently by different organisati@{Flynn et al, 2010)to response
to theoperational advantage. Currently, thev n ecapalslity role is unclear, particularly
as suppliers move to operate and maintain facilitiesvi3aet al., 2016)thus the

balance between owner and supplier operational capabilities fugtter investigation.
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First undersatndng the quantification of COQ failure could hejpovide agreater
understandingof the linkage of cost incurred, respoiiide parties and the chain that
constitute the eventn this way, operational failure can be better understood, to enable
stronger project managemetat provide a higkguality performancean developing the

integrated capabilities for failure mitigation

1.8 Chapter summary
This chaptehasintroduced the aim, objectives, research questions and sigo#gichthe

researchThe fllowing chaptes first reviewthe COQ literaturebefore generating a new
COQ framework as a base to further clarify its relatioogerational failureswhich in

later chapters is applied within the context of project managem
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CHAPTER Z Introduction, Aim and Objectives
background, aim and objective

CHAPTERS 2 and 3- Literature Quiality management, COoQ Projectbaseq_, pr_oject failure and
review and acknowtt ent of and failure literéure capabilityliterature

CHAPTER 4 MethOdOIOQy Research philosophy, design and methodology

Phase i Framework

development Study A Categorising and defining

Operational failurguality cost Study B (i)- Call to action on major
elements project quality failure
. Workshop (n=5) Trial survey (n=25)
CHAPTER § COQ Steering group discussions (r£8)
frameworkdevelopment anc
application
Study B (ii)- Measuring cost of quality in major construction projects-post
handover
Industrybasedjuestionnaire (n=17)
Study B (iii) - Quantifying quality cost failure in major construction projects post
handover
Projecs case study
Phase 21 Developed StudyC - Infrastructureclient multi-case study
case study Operational quality isges within single client orgar@son
CHAPTER @
Infrastructure Study C (i)- Exploring the operational issues sampl
; i Delphi review Study C (ii)i Identifying project
clientmulti-case Quality manager (n=1) sample within specifiprojects
study Operational team project selection (H=2 Phase 1 interviews (n=7)
Detailknowledge orproject specifigrojects(n=4) Project managers acros®jact
Advanceknowledge orpotential projectsn=2) A-E

Final cases selection workshop (n=3)

Study C (iii)i Identifying the causes and operational outcomes of issues
Phase 2 interviews (n = 19)

Project A Project B Project C Project D Project E
(n=4) (n=2) (n=5) (n=2) (n=6)

Study C (iv)- Advancing finding from project opetanal failure
Phase 3 Workshop 1 (n=2)
Workshop 2 (n=2)

Phase 3 Findings and theory Draw crosscase conclusion, cquarison with existing theory and
building development of new theory

CHAPTER 7 Discussios

Conclusions and contributions

CHAPTER 8 Conclusiors

CHAPTER 9 Recommendatien Recommendations
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2Cost of Quality (COQ)

2.1 Introduction
This chaptediscussesiow COQ is being developed as a quality managemnoehtand

how it contributes toanorgan i s a tovemlhpérfermancelt also looks at many other
imperative elements of COQ, thestory, thedifferent categorisatias) the fundamentadf

its applicationand finally its relation to failures. The range of COQ is also explained to
provide anoverview of how COChasimpacted construction projectThis chapter also
focuses on the COQ failure in construction prgeahdthe impact as well as the causes

of failures in construction.

2.2 The COQ background
During the pastfew decades, the poor perfoamce andlack of productivty of the

construction industry he been heavily criticisedLove & Irani, 2002) Many of the
management practices in supporting construction organisatiave beernchallenged
Ownes in the industryare moving forwards with the increased demésrdimproving
service quality, faster building and innovations in technol@dgyonakker et al.2010)
Many organisations have started to fully implement quality management to achieve
continuous improvement andwner satisfaction. In the United Kingdom (UK), all
government suppliersr&a mandated to perform quality management in the form of
ISO9000(Thorpe et al.2004) with more than 2@00 companies certifief@McGeorge &
Palmer 2002) However, #hough the application of quality managemerns now
acknowledgedthe capital expenditure of pequality projectsor savings from good
guality ones havéeenignored by the industryAdvancel quality managemerttas now
increasedhe need t@achieve the balance beten the level of endroduct quality and its
concomitant expensddafari & Rodchua, 2014A lack of appreciation foa different
perspective on quality may be the most limiting factor in improving the qublitythere

is alsoa lack of attentiorpaid to the unknown and unquantifiab@®OQ in construction
prgects.Aoieong et al. (20023tatedthat, to quantify the benefits of quality management,

guality must be measureable.

Many studies have looked to improve quality in construction, but there are
remarkably few that have quantified 8©Q. This is surprising when the quaktglated
cost is substdtial and cannot be ignore@afari & Rodcha, 2014 Yang 2008)
According to Aoieong et al. (2002)various toolsfor measuringCOQ have ben
introduced since its introduction bgrosby (984 and Juran (198% but most of the

implications of measuring the real CO®ithin construction organisatiorere doubtful.
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Due to the success of impleming COQ in the manufacturing industry, someuthors
haveemphasised the neéat it to be appliedn the construction industr{Aoieong et al.
2002) However, nost of the literature concludéisat construction is differenandthat it

is difficult to translate the principde practice and techniques QOQ to make them
specific to the constructionndustry (Jafari & Rodchua, 2014) There is no
comprehensive system the construction industry in defining, collecting and analysing
COQ. Subsequently, mostonstruction ompanies measure quality cosgsed on their

own quality costing programniélwang &Aspinwall, 1996)

Despite the benefits and substantial amoumeséarchHound in addressing COQ
constructiomguality failures are stilla concern with no methodology allowing calculation
of all failure costs thaareincurred posproject(Snieska et al.2013) Currently, filure
costs are highly recurrentvith limited studies addressinfailure costs in relations to
quality of the procesfCastillo et al. 2010) It is agreed that failure cost may arise due to
many factors along thproject lifecycle that need advamcenderstandingThese are
mainly addressd as a management problem [@astillo et al. (201Q) but further
exploration ofthe linksis required,particularlyon COQapplication, measurement and
the causality behind its existende.doing so, this chapter will first theoretically explore
the development of glity management and the role of COQ in supporting the quality

systemghat furtter led to the focus on failures.

2.3 Understanding quality

2.3.1 What isquality?

Simply defined inthe Oxford Dictionary, qualityisiit he st andar d of son
against otler things of similar kind; the dgee of excellence of somethindt is often

used to signifyGexcellerce of producs or servicesbut quality may also include human
factors. From the managemenperspective quality is simply defined as dnmeeting the
cusbmer requiremein & the need and the expectago(Oakland, 2003) Thus, in
construction projectsp q u a has tbged expressed differently by differgrarties
dependingppno n e 6 s p eGorsseqeentlythewanstruction industry &s continually
strugglael with the term qualitywith many organisatisdevisingtheir own definition
Accordingly, in construction, quality should be definedlasi d e gr ee t o whi c
i nherent character i s(lSO @30:2000 IQdlity IManagenemf u i r e
Systemsin Hoyle & Thompson 2002) which is set differently in everglementon a

project With this definition, there is a need to intatg different quality meanisgoy

different organisations in different projects
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2.4 Quality management(QM) and total quality management (TQM)
2.4.1 FromQMto TQMin construction

The adoption ofQM in construction projectds important for an organisation in
determining the standards needed d&groject. Oaklandand Marosszeky2006)describe
QM as a strategic decision where the objectives set out in the implementatioan of
quality policy are to be accomplishdxy theorganisationQM is thus tounderstand and
organiseall the supplies of producs or servicesaccording tothe qualityneed of the
owner. It is frequently adopted by construction companiearasitiative to solve quaty
problems in meeting theequiredneeds(Kanji & Wong, 1999)and also to maintain or

improve the quality of an organisati@rproducts and servicé®ahlgaard et al., 1992).

In QM, International Organisation for Standardisatit®) standards andontrol
procedues are essential in meeting the quality requirementshich includes
environmental and safety mamegent(Hoonakker et aJ.2010) The overall investments
in QM in an organisation should increase the performance obvkeall organisation
rather thani as is traditional focusingonly on the project levelLandin & Nilsson
2001) Deming (1986) long ago introducel the concept ofcontinuous quality
improvement known adThe Deming CycléPlanDo-Check Act (PDCA) to help focus
thecompanyo6s attention and r the ommadcse snh ecerd s
Demi ngods mai n concept i s t o reduce vV art
specifications which requires higher quality and productivity in reducing coas a result

of competitive advantage.

Conversely, in construction gezts, the supplyetwork procures materials and
servicesfrom different professiamwhich are brought togther at various points af
projectto fulfil the c u s t oregeiredess This raisesdifferent problems where every
decision affects the other(DelgadeHernandez & Aspinwall, 2008)In addition, the
nature of construction projec{\Walker, 2000) can adversely impact thguality and
customer satisfactiorsuch assite conditions, weather and project time, different ®eam
andorganisationsanddifferent arrangemestfor eachproject Due to thisvariability, as
Vrijhoef and Koskela (2000¢xplained, apart from quality problems, the indusages
many performance difficulties. In responses to this, the use of T@Mbeen suggested
by numerousliteratures as a method of management that respotod competitive
advantageot only in reducing the cost but alas a comprehensive way to improve total
organisation performance and qualggrfaomance(Yasamis et al., 2&). It is believed
the application of TQM can only thrive through strong support from the top management

26



with commitment and understandif@rditi & Gunaydin, 1997)as it nay be affectd by
different elementsas show in Figure 2.1

Management
Commitment
and
Leadership

Statistical
methods

Total Quality
Management

(TQm)

Suppplier
Involvement

Customer
services

Cost of
Quality

Construction
-specific
factors

Figure2.1: Elemens of TQM in the construction scopeddapted fromArditi &
Gunaydin 1997)

Thereforethe TQM approach has been increasingly introduced into construction
organisations as an improvement strategy for both achiemwmger satisfaction and
improving performancgDelgadoHernandez & Aspinwall, 2008)The core values of
TQM are assumed to penetrate the project performance and behaviours towards the
realisation of higher quality in its undertakings thatutionot be treated in isolation
(Svensson2006) Commonly, core values of TQMcluded&ustomer focu$ ccontinuous
improvemerd docus on process@sdocus on fac @ar t i ci pati omndo f e
aommitted leadetdpd (Roden & Dale 2001 Eskildsen & Dahlgaard2000. Ishikawa
(1985) and Juran (1989pave describedcontinuous improvements ashe fact that
tolerance leved are rejecte@® which requires constant question® be asked about the
level of quality required byhe corporate businesgperationsan orderto challenge what
the owne@s want as their benchmark of qualityletrics are also stressed in ti&@QM
literature (Juran 1989)but it is not enoughto rely solely onquantitative measures
(Deming, 1986)0 benchmark quality
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Clearly, applying @jualityd in construction $ extremely difficult andootentially
need multiple meaning for terms that can be applied to various aspectshef
construction processYasamis et al.(2002) stated that quality-conscious companies
normally have a strong quality culture, which is helpful for achigewnersatisfaction
while Hoonakker et al. (201@howedthat theoverall motivation for implememg TQM
has remainedstatic over recent yearsThe classic TQM literaturéen Eskildsenand
Dahlgaard (2000¥tatedthat according to Deming (1986) and Juran (19&Mployee
involvement and satisfaction are stex$ss the most important drivers of continuous
improvement andowner satisfaction. Withthis, @nstruction organisationsatie now
movel from a closed system of lookingt what QM is within their own organisatioto a
more open system of linkin@M to the practicality of quality irproject management.
This includes a careful balance betweeretbwneb s r equi r ement s of
schedule, desire operating characteristicd constructiomater a | s and the
need for adequate time and budget to meet those rawrite during the design process
(Stewart & Wadde]l2008)

This perspectivehas led tadhe need ofa wider managemenapproach in looking at
@ualityd as central tothe owneb s ue; &dntributing to loyalty, profitability and
differentiation (Branca & Catalad.opes 2011) Therefore, an organisation shoube
concernedboutthe level of quality provided to the market, whigbuld probablybe the
@orojecbin the construction perspectivés qualityis knownto carrybenefits,involved
costs ad any otherinfluence onmanagement decisiothe TQM practicds believed to
have a strong and positive relationip with quality performanc€Hassan et al.2012)
The quality literature hashownthat qualitymustbe measured and evalua(gdve et al,
2018) Based on tis, researcharhave argued thain a complex and broaghvironment,
there is a need for more competitive gxolenhane TQM application inthe construction
industry(Aoieong et al.2002 Thorpe & Sumner, 2004The complexity otheinterplay
between the nature ofhe construction project and itdifecycle need further

understandings tohow quality could be successfully embedded in managing projects.

2.5 Cost ofquality (COQ) as a quality management system

2.5.1 What is COQ?

Theconceptof COQwasf i r st i ntroduced in Jurgaldibs qu
the min® (Juran 1951, p.39 as a part othe fundamental quality managentprocess.

COQ was impliedasthe cost resulting from defecesxdw a s godd mhe in which

profits could be madeCOQ thenwaswell known as the price of not creating a quality
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product or service. According tirishnan et al. (200), quality costs are the costs
incurred to preverd shortfall in quality and failure to meet customer requiremeBQ

is simply a cost absorbed due to the woekuire in achieving targeted quality in a
project; it is eithethe cost to achieve theuglity or a cost due to quality failufeiwang

& Aspinwall, 1996) Many authors have attempted to define C@@h one definition
being thetcost of poor quality(Ali et al., 2010) It is said to be the cost associateith
preventing, finding and correcting defective wolkdukhopadhyay 2004) It hasalso
beensummariseds a classification of cost collected in quantifyinguality in a project
(Barber et a].2000Q Ali et al,, 2010; Love & Iranj2002)

2.5.2 Theearly classification of COQ

As mentioned earlier, the terguality cod was firstpropoundedy Juran (1951) anthter
developed by Crosb{1979,1984), where gality wasfirst known as the conformance
with the requiremers, but it was Crosby (1979) who elaboratadquality cost to see it

as both the price of conformancengt investéd to comply with requiremest andthe

price of nonconformancedost of poor gality). Feigeaum (199] later redefined these
categorisations as the cost of control (cost of conformance) and cost of failure of controls
(cost of norconformance)see Figure2.2). According to Schiffauerovaand Thomson
(2006) the cost of conformance includes cost invested in the process of preventing and
appraising the quality, while cost of neonformance is additionally a cost due to failure

in achieving customer requirements (such asecting, reworking or scrapping). All
costs are simplyoststhat are avoidablef quality costs are effectively managéll -
Tmeemy et a).2012) Further,Ali et al. (2010)differentiated between internal failure
guality cost (cost incurred before delivery to owner) aperational failurequality cost

(after delivery to owner).

1950s in Juran’s Quality
Control Handbook
[

]

Cost of Cost of non
conformance conformance

Cost of Quality

Crosby (1979, 1983 and 1984)

Internal Failure Feigenbaum (1956, 1991)

‘ External Failure

‘ Prevention ‘ Appraisal ]

Figure 22: The early classification of COQ (Sowc e: Aut hor 6s own

Consequently, COQ has previously been consistently classified into three main

categoriesprevention, appraisal andifure (Feigenbaum, 1956), according to the timing
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of its occurrenceThis categorisatioris better known as théPreverion-Appraisat
Failured (PAF) model by most of the qualitglated cost researchgsbdul-Rahmanet

al., 1996 Low & Yeo, 1998; Love & Li, 2000; Halk Tomkins, 2000 Aoieong et al
2002; Rsenfeld, 2009; Love & Irani, 22; Jdari & Rodchua; 2014)As explained inAli

et al. (2010) prevention costs are associated it coss expendedn provision of the
process of gaining qualityappraisal coston the other handare the costexpended in
measuringthe level of gality attained by the processvhile failure cost is the cost
incurred to correct quality issuesthe before or after deliveryrurther, nternal failure
costs are costs resulting from produmt services not conforming to requirements or need
which occured prior to delivery tothe owner, while operational failurequality costs are
costs resulting fronproducs or services not conforming to requirements or need after
delivery tothe owner, and during or after furnishing of a service to dvener (Kiani et

al, 2014) Operational failurequality costcan also includeloss of failure through
customer dissatisfactiofiTsai 1998; Kazaz et gl.2005), in which is recognised as

operational failure quality cost in this thesis.

Despite theimplementation of ageneral classifications model of COQme
authors have expressed scepticist® to the overall coverage of this traditional
categorisatiorfYang 2008; Dahlgaard et al1992) with those such a¥ang (2008)and
Krishnan (2006Yefering to failure categoryasthe chidderd nature of failure costthat
frequently difficult to identify. Although there are sceptics in confirming dee
classifications, no bettealternativeshave yet beeriound. While the quantification of
COQ will almost certainly help to benchmark aslkow the causality between costs
incurred it is believed tht the increasg and controlled cost of prevention and appraisal
will lead toadecrease in internal amgberational failureuality costs(Kiani et al, 2014)
Thus, the central tenant of theAPF model is an investment in prevention and appraisal
activitieswhich will reduce failure costs, and further investnsantprevention activities
thus resulting in aeduction ofappraisal cosfRoden & Dale, 2001 However, this neex
better confirmation on how different cesdreclassifed, definel and measudkaccording
to thenature of complex projecthat involvemulti-organisationahetworks to reduce the

failure coss.

2.5.3 The differenkearliestCOQmodels
From the initial classification of COQ, several modeksre developed by some of the
earliest research on CQ@ndit wasinitially developed widely in five categories, which

are: preventiorappraisaffailure (PAF), process cost, cdstnefit, Taguchi loss function
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and activitybased costing (ABC)COQ modek are frequentlynitiated to deliver the
guality dimension in dealng with deficiencies oproduction processg$reiesleben &
Freiesleben2005)andto depict the development of the to@DQfor a change in quality
level. These models were developesl part of annitiative to establishquality and to
capturethe range of quality costsTable 2.1below shows different classificatisrof
COQ.

Table2.1: Genericearliest cost of quality models

COQ models Concepts Authors
PAF Capturing prevention, appraisal arfdilure Juran (1952), Feigenbaum
costs (1956) and Masser (1975)

Process cost | Price of conformance and naonformance Crosby (1979, 1984)

Costbenefit | Dynamic system based on individual qual Porter and Rayner (1992)
product

Taguchi loss| External quality losses into a loss function be Taguchi (1987)

function

ABC Value added +honvalue added witha two- | CooperandKaplan (1988)
stage methodology: assigns activity resour
and differentostdriver for each activity.

Accordingly, thefirst concept of quality costings described in section 2.5the
economics of quality and the graphical form of the COQ madeéekloped by Joseph
Juran (1951)waswell accepted by many. This wéeter classified ashe PAF model
(Feigenbaum 19%6) as an approach to quality costing that was @bt universally
accepted(Plunkett & Dale, 1987)in which all the categories are linkedhe second
model isa process cosinodel which was originallgleveloped by Crosby (1979, 1984
andhas a similaclassificationto the PA- model(Schiffauerova & Thomson, 20Q6)he
process cost modgroups quality cost intgorice of conformance (POC) and price of non
conformance to quality (PONCErosby (1984escribed POG@s necessargpendng to
make things rightthis includes professional quglifunctions (ey. prevention efforts,
guality education and trainingnd procedure or product confirmationghile PONCis
described asll the expenses involveth doing things inaccuratelyhich includes all
cosk incurreddue to notgetting thequaity right the first time (a., rework, warranes
and other claims)Despite theexistence of thesevo models Taguchi (1987 developed
the Taguchi loss function method modelhich was based on his own industrial
experiencegHwang & Aspinwal] 199%). This model combines the experimental design

techniques with quality loss considerations, whiclthssconventional approach in eff
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line quality control(Tang et al., 2004However this model has not been widely used in
the construction industryNot much researchvas found clarifying the success of this
model only a few studies havebeen conductedtesting the model in manufacturing

industiesand none havbeenperformedn the construction industry.

Further tothis, PorterandRayner (1992)suggested a simple casenefit model to
monitor the effect of Total Quality Management (TQM) without reflecting the dynamics
of the quality activities. A simulation model has been developed over time with system
dynamics in specifying differércosts and benefits relating to prevented activities. The
dynamic flow system has been developed with the inclusion of complaints and
managerial pressure in measuring quality coftbvang & Aspinwall 1996)
Additionally, an activity-based costing (ABC) meadl was initially developed bZooper
and Kaplan (1992)and may be a bettesolution in providing an accurate way of
calculating product cost$lowever,Schiffaterova and Thomson (2006)entionedthat
an activitybased costing model is not a cost of quality model; it is an alternative
approach that can be used in identifying, difiging and allocating the quality cost
throughouthe productin which it helps to manage quality more effectively by collecting
accurate datarovarious cost objectsThe activitybased costing traséoth individual
cost activities and the total codtaxtivities in producing the objeathich is the process
(Schiffauerova & Thomsor2006).

Specific modelhas not beenrecognsed and developed as a succaksfiodel for
the COQ specifically irthe construction industrySome moda may have focused on
guality-related activities fundamentality as a paift quality cost, but not all have
considered the interrelated activities within the construction proéessview by Jafari
and Rodchua (2014howedthatvariations of gality systems have also been deped
in recent yea; but they are neither popular nor widely uséa organisation may
develop and adopts own classifications of quality costing due to limitations in existing
systems or for practical reasoii$ie different setof models as elaborat@boveareseen
as the complexytin manging and capturing COQ@hich comprisedifferent individual
or professional gr oup s @Gomplance e gdnformang¢o i n
quality. This may be more difficult in construction projects thabivwe different units of
organisation in which construction projects mayvell include other institutional
influencesthat will form the whole project climatelt is worth highlighting the different
methodologes forclassifying and capturing quality coss it shows the neexistence of

asingle reliable model to quantify the total COQ in constructitowever,in referring to
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the most sustainable concepttire COQ literature, the concept of PAF will be used to
facilitate the flexibilityof quantifying the diversity of quality elements in constructias

well as representing the most suitable model in appraising the COQ within this research.

2.5.4 Thefundamentahature ofcost ofquality

Todayd £ompetitive markeis driving the necessityo understandCOQ to achievea
balance between quality and costs in construction projects (Yang).ZO@ditional
literature show thatquality may affeceanind u st r i al or ga miwoways: on o s
the effect on costs (qualitg usedmainly in the sense of conformea to specification)

and te effect on income (quality is used mainly in the sense of fithess for) 3eran,
1951). Given this, the fundamental nature of quality may naidbéevable without the
consequences of cost in managing prgjeEundamentallythe concepts o€0OQ and

total cost of quality have become the most powerful management tools for the
measurement of quality performance (Tye et al., 204130Q measure is usewbt only

to acquire the highest quality but to provide cost diminution iniexatng quality
performanceCOQ hasow beenwidely accepted in many orgaatons and hakrgely

becomaea priority for top management in managing business strategy (Tye 204l).

COQ isfrequentlyused to transfer the effects of poor quality intan@netary term
that can be visualised amrdsistthe management and employdeshave arawareness of
how costsare incurred (Hwang & Aspinwall 1996) This could help in monitoring
project flow together with the cost monitas an assessmeat project mangement.
PorterandRayner (1992)escribedhe application ofCOQ asprovidinginformationfor
continual improvement anceliminating waste. They describedthat quality costing
analysisinformation inan organisatiod snanagemenguantified the nonvalue adding
activitiesand ascertaigd theactivities thatneeadto be improvedin order to reduce or
eliminate reworkng. Additionally, the useof COQ measureby the quality professionsl
in an organisation providedata uponcompletion oftheir quality assesment and cost
guantification(Roden & Dale 200J). By focusingon poor performance arsacorrective
action can béakento prevent failure costemergindJafari & Rodchua, 2014).

Love andLi (2000) showedthata lack of quality focus during construction affects
the progct performance and resuih operational failure during productionlneffective
and unsystematic capture of quality c@dso leads to time and costs overruns in
construction project@_ove et al, 2002) Therefore, quality costing is essentialgaining
management commitmetd prepare foquality management initiatigghat wil act as a

tool to highlight areador improvement and to providan estimate of theotential
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benefitsto be ganed through quality improvemeniPorter & Rayner 1992) This
recognise the dynamicdevelopmat of quality improvementplans in guiding the
elements that make up the process of institutional constructganisationprojects. In
this sense, capturing and understanding daQed on th@roject cycle is believed to
better suit and complement the argunmedmutdifficulties and on-standardisation ahe

evolutionary dynamic nature of construction projects.

Substantially, every segment of the construction industry could benefit from
guantitative analysis of qualielated efiorts that is moreover vital in determinirtige
overall COQ in design and constructiakafari and Rodchua (201H43ted the benefits of
the implementation afuality costingas derivedrom various authorsas show in Table
2.2below.

Table2.2: The benefitof implementing quality cost

Benefits Authors

It could be used as a means for providing estimates o PorterandRayner (1992)
potential benefits to be gained through quality improvemer

It could also help project the monetary benefits | Sirvastava (2008)
ramifications of the proposed changes.

It helps evaluate quality programme success and points t Johnsofil995); Sirvastave

strengths and weaknesses of a quality sysBem. (2008)

It alertsmanagemerabout the potential impact of poor qual Aoieong et al(2002)
on the financial performance of the company.

It helps organisations to determine where quality costs | Johnsor(1995);Yang (2008)
been incurred and where ptems exist, and serves as well
a tool for focusing on areas of poor performance in nee

improvement.
It provides corrective action to prevent the occurrence of | Aoieong et al., (2002)
conformances. Johnson (1995); ave and Li

(2000)
It helps identify and eliminate organisational activities that | Abdelsalam & Gad (2009)
not provide or enhance quality, and helps management to| Tye et al. (2011); Aoieong €
determine the types of activities that are more beiaéfior al. (2002)
reducing quality costs.

It transferdessons learned to other areas. Love andLi (2000)

It focuses attention on the origin of failures and their costs, Johnson (1995); Plunkeihd
making those responsible awarfeand accountable for Dale (L998)

incurring such costs, thus helpittgem to become more

efficient in their jobs.

It helps to reduce reworks and thus reduces claims Hoonakkeret al.(2010)

It motivates employees to work towards pursuing quality g« Tye et al.(2011)
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Thus, he absence of such COQ syssemay cause many organisationsiéwelop
insular wayg to gain control over their own area ahprovementsas a result of time and
cost overruns in construction proje¢tove & Irani, 2002) COQ isconsideredo bea
process of activity that includes information gathering, reporindcoordinating design
and key information, which i® managehetransformation of inp@tto outputgAoieong
et al, 2002) This ultimatelyassiss an organisatiorio function effectively either within
its individual process or with its intaction with other process Thus,it clearly shows
that QM efforts if expendedy construction organisationwill have a significaneffect

in redudgng COQin all aspecs of the construction procegBarlow, 2009)

2.5.5 Thedevelopment of quality costing systems in construction environments
The development of an adequate quality cost collection rmedsurement system is
central to the estdibhment of aquality cost systemMany previousstudieshave been
centred orthe manufacturing indusies rather tharthe construction industryhowever,
the application o£0Q in the construction industry hagcentlyreceivedmuch attention
(Tang et al.2004). Quality costing management systems/éalso been developed and
implemented to determirguality costgLove & Irani, 2002)thataretransferable within
the same industrifHwang & Aspinwall 1996) but organisations should createunique
guality costof projectsfor a projectthat could also be useful for future projects
However, #hough some agree thatommon structueand measures almost certainly
exist within construction organisation®arlow, 2009) the application of COQ is still
unclear with many organisatianset in their individuality, rathethan integrating the

guality sysem within thér projects.

Previously, he Construction Industry Institute (Cll) Quality Management Task
Force developed a Quality Performance Management System (QPMS) to track quality
cost in design and constructigdafari & Rodchua, 2014)it was usel by Willis and
Willis (1996) and showed less than 2% of deviation correction costs. Thisonfirms
thatthe application of quality costing systemayresut in thereductionof COQ which
suggest thatan improvel systemneedsto be devéopedto achievebetter result Davis
(1987) extended the system, creating a Quality Performance Tracking System (QPTS)
(Jafari & Rodchua, 2014san extensive costs codimystemthat classifiesthe various
items usal to ensurehat thecost data captured is compatible with the works breakdown
of a project.This systenshowedbetter capturef quality costs during the different cysle
of a project AbduliRahman et a1996)also developed the Quality Cost Matrix (QGM)

due to somechallenges faced ircapturing the cost of nonconformance during
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construction by otér systera. However, despite all the different metlsad capturing

COQ,quality managment systemarestill in theirinfancy.

Regardless of thalifferent approacheslLow and Yeo (1998) proposedthe
Construction Quality Cost Quantifying Systé@QCQS)to collect data. It uses@ding
systemto categorise and represefmtrious componentsf the system (Low & Yeo, 1998)
that showsa detaikd analysis of COQAoieong et al.(2002) devebped a quality cost
tracking system irthe process cost method (QCPCtd)capture the quality cost for a
procesdnstead of the quality costs tfe total project. his systemis usedto traceeach
component othe quality coding system and its deviatiaiosquantify costsHowever, it
is said to be incomprehensive, as projects require longer peaiudl involve many
processs at a time.Dale andPlunkett(1995) developeda quality costing method that
focuses on identifying noaconformance elemestin specific departmest and it was
reported byRoden and Dale (2001that departmental quality costing was the most

suitable method.

The American Society of QualitZontrol (ASQC, 1987)showed good coverage
of quality costing but offers no mechanism for building and maintaitiegelevance of
these costdespite allof the systemshat have beedeveloped for quality costing e
construction industry, ncomprehensive systefms beerfound for defining, capturing
and analysing the qualinelated cost; since the standard structure for quality costing
depends oreach organisatidn siniqgue environmentin most cases, a quality standard
(ISO 9001,2000) has helped to determine the efforts of quality improvement, this
pays limited attentionto the impact of failure costs.Thus, only a few construction
companiesisea COQ systemin measuring and capturing quality cdsis apparent there

is limited knowledge in understanding COQ in construction organisations.

Table 2.3 showsstudiesconducted using the developed quality cost system in
capturing the quality cost of construction projects. None have tried to capture the
operationalfailure quality cost. Consquently, a limited number of studiésive been
found that look at construction projects, as researchers only show a few construction
companieghat use a COQ system in measuring and capturing quality cost die to
sensitivity and effort needed to iddgtievery cost detail (Low& Yeo, 1998; Snieka et
al., 2013). It isthus clearthatthereis limited knowledge in understanding CQO@thin
construction organisations. A broad development of quality costing systems is needed to
provide better understandingdito achieve an effective model for quality in construction

(DelgadeHernandez& Aspinwall, 2008) that should be consideliadorderto achieve
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guality. A framework should not only present such quality elements but also present ways

of how the frameworkauld be used in construction practice.

Table2.3: Summay of developed quality cost systsin construction projest

Authors/  Aims Methodology = Model Types of Findings
References Developed projects
tested
Abdul- The use oh Case study, (QCM) Water The case study
Rahmaret | quality cost interviews Quality Cost treatment found costs of
al. (1996) matrix to Matrix plant and a non-conformance
capture cost of bridge incurred 56% of
non the tender value.
conformance. The study stated
thatthe costs of
preventing failure
are significantly
low compare
with the cost of
rectification.
Love and Li | The paper Interviews, (PROMQACS) | Construction | Finding reveals
(2000); guantifies observations, | Project project that the cost of
Love and causes, documentary management including rework for the
Irani (2002) | magnitude and sources quality cost apartmerg case project was
costs of information and industrial | 3.15% and 2.40%
rework system buildings of their projecs 6
experience in contract value.
two projeds The primary
that were cause of rework
procured using was due to changt
different initiated byowner
contractual and enduser
arrangemeist together with
in Australia. errors and
omissions in
contract
documentation.
Hall and The paper Case study - New The finding
Tomkins preserga construction | shows quality
(2000 methodology office failures are small
for assessing building in where prevention
the o6co the UK ard appraisal
cost of quality costs are much
for higher. Failures
construction are 5.84% and
projects. prevention and
appraisal cost
only 12.68%of
contract sum.
Tang etal. | The paped s | Two case (PCM) One38 The case study or
(2004) objective is to | studiesi by Process Cost storey the 1%t project
report the recording Model building shows a reduction
finding on two | numbers of project and in non
case studies | defects one civil conformanceost
using PCM to engineering | from 0.48% of the
capture costs project in total process cost:
on two Hong Kong | to 0.43%, while

construction
projects.
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from 3.55% to
0.03% upon the
last cycle. The
case study
illustrates thatthe
process shows
continual
improvement as
theimprovement
of a process
within a project.

Low and The paper Proposed (CQCQS) Not tested Proposs that

Yeo (1998) | explairsthe documentation | Construction future works
proposed matrix for site Quality Costs related to
quality costs | staff to code Quantifying construction
system quality costs. System quality costs
developed in should focus on
helping to testing the costs
capture quality system ima
costs for further study.
construction
projects.

Aeoing et The paper Interview has | (QCPCM) Not tested Alternative

al. (2002) aims to been held with | Quality cost process cost
investigate the| professional tracking system model is more
suitability of involve in based on PAF feasible thathe
the PAF construction traditional PAF
model in industry. modelbecause the
captuing resource level of
quality cost quality cost

measurement will
be more flexible.
The performance
indicates that
straight
implementation of
the PAF model
might not be
possible due to
the complexity of
the gructure of
the construction
industry.

and propose
an alternative
approach to
facilitate the
fundamentad
of TQM.

2.5.6 The needo measureCOQ

Ozkan andK ar ai b r #2013 mivejtwo steps in reporting@OQ. classification and
measuremenflThey further clariy thatit is necessarfor each orgaisation to determine
its definition of COQ in providing the right model and categ@i®n to quantify the
quality costs but this does not help in quantifying the COQ for a projBetspite the
general classifications model a€OQ being implemented in thendustry, many
researchers have expressed scepticisgardingthe overall coverage of the traditional
categoisaions towards qualityelated cost (Yang, 2008; Dahlgaard et al., 19@2)
understandinghe quality failure cost for project It seems thatwith alack of evidence
for the flourishing impct of traditional approaches on thristing concep of COQ,
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many researche havedeveloped new methedf combining and exploring innovatien
towards measuring th€0Q in the construction industry.Thus, no standardCOQ
documentation could be fourtdat wasapplicable and replicable within the construction

scope.

MeasuringCOQ assures its benefits in providing financial informataioutthe
financial consequencesd adopting quality improvement pgeammnes (Omar& Murgan,
2014) becausemeasuringCOQ requires precision inall cost information records.
Although some say this maye an easy matterseveral costdhave been incorrectly
reported(Yang, 2008) The traditional cost accounting systems have faitegrovide
accurate cost information to management and hence there is failoreasuringCOQ
(Ozkan & Karaibrahimoglu, 201¥ang, 2008; Tsai, 1998). Table dldistrates some of
the works looking at COQ in the construction industry, where onlypieces ofresearch

werefoundthat focuson failure costs.

Table 2.4: Summay of COQ)literature inthe construction industry

Developed Quantifying poor To increase Definition and  Focusing on
methods and quality costand  awareness and implementation failure costs
systems for identifying their consciousness of COQ

capturing and associated causes about the poor

controlling quality issues

guality costs

Construction Construction Abdul-Rahman Construction

Industry Institute | Industry Institute | (1993); Josephson| Industry

(Cll) (1989); (Cll) (1989); and Hammarlund | Institute (CII)

Davis et al. Buriati et al. (1999) (1989) Abdul-

(1989); Abdut (1992) Rahman (297)

Rahman (1993);

Willis andWillis

(1996); Low and

Yeo (1998)

Barber et al. Love and Li Barber et al. (2000) Ali et al. (2010);  Barber et al.
(2000); Hall and | (2000); Barber et Al-Tamey et al. | (2000);
Tomkins, (200p;, | al. (2000); (2011); Jéari Castillo et al.
Aoieong et al. Josephson and andRodchua (2010)
(2002); Tang et al. Saukkoriipi (2014)

(2004);Kazaz et | (2003; Rosenéld

al. (2005) (2009)

Consequently,here is still a lack of proof in explainirte quantification of COQ
in its measuremenh relation tothe operationafailure quality cost andhe mitigation of
failure cost Many organisations have udyéor and struggld in reducing theCOQ to
achiee better quality with less loss but none has successfullyrsti@cost relatioship
to the management tfie project.Due to this, firmamayhave atempedto developtheir
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own methodgo capture the quality costingut there isahuge variability in the standards
and guidelines for quality costingafari & Rodchua, @14) Barber et al(2000 statel
thatinvestmend in recruiting and provithg training in knowledge and skillere needed
for a successful COQneasurethat requires circumstantiatonsiderationin different
projectstage of the construction process§Some goso far as tosay measuring COQ is
dynamic and constantly changing over timeiy&tava, 2008).Thus, construction
organisatios needan integrated measure wheriaisdardisation in measuremenay be
thekey inquantifying COQ.

Nevertheless, to befef ect i v e, an organisationos
considered in conjunctiowith its quantificaion of failure cost (Dror, 20)0vhere basic
guidelines are needed fan individual companyPrevious research shows there is a link
to how failureisac o n s e qu e n c e thoafis exdeweduding thefrbnt eéng o the
project(Josephson & Hammarlund, 199€gually, the core concepts and focus area of
c 0 mp abuginess environmerghould be understootb successfully measuréOQ
(Hall and Tomkins, 2000n reducing failure cosfThe foundations of quantifying quality
failure cost shouldtherefore be defined first @n organisational level rather than at
project level As described byPursgloveandDale (1996)existing quality managemeist
complex and cumbersomeavith much documentationfrequertly overlapping with
procedure and work instructionahich may be thereasonfor the failure to address the

overall direction imquantifying quality.

2.6 The focus on failure

2.6.1 What is failure?

Generally, failure isa lack of success, a neglect or omission of expected or required
action and the action or state of not functioning (Oxfbidtionary). It is a state or
condition of not meng the desirable and intended objectikailure can bénterpreted
differently in different field (Pretorius 2009) but is usually measuck through
predictiors on a financial basis. Most research that fogsi®on failure appears to be
problematic, with many strugigig to define the failure andhe ways in whih failures
have been measured in the pg6astro et al., 1997)n construction projects, Pinto and
Mantel (1990) have agreed that the concept of project failurebislousandthat onlya
few peopleagree on how to define failurelowever, a mutal understanding of failure is
still needed in mitigating the occurrences of failure to improve the quality deliverpand
reduce the quality cost€astillo et al. (2010) describef@ilure aseither product or

procesdailure, a a combination of boththat will consequentlyesultin the additional
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usage of resource®roduct failure can bean error, defect or nogonformancewhich
leads to reworking, repaing, retesting,replacing or rejecting the pduct while process

failure isderived from ineffieent processes that require additional resources.

Based on thigdefinition, some researclseonly considerspecific elements in
construction projestto better understanthange andework (Love& Irani, 2002; Barbe
et al, 200Q Love & Edward, 2004 or defectsand nonconformance of products
(Josephso®& Hammarlund, 1999Joephson, 1998Atkinson, 1999 Love & Josephson,
2004; Jingmond Agren, 2015 Love et al., 201Bas aclassification of failureJanney
(1986) defined construction failuras failure thabccurs during castruction eitherthe
collapse or distressf a structural system to suehdegreethat it does not achieve the
level of safety requiredo serveits intended purposeHowever, Atkinson (1999
differentiatedfailure asa departure from good practice thiateither corrected or not
corrected before the asset is handed over; while defect is described as a shortfall in
performance oncehé building is operational. ither way, his definition shows that
failure is distribued betweerthe construction process drthe finishedoroduct (Hall&
Tomkins, 2000, whether the process is interrupted or the produesgwry in some
way. A failure, for instancecan also be describexsif and whent he f i rmés qu
design does not contain the necessary qualities amtain or improve customer
satisfaction, or quality of production that fails to live up to the design quality as specified
(Barber et al., 2000

From the project management perspective, projectsargidered dailure when
completion time exceeds thee datejf there arebudget overruns and the outcomes d
not satisfy the performance criteria or stakehddler e x p e (Eksakhn & @trsnman,
2014) However, there is aruncertainty with regard to how project management
procesesmay causeproblems in construction (Atkinsaet al, 2006) either towards the
process or the system. Some have triedescribefailure as mismaagement in business
that affects the operationAssaf et al., 2015)poor performancemanagement (Miguel,
20195, or by looking at quality performancéWillis & Willis, 1996) and non
corformance toownerneeds and requiremer(Sower et al., 2007)his has prompted
reflection a» how construction projects with problematic sources might be characterised
and defined as failugse Thus failure is a lack of successa falling short, omissio or
inability to operate any furtheeither during the process ar the final productof a

construction project
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2.6.2 What is the range of failure cost in construction?

Failureis highly recurrent in construction projects (Castillo et al., 20609 there has
beenlimited empirical investigationThe StandisiGroup repori(2014) showshat31.3%

of project are cancelled befercompletion, while 52.7% of project cestre 189% of the
original cost estimatedn the United States, it was reportédat 20 civl infrastructure
projecs in 17 states experienced significant cost increases with poor construction
performance ranging from 40%90% (GAO, 2002) while, in Europe and Asia, cost
escalation is no longer a new phenomenon, but has persisted over 70 years with 90% of
all mega projeatfacing cost overrun@-lyvbjerg et al. 2003) for example among major
problems in constructioprojects,cost overrua and delay with cost overruns commonly
range from 25%33% (Marshall, 2007Flyvbjerg et al., 2002Morris and Hough (1987)
found that 63% out of 1778 projecthad experienced significardost overruns.
Substantially, many projects end with either dispute or litiggtienin, 1998)

Therefore,the construction business recognised adavingthe second highes
failure rate of any busine¢€lough et al.2000) with many projecs often faiing to meet
t he end uaimsid eperation dBasut 2G). According to Love and Irani
(2002) it is believed that failure costs could be 25% of the total construction prpcess
while Taggart et al. (2014) suggesttdht failure coss range from 2% to 6% during
construction and adlitionally 3% to 6% duringhe maintenance period. A study from
Hall and Tomkins (200) showedthatthe COQ in construction projecivasan average
of 18.52% of the project contract sumwhile Josephsorand Hammarlund (1999
estimated posgproject quality failure to be as high as 4% of actual project production
cost.Converselyanother study found th&0-90% of total COQwas failure cosafterthe
project was operational(Snieska et al., 2013)Thus, operationalfailure costs are
determined as one of theost significant quality cost(Snieska et al., 2013)and have
been saido bethe most difficult to evaluate among all quality @Bt construction
projects(Sower et al., 2007)as operational failure costwas classified byFeigenbaum
(1991) as a cost of failure control (Figuz3). Many have now questioned how to
calculate and estimate the failure cost to masaénbenefits from COQ to reduce the
failures. However, @ast development matters may be held back kyptloject owners, as
failure costis often considered as reputation elements towards the o{¥igvbjerg et
al., 2003) but establishing reliable cost data is often highly too®suming or even
impossible.Thus, many projestmay not quantify and clagffailure coss; as a result,
failure coss are still highly recurrent (Taggart et al., 20149t understand andre not

leamt from one project to another.
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> Prevention Cods
Cog of Control
> Appraisal Cods
> Internd Failure Cods
Cog of Failure Control
> Externd Failure Cods

Figure2.3: Quality costs: cost of control and failure (SaurEeigenbaum, 1991)

Nonetheless, xamples of posproject failure arestill widespreadIn the United
Kingdom (UK) an air traffic controkentrewas 10 years over scltile and still required
reworking a year after openingBBC, 2002) Berl inds Brandenbur
functionally fit for its intendedpurpose resulting in significant cost overruns and time
delays from its 2011 openindgdeathrow terminal 5 had a disreptopening costing
British Airlines (BA) $31 million in the first five days(Davies et al.2009) Seventeen
schools in Edinburgh were closed after yi€ars of operation witla £870,000 cost of
failure, found anindependent repomindertaken by Edinlsgh city council (Hackitt,

2017) Within these examplesnanyprojects arsstill continuously being buildespitethe
numerous records of poor performariEg/vbjerg et al. 2003) this showsthe significant

needfor greater quantification and understanding as a way of improvement

2.6.3 How failureshaveimpacted the industry

The @nstruction industry isiniqueand thisrelates tothe fragmentation othe project
economic cycle and political environmemhus, failure impats the construction industry
differenty in different aspecs according tothe nature of theroject. Osmani et al.'s
(2008) research showshat construction, demolition and exedion is impacting the
wider environmentswch asthrough waste prodction with an estimaté 91 million
tonnesbeing producedin 2003 Typically, the consequences of fagucould come in
severalforms, such as construction fataéis injuries, structural damage, damage to
contents, loss of functionality or environmendaimage which should be defined clearly
at thetime of the consequence&as notify In some cases, failarin construction lao
relates to occupationahealth and safety(Yates & Lockey, 2002)or design for
construction safetyf{Behm, 2005)that involves the labour as well as all professional
stakeholderdn 2006,the UK and US construction seceshoweda 3.7 and 4.1% fatality
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raterespectvely, while Singaporenad39% ofthe total of 62 workplace fatalitiesvhich
contributed to problems in constructifiang et al., 2009) The study furthehighlights
worker safety as contributorto constuction failures that impaabn the construction
safety. Therefore, failuresn constructionmay affecta project throughoutts lifecycle
(Josephsor& Saukkoriipi, 2007, which negativédy impacs the effectiveness of many
construction projestandcausesinancial losse¢Weinstein et al., 2009

Further to that, fédure in construction projest as mentioned by Assaf et .al
(2015) will impact thegrowth rate of the sectowith reworkbeing identifiedas the most
significant factor that contribaesto project cost increases and scheduleyde{aove at
al., 2002 Hwangé& Aspinwall, 1996 Love & Sing, 2012. The changes that occur during
project development may have significant and often unpredictable isnpactan
organisation ands managemenwhich have not been clearly identifiedt is difficult to
determinethe nature orcauseof some failure(Love & Sing, 2013)that predominantly
involves human errors (Lov& Jospehson, 2004)requently, reworks are associated
with defects that includa lack of quality workmanship, poor design, martfaing,
fabrication or construction that may have impacted the operations @ntenmance (Love
et al., 2018).

In some cas® failuresinvolve bankruptcyof construction companiedKangari,
1988) andimpact onanor gani s at i o(Bafpis& Prioe,p2008 &eb & have,
2017)and mangement performance (Miguel, 2013 hus, construction participants are
still unaware of theppropriate aan they need to takehe construction industrypeed
further understanding tmfluence the behaviour of project syste(hove et al., 20R).
Without good managemerdwnerss suffer compensation liabilgs (AbduiRahman et al.,
1996, which could be lessened ifiore deta# of project performance could be monitored
and forecastetb betterobtainquality and efficiencyFindings fromMir and Pinnington
(2014) showedthat the management oemployeesis directly related tothe project
environment and Isaa greater impct on achieving project successthus failure in
construction also impacts low motivation an 0 r g a ndarsiagt whiohntldes
prevens the retention ofearnt knowledggCooper et a] 2002)to beincorporate into
the next projec{Kotnour, 2000) Project organisationmay lose knowledge when key
persons leave the organisatifkert et al., 2015 The project processetop while the
new person leamaboutthe project and this preverg the establishmentf trains of
thought.Hence, the failure in constructiomill impedeprojectinnovationsto increase

business competitiveess (Holt, 2013) which need further manageriakigour in an
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approachthat has more d a practitioneroriented focus rather thanonly looking at
technical tools (Daviest al., 201% to reduce project failre rates. The impact of failure

in construction management may be acknowledged by construction stakehold&rs but
what exten failure may impact projecd ®wner and itsmulti-organisationahetwork

need grater clarifications in tersof its cost andmplicatiorsto project management.

2.6.4 What causes failures in construction project management?

Failure in the construction business is among theheist in business. Althougthne
precise cause ofoastruction business failsas hard to define, most are atéd to
financial managementproblens (Kangari, 1988) Rework usually arises out of
incomplete and erroneous informationoye & Li, 2010) which later beame failures.

Thus, failure can be the result of missing activities, lack of product analysis or inadequate
control of the development functioAdditionally, Josephson antlammarlund 1999
suggested that most failure ar&riauted tothe poor skills of site management whidre

causé by defective workmanship, defects in products, insufficient work separation,
inadequate construction planning, disturbances in personnel planning, delays, alterations,
failures in setting outand coordination failure. The studyuantified these failures as
either design related, poor installation of material or material faildelitionally, in

other studies managerial factors were identified #se predaminant cause leading to
defect with communication issueas the most significant caugatkinson, 1999) Two

case studies bgndi and Minato (2003pgreethat information and low motivatiomre

the predominant causeof defect Lack of information abouthe project causes sub
optimisation and resultsn a lack of understanding of how specific tagt@uld be
incorporated into the project and their relewee tothe endproduct(Love & Josephson,
2004)

Generally, the causes of quality faduand defect in construction projects are
manifold. As mentioadearlier, failure can be associated wtitleinternal production o&
product or construction of building(Jingmond & Agren, 2015)pr they can be external
causes related tthe work of different actors, environmental changes or organisational
issuegNewton, 2003)Tam et al. (2000fjound that cultural facts or global factorsvere
the major cause of quality issyeshile Fyvbjerg et al. (2003) identified that mega
projecs fail due to underestimated cest overestimated revenues, unvalued
environmental impacts and overvalued economic development .elifieconstruction
projecs, norrintegrationof different organisatiomquality-focused maycorrespondingly

result in quality devigons (Love et al., 200R Similarly, Love and Li (200) concluded
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that a lack of quality focus by design consultansignificantly affected project
performance, with no preventioof poor quality which that resultedin operational
failures during productiorDahlgaard et al(1992 explained that manguality failures
can be foundn all departments and functignand that some potdial failures post

production are due to failures origimgg in the service departments.

Consequently, wglity-related issues are frequently asedbto organisational
conditions (Josephson, 1998kluding changinghe key personwhich leads to projed
organisations losing important knowledg®everal studiediave indicated that many
failures are influenced by various tyef human errorswhich include knowledge not
beingcurrently available, delayed communicatimnacquiing knowledge, ignorance of
recently acquired knowledge, misunderstanding of accepted knowladdegutright
ignorance or incorrect procedur@svy & Salvadorj 1992) However, human errors are
alwayscaused by the actions widividuals; thus it isindividuals whoareacing wrongly
that may cause the failur@hus, failure may occur whetie worker is forgetful or
careless(Styhre etal., 2004) but individual actionis usually influenced by how the
organisation is designedo that many causes are found to Wwéhin organisational

aspects.

Due to this, with regard to the causes of failureany researcherare highly
idiosyncratic either specifically to one organisatiam project(Morris & Hough, 1987),
only focusing on reworksr defect(Barber et al., 20Q0Love et al., 2018)on complex
projecs (lvory & Alderman 2005; Robertson & Williams2006) or generallyon poor
performancéWakchaure & Kumar, 2011PDthers haveleveloped an operation systéomn
identify ¢ o mp a mailuee Kangarj 1988; Russell & Jaselskig992) and look at
managerial problems (Pin& Mantel, 1990) Some factors are intrinsically relatedtb®
construction organisatiorthatare solely responsible for managing them, whereasther
are somehow closely related to how the organisation ogerateerms ofthe socie
cultural, economic, technologit or political environmen{Baloi & Prince, 2003)lt is
understood thathere is a common link between failure to produce and failure during

process in how they will affect both cost and management.

Edward Deming has long suggested that most qualityréain a Western firm is
attributable to managemeipiaying little or no attention The UK industrial society
showed thatompanies whose projects failed had no project management infrastructure
(Amyas 2015) Typically, the construction industry depends on successful project

management to manage project sucqddsnns & Bjeirmi, 1996)as the success of
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project management has often been associated with thetittamime of the pro@. Yet,
failure occus as a consequence of multiple interactions, intermalordination and
complex system fothe nature of projectdvory & Alderman 2005) lka et al, (2012)
demonstrated thaiompleting a project withigost, scope and time $sill not enough and
the project carstill fail, thus suggestg the necessity to investigate failure beyond the

abore-mentioredcriteria.

Stakehtdersinterest, project functionality, learning potential and value added to
theorganisatiorall need to be accountéor as standard®r understanding project failure
(Nelson, 2005)Research by Daviest al. (2018 shows thatmany complex projestfail
because of unsuccessful transition from project to operatibeaorganisatios involved
fail to adaptto plans and provide innovations during execution when fa@ng
unexpected changer new opportunity. AlthoughSun et al., (2017)xhowed team
diversity is the most important enablef innovation performance in gaining process
success, many profess®im construction remain trapped in théunctional discipline
(Munns & Bjeirmi, 1996) which prohibits the integrative multdisciplinary process.
However, the interrelationship of these causes with failure is yet to be studied and
guantfied, which would be helpful inprovidinga better understanding of the operational
interaction of the causes and in providing better learning, design, construction and

functionality of a projec{Wakchaure & Kumar, 2011)

The i n ¢grobdem inydévelopingts econony was categorised b@gunlana
et al., (1996)as problems of shortages or inadequacies in industry infrastructure,
probl ems by «cont yoaioadeguadies oripnoliemsngaesedammers e
and consultant©OlomolaiyeandOgunlana1989)indicated that major problesfiaced by
contractos in developing countries have been classified as problems imposed by the
i ndust r yduse, inaccdrateargotnration and frequent changes in instructions and
failure to meet obligationsThis indicateghat a strong relatioship is required between
the contractorand theownerwhich requirs the owner to have stronger management
role Although construction failure can never be completdigninated, the construction
environment could always be improv@dates & Lockley, 2002)Lessos learnedfrom
multi-case studyof failures can obviate the occurrence and reduce the risktufe
failure. Much literature shows the fundamentatoblem with identification of cause and
effectof project failurebut does not examine the relationship between prasssties

(Love et al., 200p thus failureis not learnedrom.
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While much ofthe project management literature defines critical success factors
and even identifie the causes of project success or failureost researcliloes not
satisfactorily explain the reasons behinthe causs (Davies et al., 201%. Typicaly,
projecs find difficulty in visualising all problemsthat are involved until thebusiness
conceptis turred into a specific project brief failure is only realised when there a
mismatch between budget expeaati and proposed project costs.which case most
projecs continue tocompletionwith reaulting failure during operationbut most studies
on quality failure tend not to differentiate among those parties responsible for the cost
incurred (Love et al., 2002)Many failures in this viewpoint, arethemanage ment ¢
responsibiliy. Therefore, improving the failure investigation process waquidduce
results to providensight into the behaviour odrganisationstructure in construction
Although research by Love et dR018 showsthat contractorsare reluctant to share
guality failure cost because of issuesf commercial confidentiality anthe potential
impact on their reputatiorMorris (2013)emphasied the importace of understanding
cost besides scope, schedule and stakeholder eraeat) in achieving successful
managementut there are currently few references available irpgrénent literature. B
knowing more about the causes of failures, or performance, and quality probigits
relationship to cost incurred, will provide management with information about process

failure andhow topreventanyfuture occurrence

2.7 Chapter summary
It is clear that COChas not been widely appliad the construction industryand has

somelimitations The emphasisust be on the applicaticand capabilities of the owner
to mitigate the occurrence of quality failureshich requiresan understanthg of the
skills beyondmereCOQ measuremenChapter 3 focuses on tleapabilities forfailure
mitigating literature including the introduction foprojectbased organisation (PBO) in
managing the different capabilities withthe multi-organisationalkconstructionsupply
network It also introduce the dynamic nature of failure in complex infrastructure

projecs.
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3Capabilitiegsproaj eompl ¢

3.1 Introduction
This chapter focuses on the literature pertaining to complex infrastructure groject

particularly the development dlhe projectbased organisation (PBO) as an advance
project management developmenhis includes further gtoration and explanation of
the diversity of capabilitie®f a PBO to generate the understandinfyfailure-related
capabilities Also, literature thatis relevant to knowledge owrapabilities forfailure
mitigation is also describedThis includes the dimmition of capabilities, how it can be

developed, and the potential problems that can arideingit.

3.2 Failure in the dynamic nature of construction projects
Given the view of the previous published and limited literature in understanding COQ in

constuction, specifically looking at operational failusnd its qualitycost, whether

within the construction project management or general organisational context, it is
important to review the functions and operations of complex organisations to further map
the context of the study. As emphasisedMuyris (2013;p.6), Urfilerstanding history is

a sign of maturity. Where today history is rarely viesvobjective, disinterested enquiry

but rather social constructed. He took a view of how ever
generic development cycle: from feasibility to operations, but the developifeestle

of each project is what distinguishagsfrom all the othersRecently,the research of
Zerjav et al(2018)looked into the assembly of project capabilities in the temporal inter
organisational setting of project delivery, and has recogrisedelation of failure with

poor management of capabilities.

Generally, the nature ad construction projechas beenlong knownto be a
complex and a dynamic proce$3equentlychanging technologhas often required a
bespoke desigrnto addresgapidy changingmarket needgTurner & Keegan2000)
Mulholland et al (2016) described technological obsolescence within theratipg
system as a high risk to systems failure, and will lead to unforeseen and unplanned
operational costsA successful project managemeasrecognised byDavis (2017) is
dependent on the recognition of both internal and external fattat will influence the
final outcome thus, any discrepancy betwepmoject expectatiammay influence the
succeskl delivery of a proje@ soperations Project managers in theonstruction
industryhaverecognisedhe importarce of operational performance, beyond delivery to
project time, budget ancbmplianceto technical and quality specificatiof&ubry et al,

2007) From this viewpoit) projectmanagers mustreate value for the benefit of the
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business which reuires human, budgetary and technical capabksitbeyond those

required bythe projects themselvéBinto & Prescoft1988)

The fragmentation and irfefiency of creating value within the complex
connections amongt multi-organisationa needs collaboration between owner,
contractor and supplier alliances to align the diversity of capabilities in managing
projects. Literature acknowledgehat construgon participans are also known as
construction project fims who are unique entitidbat are created through a complex
integration of capabilities, with interdisciplinary information and knowledge,
responsibilities and objectivediu, 2008) However, little is known about ®o they
mitigate failure and thecapabilities that are needddr construction participant to

mitigate the failures.

While all projecs are acknowledged to be differefftom one to another,
construction project management is also a Apliise process thet frequently divided
into decision and concept, design, construction and implementation, as well as
maintenance and demolishment pés(Hu, 2008) sothat each project experiences a
unique process on its owWwinch and Merrow (2012xrguedthat failure to achievean
efficient and effective construction lifecycle will lead to heavier and -teng
implications for other assets in the economy and for sqdiaig,preventing thevalue of
projectos cap ab iMost projects frequentgelivee failargsrini cetieatl .
operational outcomes, creating risky operational readintbss constraining future
i nvest ment s. I n this sense, tareeistiochintlratact er
every project should be treated as sepavaté its individual settingswhere each
construction project is discrete and tempor@ygsenfeld, 2009By distinguishingthese
characteristis, Jaafari(1984) suggestedhat performance and failure issues are more
effectively addressd in understanding the functioning of the project itself as aslits
benefits tothe broader economyherefore,capabilitiesto mitigate failure are clearly a

significant concern.

Project management studiessre@mow movel from the classic view dahe project
management structure towards how organisations are managing projects. The term
projectoriented is well acknowledged as projebasel organisatioa responding to
organisatios whose strategic business objectives rely on the results of projects or
programmes (Gareis 2007) However, within the projectbased organisation (PBO)
literature, distribution of capabilities needurther understandingn relation to how

temporary project organisationsan create a lasting performance that collateand
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integrate different knowledge andkgls (Brady & Davies 2004; Pryke & Smyth2006;
Winch, 2010) The meaning of organisation, management and construction project
management within PB€n general is significant to further understand how this process
is influencing operational failure in construction progds the operational failure is the
focus of this research, both project process and management aesl @igvdynamic,
operating from the view of the processes embedded in both project management and
organisational levels. As sucthe researclagreeswith the needfor a stronger owner
managemenview of the multi-organisationaproject environmenandthe need fothe
owner andmulti-organisationalsupply networkto advance their capabilitie@Vinch,

2014; Winch & Leiringer, 2016)both strategic and operational capabilitieelfat &
Peteraf, 2003; PenrBlora etal., 2003) to achieve project qualitgBubshait 1994)and

more importariy, to mitigateoperational failures.

Thus, this chapter definethe PBO and capabilities in complex projects. This
includes how complex construction progere managed in PBO drhow capabilities
are defined withirthe owner andmulti-organisationakupply network There is a clear
articulated theory of capabilities in this chapter. This is to initiate some underpinnings
and intricacies of the concept and context Hratompare and discusskto address the
benefits of understanding the concept in the construction industrythenthck of

attention to it in responding to operational failure.

3.3 The project-based organisation (PBO)

3.3.1 What are they?

Projectbased managemer# usel in adapting to the changing environmé¢hundin &
Soderholm 1995; Hobday 2000; Turner & Madilley 2004) such as new produgt
proceses technological or market changéf¥eece & Pisano1994) According to
Melkonian andPicq(2011) the complexity in current construction proghas increase
the level of uncertainty as well as rigkus promang the introduction of PBO. This is
understood to be ideally suited in dealing witle dynamic, unstable and discontinuous
environment of construction projedtduemann2015) However, failure in many project
still regularly occus. The complexity of a project can be explained astemporary
coalitiond which extenls beyond the boundary of the single firfidobday et al.2005)
thatis no longer suffient for a firm to createa long-term and sustainable performance.
Firms are forcd to advance from single to multiple project manageng8oterlund et
al., 2008) As a result, failure mitigation must be understood beyond a single firm and

project.
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Some studiebavesuggestd the PBO is a natural organisational formadfoPS
(Complex Product System) producer, typically when sevesalpplier partners ee
engaged with the owner through various ssagfeinnovation and productio(Hobday
2000; Gann & Salter2000) Consequentlythe PBO (Figure3.1) is an alternative to the
matrix-based organisatiofAubry et al. 2007)Figure 3.2);, it is an organisation thamhay
stand alone or be a subsidiary of a larger firm, in wiiemajority of the producs (or
services) are develep againsta bespoke design for either internal or external customers
(Turner & Keegan 2001According to Turner and Keegan (200X)the end product is
bespokethe intemediate products also bespokeand thusthe processesequiredto
producethe projectwill be novel on everyroject This requirs integrated capabilities
(Davies, 2004)in responthg to the bespoke intermediates to mitigate fajluhes is
different to the matrixbasedstructure which may require oneff failure mitigation
within each table processalthoughthis has not éen explored within the context of
project management in failure mitigaticddustomer requiremesfrequenty change with
different competernies and technologyequired. As a resulthe nature of the project is
unpredctable and compleXTurner & Keegan2000; Morris,1994; Winch & Merrow

2012)and perhapsicreass therisk of failure during operations.

Project-based
organisation

Function Function Function

I [ I
Bespoke Input | Bespoke Intermediate | Bespoke Product

N P T

Novel Process Novel Process Novel Process

v v v
| Failure mitigation |

Figure3.1: Projectbasel organisaibn structurg Adaptedand developetrom: Turner
andKeegan 2001)
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Matrix-based
organisation
Function Function Function
I l I
Sable Input | Sable Intermediate | Sable Product
A

Sable Process

Sable Process Sable Process
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Failure mitigation Failure mitigation Failure mitigation

Figure3.2: Matrix-based organisation structy#daptedand developetrom: Turnerand
Keegan2001)

The PBO is inherently flexible dnreconfigurableand enables the combination
and transfer oflifferent knowledge througmulti-organisationaland stakeholders ia
complex produesolving procesgSoderlund& Tell, 2011) and quastpermanenintra-
organisational coordinatiofBydow et al.2004; Bredin 2008a) The PBOmust develop
project capabilitiego create lasting performance based on multiple sieom projects
(Davies &Brady, 2000 that collate and integrate different knowledge and skills during
the Gemporary proje@(Pryke & Smyth 2006; Winch 2010) This form of organisatian
which mainly operats on project forms as a domaifHobday 2000) embedling
different projecs into their permanent organisational conteRelps to address the
dynamics of management in a more adverse environrHemtever,with the absece of
managemenof capabilities within the PBO, the remaining phase g@iroject or future
endeavows will continue with less development of crucial business ingi§étts et al,
2016) whichcould lead to operational failure.

Davies andBrady (2000) extendingChandler (1992)explaired how suppliers of
CoPS build the capabilities required in the concept of construction project activities (e.g.
bidding, ppoject design, implementation and-demmissioniny} Within the changing
environment, the PBO needhe ability to reconfiguremulti-organisationalsupply
network capabilities by linking supplier integration with thmerformanceoutcome
(Vanpoucke et al.2014) The dallenge is that it can be a rather perpetual and cyclical
process that requiseconstant reevaluation and change from one project to another
(Zerjav et al. 2018) in which each cycle nesdnanagementn putting in place the

organisational changes, routine and learning procé&sses & Brady, 2000jor the
54



owner andmulti-organisationalsupply networkto providethe capabilities to mitigate
failure. This study acknowledged how the conceptafepeatable soluti@by cycling
experience from one bid project to anotleuld help owners in capturing valuable
capabilities thus leathg to a better mamgementin reducing quality cost that further

mitigates the operational failure.

It is argued thatwithin the nature of complex projecbwners and operators play
the most important roles in keeping and advagdhe range of capabilitig¥Vinch &
Merrow, 2012)that is generatethrough different individuals and expertise across the
organisationgHobday et al., 2005)This perspectivebrought byWinch and Leiringer
(2016) and Winch andMerrow (2012) showed greater lirdgeto how owners in the
permanent firm will impact &project organising anthe operational sides of the project
(Winch & Leiringer, 208); thus suggestindghe role of capable ownets better manage
capabilities in mitigating failureWith the temporary nature of projecteundin &
Soderholm 1995) a repeatable solution needo be capturedby concentrating on
operational impacts(Slack 2005) and involving a diversity of capabilities from
professional managers to technical engiseefhis may be achieved through
understanding the right distribution of capabilitiesaioomplex projectintegraing the
strategic and operational capabiliti@redn, 2008) may be needed, but attention needs
to be focused on the capabilitie$ failure mitigation This will help to generate
systematic integration that combsedoth frontend and posproject details of
perspective in identifying potential processprovement(PefiaMora et al, 2008 to
mitigate failure.

3.4 Complex product system(CoPS)asa PBO

3.4.1 The CoPS How arethey forned?

According to Hobdayet al. (2005) PBO are more suitabl® tmanageCoPS butrequire
strong integration between thawner (often as a source of innovation) and other
collaborathg companieswhich will provide the opportunity forthe ownea to manage
different capabilitiesto mitigate failure Accordingly, Hobdayet al. (2005) have
suggestedthat CoPS are highechnology and highalue capital goods, such as
telecommunications systems, flight simulators, kegked trains, air traffic control
systems, intelligent buildings, weapon systems and baggaug#ling systemssannand
Salter (2000)mentionedthat CoPS are usually supplied as afé items or in small
batches for individual business users that require systems managenheyroject and
business process. Accordirto Hobday (2000) each ofthe CoPS is designed in a
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hierarchical manner and taitanade fora specific customerthey arehigh cost and made

up of many interconnectexystens that often involve customised parts (e.g. control units,
subsystems and components). Due to the high cost, @lysegale and composition,
CoPSare frequently producedy projects or small batches, which alleor a high
degree of direct user (sometimes owaperator) involvement in the innovation process
(Hobday 2000) Consequently, this requsethe capabilities from the ownemnulti-
organisatioal supply and operator network tchieve the desideinnovation forthe

CoPS to avoid operational failure, and yet these capabilities are not well described in the

literature of howtheycould mitigatefailures.

Each CoPS is a highly innovative fornmat makes different demansl on
innovation of the product. This is frequently expericedin the forms of project
managemenin the PBO, which acquire cycles of creaj and recreaing organisational
structures and processaround the needs of each prodamd custome(Davies &
Mackenzie 2014) In some cases, as daimed byHardstone (2004)firms that once
producel standalone produts havethe opportunity to increase the degree of complexity
of managerial choice and have moreoppt uni ty t o beconBgstehsyst
companies canperatefrom a considerable diversity of strategy and structure that would
appear tayive a considerable scope for strategic variatyhe ndustry in reforming the
emergence of CoPS (i.due b technological changeslPorter 1980; Bonaccorsi et al.

1996) Bonaccorsi et al. (1996further elaborated that the interaction between
components cannot be solved through a fixed set of physical parameters at the beginning
of the design process, but changes over time during the process. Therefore, CoPS are

those produstthat result from

€ agreat variety of components and subsystertts lwgh technology content,
are realized in small series or as single models, present high levels of
customization, and are normally realized through a prepeed organization
and a wide range of intasrganizational relationgBonaccorsi et al., 1996,
p.540).

In summay, CoPS are product components that by themsedves complex
systemcompogd of subsystems or componerfisardstone2004) the system exhilsta
high degree of customisation, reflecting the huge heterogeneity of user requirements. This
is due to the fact that systems ,aremost cases, pies®f capital requirement, whose

physical characteristsareflect a wide variety of requirements and operaiaonditions
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(Pellegrinelli 1997) According to Hobday2000, the characteristics of CoR&n be

summarised as

Multifunctional and involve muldisciplinary skill/lknowledge inputs.
A systemlifecycle thatmay last for decades and has a large product or system
breakdown structure.

1 Usingmany custonsed commnents and equipment often involving long delivery
lead times.

1 System requirements analysbatareowneroperatodriven. It involves high
levels of peopleembedded knowledge in systems engineering, design and
development.

1 Its success depends on a hig¥el of core competencies in systems engineering

and integration and complex progna@management.

Therefore, inherent complexitfHardstone, 2004)s created from larg product
components, taskand human interactions that could possibly be a major source of
project risk and uncertainty in contributing to project challenges, failure and impairment.
Ahern et al. (2015¢mphasised that CoPS are diffietto traditional projec (that may be
very complicated but fully specified), wheethey can be defined as projedhat cannot
be fully specified and planned in advance. Typically, the goals of complex projects a
the initial assumptionsan often only be specified in outline or in part, which entails
incomplete project plans at thiers (Pitsis et al.2003) this requires aidiscoverydrivend
planning approach for complex projects in promoting continuous learning over the
lifecycle based on the project egoals(McGrath et al.1995)

Accordingly, the complexity of CoPS and the organisational arrangements for
their design, development and commissioning are capdisigoporting a wide varigtof
firm structures, strategies and capabilities that will enforce the CoB8es & Brady
2000 to build the capabilities required to successfullyamxpthe new product or services
(Soderlund et al.2008) However these capabilities frequently can only be specified
after the project is delivereahdthis thusimpedes the innovationsEthiraj et al. (2005)
arguedthatthe interactions between these components in a product system condition the
research and designathwill incentivise firms, which means the incentives are also
increasing prior to the investmenis the capabilities. Yet, this logical problem of
incomplete pregiven knowledge together with its practical implication for developing a

capability for prodction and learning in CoPS are not fully undeodt by the
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construction stakeholders. Although managemeniofti-organisationalalliances and
owner institutional arrangemestto facilitate system implementatioils common in
undetaking innovation for pyduction (Hobday, 2000), CoPS requires the mobilisation
and management of a wide range of capabilifgéann & Salter 2000) that are rarely
found within the sphere of control and ownershi@agingle enterprise (@.the owner).
Rosenbloomand Christenser{1994) concluded that incumbent success failure is
independent of the technical capabilititisat are required or made obsolete by
innovations. Howevemwnerss differ gredt in their ability to transform the generic need
into the detaikd specifications of theequired product, thus what factors will enable the
CoPS to be more effective in dealing with mitigating failure capability, both foreseeable

and emergentre stillnot fully understood.

3.5 Capabilities in project-based organisatios

3.5.1 What is capability?

Generally, capability is thability to performa specific task Oxford Dictionary). Thus,
capabilities may come in many forms and variatiwgh as individual, managerial,
operational, marketingased or tehnolodcal. In organisational capability theory,
capabilities are embedded in idiosyncratic social strusthed are develggdthrough the
context of organisational resousq&chreyodgg & KliescHeberl 2007) thus,capabilities

are complex in naturénvolving both formal and informal processes thgconceived as

a distinct behavioural patte(Dosi et al, 2008) In achieving superior performance and a
unique historical development, the ability to recognise, sense and shape the developments
of capailities is needed to build the foundation for sustainable competitive advantage.
However, the ability to recognise opportunity diffedependig on the individual
capabilityand exént of knowledge or according to the knowledge and learning capacities
of the organisationto which the individual belonggMayer & Salomon 2006)
Specifically, in projects; the abilityefersto meetingthe owneits need and requirement

for functiondity, quality cost and schedule.

In the literature of organisational capabilifgjichardson (1972nade anearly
observation on how eoperations arrangementsvieanfluenced many studsin various
definitions of @rganisational capabilitiés The ceoperative arrangement will not be
succestl without the elements of organisation, knowledge, experience and skills. He
elaborated that large numbesf activities cared out by a firm have to be carried out
with appropriate capabilitieswhich are in other words, appropriate knowledge,
experience and skills. He further mentionédor gani sati ons wi | | t

58



activities for which their c¢apaRdhdrdsdni e s
1998 p.88§. Within this, organisatioal capabilities were later identified and defined by
othess as @rganisational routinégSpender1996; Nelson & Winter2002) asdstrategic
and f unChandlerh982) 6 arshiedural and component &nw!| e (Rghbedta

& Kim, 1990) as@ source of orgasational synerg¢ ( Chandl er ,ahigh9 92) ,
| ev el thabrapresente @epository of historical experigiza#lo & Sidney 2002;
Winter, 2000) and recently many studies have startedacknowledge capabilities as
6or gani sat i(@mtar] 2000;eDavies iand gvidackenzie, 2014; Ahern et al
2015).These different definitiomof capabilities maké difficult for the owner ananulti-
organisationakupply networkio align expectation about thegrojecd sutcome,as it is
frequently assessed with mudtimensional measus@f operationaperformancgPeng et

al., 2007)thatincludecost, quality flexibility and delivery measuse Thus,this may lead

to consequences of failure afinal output.

Capabilities are seen to be evolving and devetpghrough the pursuit of
business objectives. This may be throuthie innovation cycle ofgoal, pra&tices,
learnings and developments or through reflection (DasieBrady, 2000). Although
every organisation may uphold specific specialty in certain activities, the organadation
industry may also adajtself to the fact that activities may be compleraeynfrom one
to anothe(Graham 1999) this also appliego thecapabilities. @pabilities are observed
as evolving activities through an iteration of doing, learning and repeat doingpich
each sequence will expand knowledge and enrich core competéviaies & Levinthal
1993) However, inAhern et al. (2015)capability development is described as uncertain
in terms of its outcome, as capability learning that is poorly understood can lead to
enactment of poor execution or learning that is forgotiapability emergewith better
managerib discipline alongside & development in a complex project as long as the
combination of these capabilitiemd itsinterchange is well understood by the multiple
partiesthat are involved(Peng et a).2007) However, sibsequent changeasto be
communicated and coordinatddough the project lifecycle in ordey mitigate failure.

In project capability buildingPenrose (1959lescribeda resourcebased theory
of firm growth and capability building
suggested capabilities as a source of firm resources. Howevendieh (1992) argued
that resources alone do not create value, but neettaw upon the knowledge and
experiencd or thedrganisational capabilitié$ in working together to control both the
use of resources and the perfedractivities that create cgoetitive advantage. This
requires specific knowledge, creative activity, and the ability to understand user and
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customer decision making and practical wisd@onaka & Toyama, 2005Given the
numbers of diierent organisational entities, one common assumptions associated with
capability is that capabilities are inherently complex, causally ambiguous and difficult to
replicate (Barney 1991; Teece 2007) This prescription is therefore relatively
straightforward for am@s in which an organisation has relatively weak capabilitieser

and Salomon(2006) suggestedt is more efficient for this organisation to use different
forms of governancéo gain access to the skills and capabilities that it lacks, because it
will be very difficult, costly and time consuming to try to develop those capabilities from
scratch.Accordingly, e capabilities differentials holds important applications for the
identification ofdmistake$® and will only help firms mitigate some contractual hazard
(Wu et al, 2010)

Capabilities are tacit in the nature of social process; they emerge gradually over
time, and need to be explored, experienced and innovated through dynamic interplay
bet ween internd capabiliyand the changingature of the project (Leonard
Barton, 1992; Davie& Brady, 200@), which will influence a new set of services (Davies
& Mackenzie, 2014) in gaining learning for future irbeganisationahetwork
capabilities to mitigate failure®avies and Brady (2000ater introduced the additional
concept of oOproject capabilitiesdé in refe
produce complex product in low volumes. They have further refetoed pr oj ect
c a p a b aslthe abjliy of projecthased orgasaions to delivercomplex product
system8 by managing the org@saion, processes and procedures for biddioigand
delivering projects to customer specifications. This séethe developed with the project
management capabilities to conceive, desigd coordinate the development of large
scale systems that include multiple disciplines and many participating orgarssation
(Sapolsky 2007 at strategic, project and functional levels of midtiel agproach
projects. Many still wonderhow the functional level may be defined in the project
capability. For example, for a purchasing owner organisatitre functional levels
almost always dynamic because they extend the resbasee of that organisatipiut
not its &core business(Kay, 1993) Therefore, Winch and Leiringer (2016.2p2) have

proposed the owner project capabilitéess

€ the dynamic capabilities required by the owner organisafor the acquisition

of infrastructure assets in order to extend or improve its operational capabilities
in distinction to the operational capabilities deployed by the prdyased firms
which supply those assets
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Within all the different contestof how capabilities are defined,is envisaged that there

is a need to advance the capabilities definition in relation to failure mitigdtis thesis

will considerthe underlying definition of capability theorgsthe distinctive managerial
knowledge, eperience and skills located within an organisation which are required to
establish, coordinate and execute a project. This includes a distinct behaviouralgbattern
content and structure that suppdhs construction business, projgmtogramme process,
and the diversity of stakeholder involvement in developing a better understanding of
organisation sapabilities.

3.5.2 Why is it important to understand capabilities in mitigating failure?

Capability priorities are often tacitly held by individua#sd are frequently embedded
within the wider business organisation and strategic context of the firm (Br&xhvies,

2004). In project managemeniugdev et al. (2007gxplained that not all assets
constructed withthe input of interest(either tangible or intangibjewill generate
competitive advantagesConsequently, the outcome obtained from the project
maragement process determsnéhe degree of competitive advantage. Thus, it is
important to improve the understanding of these tangible and intangible elements as
project inpus thatareused ashe project management capability of the firm in mitigating
failure at the output of a project outcome. Finasy systematically with the availability

and allocation of resources that are rare and superior in use, through the unique historical
developmentthus capturing capabilities leado a greater configurationf gesources
(Schreyogg& Kliesh Eberl, 2007) and facilitaggproblem solving (Dosi et al., 2008
However, multi-organisationalcapabilities are acknowledged to be embedded within
projects around the transmission of resosiez@ people (Davie& Brady, 2A.6). These
capabilities are believed to be nesting in different prejestd stronger managemers
neededo capture and acknowledge ithealue in improving project managemdftynn

et al, 2010) However, the understanding of capturing the diversity of capabifibr
capable ownerto generate competitive improvemedmis not been widely address

specificallyin mitigating failure

For a frm to compete in a faghoving construction project environment, it
requires continuous creamn, extendhg, upgradng, protecing and maintaining the
relevanceof the capability towards the project objectitiee firm alsoneed to embrace
its capacity to shape the ecosystem it occaipie capture sufficienvalue(Teece, 2007)
to deliver superior longerm financial performance and assist in mitigating failutdss
is significant because different capabilities have different costs and benefits associated
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with their development or gaisition (Ethiraj et al., 2005)and this needmanagement
attention in making such investments in the capability development to improve the
establisiment of project competence and project capabilities (Dma&eBrady, 2000;
Soderlund, 2005)-or Colotla et al. (2003)capabilities are a primary sourcgprofits, as

most empirical and theoretical findings have sholmow certain capabilitieshave
impaced performance in various ways (Bhwa& Davies, 2004; Rangi, 20L4but more

work is needed to develop practical amvirom the operational perspectiWhyte & al.,

2016) and particularly pertaining to operational performance and failure mitigation
Typically, the capabilities emphasised organisation, management, coordination and
governanc€Kogut & Zander, 1992)ut the set of these activities needamisation and
coordinationof distinctive competencie§Soderlund, 208). In line with Rungi (2014)
different activities impact different outcosighus, project capability changghen the
surrounding environment changes. Reasonably, disaggregating capabilities into several
measures magreatedifficulties ascapability isa social construction (Ethiraj et al., 2005;
Peteraf et al., 2013) huas the capabilities are specialised and are complementary to the
output of a project, the deployment of theses sétactivitiesis essential in generating

value for ownes to mitigate operational failure.

There is still scepticismas to how capabilities are generated as to how
investment bmoney, time and managerial effort is required in building threnelation
to failure mitigation Ethiraj et al. (2005) emphasid that the development of capabilities
requires deliberate and sustained investment of both financial and managerial resources.
Each haslternative useand it s important to understand the costs and benefits of such
investments. In other words, it Ielieved that different capabilities may entail different
financial and managerial costs and yield dissimilar performance befigditsey, 1991)
that are needed in addressing the uncertainty and the ambiguity of operational failure
through the integration of capabilities forfailure mitigaion. The systematic
understanding of such tradéfs should promis¢éhe enrichment of the theory and practice
of strategy for ownex to increase operational capability perfamece (Winch &
Leiringer, 2016) andto reduce theonstructionoperational failurecost (Love & Irani,
2002; Barber et al., 20D0Yet, this has nobeen clearly exploredsiven the strength of
these arguments, capturing integrated capabilities acrosdtaorganisationahetwork
should be addresd in expanding the knowledgd projectoperational capabilis that

could assure operational success.
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3.6 Capabilities in failure mitigati on

3.6.1 The project anatapabilities to mitigatdailure in reducingquality cost
failure

Building upon the organisational capabilities literature (Chandler2)1®@8ich explairs

firms are acollection of capabilities that rangeom routine, knowledge, skills and
experience (Davie& Brady, 2004, it is critical to exploit the potential cost saving of
future development by understanding the diversity of capabilities in managing projects.
Hence, looking at CoPS in PBOs, the pectge are more tailored to the unique
environment of each assets accordingo Morris (1994) and Winch (20)4thus it is
assumed thatapabilities are not only resources but rather represent the way of allocating,
coordinating and deploying the resourd&chreytgg & Kliesckeber, 2007) The
importance of these capabilities is to create, extend and modify theimairsch a firm
operateswhich are embeddedithin the processesthis includes coordination, learning

and transformation in project organisi(fg§oderlund et al.2008) Therefore, it is agreed

that the capabilities have become gahtin the competitive advantage of complex
infrastructure projects (Daviés Brady, 2000; Bradg Davies, 2004; Davie& Hobday,

2005) that incorporate the management of each capabilities deployment in mitigating

failures and reduce the quality cost afifees.

Capabilities are influenced bythe acts ofan organisatiod slecision makers
(Flynn, 2010) and need important distinctienbetween organisational and managerial
processes, procedure, systems and structure that undergird each class of thigy capabi
(Teece, 200). The higher the strategic importance of capabilities management to the
PBO, the more likely théailure mitigation will be performed eithdry the owner or by
the multi-organisationalsupply networkin delivering the project. Davies andBrady
(2000) explainedhat an organisation nesdo create and utilisés capabilities through
experience to distinguish and determitsecapabilities ancdapt itsability with different
organisatios in the project. Therefore, in different projectan organisation needs to
acquire sustained performance (Melkon&adPicq, 2010)xhatis aligned with the project
objectivesto foster evolution and respond tochanging environmentThis require
sustained integrated measure of different organisat@@apability to measure the project

quality cost inmitigating failure.

The emerging working practices resulf from the constanly changing
environment of a projedtavenow forced organisati@to manage capabilities (Flynn et
al., 2010) that will improve ecisions in preventing failure. Through the iteration process,
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organisatios expandtheir knowledge and enrich their core competeadMarch &
Levinthal, 1993) which helps them gain a better understanding of how future failure
could be preventedhus reducing the quality costilure Although the unique embedded
set of capabilities are known by most researsheéhese distinctie dimensions of
capabilities are rooted in values whiahe establishedout often overlookedLeonard
Barton 1992) especially in relation to failure mitigatioThere is a need to enhance
emerging theory by examining the way capabilitiekibit failure as well as enable
developmentto deepen the description of the nature of core capabilities atal d

evidence of how capabilities related to the development of projects.

Recently, there has been growing condiat aproject may not erform inthe
long term to satisfy the project ownandthis meansonstruction performance relies on
different dimensions of project management. Studiage shown thatn integrated
approach in conceptualising, planning and implementing lacgeplex projects is
needed (Jari & Rodchua, 204); this is beneficial to develapg capabilities in
mitigating failure generated fronthe diversity of capabilities in different projects. It is
understoodhatthe structure of the organisations operating witluinstruction projestis
different to those of the functionalist and traditional view of the theory of the firm. The
differences of these organisatiorperaing in project isnot only diverse in nature amg
to theinternal and external environments sumdingthem, but also due to the dynamic
factors influencing the processes of the construction project life@gasuma 2016)and
thusis believedmay cause the occurrence of failurésus, from the aboveéo understand
capabilities there is a need to distinguish the differences between the ownenutid
organisationalsupply network capabilitiegn accordance with how their capabilities
influence failuresn the project lifecycle This will enablea more strategic appachto

managing capabilities to mitigate failures and reduce quality costs.

3.6.2 Own e r Onult-erganisationas 6 pr ogr amme and port
Complexity in construction projestgenerates uncertainty and ambiguity defining
failures. Mostly, owners are regmiblefor the operationaletion of anasset (Hughe&
Murdoch, 200}, in managing and reducing the quality cost to mitigate and make good on
problematic assets. Although resources and inputs are available within the supply
network t he ¢ c aplay then protdugtidity is wot udirmly distributégthiraj

et al., 2005) and demang a more active and supervisory role in resgmto failure.

Turner and Keegan (2003) elucidated the use of programme managemeatinento

managed project in PBO. Thalescribed howthe owner forms a network in which
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individual companies fulfil different roles in the operational process. Effectively, an
isomorphic network is created project by project to meet the individual custaner
requirement, the product and presetee Figure3.3), while in anisomorphic project

team structurearecreated witha bespoke command and control structure.

Client
Programme

Figure3.3: Programme delivery of multiple projects @aPBO forthe owner(Source:
Turrer & Keegan2000)

In a large project, wider stakeholdewill be involved injudging whether the
output, input and impact have achieved the desired objeciiveser & Zoin, 2012)
this gives the ownethe opportunity to identify the divergemof capabilities in aligning
project objectives. Therefore, as a new way of managing psojeltbday (2000)
explainedthat PBO is able to cope with emerging properties in prodonctiod respond
flexibility to the changing needs obdwnes, and in integrating different types of
knowledge and skills. PBO is organised to cope with project risk and uncertainty
commonlyfoundin complex project¢Bourne et al.2003) however this does not redie
the occurrence of failure. There is a need for more addamgmnisational structures
designed to comprehend the uncertain context of project opexdtiaystrom et al.
1999) It is believedthat the dynamic process of organising and strategising in the new
forms of organisation within the projegatiented organisational formgAubry et al,
2007) could developcapabilities forfailure mitigation that are significant foran owner

and itsmulti-organisationa in CoPS.

Projects are now seen as a portfoldnichintroduced the new idea of managing
theorganisatio by project{Pemsel & Wiewiora2013) andhasalsobeenproposed as a
corporate view of project managemédinsmore & Associates, 199%Hlowever,in most
PBO organisatios) capable owners assurti@at projects will integrate with operations.
Some place significant weight on the capabilities of contractors and suppliers in
understanding how this echieved but research perhaps shaothat theowneits project
and operational capabilities are key {izgs et al., 2009). Different projects are adopting
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different approaaobks and strategies through programmes development in responding to
operations maagement (Turner &eegan, 2000 Turner and Kegan (2003)suggested
that organisatiosutilising a PBO appoachneed to recognise the differing approaches
and when they are appropriate for different busieegsadopt As statedby Davies and
Brady (2016), although capabilities are frequently heldH®yproject supplynetwork
and distributed across an in@nganisational networkthey need to be simultaneously
managed (Davie& Brady, 2016) andnost importarly, recognised by the owner. This is
because the choice of mechanism or interface for the governaraeowfner and its
multi-organisational network relationships critically relates to the subsequent
performancgCaldwell et al. 2009) In this way, capabilities for failure mitigatiamust

be understood dhe critical interse@n betweerprovides and the focus should be on the

relationship betweeproject and quality managemeaygproacks

Theavner 6 s way sapmject mag maeegubstagptial positive or adverse
effects on the achievement of project objecti@sesnen & Haslam1991) Currently,
the nature of temporary project has forced construction organisatcioster their own
capabilities as a project managemstrategyin expanding their core competency and
mowving from atraditionatbasedview in focusing on developing capabilitiesthe front-
end of the project towards development of capabilities to operate and maintain facilities
(Davies et al., 2009). Currently, it is understood that capabilittésh apply during the
strategic stage of a project later become a part of project oper@fibmi=r, 2003), but
the acquisition of these dynamic capabilities towards operational cagabitiged
further investigation(Chin et al, 2014) Accordingly, these capabilities need stronger
capabilityon the part of the ownefWinch & Leiringe, 2016) to coordinatie process,
resources and capabilities across the organisation as whole. Ownersshawiare of
their own capability as well athe multi-organisationalcapabilities Lindahl and Ryd
(2007) suggestedthat looking at the ownel® gerceptive will leadto an integrated
approach that enhargennovation and improve managerial competencgnd will
stimulatethe reformed management of constructi&y. knowing thecapabilitiesrequired
to mitigatefailure, ownerswill be better able to driveontinuous impsvement to reduce
failure cost throughout theowner and multi-organisationalsupply and operations
network

3.6.3 Integratingcapabilities within PBG&to mitigatefailures
The impact of integrating capabilities on improving project values is a césgua,but

one yet to be understood in relation to mitigating failuBsavies and Brady (2016)
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suggestedhat capabilities based on multiple shaetm projecs need to be integrated to
continuously add value acompetitive projectThe development of project capilities

thus requires deliberate and sustaimvestment of financial and managertahe, as
different capabilities could impact performance differently (Ethraj et al., 2@0Sjudy

by Bredin (2008)suggestedthe integration of people capabiés with project and
functional capabilities will enhance the peogpescompetencies.The organisational
processfactors andthe desired target outcome are key managerial decision variables
(Tatikonda & MontoyaWeiss, 2001}that needyreater understanding on tirgegration
betweerthe operationsand strategidevelopmentProjectintegrationwill generally hae

a positive influence on project performance (cost, time, quality, environment impact,
work environment and innovation) witlh more collaborative effort (Eriksson &
Westerberg 2011) within the project portfolio.The connectins between owner and
multi-organisationalsupply network capabilities integration in improving operations
performance(Frohlich & Westbrook, 2001)s still unclear There has been limited
consideration othe challengesn that capabilities may create complex integrationaior
owner and their multi-organisationalsupply network when they needto address

unanticipated failure mitigation.

Although the owner is generally known as the primary consumerafigraction
project, the source of project finance and, in many cases, the end user of féidiitiag
& Hinze, 2006) owners are nad simple systen{Cherns & Bryant,1984) but complex
with different interests and influencéBeece 2007) This requires capabilities that need
to be tailored according to different project environments (Morris, 198dch, 2010).
Research by Davies et al. (2016) shows that the role of integrating project requirements
and capabilities relies on the owner. Within this, the relationship of how owners could
have managed these capabilities in responding to operational failure isostdlear.
Most participants in the construction process will usually focus on their own
responsibilities rat her t han o nHughbse& r e a
Murdoch 2001) which leads to misalignment of project capabilities. Therefore, in
different projects, an organisation needs to acquire sustained performance to carry out
capabilities(Melkonian & Picq 2011)that are oriented to the overall project objective.
There 8 a need for the owner to be more knowledgeable by developing their own
organisation through the use of project managers and other professiondliralesl &
Ryd, 2007) in increasing communication about understanding the quality needed to

mitigate failures.
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Strategic project management analyses the outcomehe overall project
performance behaviour, while operational project management undertake®ddetail
analysis of how time, cost and resources meet the determined (RegeMora et al.,
2008) Within this, the capabilities distribwdeluring the strawgic stageplay asignificant
role, albeit they are necessary but not suffic{&mgenhardt & Martin2000)to build new
resource configurations, and to respondthte external environment that has adapted
capability or resilience in gaing operatioal successAlthough the PBO research view
provides insight intahe view thatintegrating capabilitiess likely to generate value,
comparatively little attention has been devotedaddressthe problem in capabilities
distribution during he project lifecycle that influencethe project especially at the

operatioml delivery

Research by Davies et al. (2016) shows that the role of integrating project
requirement and capabilities relies the owner Most participants irthe construction
process focus on their own responsibilities rather than on the realisatibe@fwn er 6 s
objectives (Hughes& Murdoch, 200), which leads to misalignment of project
capabilities. Sustained firm performanise requiredto carry out capabilities that are
oriented to the overall project objective. Although literature dissusgeabilitiesthatare
path dependent, integration of capabilitiesaiproject could, if fairly distributé by the
owner, reduce the occurrences of operational failure. However, thgoredhip of how
owners could have managed these capabilities in responding to operationaldailire
clear. Construction perceptions of value, system integration and integrated sdh#ion
suggest the concept of built environment soluti@re still at an early stagef
development (Brady et al., 200)understanding the capabilities, although the choice of
mechanisms or interfaces within this relationsigpcritically relatel to subsequent
performance (Caldwell et al., 2009urrently, it is undrstood that capabilities ajgxd
during the strategic stage of a projecidlater become a part of project operations, but
the acquisition of these dynamic capabilitiegelation tooperational capabilities negd

further investigation.

3.7 Resourcebasedview in managing capabilities to mitigate
operational failure

3.7.1 Supporting the operationalpabilitiesfor failure mitigation

Capabilities are explored in terms of delivery and feedback mechanisms linking one
firmds technical Cc a thex lentdrprides with whwin tthe firtnh o s
collaborates, in order to produce ewfé projects (Ganr& Salter, 2000). For a firm to
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expand its capabilitiest need to gradually acquire the knowledge and experience from
the people and resources involveditis projects. Operational capabilities may not be
easily obtainedasthese aralsoa firm-specific sets of skills, processand routines that

are developed within the operations management (Flynn, 2010) as a continuation from the
projects capabilities. Theistinction of each capabiitin the project may not be well
ascribed by most of the literatur€he extant theoretical work on project organisations
has emphasised the importanceqbject capaititiesé asshownin Figure 3.4(Brady &

Davies, 2004; Daes & Brady 2016; Winch &Leiringer, 2016) these studies recognise

the importage of the operational side of a project which is where the operational

outcome between int@rganisational settirgys recognisedZerjav et al., 2018)

Srategic
capabilities

Functional Project
capabilities capabilities

Figure3.4 Organisatioal capabilities in CoB (Adapted from: Davies and Brady, 2000)

It is understood thadn operatiords capabilities are regularly used in solving the
problems faced by the departmettiat impacton operatonal failure. Nonetheless, the
identification of thegap in operatios drives the implications for project improvement
(Whyte et al, 2016) in the context dBO systemniifecycle approach. The consideration
of integraing strategic delivery and operatidr@nsiderationshrough understanding the
cost impact(Ethiraj et al.,, 2005has provided a basis to support the understanding of
integrated capabilities to mitigatéailure in a multi-organisational setting. Thus,
operations management couldprovide intgration and direction to resass and
operational practices idealingwith the uncertainty of projectsas a way to reduce the
quality costs Construction capabilitiesnust bea two-way process that simultaneously
suppors the project process (Melkonia& Picg, 2011) and should also include
operatioral need and prevent operational failures.
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The importace of an operatiods capabilityis not onlyasa repetitive routine to
support the operatiobut asan initiative taken to achieve defined projecttetyg (Lee et
al., 2006) The operatio@s capability, henceneed to be involved at the project level and
identified as continuous elementsthE project, to align the organisational aim and the
temporary nature of construction proje¢téedlund 2007) This capability should be
taken as a mechanism for transforming various organisdtms in deploying different
resources through customisedys®f manging a project tanitigate the occurrences of
operational failure; in otheravds operational capability can seras a critical mediating
factor (Thoo et al. 2015 to align ambitious supplynetwork practice to reduce the
occurrence®f operational failureand in mitigating failurelt is agreed that thewner
should own the capabilities to integrate the acquisition of the project (asset) in supporting
the extenhof its operational capalties (Winch & Leiringer, 2016)which consiss of the
whole lifecycle of the project elements. Consequently, these capabilities can be validated
(Flynn, 2010 through thé& application during the project proces as well agheir

deploymentwhenoperating the asset.

3.7.2 Learning and capturingapabilitiesfor failure mitigationin complex
networls

Projects are fundamentally netwebased organisatior($tyhre et al., 2004that consist

of different capabilities. These capabilitiesansferred within projest should be
captured and manad (Pemsel and Wiewora, 2013) in improving, renewing and
reconfiguring resources into new capabilities and competences (Teece et al., 1997). Due
to the unique and temporary nature of projects, complex projects face substantial
challenges in harnessing thapabilities to exploit lesssiearrt from previous projects
(Bellini & Canonico, 2008jo prevent repeat failureslowever, projec&may be referred

to as similar when theame capabilities and routines are required for their repeated
execution(Davies & Brady, 2000)This gives owners agreat opportunity to recognise
these valuable capabilities asvay to improvgWinch & Leiringer, 2016)However, his

may not be achieveifl project objective aredifferent from one organisation to another in
completing specifiprojecs (Kwak et al, 2015) To achieve common project objaes,

the supplynetwork need to temporarily reconcile the differences aims and culturs
amongt the teams (Hobdayet al, 2005) as learning can only be recondl¢hrough

group activities rather than individuality (®&te et al., 2004). In construoti projects,
learning emerges as the firms cooperate and generate trust in major collaborative works
(Wu et al., 2010) as a netwook learning capabilities ($hre et al., 2004) that may help
organisations to manage and prevent possible operationaéfailur
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Establishing networking learning capabilities may reduce thedfisapabilily to
innovate (Styhre et al., 2004) andhe firm may lose its value over timgoates &
McDermott, 2002) Therefore, the interéion process in learning capabilitisscritical as
a mechanism guide the evolutionof dynamic capabilities (Easterk®mith & Prieto,

2008) and as a nourishing ability to learn from project to operations (Whyte et al., 2016)
in extendingthe opporturity for knowledge coordination. Ahern et al. (2015) argued that
complex project capability is developed through dynamic organisational learning that
continuously creates knowledge over lifecycle of complex projectbut cannot be fully
planned at the outs. The greatest challenge is thus how learning and capturing
capabilites could bepassedrom one project to another, as learning is always ses

dissipated and lost to future projebly repeang the same mistakgWinch, 2014.

Despite a large oty of literature on project management and organisational
design, little research has been found on hdwm builds links between operations at the
project level, portfolios of projects, and its centralutine activities in responding to
learning and ntigating failure Love et al. (200 suggestedhat learning should be
coordinatedwith quality management to better visualibe total COQ and quality cost
failures It is believed thathe visualisation of these cestould assistin advancing
learning about the prevention oproject failure but this need better clarification
Organisatios frequently learn from projestthat have beencompleted(Kerzner, 2009)
which need aninterplay of commanding and enabling strategies to integrate project
innovations (Pemsel & Wiewora, 2013) which is expeted to improve quality in
construction projectsThis is similarfor ownes (Winch, 2013 to identify and acquire
externaly generated knowledge to be able to analyse, process, interpret, understand and
act on information needed to supptre operationalcapabilitiesin mitigating failure
Therefore, poor capture of capabilities lemdo enactment that is poorly executed or
learning that is forgotterand would be valuable infailure mitigation Capturing
capabilities through experience hefpsorganisatbn to make sense tiieenvironment to
configure its resources at various lewvgbchreyogg& Kliesch- Eberl, 2007) that then

facilitate problemsolving decisios under conditios of uncertainty(Dosi et al., 2008

Hence, capabilitiesthat lie under thedynamic nature of a project need to be
combinal with the operational capabilities (Daviets al, 201% to comprehensively
respond tathe changing nature in providing greater innovatitm.addition, here is a
need for an innovative approach that develibye rolesof the relationship to satisfyhe

owne® business objectivf.indahl & Ryd 2007) and provide a stronger roie dealing

71



with operational failureThis innovation should includéntegration of capabilitieshat
need to be managed and aligned not only to resptite temporary nature of a project
but to be captured, used and improvissdthe ownersn extendingthe capabilities
(Winch & Leiringer, 2016 to fit the operational need$his is because eapable owner

relies on its resources to deliver the projeasedoutcomes

3.8 Chapter summary
This chapter has provided an overview of the elements that constitute complex

infrastructure projects. Ihas show that capabilities witln the PBO have astrong
influence on the occurrences of failured/hat is of particular significance ishe
capabilities distributed acrosshe project lifecyclewithin the PBOthatmay be adopted by
the supply networko mitigate failure and may reduce the quality cost failWghin the
existing literaturelittle is known about hoveapabilitiesmpact project outcomespst or
quality costs The next chapteconsiderswhat methodologymight inform a better
understanding of the failumelated capabilities thaan owner and theirmulti-

organisationasupply network require® ensure operational success
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4 Researgh dpdi met hodol

4.1 Addressing the complexity of the problem
The complex nature othe construction industry has led to significant problems in

guantifying quality cost, with fragmentation of supphgtworksleading to intractability.
As a result, theresia need to apply a grounded and aebagsed study to investigate the

ontological and epistemological knowledge assumptions (Crotty, 1998).

A mixed-method abductive with grounded theorgpproach was taken to provide
flexibility in data collection and tloetical sampling was used to explore the
generalisability of the complex cdngction process (Creswell, 2009This includs

gualitative and quantitative methods.

This chapter presemtand discusses the research philosophy, methodologies (design,
approa&h and stragies) and methodsiftire 4.1 used to achieve the research aim and
objectives. It provides a brissummary of the overall research methodology and the
philosophical underpinningThis is Pllowed by the research process, approach and
descripion of the data collectiomethods utilisedn eachresearch phase further to the
emergence ol new theoretical integratectheasuremenof the cost of quality inthe
construction supplyetwork The chapter ends with a reflection on the research rehabilit

andvalidity, anda mention of thethical consideratian
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Fundamental philosophies
Constructionsim

Figure4.1: The methodological pyramid (Adapted and developed from Quinlan et al.,
2015)

4.2 Researchphilosophyi ontology and epistemdogy

4.2.1 Ontological views

A research philosophy is vitéHolden & Lynch,2004)for the researcher to develop the
nature of knowledge that of benefitto the research, in turning the data inémgible
outcomes It is the beliefthat data relating to aparticular phenomenon should be
gathered, analysed and us8g. using an appropriate methodology, researcher will gain

both enrichment of skills and enhancement of confidéiHolden & Lynch 2004)

Ontology is a branch of philosopliyat focussesn the assumption or theories about
the nature of the world and of fiéy Ontology describes thealic relationship of entities
(i.e. the product, process and people)lasks the questionfiWhat is the nature of what
we know® However, it is not possible to describe the ontmalgreality using static
terminology ora paadigm of thought; rather, reality is to be viewed as emergent,
dynamic and temporaryHplden & Lynch, 2001 Within this thesis, the relevant

ontological questiaminclude:

1 What isthecost of quality?

1 What isthe quality cost elemenitscurred due taperational failure?

1 Whatis the nature of COQ and howit relatedto the occurrence of failure?
1

Whatare the capabilitiedor failure mitigation?
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1 What istheinfluenceof the capabilitiesdistributed inthe project lifecyclein

mitigating failure?

Conseaqently, there are many different ontological starting points in how a researcher
should acknowledge CO@ developingcapabilitiesfor failure mitigationas (i) there
has beemrelatively little exploation of how it is measured ithe construction indusy,
(i) or how it is defined irthe construction industryand (iii) therearemany difficulties in
applying theCOQ (Jdari & Rodchua, 2014)n mitigating failures Literature shows the
interrelatiorship of quality cost and failure, where quality costnist easy to eradicate
without widespread changes in attitudes and norms of behaviour withowtiners and
multi-organisationabupply network 6 ma n a The kegmunhderstanding failure in
constructionis human nature processes and the outcong which involves various
interactions othe construction context from initieon to its delivery and operation of an
asset. What is needed therefore is an understanding of this interaction to define and asses
the cause of failure. This interaction is critical tms thesis to an emergent view of
quality cost, as a capability which does not consider its embedded nature within people
and their values in shaping the quality process and behaviour is likely to resut in

operational failure outcome.

Thus, how theresearcher perceives and views the world relies on this early
ontological perspective of the subject matter (Saundeis, &009) followed by whythe
specific research approach or metheds chosen(Guba & Lincoln 1994) which is

explairedlater in this chapter.

4.2.2 Ontological objectivism and constructionism

As ontology is soght to describe the nature of reality and asks fundamental questions
about how the world operates (Fel®& Liu, 2008). It challenges the system of beliefs
and interpretations of individuals about what constitutes a fact. In doing so, the social
entities that were involved during the construction procesere perceived a both
objective andsubjective (Saunders et al., 2008hd helped to create a universal
understandingfob ot h o6r eal i s (EéastethbySmith et all2@L)and to shatd

constitute failure.

In this study, ontology describes the naturethef construction supplyetwork
itself with regard to the concept of COQdevelopingcapabilities forfailure mitigaton
(the process, orgasation and services). COQ elements that fall under the traditional

categories of Revention Appraisal Failurewereincludedto raise theoperationafailure
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guality cost in understanding what was done during the project prottedsfurther
develod the integrated capabilities approach fofailure mitigation This helps to
elaborate the fundamental naturetioé quality costghat exist in the projectand for
which it offeris adifferent kind of perspectiven mitigating failurefor different entities

depending on their role, position and background.

What hal causé the occurrence of operational failure was explored thraugh
selection oimulti-case studwyppuising the COQandthis provides clearer understanding
of capabilities in failure mitigation How the project organisation was structured
(Jospehson, 1998) was questioned tohsme thisinfluences the operational failure. The
position of where social entities (people andanigations) exist in reality to where the
existence of thasocial entitiesn the construction project was consideregirrdependent
of the social actors (Bryman, 2012). Objectivism says that social phenomena have an
existence that is independent or separate from the reseamied, and the phenomena
of that objectare measuable and testable. Therefore, to further sé® riflationship of
these consequencgeis was exploral through the research process. Data was used to
construct meaningnd interpret reality (Guba &incoln, 1994)andwas then concluded

to provide acontribution to the existing knowledge of project and quality management.

In contrast, constructionism asserts that social phenomena are created through
ongoing social interactia(Bryman, 2008) It shows how culture evolves as the product
or service is developed. The nature of social and political perspedtiihus also
considered in describing the social entities. An oiggiion asa tangible object, with
rules, regulations and procedures, with different jobgeople under a division of labour
with a hierarchy, mission and visigBryman, 2012)were considered as the nature of
reality. The diversity of project procurement routes was taken into consideration to see
how organisatioal structure and peessanddivergerte of supply network capabilities

later impacton project outcoms

Differing from the relativist positions, the assumed complexity of gaining direct
access to the reality encouragsultiple perspectiveto be adopted (Easted8mith et
al., 2012) through both triangulation of methotise surveying of views and experiences
of large samples of individuals (Gay et &009). Within this, the difficulty is where to
investigate the relationship betweani ndi vi dual 6éasdagiony aneé fhe | o0 n s
effect of external factors (Easter®ynith et al., 2012) thag¢volveduring the occurrence
of these quality elementuring theproject process. With regard to operational failure,

this thesis takes the position that within each project theaeuisiversal list of quality
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cost elements thatreused as a starting point for defining, assessing and demonstrating
the cause of operational failure. This position is taken to see how each organisation
respoms to and is responsiblefor the operational dilure quality costand is later

incorporated into the project managemeziated theories.

4.2.3 Processpistemology

While epistemologically hekithe researcher to understand the questidid Wat do you
know?® and 6 bw do you knowit?6 ,his itesearch nams to appraise the COQ ihe
construction supplypetworkby understanding the project processes by which information
or materials are flows aratechannelled in the desired direction as theghanded from

team to team (Winch, 2010). Thus, as nefdrto by Brancaand Lopes (2011)
ascertainingwvhat level of qualityis provided by an organisatios a major challenge.
Therefore this research views and explores where quality stands in between this process
to see its relatiahip to understanchow qualiyy carries benefits and caesas well as
failures. As such, the meaningtbk project process witROQ categories takes an event
driven approach to lead the author to the development of the way(s) (in acquiring and
justifying) where the quality cost subsisand how to eliminateperationafailure quality

cost withanunderstanding of the ontological behaviof the entities undertakean this

study.

To explain furthera process epistemology is concerned with how things evolve
over time and why(Langley 1999) The @rocesé chosen in this study helps the
combination of quality issuesfdilured to be fully understood through suppigtwork
involvement. The process epistemology helps articulate the research desigcase
study selection as a starting point to appraiseofferationalfailure quality cost. Thus,
the information gaied counts as acceptable knowledgethie COQ field, affecting its
evolution and how it should be acquired and interpreted in the ttaoson supply

networkmanagement field.

Differing from positivism, epistemology interpretivigteologyrequires a strategy
in determining differences between people and objects of the natural sdidrmes et
al., 2002} thus it requiresan understanding of th&ubjective neaning of social action
(Bryman, 2008). Howevel is essentiato maintain the understanding that there are
differences betweethe actions of social actors (Fellows and Liu, 2008). This allaws
subjectivist view inthe way of both reality and trutfDenzin & Lincoln, 2011)f what

constitute quality issuesor dailured The challenge fornterpretivist researchers is to
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adopt an 6 e mpwhichhrequiresthensta enterdhe éocial world of the
research subjects and make sense of what is found (Saunders et al., 2009).

In this research, quality issues dailured are the core begimmy. Thus, in
exploring these quality issues, extensive discussion @atthparticipant is requir to
achieve agreement on the representation (description) of their truth and reality (Fellows
and Liu, 2008). However, the difficylis the finding ofaninterpretivist approactvhich
cannot be geneiigkd to a larger group of people as different people megrpretthings
differently in different social settirsg(EasterbySmith et al., 2012) such as in different

organisations.

4.2.4 Epistemologicaperspectivaaken in thighesis

Taking the epistemological subjectivism perspective, this thesis reliasamstructivist
grounded theory bés that allows the theoryto reshapesthe process between the
interaction & the participant and the researcher (Mills dt, 2006) and the co
construction of meaningHayes & Oppenheiml1997) It involves both deductive and
inductive methodsthat allow the understanding of what constitutes valid knowledge and
how to obtain it. Therefore, it is difficult to pin down orhat clarify ina precise manner

to what extehsubjectivism was used in exploring the quality cost in this thesis, as it is
used ina number of different ways by different authors (Bryman, 2008). In this thesis,
guality cost elements were used as a todleip the participastunderstand the concepts

of what existing knowledges before it is developed through theknowledge and
experienceand thusdevelopingthe knowledge of what constitgt®perationalfailure
quality cost. Thus, althagh through the gsitivism lensthe social world is measureable,

in the construction industrythe individualés behaviour, cult@and process are believed

to be interconnecteahdneedto be understood together withe rigours of observation.

4.2.5 Constructivisigroundedtheory

Research needs to address four elements of epistemology, theoretical perspective,
methodology and methd€rotty, 1998) Taking the universal and robust urglaning in
understanding the existence of higperationalfailure quality cost in construction, an
abductive with grounded research design was built in accordance to constructivist
grounded theory philosophit.was first proffered byCharmaz (2006as a alternative to

the classigrounded approaabf other authorgStrauss & Corbin 1997; Corbin & Strauss
1990; Glaser & Strauss 196Bryant and Charmaz (200¢pnsidered nder data nor
theories are discovered either as the data or the anatydiers an interpretive portrayal

of the study not an exact picture af uthile the classigrounded theory introduced by
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Glaser and Strauss (196falks abaut discovering theory as emerging from dédtar
Charmaz (2006)esearch that isonductedwith grounded theorjhasimplicit meaning
and experiental views andthus provideghe construction of realitCharmaz 2006)

Charmaz (2014¢xplains constructivist grounded thg@s:

é it takes the middle ground betweentpasdernism and positivism, and offers

accessible methods for taking qualitative research into the 21st c€pt@Bp).

As grounded theory focuses on datallibws the possibilityor the construction of
multiple meaning (Charmaz,2014 that requires esearch to go beyond the surface to
searchfor and question more tacit meansig a subject, andecause constructiyssee
facts and valueas linked, they need to acknowledge what was seen and whatotvas
seen. It creates individudlsatinteractwith and interpret these objects rather thelging
on dormantinformation within objects waiting to be discovered (Crotty, 1998).
Constructivism thus challenges the belief that an objective truth can be measured or

captured through research inquiry (GyptL998).

In taking this perspective on the nature of reality, reseassaezds to immerse
themselves in the dat@Mills et al, 2006) in a way that embeds the narrative of the
participants in the final research outcome and be naturally critical to discover latent
patterns of behaviour within the data (Charmaz, 2006). Therefore, in this dluesiful
andcritical exploration of constructivist grounded theory is explained in every section of
the method undertaken during the research sfligig. requires the author to combine the
different data sstthat is collected during the whole research process inngake

interpretation towards the final contributions.

4.3 Researchapproach

4.3.1 Overview of the research approach

This section describes the research approach taken in addressing the research aim and
objectives.There are three major methods of reasoning: ctedu (where theory guides
research); inductive (where theory is an outcome of research); and abductive (where
theory and knowledge are developed concurrently) (Bryr2@08 Fellows& Liu, 2008;
Creswell, 2009). Tése research approaches can be used reithdependently or
concurrentlyand will lead to the decisioimaking r constructingthe research design

and data collection method (Eastet®yith et al., 2012) as well as better consideration of
research strategies (Fellewi& Liu, 2008) greater underandingof theresearch questions

is thus embodied. The main characterssaad differences of deductive, inductive and
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abductive forms of reasoningarediscussedn the following suksections followed by the

selection otheresearch approach undertakerhis thesis.

4.3.2 Deductive, inductive and abductive approash

The deductive mode mowsfrom a general statement towards a specific one, informally
cal |l eddoavn®t cap p r ® & lauh 20048} le dtartsowith the general theory or
known fact (drawnrbom the literature) towards making a specific hypothesis related to
that theory or factRigure4.2). However the deductive mode involves intuitive aspeict
testing the prediction, wheresitinference strongly depesdon the initial step of

generating fipotheses from general theories (Love et al., 2002).

Deductive reasoning is wheidaws present as the basis of explanation, allow the
anticipation of phenomena, predict their occurrence and therefore permit them to be
c o nt ré¢Shunderd ét al2009 p.129. This shows science is seerb®proceeed by
trial and error (Fettws & Liu, 2008) but within the boundias of existing knowledge
(Love et al., 2002)Mainly, a deductive mode employs quantitative research strategies
and empirical observation to validate or reject the generated theory or to modify it
through replicationn the study (Bryman, 2012; Creswell, 2009). Figdiz below shows

both deductive and inductive approash illustratingtheresearch process.

2.Hypothesis 2.Pattern
3.0Observation 3.Tentative Hypothesis

4.Confirmation 4. Theory

Dedudive Indudive

Figure4.2: The deductive and inductive research proegssSour ce: Aut hor ¢

With the inductive form of reasoning, the researcher moves from specific observation to
broadergeer al i sati ons and t heor rtuepsd, aipmpflomancahl | (
& Liu, 2008)see Figure 4.2nductively, theory is desloped or generated as the outcome

of data analysis (Saunders et al., 2009). Data collection is obtained through specific
observation of certain social phenomeal either interviews or pilot studiesre then

analysed to generate new theory developa conceptual framework (Bryman, 2012). It
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involves clear selection of data (Love et al., 2002) to entegplicabilityin achieving

arobust conclusion.

Theories thatare develogd inductively move towards discovery of a binding
principle, hence it is wre likely that these theories will be useful, plausible and
accessiblg(Partington, 2000)Inductively, they attempt to extract implicit knowledge,
patterns ananeanings through a process of data collection and an&sy, 2004) In
the main the inductive mode applie® qualitative studies rather than quantitatourees
Differing from deductive reasonindghe inductive mode needs a relatively small sample
of research subjects (Saunders et al., 2@89if deals with issues and events that have
already taken place (Love et al.,, 2002). This form of reasoning thus pravidetser
understanding of t he nsardbehavipers (Créswell, 2009),i c i |
avoics misunderstanding in differértheoretical perspectiveHyde, 2000) and offers a
low risk that thedatawill not be usefulwhentheresearchris confident abouthe sample
selectedSaundert al., 2009).

Most researchers assume there is a rigid division betweenypeth ofreasoning
(Saunders et al 2009) thus they areused independentlylHowever, anintegrated
combination somehow provides increased advantage (Miles and Hahet®094) It is
expl ained -facsr mda n@t lmeoriynt er pretive infere
inductive or deductiveapproachegSaunders et al., 200@nd which leads to deeper
understanding of the data (Sarwetki, 2000). It is also referretb as the process of
studyng facts and devising a theoffyeirce, 1995; Cunningim, 1998)in providing an
explanation for observed facts. This process is therefore an essential concept within
pragmatism(Richardson & Kramer, 2006)t was originally meant to capture the nature
of scientific progres as in finding new explanatisfior phenomengPeirce, 1995)As
explainedby Saunders et al. (2009), abduction starts with alifeabbservation (through
literature), followed by explaining patterns, discovering themes and examining
phenomena, and finally prodag or changng a theory. This approach moves back and
forth between both deducévand inductive approachdsadqure4.3) to integratehemand

to gain more theretical insight througkhe use oboth approaches.
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Figure4.3: The abductive research process (Solfowacs & Spens, 2005)
4.3.3 Research approach taken in this thesis
This study uses an abductive apgeh to continually appraise and refine @@Q failure
elementswithin the construction supplpetwork to understand andevelop strategic

project and quality management approachaiture mitigation This form of reasoning

allows an iterative, pragmaticand dynamic approach in dealing with research data

sampling (Creswell, 2009). This study ss@& mixedmethod research design to
understand the occurrence agerational failurevithin the multi-organisationahetwork

of complex construction projects. Atd initial phase, in order to understand the current

status ofoperationalffailure and itsquality cost inthe construction industrya deductive

approach was used to investigate peFceptionsof construction stakeholders and the

influencesof the supplynetworkbased on a few hypotheses of the need to clarify COQ

(Jafari& Rodchua, 2014; Tye et al., 201ih) developingthe capabilities fora failure
mitigation approach

1. The dynamic nature ahe construction project that involves numerous parties,

nonstandardisation and the uncertain naturéhefbidding process (Honnakkera
et al., 2010)whichhas created inconsistency and misconception.

2. Lack of an appropriate system and incorrect methods of collecting quality cost

categories.

3. Lack of support from theenior leadership team (improper management) such as

in the accounting and finance departngnthus managers and employees are

deficient in their knowledge &0Q andcapabilities in failure mitigation.

4. There is inconsistency among the various pkamdineffective process standards

that lead toa lack of clear instruction and inadequate information for proper

design and implementation.
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The nductive approach was then used to obtamore generic picture of the status
and to appraise how and who comgate for operationafailure quality cost throughout
the project supplynetwork assthei nducti ve mode expl ains 06wl
describing 0wh aThé exist€hceeobperatibnblfailur qait9 qoss is
known to be intangible ithin the construction supplyetwork (Taggart, 2014), and yet
failure costs are still highly recurrent in construotgrojects (Snieska et al., 2013 his
required a spira(constantly going back and fortfipw (Figure 4.3) by the author to
move from e@ductive to inductive mode to allow the best explanatfidhehypothesis or
theory developed (Josephs&nlosephson, 19963s it captures advantages and systemic
character of data both empirically and theoretically (Saunders et al., 2009) in further

clarifying and understanding ttaperationafailure and itsquality cost.

Thus, the abduction approach is seen as an appropriate method in making sense of
new (or unknown) situations (Richardson & Kramer, 2006)dtainbetter insighinto a
situation. Futtiermore, as an integration of induction ateductionapproachesthe
abductive reasoning us@ this research allogdthe researcher to creativdlyeak out of
limitations to obtain and compile more data before the theory was developed at the end of
this thesis.The result of this provides clearer framework of COQ elements that suits the
construction scopes, which is then to subsequently develop further understanding on
operational failuresThere is also considerable discussion on Hmabductie apprach
allows more explanation and investigatimnbe conducted around the research area of
cost of quality andhow it links to the construction project suppigtwork thus providgng

deeper understanding in achieving the research aim.

4.4 Research process

4.4.1 Theresearch methodology

This section details the research methodologgdun achievingthe research aim and
objectives The methodological framework was developed as emerging from a conceptual
framework (Quinlaret al, 2015). The research process wasdddi into thregphases
(Figure 4.4. The first phase was a framework development phase which attempted to
identify the link betweerthe COQand capabilities for failure mitigatiotiterature,the
positionin theindustry participan®s v and the researapap. The second phase was a
developed case study phase, which detailed a samphailofcase studyn confirming

the status obperationafailure quality costvithin constructiorcompanyparticipans and

then furtherexaminedthe causes of operationaliléme. This included refining the

understanding of COQ andapabilities for failure mitigationn its integration with
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project and quality management to mitigate failure throageries of workshapwith
Delphi expers. Finally, the third phase prowd a discussion ofthe findings and

evaluation of theory development.
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The research was desigdand supported bthe Chartered Qualitinstitute (CQI
ConSIG group with the aim of understanding Cost of Qualitytire UK construction
industry to reduce the operational quality sogk case study protocol was used in
generating data to help ensure reliability (Yin, 2003) with the us@ abductivemixed
method grounded theory approach. It provides greater benefits to best deal with
construction complexityand considerfiuman factors and social context (Quinlan et al
2015) to further explore COQ and elaborate the empirical application within an
overarchingview of the complex inteporganisatioal network. The case study research
method includd aworkshop, surveys, interviews and various data analysis negtimod
which the author workd closely with one of the expanivho has great involvement the
ownerorganisation and the project environment. An expert Delphi review has been used

in selecting all sampggfor both survey and interviews.

4.4.2 Phase I Framework development

The initial concepguidingthe research process was the cost of qualitiie construction
industry focusing oroperationalfailure quality cost and secondly on the area of the
construction supplypetworkexamining collaborative working with practical practices. As
a starting point, this phase involved a critical review lmese two fields witha
combination of literature review, steering group discussions, workshop and trial
guestionnaire conducted by the author with the Chartered Quality lag@Qi ConSIG
group to develop the new COQ framework that Brduality cost © the organisation
system and knowledge. iEh literature andthe steering group discussions have
demonstrated the initial model of COQ presente€lapter 5 and informed how this
may be perceived by the construction industry. In appraisingpbeationalfailure and

its quality cost, the COQ model developed has been used in validatingp#rational
failure quality cost elemest Thirteenoperationafailure quality cost elements have been
identified, used and testedrdlughout the study (Figur¢.5). During this phase, quality
elements in the model were used to categoris@pleationalfailure and itsquality cost

in extracting data. The model was further defined and categorised in each study stage.
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COQ filed ‘ Cost of Quality ’

]
The COQ Failure
categories
(P-A-F)

‘ External (After Handover) ’

Quality
cost
elements

Early obsolescence

Insurance costs Maintenance costs Unadaptable costs costs

Reputation / Brand costs

Latent defects Environmental Costs Indirect consequential
losses
Safety costs
(Occupants/ users/ Functionality costs Lifecycle performance costs

maintainers)

Operational training/
readiness costs

Energy use costs Asset availability costs

Figured5: The COQ field and classification of
own)

In this phase,Study A consisted of aworkshop conducted with CQI group
members (n=5)A cardsorting methodology{Jahrami, 2012as used to classify the
guality cost elements (e.g. to show dependence and interrelatedness). Participants were
first asked to indicatéhrough sorting) which organisation positions accrued costs related
to eachoperationalfailure quality cost element (based on their experience), then think
about how groups could be categorised. Different categorisations were then discussed and

notes were talen.

Study B (i) involved a webbased survey that investigated the resporsdént
experience obperationalfailure and itsquality costandtheir perception®n COQ and
was usedto gain an understanthg of various owner and supplier influences on
operatioml failure quality cost. The surveyvas distributed toa seleced sample within
the industrybased experts. Dataaw collected from 25 respondentsadvisors (n=2),
suppliers (n=4) main contractors (n=9) and owners (n¥10) the UK construction
industrywho mainly had responsibilityfor multiple assets (rather than a single -oiffe

project) and the value of these assets ranged from £400m to £5billion per annum.

Study B (ii) includel asecond questionnainghich was then sent to 17 quality
managerseleced fromamongstheindustrybased expert®oth owners (n=10) and their
supplyand operator networkn=7), who hal experience with operational failure to test
and validate the constructed elements. This pilot study is to show the various

categorisations fooperationalfailure quality cost elements and explore the complex

88



nature 6 the measurment of operationalfailure quality cost through the construction
supplyand operator network heperceptiorand influence of construction participairis

relation tooperationafailure and itsquality cost elements were analysed.

4.4.3 Phase 2 Developed case study

Following onfrom the first phase, samples were characterised adédfneed within the

wider industry context for comparison with the responses from tlgestady. A range of
construction industry stakeholders and experts were selected and classified according to a

supplyand operator networfkamework to suit the interviesy

In the second phase, this reseaifolholved one of the most weknown
intelligent ownerin the UK infrastructuresectorto look at how complex product system
capabilitiesare managedn capturing and reducingperationalfailure quality cost.
During this phase, the research methodology process was summattsttnlea phases
first to understand and appraise tperationafailure qualityelementssecond to explore
the causes of operational failuréthin specific projectsand lastly todevelopa strategic
project and quality management appro&zintegrated capabilities ifailure mitigaton
(Figure4.6).

Sudy Cii)-

. Sudy C(ii)-The Srategic project
Sage Extselrjr?é gL(Bal-ity Jage causes O;] Jage and quality
: operation management
one failure elements two quality failures three approach to

failure mitigation

Figured6:. The study C methodol ogy process

The sample population raedfrom operations and asset managevayerquality
directors and managers, comtias and consultant project/commercial manageocs
designers and technicaltaff'specialiss. Infrastructureowner multi-case studywere
conducted with three sessgnof Delphi review (n=9) to select the most apmiate
projects with operational failure final selection ofprojects with operational failure
workshop (n=3), stage two interviews (n=7) in identifythg project sample withirthe
specific project and during thethird stage semtstructurel interviews withthe project
supply and operator rierork (n=19). The Delphi reviewed selection hedizo identify

five projects that hacoss incurred within alloperationalfailure quality cost elements
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and seven project managers from each projeete interviewed to understand the
operational quality sues and cosincurredas a result othe operational issues. During

the second stage interviews, using the sanding method, interviewees were asked to
select the cost elements which they believed to be incurred in each specific case, the
estimated cst of those selected elements and others wivere involved with the
operational issuesThis wasto see how the project context and structure influenced
operational delivery and qualijtgnd finally to understand the cause of operational quality
issues (fdures). This method was then repeated with the interviewees during the third

stage of interviews.

A retrospective perspectiwveas abstractd from all five of the projects in the
multi-case stug in appraising thenature ofCOQ in the construction industrgnd thus
provide insighinto the projectspecific complexity of the suppgnd operator networik
relation to failure elements (in building andepth qualitative examinationd develop
the strategic project and quality management apprdachintegrded capabilitiesfor
failure mitigation The first stage of interviews led @ snowball sampling to find
additional expert project participants. The occurrence of quality isspesationafailure
and itsquality costelements) s explored during thenitial stage of interviews to gain
understanithg of the characteristscand the relationships with quality cost elements.
Thus, the author used unstructured observation anetaikitey activities during the semi
structured interviews witla crosssection & project participants to gain understanding
and opinions (Fellow & Liu, 2008). All activities including informal conversations

were summased and recorded in field na@and a research diary.

The multi-case studyhus provided relevant information ahe development of
capabilitiesfor failure mitigationtheoryrelating tothe existence of quality issue, quality
cost capabilities in project and operatiorend their relevance to the construction
collaborators.This was gatherednothe basis of the #wrd sassumption with rich
information gaied through the expert consultation (Gay et al.,, 2009). With
considerationof the viability of the case, earlier informal interviews showed strong
willingness, experience and knowledge of the cost of qualityngghenon, which
supports their full understanding and commitment durinipe multi-case study.
Qualitative research multase studyffer a useful means of answeriagh oando wh y 6
guestions (Gay et al., 2009) tha&quire systematic arrangement. Therefdmlowing

Yin (2003) during this phase, the definition of the key elements and the selection of cases
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together with clear units of analysis was justifiHowever, the concept and content

including level of analysis emerged during the justificationradifigs phase.

4.4.4 Phase3i Findings

In the third phase, the authoonductedrigorousmulti-case studyand collected data to
answer the how, what and why questions. This studybwdson multi-case studyGill

& Johnson, 2002)elating to projects withdifferent characterist& In researchthe
majority of multi-case stug rely on confidentiality to persuade participatsdisclose
information (Gill & Johnson, 2002)During this phase, a reflectiayn the whole data
collection was thought to contribute to the practical concerns within the organisation
(Taggart, 2014) in terms of how learning from quality issues can further integrate project

and qualitymanagement to improve collaboratidinus mitigaing operational failures.

Phase3 involved two workshops (g which each lasted between two and three
in validating and generalising the overall findings from phase and two. The expert
was used to He in generalising the findings intthe broader project contexSteering
group discussion was also used throughout the whole research process in advancing,
confirming and generalising the data gathered within all phases of study. This grovide
the oppominity for the author to compare and adwatite findingsto providegreater
clarification to elicit further project context or situatispecific details in defining the

new, emergehempirical data.

Data analysis was carried out to synthesise the suladtamount of diverse
gualitative data produced. A flexible design approach was selected to manage the data.
The author rigorously examined both the qualitative and quantitative data in adherence to
the grounded theory. The method involdadsessmentdm experiencésanddhe use of
calculation$ (Olawale & Sun, 2015 In analysing multicase studya crosssite analys
was used (Gay et al., 200@)provideinterpretation®n the dateaandto makecomparison
of argumentgStake, 2006)The quantitative medium of the case study was to strengthen
the breadth of the data and analysis in addressing the research questions on the
investigation of COQ, as a advancd project and quality maragement approach to
develop integrated capabilities idailure mitigaton and to make a contribution to

knowledge.
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4.5 Research Design

4.5.1 The selection adheresearch design

Research design allows framework development (Bryman, 2012) to provide guidance
aboutall facets of the study (Creswell, 200Bgginning with philosophical ideas towards
the data collection and analysis procedufdainly, research design ithe decision
making about thedata requiredNaoum, 2013)to suit the data selection technique and
the decisionabout thedata analysis method. This reseakghs influenced by many
factors including the context of quality cost, quality management, sumelyvork
practicality and its management with philosophicailspectives to desigthe research
method and data collection. Usually in social qualitatesearchquantitative and mixed
methods are the command methaded(Creswell, 2009). Té following tableprovidesa
summaryof the quantitative, qualitative andhixedmethod before they arefurther

elaboratd.

Table4.1: Quantitative, qualitative and mixedethod procedures

Quantitative Method Quialitative Method Mixed-Method
Predetermined Emergent method Both pie-determined and
emergent methods

Instrumentbased Openended questions | Both openand closed

guestions ended questions

Performance data, Interview data, Multiple forms of data

attitude data, observation data, drawing on all

observational data and | document data armudic | possibilities

census data visualdata

Statistical analysis Themes, patterns Acrossdatabase
interpretation interpretation

Source: Creswe(2009, pl17)

4.5.2 Quantitative and qualitative

Quantitative methods areoften used when the infaration is not abstract, hard and
reliable (Naom, 2013. This includes uses of pegositivist claims (Creswell, 2009) in
understanding the application @@OQ in construction. Quantitative research thus
typically undertake an objective approach to focushnameasurement of quantity, the
analysis of numerical data and the causal relationships between & @bdswell
2009) In this researcha questionnaire was used quantify theperceptionsof industry
participantan relation toeachoperationafailure quality cost elemen# deductive mode

was usel to develop and validate the questionnaire with initial hypotheses concerning
why COQ was ignored and difficult topgly in the construction industryand helgd to
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clarify the relationships amostall operationafailure quality cost elements. Yin (2009)

statecthatthe findings froma quantitative study are easily understood and presented.

Quantitative researdb thus defined by Kerlinger (197 €)tedin (Rowell, 1997p.125

as:

€t he theory and quasttative ahd obthined from baynglds of g

observations in order to study and compare sources of variance of phenomena.

Incontrastqual i tati ve research i s &sa?0dd to b
and focuses on the qualities of entities as welltlas meanings and interpretations of
words (Denzin& Lincoln, 2011). It can be classified into tveseas(Creswell, 2009),
which are exploratory and attitudinal research. Exploratory is used when knowledge is
limited while attitudinal is used subjectivelgi eval uating a person
perceptionsof a particularobject (Naom, 2013. In qualitative research meth®dhe
initial process focuses on exploring and collecting data through various techniques
(interviews, case studies and ethnograpbifpved by analyses of data inductively and
so towards a holistic understanding of the subject (Fsli&wLiu, 2008). Thus, the
placement of the theory can be at the end of the research process as it emerges during the

data collection and analysis procéRswell, 1997.

Qualitative datas said to be tractive (Miles & Huberman, 199; it provides
well-grounded, rich descriptions and explanations of processefogal context. Thus,
researchers are allowed to preserve chronological flow, assessdasality and dere
fruitful explanations. To simplify, qualitative research is defineqStrauss & Corlm,
1998 p.1]) as:

€ Nonmat hemati cal process of interpret
discovering concept and relationship in raw and thgamizing these into a

theoretical explanatory scheme.

4.5.3 Mixedmethod design

A mixed-method design is a combination of both quantitative and qualitative approaches
(Creswell, 2009). It is best used to generalise the findings into a population for the
devebpment ofa detailed view of a phenomenon or concept for individuals. The study
usually begins witha broad survey to generalise the resuito a population and
determinethe focus),and then in the second phases, detailed qualitative, epeded

interviews will be used to collect detad views from participarst(Creswell, 2009). Gay
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et al. (2009) state that thagpproachs used not to replace either of ttveo approaches
but ratherso that they carcomplement each otheby drawing from strengths and
minimising the weaknesses of each single research studyixed-method was used to
contextualise the relationship betwebe two; thus at theexploratory stagé& wasused

to first establish a number of propositions whiatrelater tested in the quardtive stage
(Naoum, 2013Bof the multi-case studyThis has beeseenas exploratoryPlano Clark &
Creswell, 2008)r, on theother handthe researcher may use a parallel study design,
which is both qualitative and quantitativen@ is carried out concurrently (Creswell,
2009).

The use of mixeanethod in construction researchs currently gaining m
popularity (Creswell, 2009and has proven to improve validity and reliability of the
research outconsgZou et al., 2014)lt is further explaiedin Zou et al. (2014put is
subject to criticiy, in which critics argue thathis method caies different
epistemological commitmen@nd may not be mergedsome hae also suggestethat
both quantitative and qualitative methods are not rooted in separate paradigthas
should be usseparatelylf the findings are contradictoryit may also led to confusion
(Dainty, 2008) yet Creswell et al. (2008) ggested that collecting additional daia
reanalysingthe original data may be useful to achieve satisfactory re@stilus, the
researcher can galvenefits from both techniques, instead of being restriotethe use
of a single ong¢Plano Clark& Creswell, 2008 Bryman, 2012).

4.5.4 The selected research design

In this researcha mixedmethod was used combining both qualitative and quantitative
method to understand the COQ approachratation toconstruction projestand thus to
appraise the existence gperational failuresThis has further hegathe development of

a strategic project and quality management approémh the owner and multi-
organisationalsupply and operator networko mitigate the occurrences of failurds
notedin Zou et al. (2014)greater use of mixethethods provides benefits particularly as
it is oriented toward human factors anthe social context of management within the
construction sector. To explain the complexitytloég construction industry dealings with
COQ and thecapabiities to mitigatefailures, a mixed-method approach hedd establish
the research aim in understanding the interrelationshipeafonstruction supplypetwork
with the existence obperationalfailure quality cost. The research objectives are then to

be further elaborate in an empirical application within an overarchirfgamework of
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current quality and project managemethus allowing more comprehensive débabe

obtained through two approaches.

However, the use of qualitative and quantitative arnrms alao be applied either
sequentially or concurrentlfzriensven et al2014) In this studyanexploratory method
was first used to deal with various elenwntCOQ to understand the status and nature of
operationalfailure quality cost within complex projec The quantitative approach
guantified theperceptionsof construction participasttowards the operational failure
quality elementsvithin the quality cost area. The use of this quantitative concepedhelp
to reinforcethe later qualative research (Creswell, 200@ further investigang the root
cause behind operationfalilure and itsquality issuesand thus led to the development of
new integrated and collaborative managemehtcapabilities in mitigating failures
Therefore, the ainof Phase2 of the qualitative research was thus used to understand,
represent and explain where and vidvoesponsibléor the operationafailure quality cost

in responding to the main research aim and objectives.

4.6 Researchmethodology

4.6.1 Overview of theesearch methodology

There are many different methodologies in social resg@amlan et al.2015) as per
Table4.2 The methodologieareusedto show how the research was conducted and what
philosophical assmptiors underpin theesearch. The research strategies selected in this
thesis are survey, case study and grounded theory, which are explained in the following

sub-sections.

Table4.2: List of research nthodologies

Survey Life history
Case Study Phenomenology
Experiment design Narrative analysis
Ethnography Semiotics
Action research Attitude research
Grounded theory Imagebased research
Content analysis Archival analysis
Discourse analysis Textualanalysis
Documentary analysis Metaanalysis
Historical analysis Feminist research

Source: Quinlan et a(2015, p145)
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4.6.2 Survey

Surveys tend to be either quantitative research psogeclargely quantitative research
projects thatare quantitative with eme qualitative elements (Quinlan et al., 2015).
Quantitative research that includes qualitative elements gives additional information that
need interpretation of meanings and explanations from words and images to develop an
understanding of social constits (Ahmed et al., 2016)Largely quantitative research
depends on measumentwith numbers and angdis with statistical procedusgQuinlan

et al, 2015. This strategy uses exploratory and descriptigeearh with a deductive
method(Plano Clark & CreswelR008) As mentiordearlie, this thesis usedsurvey in
combinationwith quantitative and qualitative questions at the beginning of the research to
achievethe initial objectives in the exploratory stage helpascertan the COQ and the

capabilities for failure mitigation approlainconstruction quality and projects.

However, in conductin@g survey, there are two major errorandom sampling
and systematic error (Quinlan et al., 2Q1batneed to beonsidered during the research
design stage. The questionnaire used proialsdmpling that was established through
the members ofhe steering group@QIl ConSIG groupto permitstatisticalinferences
for the subsequent phases. The questionnaire was discussed with the experts from the
steering group to ensure clarity of the sfiens and gain information abowny
deficiencies and suggest®mfor improvement (Gay et al., 2009). As explained in Quinlan
et al. (2015), random problematic sampling could lead to statistical error by chance
variation in the sample selected. Thus, piulity sampling is oriented to the
development of idiographic knowledge, as a gersain from samples to populations
(Sandelowski, 2000)In this way, the use of quantitative data was to measure quality
elementd perspective descriptively around the construction supphetwork and

consequently to validate@ withintheexisting literature.

Accordingly, in order to answer the research questions (who, whgt how and
where?)it is important that the content and structure of what is being mekisubeing
considered.Qualitative researchs thus bestusal with the aim of understanding the
populatio® £motion as attitudes and perceptions exist within the knowledge that is
measurd. Initially, a questionnaire and interview surveyas used to understand the
divergerte of COQ knowledgeand help to develop rad clarify the sample thus
narrowing the subjeci follow-up questionnaire asthenusedspecifically with quality
manages in industry andwith the case study speciéity to provide robust insighinto

the status obperationafailure quality cost.
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4.6.3 Case study

This methodology is an extensive examination that is conducted in a single or few
instance of a phenomenon within a reéfe context(Yin, 2009) Case study research can

be located in a bounded entity, sfiecspace or plageor in a particular incident (Quah

et al, 2015). Moreover, it is used to generatedapth understanding of a situation,
relationship, experiences or processasd other sets of issues occurring in an
organsaional setting (Yin, 209). The use oh case study will draw on qualitative or
guantitativedata, oron a mixture of both (Gay et al., 2009). The strength of usitase

study is that the author will be able to use various techniques in collecting data, such as
documentation, nterviews, direct observation, archival records and questionnaires

(Saunders et al., 2009) to generate more empirical data.

This thesis used case study as explanatory (when 1idalis too complex fora
survey or experimental strategies), explorajtingse situations in which the intervention
being evaluated has no clear, single set of outcomes) and descriptive (to describe an
intervention or phenomenon and the ##al context in which it occurred) work to
investigatethe problems. Based dfigure 4.7, a case study can be conducted either in
simple singlecase (holistic) design, single case (embedded) design, mudéipée study
(holistic) design or multiplkease (embedded) design.

BASIC TYPES OF DESIGNS

Single-case Designs Multiple-case Designs
= Context Context
Oomen - Casa ) Case
i
Holistic Case E
(single unit I
of analysis) i _ Conext_ _ Conext
: Case f Case
!
Oom_e)d __Semea || Comen
e R ORI N e Cass Case
ooes - ceme M| [ 10
vt | = A1
of analysis) 1| Embedded Embedded ~
Unit of Unt of f Context Context.
; Analyss 1 Analyss 2 Case K Case
) [

Figure4.7: Basictypes of case study design (Source: Yin, 2003)

This study adopted single case organisation with multiple projefcisthe multi-

case studyThe study provides cases fraK infrastructure singl®wnerorganisation,
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andcomprise buildings,a water teatmentplantanda runwayproject within the airport
construction industryMulti-case study waselected bagskeon a number ofeasonswith
onemost important elemeriiteingthe easeof access. As one die major owness inthe
UK construction industry,his organisation provides significant sample of operational
failures involing amulti-tier network organisatiowith the supplyand operator network
and complex processfor theoperational programnseEngagement witlthis will thus
better illuminate te existence of operational failure apbvide sufficient articulation

across the project procassludingexecution.

Once the case Habeen determined, ivasimportant to consider the additional
components such as the applicationtted conceptual framwork (Miles & Huberman,
1994) ; devel opment o f research questions
propositions and the criteria for interpreting findind¥in, 2003) that will lead to the
obtainment of explanationgor the complexities of redife situaions (Miles &
Huberman, 1994). Although the projects are operated within the same organisation
structure different failures occurred. The failures occurred with different costévett
involved massive cost, systems and people. Thus, multiple casesgastronger effect
(Yin, 2003), yet each case must be carefully selecteds Methodology andhe case

study characteristgarefurther described i€haptero.

4.6.4 Grounded theory

Grounded theory is used when the specific research aim is to build & fhaorthe
emergence of data (Quinlan et &015). As a main methodology for this research, this
thesis began withan inductive approach (when little is knowabout the research
phenomenon) to appraise the QQluring construction po$tandver, which is also
known asoperationalfailure quality cost. Although the COQ field has longeie
introduced in the construction industry, the high occurrence of failuresthsémportant
guestions ofvhy, howandwhatcortributesthe most to its existence. Geneyaljrounded
theory focuse on social processes or actiof®baraini et al., 2011)t asks aboutvhat
happensaandhow people interactThe research aimed to derstand why failuremainly
occurred poshandover, considering the unique and complex construction Eojket
research thus explatewhat had happened and how the construction supetwork
respomled to the failure The research later developedstaategic project and quality
management approach to failure mitigattoruncerstand how different capabilitiegere

distributed in different phasef a projectifecycle
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In grounded theorythe literature review is either short absent A short
literature review may beacceptableas little is knownabout the phenomemn under
investigation (Quinlan et al2015),yet sometimes it is difficult for the researcher to find
a relevantliterature reviewin the specific are@Charmaz, 2014)Studying the literature
review gives researchepreconceived ideas about what is to be found in the bhathis
thesis, a narrow literatuneview of the COQ was conducted, followdxy a focus on
failure specifyingoperationafailure quality cost which wasthen furtherexplored within
the multi-case study investigatiomo develop thestrategic approach ointegrated
capabilities forfailure mitigating This allonedtheory to be generated from data and thus

led to the concluding chapter that is theoretically rich.

Creswd (2009, p.19 declarel thatgrounded theory helpsresearcher téderive
a general, abstract theory of a process, action, or interaction grounded in the view of
participant®. There is als@ strong relationship between data collection, analysis and
eventual theory (Strauss and Corbin, 1298 this strategy, there are two central features:
developmenbf theory out of data andn iterative approach épeatedack todata and
engagd with the process of continuous meanimgking and progressive focusing
inherent to analysis procesge&rounded thery was developed by Barney G&a and
AnselmStrauss (1967Wwho later split on their undegending of the methodology. Gler
and Strass see grounded theory as quantitative and qualitativea anixture of loth,
while Strauss and Corbin (1997) only presented qualitative as the methodology véthin th
research strategy. Despite efie two varians, Kathy Charmaz Ilater introdude
6Constructi vi st andcargoad rtrateiakeither llatao mory theories are
dscovered either as gi v @harmaz, 2014pel?).dreother o r
words to make grounded thasing visible and to keep it flexible and heuristic, abductive
inference is accepted as the means of grounded tii€offey & Atkinson 1996; Kelle
1995)

The application of abduction in grounded theory is that it helps:

€ to explain new and surprising empirical data through the elaboration,
modification, or combination of prexisting concepts. Within this context, the
theoretical knowledge and padnceptions of the researcher must not be omitted
(Kelle, 1995 p.34).

Referring to Garmad $2006) principe, the concept provides a place to begin

ratherthanending the researclthus it is not necessary to have hypotheses early in the
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process With this concept, abductive iterathgeounded theory was adopted to allow
more flexibility within the hypothetically deductive research, theoretical knowledge and
preconceptions of high recurrea of operational failure quality cost within the
construction supplyetwork This thus serseas a heuristic tool for the construction of
concepts Wich thencanbe elaborated and modifi®n the basis of empirical data (Kelle,
1995). This includes understandg how to reduce the existence operationalfailure
quality cost,wherethe cost lig, andwho is associaté with the costs, which leado a
more pragmat approach in deriving measwaiad metrics and applying them in a specific
setting to evaluate to what extent the quality cost can be measndeceduce if the

occurrencesireto be universally understood.

The complexity inthe constructionsupply network project ascribé to non
standardisation afhe quality cost definition, system and its quantificatisrunderstood
to berelated tothe uniqueness of each construction project. Thus, the research problem
can only be understood with an istigation into the social proceskat allows the
development of theory within theusty of the phenomenon itself. Table 4t&low lisk
the fundamental components of a grounded theory stndjpow these components may
appear in different combinations different studiesandthese components weneostly

adopted in this thesis.

Table4.3: Fundamental components of a grounded theory study (S@baeaini et al.,
2011, p3)

Components Stage Description Sources
Openness | Throughout @ Grounded theory methodology emphasis( Bryant &
the study inductive analysis. Deduction is the usual Charmaz2007,
form of analytic thinking in medical pp.1-3,15,16,43
research. Deduction moves from the 46); Glaser&

general to the particular: it begins with pr¢ Strauss(1967,
existing hypothess or theories, and collec pp. 2-6); Charmaz
data to test those theories. In contrast, | (2006,pp. 4-21)
induction moves from the particular to the

general: it develops new theories or

hypotheses from many observations.

Grounded theory particularly emphasises

induction. This means that gnaded theory

studies tend to take a very open approacl

the process being studied. The emphasis

a grounded theory study may evolve as it

becomes apparent to the researchers wh

important to the study participants
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Analysing Analysis and| In a grounded theory study, the research¢ Bryant &

immediately = data do not wait until the datis collected before Charmaz2007,
collection commencing analysisather andysis must | pp.12,13, 30,
commence as soon as possible, and Glase & Strauss

continue in parallel with data collection, t¢ (1967,pp.102);
allow theoretical sampling (see below). | Charmaz2006,

pp. 20)
Coding and | Analysis Data analysis relies on codiiig process | Bryant &
comparing of breaking data down into much smaller| Charmaz2007,
components and labelling those pp. 80,81 265

component$ and comparing comparing | 289); Glase &
data with data, case with case, event with Strauss(1967,
event, code with codieto understand and | pp.101-115);
explain vaiation in the data. Codes are | Charmaz(2006,
eventually combined and related to one | pp.42-7)
anotheii at this stage they are more

abstract, and are referred to as categorie!

concepts.
Memo- Analysis The analyst writes many memos through¢ Bryant &
writing the project. Memos can be about events,| Charmaz2007,
(sometimes cases, categories or relationships betwee pp. 245264,281,
also drawing categories. Memos are used to stimulate| 282,302; Glase
diagrams) andrecordthanal yst sd de\&Strausq1967,
thinking, including the comparisons made pp. 108,113;
(see above). Charmaz2006,
pp. 72-95)
Theoretical | Sampling Theoretichsampling is central to grounde| Bryant &
sampling and data theory design. A theoretical sample is Charmaz2007,
collection informed by coding, comparison and pp. 304, 305,

memowriting. Theoretical sampling is 611); Glase &
designed to serve the developing theory. Straus{1967,pp
Analysis raises questions, suggests , e
; . L~ . ... | 4577); Charmaz
relationships, highlights gaps the existing (2006.pp. 96-
data set and reveals what the researcher 122) PP
not yet know. By carefully selecting
participants and by modifying the questio
asked in data collection, the researchers
gaps, clarify uncertainties, test their
interpretations and build threemerging
theory.

Theoretical | Sampling, Qualitative researchers generally seek to Bryant &
saturation data reach 0 s aheiustudigs.iOfiem thi Charmaz (2007,
collection is interpreted as meaning that the pp. 306,
and analysis | researchers are hearing nothing new fron 281,61); Glaser
participants. In a grounded theory study, = & Strauss (1967,
theoretical saturation is sought. Thisis a | pp.111-113);
subtly different form of saturation, in whic Charmaz (2006,
all of the conceptsnithe substantive theory pp 114, 115
being developed are well understood and
can be substantiated from the data.

Production | Analyss and The results of a grounded theory study ar Bryant &
of a interpretation expressed as a substantive thethgt is, as Charmaz (2007,
substantive a set of concepts that are related to one | pp. 14,29; Glaser
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theory another in a cohesive whole. As in most | & Strauss (1967,
science, this theory is considered to be | pp.21-43);
fallible, dependendn context and never | Charmaz (2006,
completely final. pp.123150

4.7 Researchsample

4.7.1 Sample and sampling method

The population and the sample selected from the population are furtdhasgrects of
this research frameworl sample is a subsef alarger population (Bryman, 2008) or a
representative of the population (Quinkainal, 2015). In generak researcher does not
possess complete information about the characteristithe research population due to
many factors such as confidentiality, lack of time, lack of access qrarmkthe fact it is
time consuming. Therefore, tliketerminationof sample size is crucial (Fell@n& Liu,
2008).Sampling can be classified into tiygpes, probability and nosprobability samfe
(Bryman, 2008) see Table 4.4

Table4.4: Classification of sampling

Probability A sampling technique in which units of the populationéha known, no-

sample zero probability of selection. The outcome is more likely to do
representative sample.
Technigues simple random samplingthe most basic form, where ea
sampling unit has an equal chance of being included in the sastpiified
sampling (simple andom sutsample that shared the same character
within the populations),systematic samplindstarting point is seleetd
randomly followed by every nth number on the list selected) custer
sampling (sampling is carried out by randomly selectingsaanple of the
clusters to study, rather than randomly selecting the population).

Non-probability A sampling technique in which units of the sample are selected on the

sample of personal judgement or convenience. Essentially, some units il
popuation are more likly to be selected than others.
Techniguesincludejudgmental samplingjudgement or purposive samplir
techniques whertheresearcher decides, or makadgement on who or whé
to include in the sampleyuota samplingthe researchiedevelops a sampl
of participants for the research using different quota critesapwball
sampling (the researcher finds one participant in the research aaid
participant will lead to the next participargihd convenience samplinghe
researcherrgages those participants who are most conveniently availab

Source:Adopted and dveloped from Bryma(R008 andQuinlanet al.(2015)
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4.7.2 Establishing samplesf Phase 1 andPhase 2

This whole research was desggiand supported by The Chartered Quyalnstitute (CQI
ConSIG group Phasel included a workshop, questionnaires and steering group
discussion. Thé&tudy A workshop involved construction experts (both owner and their
supplynetwork a quality manager, quality consultant, two contractorsaavrter) within
different sectors of projedtased firms (n=5) to show the various categorisation of
operationalfailure and itsquality cost elementsand explored the complex nature of its

measureentthrough the construction supptgtwork

Study B (i) was a survey that investigated the resporsi@axperience of
operationalfailure quality cost and enterpriseperceptionsin COQ and to understand
various owner and supplier influences aperationafailure. Datawascollected from25
respondent$ advisas (n=2), suppliers (n=3) main contractors (n=2) and owners ({n=7)
in the UK construction industry whaainly had responsibilityor multiple assets (rather
than a single oneff project) and the value of these assets ranged from £400m to

£5billion per amum.

Study B (ii) was a seconaveb-based survey, issued to quality managers (n=17)
from owners and contractors in the UK construction industry who have expedénce
more than B projects ranging from PFI (48€), private sector (n=5) and central
governmat (n=2) projects. Half of the participants had experience within airport

constructionandfive others within railways and hospitals.

In conjunctionwith study C, a case study protocol was used in generating data, to
help ensure reliability (Yin, 2003)nd provide greater benefits to best deal with
construction complexity that conssif human factors and social conte¢@uinlan et al
2015) to further explore CO@nd the capabilities for failure mitigatioand elaboraten
its empirical applicationwvithin an overarchingwner organisatiof the complex inter
organisatioal network. The Phase 2 case study research method incladesrkshop,
survey, interview and various data analysis metBoih which the author woed closely
with one of the expestwho has great involvement ime owner organisation and the
project environment. Consequently, an expert Delphi review has been used in selecting

all samplsfor both surveys and interviews.

4.7.3 Establishing samples of projetiulti-case stug
In this thess, with a combinations of negprobability sampling technigse purposive

sampling was used to find participanfrom owner construction projects who Ha
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experiencewith operationalfailures A sectorspecific projectwas selectedafter expert
consultationas well aghe expert steering group recommendation at the beginning of the
research stageThe sample was selecteadcarding to theproject timeline, project
relevance participantsupport, access consent and explicit expertise alawathin the
reseach area. ADelphi technique allows reliable consensus from experts (Okoli &
Pawlowski, 2003)and was used in selecting the most eligible samples for casg stud
purposes.The Delphi review involved expertsvho wereinterested in exploring and
discovering wht is actually known or not knowabout theoperationalfailure quality

cost

The aim of this Delphi review was to select the most eligible pjedbrm thecase
study sample. The author worked actively with a quality manager who was also a
representate of the research steering group (a total of 15 meetings May 2015 May
2018). Her position in the project management office team provided information and
supported the collaborative selection of the samples and the information for the case
study. Fom initial enquires, expert knowledge was most frequently found in the building
control team. Therefore, a few meetinvgsreset up withthis team to identify and discuss
projects that would provide the most insidghit the research. These meetings ar¢hir
described in chronological order:

1. Two hours of meeting witlthe head of thebuilding control team (n=2)the
purpose of this meeting was to seek advice on the project selection. Thadim
objectivesof the studywere explained and the signetndisclosure agreement
(NDA) wasdiscussed.

2. Variationof 22 hour s 6 di s c u shsildimyrcontroliteand @=4wo t h
help obtain more knowledge about specific projects. The building control team
provided a list of 18 potential projects and key caistac

3. A onehourinterview with the quality manager and a delivery director (n=2) who
offered to share knowledge on one potential project. He further explained about

the potential case and person to contact.

Following these project identification and kegntact identification meetings, the
author worked with the quality manager to best classify projectopaoationalfailure
guality cost elementdA total of 15 emailsfour meetings andhreedocument reviews

contributed to this. This was then validateé workshop, as described betow
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4. A two-hourworkshop facilitated (n=3) by the author, the quality manger and one
of the head building control managevas usedo validate the findingswith the
building control team using card sorting. This providéshcer information and
classification of quality cost elements according to specific case study projects.
The result of both categorisatiof projects with quality costeas determine
based on(1) includesbest involved experts (still and habeeninvolved withthe
operationafailures and(2) is anexcellent informant (r&political influence with

operationafailureg samples for theselection oimulti-case stugl

The five eligible case studprojects werechosen forrelevance, opportunity, expert
availability, timelinessstrongsupportfrom top managemergnd ease of access. These

projects were also selected basedm@reasos listed below:

1. The similarities in organisational structure, yet thevas adifferential in team
dynamic. This showed the divergene of each quality issue in relatiship to
similar operations in therganisation

2. Five projects were on the different organisatiesyagcific moded of tenderwith
traditional contract awar¢no preferred suppligrand longterm partnergthree
years of contract). This shed the owner andmulti-organisationakupply and
operatometworkrelationship to the quality issues

3. All projects ha asimilar budgetrange, which shoedthat the cases were similar
in size

4. All projects work under theasne NEC contract

4.7.4 ldentification of Study C(ii)) Phase 1 interviewi expert project
participants

Based on these selected projects, an initial saroplseven (n= 7)owner project
managers for each project were selected for Shely C (ii) Phasel interviews i
identifying the project and operation of commercial, supplier and operational participants

in the project. This allowed theoretical sampling to addiiessesearch question3his

initial sample provided the starting point to characterise operafiaharesand to group

them according to theperationalfailure quality cost elements as p#re framework
proposed inPhase 1i framework developmentSemistructure interviews were

empl oydecaton fihe respondent 6s vevanwtp othe nt r
broader research probleoBlumberg et al.2008, p.386)thus a snowball methodvas

used to elicit further stakeholdeand situatiorspecific details when quality issues were

explored to understand failuréhis theoretical sampling (Charmaz, 2014) aldowviorthe
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emergence ofonceps from theinitial data to reach saturation. It hetpto delineate and

develop narratives around quality issues at the operational stage of a project.

4.7.5 Identification of Study C (iii) Phase 2 interviewi expert project
participants

Following the abwe, the snowball sampling providka series of possible samgpland
convenience sampling was then used to further select interviewees. The interviewees
were asked about whaas involved with specific operationfiluresto generate further
insight into the link of operation issues, quality cost and construction supgywork
Nineteen (n=19) interviews were then conducted within the identified projact

operational team. Table 4pbovides a list ointervieweeroles

Table4.5: List of participant roles and unique anonymous identifying participantscode

Projects Project A'i Project B- Project C- Project DT  Project EV
Buildings Water Infrastructure = Building Infrastructure
(car park) treatment (track transit  escaldor (runway)
plant system)
Project and| Ownerproject | Owner Ownerproject | Owner Ownerproject
operational| manager (A1) project manager (C3) | project manager (E5)
team Ownerproject | manager (B2) Ownerquality | manager Ownerproject
participants manager (A7)| Owner manager (C10) (D4) manager (E6)
Ownerproject | mainterance | Contractor Ownerasset | Ownerairfield
engineer manager quality manager transformation
(A14) (E18) manager (C8)  (D15) manager (E12)
Owner Contractor Ownerproject
commercial project engineer (E13)
manager/ manager (C9) Ownerairfield
contract lead Operation senior
(A11) engineer (C19) transformation
led (E16)
Ownerairfield
senior
transformation
led (E17)
Total 4 2 5 2 6

4.8 Data collection method

4.8.1 Questionnaire

A questionnae is one of the most popular data collection methods, as it allows for
wider range of participants (Saunders et al., 2009). However, designing a good
guestionnaire is challenging.dve et al., 2002)andit influencesthe response rate and
reliability of data collection (Felloss & Liu, 2008). This method was used through a
highly-structured questioraire where respondentsvere required to tick boxes and

answersome operended questions in generating quantitative descriptive views of the
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industrybasedperceptionsin relation to operationalfailure quality elements. In the
beginning,in order to design the questionnaitke author decided precisely what data
was required (Quinlan et al., 201%)hich requirel both time and skill (Gay et al., 2009).
Geneally, literature input was used to construct both structured and unstructuredAtems.
pilot testwas frst sent out tahe Chartered Quality InstituteCQI ConSIG steering
group members to discoveradhere questions weraclearor unnecessary, whicled to
informationbeing gainedabout deficienciesn the questionnaire, as well asggesbns

for improvement (Gay et al., 2009). Based on the psioidy a sample was then
determined using stratified sample to later seleftr purposive sampling. This ag to
ensure that the questionnamsult wouldbe generalisable to the population (Gay et al.,
2009).

4.8.2 Interview

Interviews are a deliberative discussion between two or more people (Saunders et al.,
2009) in whichthe researcher is seeking informatiorr the interviewee(s). There are
three types of intervienas explaied by Saunders et al. (20Q9)hich are structured
interview (based on prdetermined and standardised questishsch require short and
precise answers$mistructured interview (lisbf themes and questions that may change
from interview to interview, used to understand the reasons fdyehaviours opinions

or decisions of participants); and unstructured interview (informal and contain open
ended questionsinterviewees havehe opportunity to express their opinion freely
produce rich and large data based on wider questions). Quinlan et al. (2015) classified
interviewsinto five different types: the on®-one interview, the group interview, the

telephone interview, the online int@w and the photo elicitation interview.

In this study,a semistructured interview was used in discovering and elaborating
participant information to appraise the operatidiaélres and discover causes, values,
benefits and characterissibehind thewhole supplynetwork This methodrequiresthe
author credidityt o expl ore i nter vi ewe eussén develagpngs , a
ideas(Fellows & Liu, 2008) which later vereused in shaping the research objectives and
forming the framework througthe grounded theory princig. This is rather appropriate
when little is known about the study phenomenon or where detailed insights are required
from individual participarg (Gill & Johnson, 2002)

4.8.3 Steering group discussion
The geering group was usually conducted with sixlfbpeople around a tabl@able

4.6). There was one moderator whauided people around the table to focus on a
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particular tofc (Quinlan et al., 2015). In this research, the author was actively working
with the Chartered Quality Instite (CQI ConSIQ during the whole research process.
This consisted of 14 meetings of3Zhourseach The focus group members rauagrom

UK constuction owness, to consultand and contract@ Every activiy and data
collecion for the study was discussed, validated, generalised and elabopateduring

the meetings. This hetd the author to gaimradvancd understanding of how data
collected was areflecion of other construction organisations. All discussions and

observations erenoted and kept for data analysis.

Table4.6 : Steering group meetings withe Chartered Quality Institet

Year of study Date of steering group meeting No of people (n)

1styear, 2015 13" May 2015
gh July 2015

2"year, 2016 20 Jan 2016

9" March 2016

5t May 2016

21st Sept 2016

2"4Nov 2016
3dyear, 2017 18th Jan 2017

17" May 2017

215 June 2017

13" September 2017

29" November 2017
4" year, 2018 7" February 2018

18" April 2018

6" July 2018

VUomood~N©~NTmo~N o

The discussions were conducted on the lasisall informationwasconfidential.
The author neestl to ensurethe best quaty discussionwas obtained during the group
sessioB. A flexible formatwas used teencourag dialogue amongt the respondents
during eachsteering group to ensure the most empirical information was obtained and
would be helpful to the research. Datwas gathered through participafdcused

discussios (Quinlanet al., 2015) to then produce new knowledge and insight.

4.8.4 Observation, documentation and other materials

In addition to the above methods, observations were recorded whenever necessary during
the research proces$o gain rich insight on a particular aspecicluding directly
monitoling and evaluahg the actions and behaviours of the participants. Fieldsrate
diaries vereused by the author to keep memos. As meertion Table4.3, in grounded

theory, memos were used to stimulate and reamalysisto developed further thinking.

Other materiglsuch as organisatiahmanagement structigeproject repod, working
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programme and strategies or appro@sto procurement and other related materitdiat
increases knowledge concerning the operational failure G within the project,
system, process and supplgtworkorganisations weralsostudied. The documentation
was all project specific andwas used to support the formulation of framework

dewelopment as well a®r references purposes in articulating the findings of this thesis.

4.9 Data analysis
Grounded theory requires a coding scheme to enable relevant data to be grouped together

and involve sense making and understanding of the data toggm@onsequently, data
analysis is the most difficult aspect duritite research procesand need a mix of
creative and systematic skills. There are different methods of analysing qualitative data
depending on the type of data, the method used in colletite data, the research

subjects, and the research desigd abjectives (Saunders et @0009).

Qualitative data can be analysed in four stages (Mildsuberman, 1994): data
reduction, data display, conclusion drawing and verificatiorwhich anajsis can only
be completed when the volume of data is organised in a way that is manageable.
involves coding the data, dividing the text into small units, assigning labels and then
grouping the codes into themes. Analysis involved both inductive #aldicave
inferences in a process that invadweither subsuming data under existing categories,
derived from previous research and current policy, or assigning new categories on the
basis of surprising or unexpected incidents of data. Qualitative dasaaiyuconcerad
with searching for the patterns of various typ® hypothese relationshig by either

searching from the data or erapingtheory and literature (Fellesw& Lui, 2008).

In this thesis, the definitianof the COQ concept anaperationalfailure quality
cost content of themulti-case in this study were determined during the COQ
categorisation workshop and quality failure framework development phase. The level of
analysis later emerged during the framework devektphases that contributdo the
wider perspective of projecand quality managementn failure mitigation through
integrated capabilitiesBy this, using the data to search for patepmovided an
opportunity for the author to see the new and potentially important relatisnshiipe
data. Thusthe author has scrutsedall transcribed texts of discuss®rstatemergtand
other documentatigriooking not only athe content but also the linguistic context. This
is to establish the meanings, intentiossd interpretations of He people conceed
(Fellows & Lui, 2008).
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In this study, various methods have been used in analysing different sets of data.
However, in g@nera) threemethods of qualitative data analysis were usedsdimethod

are as follows:

1. Content analysis

This mehod is a form of qualitative study foéng on the explicit and implicit meanings

that surround strategic communications. It provides a quantified analysis of recurring or
persistent and easily i d@®hite & Marghp200K)aqmar t s
determins the main facets o& set of data by simply counting the number of times an
activity occurs (Fellow & Liu, 2008). The content analysis method can be defined as
systematicusingreplicable techniqueto make inferences about a text, where the notion

of inference playsan important role in determining the purpose and object of
methodological studyKrippendorff 2004) A series of analytical constructs allows the
researcherto go back and forth betweethese texts and context to describe the
phenomengHayes & Krippendorff, 2007)Thus, once thelata categories have been
established, a content analysis will yield quantitative data for each content category
(Fellows& Liu, 2008). Qualitative content analysis was used accadrdiiog most of the

data collected durinBhasel (studiesA, B (i) and B {i)). Thisyieldsnumerical values of

the categorised data by rating and rankpayticipant perception througtifferent
matuity level and influences of participasit k n o wabeutl @&Q failures.
Comparisons were later made on the basis of hierarchies of categories. The relationship
between categories of data and between groups were later examined in answering the
research aimThe statistical evidence frothe qualitative studywas used to determine

the direction ofthe relationship €ausalities) when combined with theory and literature
(Fellows & Liu, 2008).

2. Thematic analysis

This method involves the identification of emieigthemes through careful reading and
re-reading of the datdo form a pattern recognition within the ds¢d (Miles &
Huberman, 1994)Accordingly, assessments were made in feméace interviews and
multi-representative workshopandall interviews were then professionally transcribed.
As suggested by Mil edatawasablledted, Wispiagdaeddicd ( 19
and verified. The analysis usé¢hematic methalthat began with several rounds of
coding transcribed interviews, calsgcase, to abstract and transform the data into
emerging pattern codes and then into categories. The waseshen mapped through
concept mapping to providecleaer explanation the everd that constitutd operation
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failure. Comprehensive literatureaséonstantly compad®during the coding cycle once

the first open coding was conducted. This was to allowhi@developmenof theoretical

ideasin generating scond coding that focused on the theoretical constrGetigctive

coding was then used to generate the core categories from each case to then compare anc
further abstract into higher level of categories that incorporatgdrioes from each case.
Figure4.8 summarisethe process from codes to theoryperformingthematic analysis.

The development of theoirig not always a necessary outcome in qualitative inqaisy,
pre-existing theories may drive the entire research enter(8mielana, 2016)lherefore,

referring to Charmaz (2014), grounded theory codes require a cycle of coding to
understand the analytic issues within each cycle oingomh providing direction to the

researcher.

Figure4.8: Analysis process from codes to theory model for qualitative inquiry (Source:
Saldana, 2016.14)

3. Crosscase analysis
These categories and theaspective themes are further explained and analysed in the

crosscase analysis to compare findings. Furthermore, patt@tching, data displays and

explanatiorbuilding analytical techniques (Yin, 2003) were used primarily dutimey
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