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Abstract

The UK construction industry outlined construction problems related to delivering values to
clients and construction performanceKindustry reports aimed to address various problems
and provide milestones on how to tack&ichproblems, through setting aet of improvement
targets to the industry, known as Key Performance IndicatorssfKRIset of targets were
addressed to achieve by 2025 that includes Building Information Modelling (BinM).UK
government mandated the usage of Level 2 BIM across the construction industry in 2016, which
was superseded by the BS EN 1SO19650 standards inT204 9esearch aimed wevelop a BIM
Maturity-KPIl assessment framework for the UK public sectott bngority client to assess BIM
adoption in line with the UK construction strategy

The research wasonductedwith a case study through workshops to develop a BIM maturity
assessment. This was followed by conducting interviews to investigate levéld ofdBurity and
KPImetricsadoptions in the Ullient sector to fill out the BIM maturity assessment, to establish
potential relationshig with KPImetrics,and propose any further KRietricsto be considered.

This was further examéd through a questicnnaire surveyto statistically examinethe
relationships of BIMnaturity and KPmetrics

A 3-level BIM maturity assessmen{Awareness, Occasional Application, Consistefay)3
organisational levelgStrategic, Implementation, Operational) was proposHikstandardiseKPI
metrics (Cost, Time, Quality, Satisfaction, Health and Safety, Performance, Profitability,
Productivity, Sustainability, and Collaborative Culturegre delivered. The KPImetrics
relationship with BIM maturity were assessed through-gvel relationship(No relationship,
Weak, Medium, Strong)The findings indicated that there was a relationship that existed
between theBIMmaturity and KPimetrics.

The researclproposal afinal BIMMaturity-KPI assessment framewatd the UK client actor.
Finally, the research provided the UK client sector with an overview on the existing BIM maturity
and KPI metrics, and how they can both be linked together.
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1.1 Introduction

This chapter aims tprovide a brief background to the research topic and elicit the key topic
areas that shall be explored in thissearch Problems associated to this research, such as lack of
client demand, absence of understanding to BIM and how it is being implemented across the UK
will be highlighted and justification to the need of proposing a BIM maturity and KPIl assessment
framework to tackle such existing problems and enhance overall performance of the UK
construction industry will be discussed in brief detail. The aim and objectives in addressing the
research problems and justifications will be provided, and questions thatréesearch will
address related to understanding BIM maturity and KPI metrics, how they will both be linked,
and the benefits that they could offer to the client sector will be presented. The scope of the
research related tgublic sector local authoritglient, UK construction KPIs, Level 2 BIM and the
new UK specifiBS ENSO19650 standards will be outlined, the methodological approach of this
research will be highlighted to outline the adopted methods for this research, and the overall
structure of thethesis and the research process will g@en at the end of the chapter that

represents a starting point to this research.
1.2 Research bckground

The UK economig strongly influenced byhe construction industrywhich wa evidentfrom the

first growth reviewby the government publisheid 2011(Greaves, 2008According to the latest
statistics, in 209, the construction sector contribute£117 billion to the UK economgguating

to 6% ofthe total economic output (Office for National Statistics, 20FXevias reports have
noted that addressing existing problems within the UK construction industry would emhble
delivery of value to clientS heset of reports covers the context of the UK construction industry
and are all demanding changendeed, some wereeviewed during the time period 1932021
(Design buildings wiki, 2019; Gruneberg, 2(8rray and Langford2003). These reports have
addressedkey issues related to fragmentation, lowest cost mentaliyd the needfor a high
driveto change Theyoffered ways to overcome problems related to performance, profitability,
productivity and predictabilitto name a few areasNevertheless, @ditional problems have
emerged in recent years (Mckinsey, 2017; 2018) that relate to low productivity.

Building on pevious reports, there has been a greater emphasis on Building Information
Modelling (BIM) and digital transformation, and more focus on issues related to collaboration,
modernisation, health and safety, apprenticeships, digitisation, and whole life cycle
performance, thus the need to adopt BIM in order to tackle issues that existed in the UK

construction industry (Farmer, 2016; HM government. 2017, 2018, 2020a, 2020b, Mckinsey,
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2020),and the need to adopt the UK BIM framework across one of the government 14 policies
(Further embedded digital technologe® use the UK BIM Framework to support the adoption
of the Information Management FramewoidM government. 2020c)The concept of BV
emerged as a subset of computaided design (CAD) software; this replaced manually generated
2D drawings (AbuEbeid and Nielsen, 2020; Akdag and Maqgsood, Eed®)this,Architecture
Engineering and Construction (AE@)gressed from using sketch boards to illustrate
architectural drawings, toinstead presentdrawings via technolagal software through
computeraided drafting and design (CADD) systente reduction to public sector costs was a
key approach following these reports through set of consuction strategy actionsfor
implemeniation by 2025(HM government. 2013)rhis involved attaining growth opportunities
for the construction markebf up to 70% (Leadershipyvhilst 50%derive fromthe following
actions: improvement irexports (growth), dwer emissions (sustainable), and faster deliver
(smart), and 33% lower costs (peopl&hese were themajor actionsset bythe government
strategy for the UK tachieve by 2028HM Government. 2013).

The UK Construction Strateggnsidered thathe main developmenthallenge foBIM
was theimplementation processwhichthe government subsequentijmandated on all public
sector construction projects from April 2016 onwar(lSreaves, 2008)The mandate was
established to recogee how couldBIM changethe project process by transforming the whole
industry (Haron, 2013) Theefore, the UK government imposed a mandate implementing
Level 2 BIM on their UK projects by 2¢H0M Government2012) Level 2 BIM has been defined
asYy A series of domain and collaborative federated models, and the models consists of both 3D
geometrical and nomgraphical data, and are prepared by different parties during the projeet life
cycl€ (BIM level 2.2016 BIM Task Grqu 2013; NBS, 20).6The BS ENS019650 is an
international set of standardswhich defines the collaborative processes for effective
information management throughout the asset delivery and operational phase in the use of BIM.
There has been a transition from Level 2 BIM to the new BS EN I1SO19650 stdud#aiis/
framework, 2019a, b)Although BIM has growrapidly within the UK, other studies have
identified complicationsassociated withsuch growth. It has been stated thaas it was
understoodin different ways, this resulted in lack of recognition and appreciatiofior BIM
throughaut the UK construction industryUnderwood, 201Q)To overcome such challenges, a
measurement proces$o help resohe some of these existing challengesn the UK was
introduced, calledd . L a Y I, whitiNdoricéptualiseda set ofadvancementsn terms of

capabiliy and performance in relation tds application These advancements webased on
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degreesof accomplishment, anadharacterisedo € thedextent towhich a specific process is
explicitly defined, managed, measured, controlled, and effectfffaulk, Curtis, Chrissig&
Weber, 1993 p. 9. Moreover, BIM maturity models havemergedfrom numerous research
studies A fundamental reasofor, andthe significance qfBIM maturity relies on the capability
to measure the effectiveness of BIM capabiliti@iswould enalle reflection on theimpact of
the government mandate angrompt anexamiration of the level of BIM project success across
the UK The UK Government olimed a set of targets that direetd thefocus onthe introduction

to digital transformation and Blland Key Performance IndicatoKP) measures (Egan, 1998;
Latham, 1994; HM. Government. 2011; 2016; Wolstenholme, 2009).

Targeed enhancements were projecteavhich lead tothe appearance of KPIs that intended to
deliver overall improvementms the UK construction industri{Volstenholme, 2009)Although
the overall measureand successf project performanceelatedto cost, time, and quality, other
assessmersthavealsobeenconsideredhat differ from one plae to another, such as safety and
performance.BIM maturity focuseson maturity assessmerg and construction performance
measuremens; howeverin orderto demonstrate thevalue and benefiof KPIs anestablish
potential enhancementsit isvital to link BIM maturity with KPI(Ashworth and Tucker, 2018;
Badrinathet al,, 2019 Khanzadi et al., 201S$hinet al.,2015 Wonget al, 20189.

Methods have been presentedo enable the combination of BIM maturity and KPI methgs
signifyinghow they can function together ithe constructionindustry. Althoughthere are
potential strengths from combining thesgvery fewpublications hae mentionedthe linkages
that may occur(Ashworth and Tuckef018;Badrinathet al, 2019 Coates et al., 2010; Hassan,
2012; Manzioneet al, 2011) Although the aforementioned publications address the potential
links of BIM maturity and KPI metrics, none have addressed the linkage of BIM maturity and KPIs
for the client sector and according to the new BS EN 1SO19650 standards.

Although there have beeprevious attemptso link BMmaturity and KPinetrics, however, there
has been a lack of understanding on what BIM maturity and KPI metrics are, which has led to an
absence of a standardised linkage betwe®lM maturity and KPImetrics to recognisethe
benefits that couldnfluence the overall performance of the UK construction industherefore,
this suggests no attempt of a standardised linkage betwB&v maturity and KPmetrics, and
sincethere has been an absence of a standardised linkage betB&dmaturity and KPI metrics
this suggesta currentknowledge gapthereforethis research will explore the potential ways to

link BIM maturity and KPI metrics togethand how both ould operate together;, such as the
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strength of relationships and if tiyemove in the same direction (BIM maturity increase/decrease
vs KPI increase/decrease) or different direction

1.3 Problem StatemenResearch Gap

A number of publications exist on how to support the implementation of BIM within stakeholder
construction organisationgdowever,a lack ofclient demand and a lack of training represent
some existingoroblemsin implementing BIMn the UK constructionndustry (Arayici, Egbu, &
Coates, 2012; Azhar et al., 2008; Khosrowshahi & Arayici, 2012; Smith & Tardiff, 2009; Yan ¢
Damian, 2008)The NBS reports (2019, 2020, 2021) indicated that there is no client demand for
BIM, unlike other disciplines (such assultants and contractors), and thus BIM implementation
Ad AGAtt FINI FNRY (KS OtASyidQa LINA2NRGED ¢ |
which are mostly influenced by their limited understanding as to the expected benefits for them
(NBS. 202D Furthermore there is no clear view on where BIM codkliverbenefitsto the client

during its project lifecycle, which is tmesult ofthis lack of understandinghus the client is not
clearwhat some of the challenge®uldbe, and what valueBIM could offethe client(AbuEbeid

and Nielsen; 202Mlay et al.2019; Cousins and Knutt, 20L7Clients across the construction
industry have widely recognised the barriers to BIM implementation and acceptance. This is due
to the lack of clarity as to the benefits of BIM to clients, which contrasts with the understanding
amongst other constructiomdustry stakeholders (AbuEbeid and Nielsen; 2020).

Although the governmental mandate imposedhe implementation of Level 2 BIMon
governmental projects by 2018HM Government2012) and the increase to levels of BIM
adoption over time (NBS. 202%gsults have shown that there is no standardisedimition to

Level 2 BIM leading to a confusion on how to adopt Level 2 BIM (Winfield, 2018¢sailtd have
alsoshown thati KSNBE | N5 adGdAff A&aadzSR NBfFGSR (G2 L
revolving around Information Management using B{kKemp, 2020, Winfield, 2020; UK BIM
Alliance.2020). Limited awareness andow adoption resuls from theslow uptake and low
adaptation of BIM to different UK digdines. Thus, althoughBIM maturity exiss, it isnot
currently atLevel 2 BIM, antew benefitsare realisedl anddemonstrated to clientsTherefore,

the relationship between BIM maturity and benefitsstill uncleaand requires more attention
Kassem & Li, 2020The recent approach of BIM under the n&% ENSO19650 standardsas

led to some confusion on the differences between this and Level 2 BIM and how this transition
g2dzf R 200dzNJT GKA& Yl & AYLIOG GKS ! YQa hBAani;
clients understanding to the new standards (NBS, 2021; UK BIM frame2@d13b).

KPIs have previously existed but presented in various ways to organis#tisiss meant that

there is no standard list of KPIs available tfeg UK construction indusgr(Parmenter, 2019
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2020 and difficulties to measure thenCfOx et al., 2003)Moreover, misconceptiongxist
concerning the definition odBIM maturity and KPimetrics and the ways they function within the

UK industry. This hagsulted inunsuccessfudpproachesto combinethem in orderto extract
benefitsthat positively influenceoverall performance of the UK industry (Aboumoemen, 2016;
Aboumoemen and Underwood, 2012019.

Although there have been previous attempts to link BIM maturity and KPI rediigether
through an assessmenfghworth and Tucker, 2018; Badrinath et al., 2019; Coates et al., 2010;
Manzione et al., 2011; MoJ. 2016; Mom and Hsieh, 2012; Ozorhon and Karahan, 2016; Park e
al., 2013; Sarkar et al., 2015; Sebastian and Berlo, ZDi€s et al., 2016Wong et al., 2015

there has been a lack of understanding to what BIM maturity and KPI metrics are, which has
resulted in an absence of a standardised linkage betwBB maturity and KPImetrics to
recognisethe benefits that couldnfluence the overall performance of the construction industry.

As a resultthere has been no attempb deliver a generalised usage BfM maturity andkPI
metricsfor use within assessments.

Therefore, the essential aim of this reseh is to separately identifhe levels ofBIM adoption

and KPIsin orderto deliver a generaled list of KPImetricsfor use by clients within the UK
construction industry, and to propose a BIM maturéind KPI linkage througmassessment

frameworkthat will be validated and examindualy the UKconstruction industry leents.

1.4 Justification/Rationaleand significance ofesearch

Reasons for the barriers to BIM implementation by clients exist across the industry, and are
attributed to the lack of defirtion regarding the benefits; this contrasts with other stakeholders
within the construction industry who have far greater clafi®zhar, 2011Barlish and Sullivan,
2012; Bryde et al., 2013; Yan and Damian, 2008)s, it is vital to address the BIM reguments
that could positively impact on construction industry clield8M has beepresented differently,
which hasresulted inlimited awarenessand its slow uptake amongttK disciplineshence,the
concept of BIM maturity was developed to assessrganisationalcapabilities and measuris
adoption to allow people to assessheir position Thiswould help to outline the benefits
identified from the BIM maturityconceptacross organisation®akhil, 2017Kassem & Li, 2020
Mahamadu, 2017; Marsh, 2013mits et al., 20168)ong et al., 2016 The aloption ofamaturity
modelwould present BIM benefits to userghichcanbe simplifiedand tailoredto achievesuch
positive outcomegAzzouz et al., 2016Dakhil, 2017Giel and Issa, 2013Kassem & Li, 2020
Nepal et al., 2014; Succar, 201Xderefore, it is essentiato addressBIM maturity.The usage

of the new BS ENSO 1965Gstandards reflects back on the UK strategy highlighted in the
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Construction Ryybook (HM government. 2020c) across one of their poli¢iestiier embedded
digital technologies which indicates the needrom local authorities to use the UK BIM
Framework to standardise the approach to generahd classify data, data security andtala
exchange, and to support the adoption of the Information Management Framewik.
adoption of the UK BIM frameworkill improve the performance, sustainability and value for
money of projects and programmeblence, it is essential that this researchulebaddress the
key aspects of the UK BIM framework and ensure that the proposed assessment would adopt the
information addressed across the UK BIM framework, and this further justifies the need to
develop the proposed BIM maturity/KPI assessment thabfzd the new standards based on the
UK government strategy.

Moreover, KPldhave been presented differently across diverse projects and organisatiitims
varying levels ohchievement as ameasure of a process that is critical ttee success of an
organisation (Parmer, 2020; Peterson, 2006). By linkinBIM maturity and KPI metrics
together, this would help todemonstrate the benefits thatould be expected bglientsin
enhancing the overall performance of projects within the UK constructionsimgand upskilling
the users from one level to anotheFurthermore,the usage of KPIs would help tealise
potentialimpacts on the overall performance of projects and organisatiéiisnited numberof
publicationsexistthat report the possible linkbetweenimplementingBIM maturity across the
most usedKPImetrics on construction projectsfAboumoemen and Underwood, 2017,2019;
Ashworth and Tucker, 2018; Badrinath et al., 2019; Coates et al., Rbadzadi et al., 2019;
MoJ. 20160zorhon and Karaha@016). AlthoughBIM maturity and KPI metrics were previously
linked, no clearly defined relationship yet exists between BIM maturity andné®iicsfor the
UK clientsector. Hencethis researchreviews variousBIM maturity metrics to support the
delively ofa standardisedetof suchmetrics It willalso review previouslgeveloped KRhetrics

to support theprovision ofa standardisedet, in which both BIM maturity and KP1 metrics will
be usedto examine their potential relationship andssesshow this would reflecton the
performance otonstruction projecs. Together, hiswill develop a BIM MaturifK Pl assessment
framework to determine the level of BIM maturity aratioption inaccordancewith the UK
strategy, how linking BIM maturity and KP metrics would enhance the performance of
construction projects across the sector, amkamine its applicaility amongst the UK

construction industryclients.
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1.5Research Aim and Objectives
Thisresearch aimdo develop a BIM MaturifkPlassessmerframeworkfor the UKpublicsector
local authorityclientto assess BIM adoptidan linewith the UKO2 y & (1 NHzOG A 2y & i NI

The following objectivewill helpto achieve this aim:

1) Todeterminethe Building Information ModellingBIM)approach its relevance to thelient
sector, andits level ofadoption across the constructiandustry, bothglobally andwithin the
UKspecifially.

2) Toestablishkey principles of BIM maturity and evaluate existing BIM assessment framewaorks,
models, and tools to understand the principles of existing industry key performance metrics
and indicators.

3) To evaluateexistingcombined BIMKPI assessment methods, modelsl &wols, and establish
the main driversparriers and challenges of BIM maturity and KPIs for the UK construction
strategy.

4) To develop a BIM maturitil Pl assessmeiftameworkfor a UK public sector local authority
construction industryclient

5) To examinehe relationships between the proposed BIM maturity and the KPlIs.

6) To evaluate and propose a finRIM maturityKPIl assessmeifitameworkfor the UK public

sectorlocal authorityconstruction industrclient.
1.6 Research Questions

Theresearch will answer thillowing questions being associated with the aim and objectives

1. What does BIM maturity mean and what does it measure? How could BIM maturity support /
facilitate BIM implementation?

2. How are the Key Performance Indicators appraathby the construction industry? What do
they measure and which criteria do they follow?

3. Is there a link between BIM maturity and KPIs as a measure of the benefits of adopting BIM?
If so, how can linking BIM maturity and KPIs provide a measure oa@ption and support
BIM implementation?

4. Can the proposed BIM maturi#gPI linkage benefit the UK public sector local authority client?
If so, to what extent could the linkage reflect on the UK construction industry client?

1.7 Scope of thigesearch

AOE ASYyiQa NRfS gAGK GKS . La AYLIXSYSyllFiAazy

validate information across the UK industry, is identified within the reseditodUK public sector

local authority client, UK construction KPIs, Level 2 BIM andaheUK specifiBS ENS0O19650
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standardsare the main scope of this research. These will help to idethipotential linkage of

BIM maturity and KRhetricsthrough aproposed framework, which will bgresented tothe UK
public sectorlocal authority client. This framework witheasureBIM maturity by realising the
benefits and determining the impact on the overall performance of UK construction industry
clients by delivering a proposed list of standardised KPI metrics that are linked pntip@sed

list of standardised BIM maturity metrichis research will only be conducted with UK clients
concerning BIM; moreover, it will only focus on Level 2 BIM BEBEENSO19650 standards
However, a set of BIM standards are becoming adopted gigbatliich presents a potential

spread of BIM adoption across the globe.

1.8 Research Methodologyadopted research methods

The adopted research methodological model for this research iRt#search Oniondeveloped

by Saunders, Lewis, and Thornhill (2DWvhich represents six layers of a research methodology.
The adopted research studies that links back to the research onion layers are a combination of
Exploratory and Explanatory studies. The ontological position for this research is a mix of
Objective and Sujective stance. The adopted epistemological positioRriggmatismthat links
back to the mix ofboth the objective and subjectivestances in demonstrating potential
relationship between BIM maturity and KPI metritbe adopted axiological position that links
back to theontologicalmix of Objective and Subjective stance and the epistemoloBregmatic
philosophical stance isa Value-driven position. The adopted research approachvill be
Abductive. The adopted research methodologicathoice position shall beSequential Mixed
Method. The adopted research strategy position will b8ngle EmbeddedCase Sudy. The
adopted time horizon will b&rosssectional The adopted data collection techniques and the
data analysis for each technique are as followd=ddus group workshopsvherethe data will

be analysed through filling out the proposed BIM maturity assgent across three
organisational levels (Strategic, Implementation, Operational) and through three maturity levels
(Awareness, Occasional Application, Consistenc$eR) structured interviewswhere the data

will be analysed by the usage of, ®)ematic analysis and b)Content analysis 3) Online
questionnaire where the data will be analysed by the usagapDescriptive statisticswhich

will deliver results(Frequenciesand Mean) of the BIM maturity levels and the strength of
relationships between BIM maturity and KPI metrics, #dnferential statistics which will
deliver results [i)Chi Squareest of relationship, ii)Kruskal Wallistest of independence, iii)
SpearmanCorrelation, and iv)LinearRegression)] of the relationship between BIM maturity and

KPI metrics. The next section will present the overall structure of the report.
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1.9 Structure ofthe thesis

The thesis is structured within ten chapters, which are as follows:

Chapter 1:provides an introduction to this research, including tleeearchgapandsignificance
of the study The researclaim and objectivehave beeroutlined, anoverview of theresearch
scope has been giveand a brief summary of thinesisstructure.

Chapter 2:defines the governmei?a Ay @2 t @ $IK Soyidiructidrl, &nid zhg historical
reports that wereused toidentify thenature of the industry, drive for digital transformation, lack
of/slow adoption/realisation of the benefitdo help developthe essence of BIM maturity and
KPI metricsThis providesa criticalliterature review that is relevant to this research in terms of
BIM and KPI adoptionFhisincludes in depth discussions ame UK construction industry,
Of A Sy (i theQappihBch ®3BMM generally and Level 2 BIM specificétly, benefits and
challenges of BIMihe transition from Level 2 BIM t®8S ENISO19650 BIM for client
organisatiors, and BIM adoption across the glofi&e chapter also offersrmimber of @&finitions

to BIM in UK constructiongdentifies how it is beingadopted globally exploresthe different
principlesin use, anchotesthe essential approaches towards BIM adoption in the UK.
Chapter 3:.This chapter evaluatesxisting BIM maturity assessmerasrosshe globe, how they
are used to measurexnd solve problems, anthe strategiesthat could beadopted to enable
future improvements. It explains and identifiethe key principles of KPIthe different types of
KPIs used, and hothey areused in various projects to solve different problems and deliver
successful solutionslt presents a number of existing combined BlMmaturity and KPI
assessments anelstablishes the main drivers, barriers artthllenges of BIM matusitand KPIs
for the UK construction strategy.

Chapter 4: The chapter presents themanagement WRA YSy aAz2yaQ WNEB LIN
Wl LILINEfor BrksSaickfor which a conceptual framework haeveloped based on it. The
definition of a framework from previous related studiesdiscussd in depth,and a conceptual
framework is presente@® ¢ KS FNJ YSg2N] O2yairada 2F o ail
YR d¢KS 9 @A RS ys@8nulatigrRs disduedinkiétal, @exieN Jiviews ofthe
frameworkare collected tohelp determinekeyideas and opinions angatherfeedback.

Chapter 5:A review of different research methodologiess presented and analysedlhe
O0Research Oniagnproposed by Saunders et al. (201$kelected andts layers araliscussedn
detail. Justifications for selecting the particular methodological choarespresentedwhile the
data collection procedures, theielated data analysisdata sampling andegection criteria

techniquesare debated and justified.

10| Page



Chapter 6:This chapter presents the findings of the BIM maturity assessim@mosedfor this
research.This is achieved through the analysis of qualitative data, which are gathered from a
number of focus group workshopsThese wee conducted to develo proposed3-level BIM
maturity assessment (Awareness, Occasional Application, Consistency) across three
organisational levels (Strategic, Implementation, Operatiorzadyl an initial agreement to
constuction KPmetricswould beachieved

Chapter 7:Having developed the BIM maturity assessment, this chapter explores the potential
ways that BIM maturity and KPI metrics could work together in organisations. This is achieved
by conducting the proposeBIM maturity assessment from the focus group workshops, which is
followed by linking the proposed KPI metrics back to BIM maturity metrics. From this process, a
final standardised list of ten KPI metrics (Cost, Time, Quality, Satisfaction, Health atyd Safe
Performance, Profitability, Productivity, Sustainability, and Collaborative Culture) was generated
and a number of recommendations are presented on how the linkages should work. This
information is collected through qualitative data through sestructured interviews open ended
guestions with a number of BIM practitioners who delivedepth and rich information on this.
Chapter 8: Having linked BIM maturity and KPI metrics together, this chapter examines the
relationships between both, through the quantitative data via a questionnaire survey. The
guestionnaire was designed to gather views of participants who could offer usefid viewuch
relationships. Having presented a list of questions to explore how BIM maturity and KPI metrics
would work together, a relationship assessment is conducted to assess BIM maturity through the
3-levelBIMmaturity assessmerdnd how it would then b linked with the KPI metrics through a
4-level KPI strength ofelationship (No relationship, Weak, Medium, Strong). This will also
explore the levels of association to determine if BIM maturity and KPI metrics would share the
same association (Awareneasd Weak), and the degree to which both impact each other.
Chapter9: Having completed the data collection stage, this chapter discusses the development
of the conceptual framework and its evaluation through presenting the data collection findings
that are subsequently related to the literature, which is then linked back to each of the
F NI Y S B atagk @keinents towards proposing an initial framework developniEme analysis

and discussions will outline the key findings including the similarities afetatites that exist,
which represent the internal validation stage that compares this information, and provides steps
on how the framework has evolved from the conceptual framework being presented as a result
of the critical review of the literature to thmitial framework development being presented as a

result of the data collection findings. Having discussed the findings and linked them to the

11| Page



literature, the chapter then undergoes an external validation stage, which presents the data
findings of the iitial framework development and collects the level of agreement to the
framework from a number of UK BIM expertBhis will be achieved through focus group
validation workshops with the experts to gather feedback on the initial framework development
towards delivering the final framework for this research. As a result, this chapter presents the
final BIM maturityKPI assessment framework, which thereby meets the aim for this research,
and presents the mechanism on how the framework shall operate withirJtkelient sector.
Chapter10: After the completion of the data collection and the validation stages, this chapter
outlines a number of outcomes from this research. This is achieved by reviewing the aim and
discussing the achievement of each objective. dlgpter identifies a number of contributions

by this research in terms of knowledge and practice, and notes the limitations and challenges
encountered within this research, The chapter offers a list of recommendations that to address
these challengeand in relation to the industry adopting such a framewpf&llowing which a

number of actions for future research are noted and the final conclusions delivered.

1.10Research Process

The research process delivers the proposed research phases that aligns iim thiedeobjectives

set for this research, reviews the existing literature related to the research field, develops a new
concept based on the research area, collects data and examines the data and presents the overal
findings that presents a contribution tknowledge and targets the existing gap of knowledge
(Sarantakos, 201@) CA 3dzNBE mdm Af € dza i N> §Sa GKA& NBaSIH
the chapters across the research objectives and questions (Input), six main phases and the
alignment ofthe proposed ten chapters across the phases (Process), and the proposal of a final
framework to be generated from this research (Output). These are represented as follows:
Phase ongPreliminary study) This includes the research background, gap, juatiba, scope

of study, and literature review to do with what are the BIM maturity and KPI metrics and how
can both be linked together. This phase is aligned with Chapt&sahd with Objectives-3,

where Chapter 1 is aligned with Objective 1, Chapt@ighed to Objectives 1 and 2, and Chapter

3 aligned with Objectives 2 and 3.

Phase two(Conceptual framework process)rhis includes the proposition of a conceptual
framework from 4 stages based on the literature review on: Stage 1) ThenBtitity and KPI
metrics (The What), Stage 2) Both be linked together (The How), Stage 3) The benefits that coulc
emerge from linking both together (The Evidence), and Stage 4) Future actions to link both (The

Why).This phase is aligned with Chapter 4 jethis aligned to Objective 4.
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Phase three(Research Methodology)This includes the research methodological approach
adopted for this research based on the literature review findings and the proposition of a
conceptual framework. This phase is alignechv@hapter 5, which is aligned to Objective 4.
Phase four(Data collection) This includes the primary data collection based on the literature
review findings, proposition of a conceptual framework, and the identified data collection
methods from the reseah methodological adopted approach. The data will be analysed based
on the collected results and an update to the framework will be conducted based on the findings.
This phase is aligned with Chapter8,6and with Objectives-8, where Chapter 6 is aligddo
Objectives 4, Chapters 7 and 8 aligned with Objectivesathd Chapter 9 aligned to all objectives.
Phase five(Initial framework development process)This includes discussions on the initial
framework development based on the data that has beeltected and steps that were taken to
move from the conceptual framework to the initial framework developmenhis phase is
aligned with Chapters-8, and with Objectives-8, where Chapter 6 is aligned to Objectives 4,
Chapters 7 and 8 aligned with Oljees 45, and Chapter 9 aligned to all objectives.

Phase six(Framework Validation, and Research Recommendatiori®)is includes the final
framework based on the initial framework and external validation being held with experts to
finalise the final framework, and offers a number of contributions and recommendations to
future researchThis phase is aligned with Chaggt® 10, and with ObjectiveS-6, where Chapter
9isaligned to all objectivesand Chapter 10 is aligned to Objective 6
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Research Process

Aim:

“To develop a BIM Maturity-KPI assessment framework for the UK public
sector local authority client to assess BIM adoption in line with the UK
construction strategy”

Objectives

To determine the Building
Information Medelling (BIM)
approach, its relevance to

Conceptual
framework and Initial
framework
development process
(Phases 2 and 5)

Preliminary
study

(Phase 1)

Research
Methodology

(Phase 3)
Rationale, Problem Statement,

lustifying reasons for application,
. Scope of Study, Literature review ,

Research chosen

Framework proposition methads for study

Chapter1

the client sector, and their
levels of adoption across the

What does BIM maturity

Introduction

Framework
validation and
Research
Recommendations
(Phase 6)

Data collection
(Phase 4)

Primary data collection, Results,
Analysis, discussions, and framework
)., development updated

Recommendations &
Conclusions, Contributions,
future research

construction industry;

mean and what does it globally and UK-specific.

Chapter 2

measure? How could BIM
maturity support / facilitate .
BIM implementation?
To establish key principles of BIM
maturity and evaluate existing BIM
assessment frameworks, models,
and tools and to understand the
principles of existing industry key
performance metrics and
indicators.

4

To evaluate existing combined
BIM-KPI assessment methods,
models and tools, and

How are the Key
Performance Indicators
approached by the
construction industry? What

(Overview of the

UK construction
industry, client
sector
requirements,
and approach to
BIM)

Chapter 3

Interrelationships
between BIM
Maturity and KPI
metrics

establish the main drivers,

do they measure and which barriers and chall of BIM

criteriado they follow?

maturities and KPIs of the UK
construction strategy.

| Chapter 4
A conceptual BIM Maturity-

Chapter 5

To develop a BIM
maturity-KPI t

KP| assessment framework

k for the UK

Research Methodology

Chapter 9

Conceptual
framework
discussions,
Initial
Framework

Chapter 6

Qualitative data
(Facus group

and Final BIM
Maturity-KP1

Is there a link between BIM maturity public sector local

assessment
Framework

workshops) findings

and KPlIs as a measure of the
benefits of adopting BIM? If so, how

authority client

construction industry.

can linking BIM maturity and KPIs
provide a measure of BIM adoption

Chapter7

Cualitative data
(semi-Structured

Chapter 8

and support BIM implementation?

interview) findin

To examine the

| Quantitative data
{Questiannaire
Survey) findings

relationships between
the proposed BIM

maturity and the KPls

Can the proposed BIM maturity-KPl

4

linkage benefit the UK public sector
local authority client? If so, to what
extent could the linkage reflect on the
UK construction industry client?

To evaluate and prapose a final

BIM maturity-KP| assessment

framework to the UK public

sector local authority client
construction industry.

Chapter 10

Research

Limitations,

and Conclusions

Output

Afinal BIM
maturity-KPI
assessment
framework
to the UK
public sector
local
authority
client
construction
industry.

Figurel.1l Research Process
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1.11 Summary

A brief background to the research has been provided that highlights the absence of a
standardised linkage between BIM maturity and KPI metrice¢ognisethe benefits that could
influence the overall performance afi¢ UK construction industryrhe justification on the need

to develop a BIM MaturinkPI assessmeffitamework to determine the level of BIM maturity
andadoption inaccordancewith the UK strategyand how linkingBIM maturity and KPI metrics
would enhance the performance of construction projects across the sector was establi$teed

aim and objectives of the research that addresses the research problems and justifies the
significance of the research was presented, which was followed by &&wuaf questions that

the research will aim to provide answers to related back to the research aim and objectives. The
scope of the research linked the UK public sector local authority client, UK construction KPlIs,
Level 2 BIM and the new UK specBSENISO19650 standardsas presented, the adopted
research methodology methods have been highlighted and the structure of the thesis and the
overall research process was demonstrated. The next chapter will provide a critical review of the
literature that highlights existing problems within the UK construction industry, presents
information on the UK clients sect@nd their levels of understanding to B]Mighlights the
benefits and barriers to thadoption of BIM across the globe, ardploresthe levels ¢ BIM
adoption in the UK and liskto the transition from Level 2 BIM to the new BS EN ISO 19650

standards
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Chapter 20verview of the UK
construction industry, client sector
requirements, and approach to BIM
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2.1 Introduction

This chapter aims to investigatbe key literaturerelating to the UK construction industry,
clients and BIM implementatiomn the UKand across the globét will start by presenting some
generalinformation about the UK construction industirywhich an overview of UK government
and industrial reports will be outlined to demonstrate existing problesagh as fragmentatign
and ways to tackle thepsuch as the need and driver change. A clearafinition to the type of
clients and their requirements will be made to avoiderpetuating any existing
misinterpretations. This will be followeal description otturrent problems and challenges that
clients face. Th® t A &ppriddeiEto BIM andheir lack of understanding will be discusséd
order to helpmeet the objectives seClientrelated BIM benefits will be outlined to explore how
they can endorse the client sectdtinally, theadoption of BIM across the glolvéll be explored,
which will relateto an understanding of the levels of BIM adoption in the UK. This will specifically
link to the transition from Level 2 BIM to the new BS EN ISO 19650 standards

2.2 Overview on the UK construction industry

The UK construction industityas a vital role rad is a main contributor to the UK&conomic
growth (Construction Industry Training BoaD19). According to the latest statistics, in 201
the construction sector contribute£117 billion to the UK economgquating to6% ofthe total
economic output(Office for National Statistic2019)and it represents2.4 million jobswhich
comprises/% ofthe UK total Rhodes2019).Furthermore, according to the latest statistitem
the UKGovernment the number of people employed in the Wd&nstruction industry exceeds 3
million andthe number of organisations the construction sectototal 314,590 (NOMIS. 2018,
ONS. 2019; Statistd019) Despite its relative importande the UK economy, this is an industry
that facesseveral deegooted problems whichderive fromits originsasa craftbased industry.
C2NJ SEI YL ST (KS 1Se aidl 1SK2ft RSNE Ay -térmy &

relationships and collaborate in order to successfully deliver prsjéi€umar, 2015). The

O«

Corstruction Products Associatior@PA) Summer Forecast report prowaefull analysis of the
construction drivers across thirty industry sectoitddentified infrastructure as a main driver of
growth and vital to the fortunes of the construction indusin the next few years (CPA. 2019).
Therefore, the industry needs to have appropriate infrastructure strategiash aseffective
information exchangéor effective partnerships. Key ingredientstbis infrastructure which are
critical to the facilitation of smooth information flow is use of standards and protocols for

effective information creation, storage, exchange and management (Kumar, 2015).
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2.2.1The need for improvement and drive for change

Over severaldecades, aseriesof industry and governmentreports have beenpublished to
demonstratekey construction problems that exisihd to provide recommendationshat are
consideredo addressmanyof these problemsTheset of reports covers the context of the UK
construction industry andre all demanding changeandeed, some were reviewed during the
time period 19342018 (Design buildings wikR019; Gruneberg, 2018/urray and Langford
2003). These reports have addresskeyissues related to fragmentation, lowest cost mentality,
andthe needfor a high driveto change Theyoffered ways to overcome problems related to
performance, profitability, productivity and predictability name but a few area®evertheless,
additional problems have emerged in recent years (Mckin2&17, 2018) that relate to low
productivity. The key focus and conclusions from theeports werethe drive for change and
prompted the needo focus on construction performande order tomodify how it operates for
future improvement.These reportgocused on promoting improvemesito key areassuch as
performance, profitability productivity and pedictability (Marsh, 2017); these are also known
as the Key Performance Indicators (KPAssummary of key construction industry repoiss

providedin Table 2.1
Table2.1 UK industry reports key focus and issues (Gruneberg, 2018; Murray and Langford, 200:
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