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Abstract

Purpose: This research aims to rigorously develop and implement a specialized TM
technique to significantly enhance performance in BIM pervasive major project
delivery. By addressing challenges related to errors, uncertainties, and expectations
within this context,the study endeavours to offer substantial contributions to
construction management knowl edge. The
Analysis andPerformanc&nhancemet(BIMTAPE) framework, which synergizes

the TM methodologywith BIM to optimize project execution within the BIM
pervasive major project delivery

Methodology: A holistic systematic literature review enaibley the Nine-Square
ProcesgNSP)was conducted, entailing a thorough search of relevant literature from
academiadatabases and other relevant sources, identifying current knowledge and the
research gap on delivery. Additionally, the research process adhered to a sequenced
approach, where the development of the BIMTAPE Framework took precedence
before conducting spd@ experimental case studie$his structured framework
provided a systematic and comprehensive approach to analyse diverselatidd

texts.

Findings: This research validates experimental findings and provides insights into the
relationship between text analysis and performance enhancement in major project
delivery, using Social Network Analysis. The study comprehensively understands the

role of text anlysis in major project performance, emphasizing BIM alignment with
industry standards for value realization in contradti®tably, the BIMTAPE
Framewor kds potenti al I mpact in addressi
Speed Two (dHtiatives, gmhanges mdjod project execution within the

BIM pervasive major project delivery.

Implications: The integration of BIM technology with TM within the BIMTAPE
Framework excludes structured data standards like Industry Foundation Classes (IFC)
and buildingSMART Data Dictionary (bSDD). In academic settings, the framework
introduces a newapproach for investigating unstructured textual data in BIM,
encouraging further exploration

Limitations: Thi s researchdés applicability is cc¢
Expanding the scope to encompass larger studies will be crucial for generalisability.
Further exploration across various contexts will provide a more comprehensive
understandingofth f r amewor kos i mplications
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Glossary

Artificial Intelligence (Al) : The technology that allows machines and computer
systems to replicate humaognitive abilities such as learning, reasoning, problem
solving, and decisiemaking. Al systems can analyse data, recognise patterns,
understand and respond to natural language, and make informed decisions based on
new information and experiences. Thesgstems can operate autonomously,
performing tasks without the need for human intervention. In construction and project
management, Al technologies, such as machine learning and deep learning, are used
to optimise workflows, automate decistaraking, and mprove overall project
efficiency (IBM, 2024). Al is discussed in Section 2.8 to explain its applications in
project management, decistamaking, and optimization within the BIM context.

BIM Knowledge Graph (BIMKG) : A specialised typef Knowledge Graph (KG)
tailored for BIM. In BIM, it systematically organises and represents information on
building elements, project details, relationships, and relevant data. It acts as a
structured and interconnected knowledge repository, enhancing understanding and
utilisation in the BIM domain. The BIMKG enables effective navigation, query, and
analysis of BIM data, improving decisianaking, collaboration, and project
management in construction and atetture Liu et al., 2016)BIMKG is illustrated

in Section2.10.1.2 to show how it complements the BIMTAPE Framework by

enhancing knowledge accessibility and integration in BIM project delivery.

BIM pervasive project: A constructionor built environmenproject where BIM is
extensively adopted among project stakeholders in all progéated professional

areas.

BIM pervasive project delivery: The delivery of constructioror built environment

projects in BIM pervasive worgrocessenvironmen{ISO, 2021)

Case Based Reasoning (CBRA problemsolving paradigm that involves solving

new problems based on similar past cases, where a case library is used to store and
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retrieve past cases, and adaptation and evaluation processes are used to solve new
problems (Kolodner, 2014).

Decision Support Systems (DSS)A computerbased system that provides
information and support for decisinaking in complex, unstructured or semi
structured problems, where data analysis, modelling, and visualization tools are used

to support decisiomaking (Power, 2018).

Expert Systems (ES) A computerbased system that emulates the decisiaking

ability of a human expert in a specific domain, where knowledge is represented in a
knowledge base and inference rules are used to make decisions (Rusbkltvig,

2010).

Knowledge Graph (KG): The structured representations of knowledge that
incorporate entities, relationships, and attributes to depict information in ald@ph
format. They organise data in a way that reflects the relationships and connections
between different entities, allowinfpr a more contextual and interconnected
understanding of information. KGs are often used to represent and query complex
knowledge in a machireadable format, facilitating the extraction of meaningful
insights and the discovenf relationships within a datas@ensel et al., 2020KGs

are explained in Section 2.10.1 to describe how they improve data representation,

contextual reasoning, and knowledge discovery in BIM projects.

Major Construction Project (MCP): The Chartered Institute of Building (CIOB)
introduced the CIOB Planning Protocol 2021 (CIOB PP21), a technical information
sheet published in February 2021, which outlines a comprehensive characterization of
a major project. According to the CIOB PP21, a mpjoject pertains to endeavours
wherein the projected expenses for construction activities are anticipated to surpass

£10 million pounds sterling (CIOB Planning protocol, 2021).
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Project Performance The comprehensive assessment of whether a project has
achieved its scope, cost, and schedule objectives. Regular evaluations conducted
during project monitoring and control phases to observe project execution and detect
deviations from the Project ManagemePlan, enabling proactive measures for
mitigation (McFadden et al., 2003).

Support Vector Machines (SVM) A machine learning algorithm used for
classification and regression analysis that finds the optimal hyperplane that separates
the data points into different classes or predicts the continuous value of the target
variable (Bishop, 2006; ScholkophdSmola, 2002).

The Periodic Table of BIM: The Periodic Table of BIM by NBS is a visual guide
inspired by the traditional periodic table. It serves as a reference tool for those involved
in BIM implementation, outlining key terms and concepts essential for collaboration
in BIM processes. This table documents stages for effective collaboration,
encompassing technology, standards, and enabling tools. Unlike the original periodic
table, it is flexilbe, organized into nine groupings. It acts as a handy reference for BIM
readiness, suitable for printing or digital sharing (Mordue, 2016).

TM informed BIM: It refers to using TM techniques to enhance BIM by extracting
insights fromunstructured textual data. It enables edigen decisiormaking and
improves project management by revealing patterns and relationships within textual

content.
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Chapter 1

Introduction

1.1 ResearchBackground and Motivations

Building construction methods and technology have evolved rapidly through time
throughtheincorporation of technologies like Artificial Intelligen¢l). One of such
technologies is Building Information Modelling (BIMWwhich is a modebased
process that helps in designing, planning, managing, and constructing of buildings
(Naamaneand Boukara, 2015). BIM has rapidly gained popularity in sustainable
building design and enables the engagement pfajéctstakeholders in thifecycle
analysis of buildig design. However, BIM is still in its nascent stagesl must be
evaluated for its qualitative and quantitative contribution in the performance
enhancement of building construction projects, especially for those projects that
experience difficulties on key performance iss@dabibi et al., 2019)ncluding
budget,quality,and schedule.

BIM producesa digital representation of a building or infrastructure project, which
can be used to improve the performance of construction projgetshancing aspects
such as efficiency, accuracy, c@dtectiveness, and sustainability throughout the
project lifecycle(Azharet al.,2009) particularly for BIM pervasive project delivery

The term "BIM pervasive project delivery” used in this study refers to an approach
where BIM is integrally embedded in all phases ofastruction or built environment
project, creating a collaborative, BHitivenwork procesenvironment(ISO, 2021)

that allows continuous data exchange and supports a comprehensive application of
Bl M6s <capabil i tlfeeyde oft constouctignhoo built envilorement
projects Importantly, "BIM pervasive project” refers toa construction or built
environmentproject where BIM is extensively utilised across all professional areas
involved, ensuring that BIM tools and methods are universally adoptgutapsct
stakeholders. By distinguishirsgopes and characteristlmstweerthe two newterms

and their interconnectionghis study underscores the potential for BIM to drive

performance improvements the delivery ofcomplex, largescale constructiomr
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built environmenprojects,.e. major projectggrounded in a pervasive and integrated

BIM approach.

Text Mining (TM) is a technique used to extract information fromuektlata, such

as reports or documentshich can be used in conjunction with BIM to enhance its
effectiveness. For exampl&M can be used to extract information from project
documents and add it to the BIM model, making it more accurate and infornTative.

has been increasingly used in recent years as a technique to extract asel analy
information from project documents in the construction industry, including for BIM
projects. Research has shown fhisk can be used to extract information from project
documents such as contracts, design drawings, and specifications, and add it to the
BIM model to improve its accuracy and completenddss can help to identify
potential issues or conflicts between different parts of the project and aid in decision
making(Teng et al., 2022

TM can also be used @malyseproject communications, such as emails and meeting
minutes, to identify patterns and trends in project performance, detect potential risks,
and improve team collaboration. There are also studies that have impleffighted
extract information related to building components, systems, and equipment, which
can be useful to optimize building performance, reduce energy consumption, and
improve maintenand@eng et al., 2022Additionally, TM can be used to extract data
from largeamounts of unstructured dgi&ankhade et al., 202Xuch as social media,
blogs, news articles, etc., to identify relevant topics, sentiment, and other information

that may be useful for decisignaking in construction projects.

In generalrecent studiesaccording to Guo et al. (202 use of TM in BIM projects

is still an active area of research, and there is a growing integesteloping methods

and tools that can be applied to enhance the performance of construction progcts
motivations for research in this area inclsittee need to improve the performance of
construction projects, the increasing amount of unstructured data available in
construction projects, and the growing use of BIM in the construction industry.
Construction projects areherentlycomplex and involve many stakeholders, making

it difficult to manage and controhem for maximum efficiencyTM can be use to

extract information from project documents and communications to improve project
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performance by providing insights into project status, identifying potential risks, and

improving communication among stakeholders.

Another motivation for research in this area is the increasing amount of unstructured
data available in construction projects. Project documents and communications, such
as emails and meeting minutes, are often unstructured and difficatatpse TM
techniquesan be used to extract information from this data and make it more useful
for decisioamaking. Finally, the growing use of BIM in the construction industry is
also a motivation for research in this area. BIM is becoming an increasingly important
tool for managing construction projects, and can be used to improve the accuracy
and completeness of BIM models by extracting information from project documents

and communications.

Overall, the background and motivations for research Téh approach for
performance enhancement in Bpdrvasive major project deliveaye to improve the
performance of construction projects through the use of BIM by extracting and
analysing information from project documents and communications udiivy

techniques

1.1.1 Knowledge Gap

In the context of researching how TM can enhance performance irbBded
construction projects, a gap analysis could focus on identifying existing limitations
and challenges of applying TM in construction, along with pinpointing areas where
further reseah is essential to leverage TM and BIM for improvingjorconstruction

project performance

1.1.2 ResearchScope

This research focuses on identifying and evaluating TM techniques that can be used to
extract information from project documentspmmunicate and integrate this
information into the BIM model, and improve the performance of construction
projects The study review existing literature onTM in construction projects,
analysingcase studies 0fM in construction projects, and evaluggtiTM tools and
techniques currently available for use soch projects. The research scope also
encompassethe development of a methodology for integratiflg into the BIM
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process, as well as the testing and validation of this methodology through experimental
case studiedt focuseson specific areas of BINbased construction projects where
TM can have the greatest impact on performance, such as building performance,

energy consumption, and maintenance.

The gap analysis and research scope of this studg @mndentify the current
limitations and challenges of usifigM in construction projects, as well as the areas
where further research is needed, and to develop and test a methodology for integrating
TM into the BIM process to improve the performance of Bid&ed construction

projects.

1.1.3 ResearchQuestiors

Although the value of BIM adoption has been extensively studied (Chen et al., 2019)
in relation toits strongfacilitation potential forconstruction project management
(HardinandMcCool, 2015 Liu et al., 2017 Succar, 200 it is still under qualitative

and quantitative evaluation in terms of performance enhancement through quantifying
its effectiveness and efficiency in major construction projects (@hdijohwomu,

2018) Consequently, sugbrojectscan commonlyexperienceerformance issues as
assayed b¥ey Performance Indicato(&PIs),encompassing factors suchtagiget,
quality, and schedule, et®he followingresearch questigraretherefore identified to
develop aTM approach to BIM integrated performance enleament in major

construction projeatelivery:

1 Question 1Which TM techniques can be used to extract information from
project documents

1 Question 2How effective are the TM techniques in enhancing the
performance of major construction projects?

1 Question 3How can TM techniqgues help to address the limitations of current
BIM adoption in major construction projeets

1 Question 4What are the potential benefits in terms of better decision
making, cost savings, increased efficiency, and improved project outcomes?

1 Question 5What are the key challenges and limitations associated with the

integration of TM approaches into BIM models, and how can these be



addressed to ensure successful implementation in major construction

projects?

In the attempt to find answers to these research questluagesearchtherefore
focuses on identifying and evaluatingM techniquesthat can be used to extract
importantinformation from project documents and communicat&Emss to integrate
such valuableinformation into the BIMpervasive processe® improve project
delivery performance in major construction or built environment prgjeetsmajor

capital project®r major projects as called in this research

1.2 ResearchAim and Objectives

Based on the research background and motivatibegim of thiPhDresearch isat
establish &M approach to performance enhancemei pervasive major project

delivery.

Research objectives

In order toachievethisoverallresearch aim, the study hasigethreespecific research
objectivedisted below These objectives act as importeegearclstepsor milestones
helping the research move forward and achieveiits at creating anovel TM
approach tamprovingthe performancef BIM pervasive major project deliveryhe

three research objectives include

1 Research Objective Too conduct a systematic literature review to justify the
need for integrating BIM and TM for project performance enhancement

1 Research Objective 20 develop &M methodology andn accompanied
BIMTAPE framework for enhanced performannéBIM pervasivemajor
project delivery

1 Research Objective 3o justify the effectiveness of the new methodology

for major project deliveryn terms of performance enhancement

The first objective is to establish a rationale for the study by presenting the results of

an extensive literature review on the tgprhich sought to analyse ghirevious
scholarly works and articlggertinent to the subjedty provide a strong justification
for the research aim of developingr approach for BIMintegrated performance

enhancement imajor construction project deliverfgeviewing theavailable literature
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provides a comprehensive understanding of the current state of the art and the gaps in
the existing knowledge. It also helfp identify the most promisinM techniques

and tools that can be integrated into the BIM process, as well as the specific areas of
BIM-based construction projects wheféM can have the greatest impact on

performance such as cost, time, and quality.

The second objective is to developM methodology andn accompanieBIMTAPE

Frameworkfor BIM pervasive major project delivergntailing theollowing steps:

1 Step lidentify the key information that needs to be extracted from project
documents and communications and integrated into the BIM model. This could
include information on project scope, schedule, budget, quality, and safety.

1 Step 2:Select the most appropriaf®! techniquesand tools for extracting and
analysng the identified information.

1 Step 3:Develop a comprehensive data-precessing and cleaning strategy to
ensure that the extracted information is accurate and complete.

1 Step 4integrate th&d' M techniquesnd tools into the BIM process, to improve
the accuracy and completeness of the BIM model.

1 Step 5:Developthe BIMTAPE Frameworkhat guides the integration M
techniquesnto the BIM process and defines how the extracted information will
be used to improve the performance of the construction project.

1 Step 6:Test theTM methodology an@IMTAPE Frameworkusing Social
Network Analysis (SNA) to evaluate its effectiveness and efficiency in
enhancing the performance of major construction projects.

1 Step 7:Refine theTM methodology anthe BIMTAPE Frameworkbased on the
results of the SNA.

1 Step 8:Disseminate the results and proposed methodologBBMTAPE
Frameworkthrough publications and presentations to the academic and

professional community.

It is worth noting that the development of T@M methodology andBIMTAPE
Frameworkis an iterative process, with constant refinement and testing based on the
SNA results. By applying SNA to the data extracted from project documents, the

research can evaluate how th& methodology anBBIMTAPE Frameworkare
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impacting the performance of the construction project. The methodology and
framework should be flexible enough to adapt to the unique characteristics of different
construction projects and should be able to handle the complexity and diversity of the

data n construction projects.

The third research objective is to justify the useTdl as arelatively novel
methodologyyet to be tested for its efficiency. This can be achieved by examining
the literature on the topic @M to throwlight onits purportedmerits whichinclude

the following:

1 Time-saving: TM allows for the automatic and efficient extraction of relevant
information from large volumes of unstructured data, such as project documents
and communications. This saves time and effort compared to manual searching,
which can be tim&onsuming and prorte human error.

1 Relevance: TM uses Natural Language Processing (NLP) techniques to find
patterns and pull out texts that are directly relevant to the topic. However, this
process can be complex, as NLP needs to handle different language styles,
ambiguities, and context shifts. Adwad algorithms help reduce irrelevant or
repetitive information, making the extraction process more accurate and efficient

1 Multilingual support: TM can be applied to a variety of languages, which enables
the extraction of relevant information from documents written in different
languages.

1 Integration with BIM: TM can be integrated with BIM, which enables the
extraction of relevant information to be integrated into the BIM model, providing
a more comprehensive and accurate representation of the project.

1 Performance enhancementTM can enhance performance by providing insights
i nto t he projectos stakehol der s i nte
information flow. The experiment method is employed to measure the

performance

Overall, the third objective can reveal tAid is a powerful methodology that can be
used to enhance the performanceBt¥l pervasivemajor construction projects by

reducing the manual effort and time spent searching for relevant information,
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providing more accurate and relevant information, and enabling the integration of that

information into BIM.

1.3 Main Contributions of the Research

This research makes several significant contributions to the fields ofaBtMTM,
particularly focusing on improving BIM practice and performance in laogde

construction projects. These contributions are as follows:

1.3.1 Development of the BIMTAPE Framework

This study introduces the BIMTAPE Framework, an advanced analytical tool that
integrates BIM with TM techniques to improve decisioaking and performance in
major construction projects. The framework allows practitioners to extract actionable
insights fran unstructured data, such as project reports and communications, filling a
gap in traditional BIM approaches that typically handle only structured data. By doing
so, BIMTAPE supports a more nuanced understanding of project complexities.

1.3.2 Enhancing the Periodic Table of BIM with the BIM Knowledge Graph

This research addresses a critical gap in the "Periodic Table of BIM" by incorporating
the BIM Knowledge Graph (BIMKG). While the Periodic Table of BIM provides a
foundational, first e v e | understanding of key BI M
theseelements interconnect. The BIMKG addresses this by revealing relationships and
connections between different BIM knowledge areas, establishing a second level of
knowledge that supports a deeper, more practimnted understanding of BIM. This
helps profesionals to visualise and apply BIM concepts in a way that is both practical

and interconnected.

1.3.3 Integrating TM and BIM for Major Capital Projects

Unlike previous studies, which often focus on smaller or more theoretical applications,
this research applies TM and Natural Language Processing (NLP) techniques in the
realworld context of a major construction project. Through analysing a variety of
BIM-related documents, the study demonstrates how TM can uncover patterns and
insights that are crucial for managing laiggale projects. This contribution is
particularly valuable as it expands the scope of BIM practice to include unstructured

data, an arethat has remained largely untapped in BIM research.



1.3.4 Validation in a RealWorld Major Project

Although this study does not rely on multiple case studies, the BIMTAPE Framework

has been validated in a reahe major construction project, as explored in Experiment

2. This singlecase approach allows for andepth, contextich examination of the
framewor kdés effectiveness within a comple
the singlecase selection is wellistified in the research design, demonstrating how

BIMTAPE can deliver practical, scalable insights in live projects.

1.3.5 Systematic Approach to Handling Unstructured Data in BIM

The study provides atructured, replicable process for analysing unstructured data
within BIM, including data prerocessing, TM model building, and insight
generation. This systematic approach addresses a critical gap in conventional BIM
practices by enabling the use of tedtdata that is often overlooked, enhancing the
range of information that can be utilised for performance improvement in construction

projects.

1.3.6 Guidelines for Industry Professionals

The BIMTAPE Framework offers actionable guidelines for BIM practitioners and
project managers. By integrating unstructured data into BIM workflows and helping
users establish meaningful connections between knowledge elements, the framework
promotes more fiormed decisiormaking, collaboration, and efficiency in largeale

project delivery. This is especially valuable in the ABQustry, where a holistic
understanding of project information can drive significant improvements in

performance and project ootoes.

1.4 ResearchMethodology

The new technical solution under the research ainilisl approach tgerformance
enhancement iBIM pervasive major project deliveryhe study has three objectives
which have beenachieved through @ombined use of three methods, including
Literature Review, Framework (BIMTAPE) [@velopment, andExperimentalCase
Study These methods are chosemiork togetherpy focusing on theetrievaland
analysis relevant sets dataand information in a novel wayo achievethe three

research objectives, and these include
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1 Thesystematic literature revieprovides an understanding of the current state
of BIM andTM in project delivery.

1 The BIMTAPE Frameworkdevelopment involv&creating a framework for
integratingTM into BIM.

1 The experimental case studies testdtfiectiveness of the proposed solution in

realworld scenarios.
A further description about the use of these methods is give below.

1.4.1 SystematicLiterature Review

Theanalysisof academiarticles reveathe previous direction of the research as well
as important concepts that will help in the fulfilment of research objectives. The
systematic literature reviewill be conducted using thiaeory of inventive problem
solving known as TRIZapproach(Gadd, 2011)which is a method used tmaly®
problems and develop innovative solutions. This appraaobed to understand the
current state of BIM andM in project delivery, and to identify potential challenges
and opportunities for integrating these techg@s. Thesystematic literature review
using theNine-Square ProcestNEP (Gadd, 2011; Chen et al., 2021; ASQ, 2022)
(See Section 2.Provides doundation for the research by providing a comprehensive
understanding of the current state of BIM difd in construction or built environment
project delivery. ltshapes theonceptual framework for the research by identifying
the key concepts, theories, and practices related to BIM execution planninjland
constructionor built environmenprojects. This hekpin explaining the purpose and
rationale of the research by highlighting the gap in the current state of knowledge and
the need for &M approach to BIM inmajor construction project deliveryfhe
systematic literature revievalso helg in identifying the key challenges and
opportunities for integratingM into BIM, and in defining the research objectives and

expectedesearcloutcomes.

Therationale for conducting th&ystematic literature revieusing theNSPapproach

is that it is an effective method fanalysng problems and developing innovative
solutions. This method helps theathorto think creatively and systematically about

the problem, which enhances the conception of the research from the perspective of

the author Additionally, theNSP method is known for providing reliable and valid
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information by using a structured approach to identify and evaluate the relevant
literature on the topic. This can be beneficial in ensuring that the research-is well
informed, and that the conceptual framework is built on a solid foundation of existing
knowledge. Overall, by using the TRIZ approach inshistematic literature review

the research will have a better chance of achieving its objectives and producing

meaningful outcomes that are wsllpported by the existing literature on the topic.

1.4.2 BIM Text Analysis

The BIMTAPE Framework was structured using elements from the Royal Institute of
British Architects (RIBA) templatéRIBA, 2015),and the Croséndustry Standard
Process for Data Mining (CRISPM), which provides a structured, stbg-step
approach to data mining (Chapman et al., 2000¢ RIBA template, recognized as a
prevalent methodology for planning and executing construction projects, furnishes a
meticulously defined and structured approach to project management. Specifically, the
RIBA stages encompadlistinct phases for the effective progression of architectural
endeavoursCRISRDM is a widely used methodology for data mining and analytics,
which provides a clear and structured approach to the process of understanding,
preparing, and modelling data for analy§iembining theRIBA template and CRISP

DM provides a comprehensivenatrix for integratingTM into BIM in a way that is
aligned with industry best practices, and that ensures the research objectives are met
relating to the justification of the effectiveness of the new methodology for pervasive

major construction project delivery

1.4.2.1 IncorporatingRIBA Template

Incorporating the RIBA templatenables thdramework to provide a structured
approach to project management, which will be useful in evaluating the effectiveness
of the new methodology in delivering projectie welldefined stages of the RIBA
template contribute significantly to assessing and enhancing project management

aspects within the BIM context.

1.4.2.2 Incorporating CRISFDM

The incorporation of CRISPM into the framework facilitates a structured approach
to data analysisThis structured approach proves valuable in scrutinising project

processes and understanding their variability stemming from BIM adopyouasing
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these methods, the research prosideidence of the effectiveness of the new
methodology and identifes areas where the methodologyan potentially be
improved. Additionally, the researeéhable to identify any project processes that are
affected by BIM adoption and to understand the variability in these processes. Overall,
the use of these methods in the development oBIMTAPE Frameworkhelps
achievethe research objectives, aadsureghat thestudyproduces meaningful and

actionable outcomes.

1.4.2.3 BIM Knowledge Graplintegration

In addition to the BIM Text Analysis and BIMTAPE Framework, the research
incorporates the BIMKG. This integration plays a pivotal role in enhancing the overall
framework's capability to align with industry standards and improve the understanding
and implenentation of BIM practices. The BIMKG Integration segment ensures that
the research produces meaningful and actionable outcomes, contributing to

advancements in the field of BIM and construction project delivery.

1.4.3 Experimental CaseStudies

Experimental case studies involve the collection and analysis of data fremorz|
projects in order to test the proposed methodology and to evaluate its effectiveness in
practice. Experimental case studies are useful for evaluating the practicality and
applicability of a new methodology, and for identifying any issues that may arise in its
implementation. In this research, experimental case stwatesised to test the
BIMTAPE Framework developed using the RIBA template and CRI3WA
methodologies. The data collected from the case studiemaly®d using the
BIMTAPE Frameworkto evaluate the effectiveness of the new methodology in
delivering major projects. The results of the case studies psovaleable insights

into the practicality and applicability of the new methodologyiamsed to justify its

effectiveness and to make recommendations for future research.

The first experiments based on data sourcéwm academic articleswvhich is a
common approach in research as it allowsah#orto examine existing data on a
specific topic, without the need to collect new data. By drawing the first case study
from academic articles, thauthoris able to build on existing knowledge, and to
evaluate the proposed methodology in the context of previous research. This can
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provide valuable insights into the effectiveness of the new methodology. Additionally,
using academic articles as a source of data allowsuti®rto examine a wide range

of projects and to identify trends and patterns that may not be apparent in a single case
study. By using academic articles as the source of data for the first case study, the
authoris able to gain a comprehensive understanding of the topic, and to evaluate the

new methodology in the context of existing knowledge.

The second experiment $s& realtime case scenario nalysng Crossrail project
documents with regard to the use of BIM in major construction projects. This approach
is useful as it allows thauthorto examine the use of BIM in a reabrld project, and

to evaluate the proposed methodology in the context of a current projestalgng
Crossrail project documents, thathoris able to gain a detailed understanding of the
use of BIM in the project, including the processes and procedures that were used, the
challenges that were encountered, and the outcomesvéna achieved. This will
provide valuable insights into the effectiveness of the new methodology in practice.
Additionally, by using the Crossrail project as a case studyatitieoris able to
evaluate the use of BIM in a major construction project, which will provide a useful
context for the research and will help to make the findings more relevant to
practitioners.

The third experimenis conducted through text collection using tBEMTAPE
Framework which includes regulation documentation, British standards, national
policy papers, and enterprise policy papers. This approach will provide a systematic
way of collecting andanalysng data on the use of BIM in regulatory and policy
documents. By using tt®IMTAPE Framework theauthoris able to identify the key
components and principles of BIM adoption in these documents, and to evaluate the
proposed methodology in tlentext of existing regulations and policies. This will
provide valuable insights into how BIM is being implemented and governed in
practice. Additionally, by collecting andnalysng data from a wide range of
regulatory and policy documents, tlaithor is able to gain a comprehensive
understanding of the use of BIM in these contexts, and to evaluate the new

methodology in the context of existing regulations and policies.
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In addition to these research objectives oriented descriptions in this section, Chapter 3
provides a comprehensive description about the methodology adopted in this PhD

research.

1.5 ResearchFindings

The research outcomes validate the research aim and objectives, encompassing a
detailed grasp of BIM execution planningnmajorconstruction projects, introducing

the BIMTAPE Framework, and evaluating the proposed TM approach for BIM
pervasive major project deliverdditionally, the outcomes analy project processes

under BIM's influence, assess the methodology's practicality within existing
regulations, and offer insights to enhance BIM adoption. These findings inform future

research directions and ptcal BIM implementation in major project delivery

1.6  Researchlmplications
1.6.1 Academic Research Implications

The implications of this research resonate significantly within academic circles,
potentially pioneering a novel TM approach tailored for BIM pervasive major project
delivery. This innovation stangsised to revolutiose the construction industry by
enhancing project outcomes and curbing costs. Moreover, the insights garnered from
this study have the potential to augment the understanding of BIM execution planning
and BIM adoption, contributing to the scholarly body mbwledge surrounding BIM's
integration within construction projects. By assessing the proposed TM approach's
efficacy against existing regulations and policies, this research bridges the academic
practical divide, offering insights & hold invaluable relevance for both future
research directions and the practical implementation of BIM within nifagor

constructiorprojects

1.6.2 Professional Practice Implications

In the realm of professional practices, the repercussions of this research extend to the
realms of policy, regulation, and reabrld application. The envisaged TM approach
could potentially serve as groundbreakingtool within the construction industry,
offering tangible benefits by refining project outcomes and -efisttiveness.

Furthermore, the insights garnered from this study offer a pragmatic perspective on
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BIM adoption enhancement, potentially leading to the optimization of BIM
implementation strategies in practice. By evaluating the proposed TM approach
against the backdrop of existing regulations and policies, this research equips industry
professionals wih the knowledge to navigate the intricacies of BIM integration,
fostering a more informed decisiomaking landscape. Overall, the study's
implications extend beyond academia, potentially reshaping industry practices through
cutting-edge methodologies amusights

1.7  About This Thesis

This thesis consists of the followisgven chapters

1 Chapter lintroduction

1 Chapter 2Systematic Literature Review

1 Chapter 3Research Methodology

1 Chapter 4BIMTAPE Framework

1 Chapter 5Justifying New Methodology for Major Project Delivery
1 Chapter 6Findings and Discussion

1 Chapter 7Conclusion

Brief descriptions about these chapters are given below.

Chapter 1: Introduction. In this chapter, the research begins by providing an
introduction to the background and motivations that have prompted the study. It
specifically highlights the gap analysis, identifying areas within the field that require
further exploration. The researdtope is defined, outlining the boundaries and
contexts within which the study will operate. The chapter also elaborates on the
research questions that will guide the investigation. Moving forward, the research aim
and objectives are laid gugiving a clear sense of purpose and direction. The chosen
research methodology is introduced, with an emphasis on its systematic approach. Key

components of the methodology include a systematic literature review, the
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development of the BIMTAPE Framework, and experimental case studies. The

chapter concludes by hinting at the implications that the research findings might have

Chapter 2: Systematic Literature Review This chapter commences by providing a
comprehensive overview of the research territory. It addresses team performance
within major project delivery, outlining measures of team productivity, factors
influencing construction team productivity, and the transftive impact of BIM on

team dynamics. BIM adoption in major project delivery is discussed, presenting it as
a technological and innovative solution to challenges. Stakeholder complexities are
explored, reflectingn the challenges and interconnectedness of stakeholders in major
construction projects. The chapter proceeds to highlight the learning acquired from
major projects and the benefits of BIM in infrastructure projects, emphasizing quality,
collaboration, cordination, time, and cost management. It also delves into technical
solutions for performance enhancement, digital solutions in construction, and the role
of industry guides and standards. The potential of Al and machine learning is examined
within the cantext of the construction sector. The chapter concludes by introducing the
theory of BIMTAPE Framework and its applications, followed by a critical appraisal

of the literature

Chapter 3: ResearchMethodology. This chapter delves deeper into the research
methodology by expounding on the significanc& bf in enhancing performance in

the domain of BIM. It discusses the importanc@ bf's outcomes, such as increased
efficiency, improved quality, and enhanced collaboration. The chapter critically
evaluates the options considered and justifies the selected methods. Limitations are
discussed, shedding light on the potential challengesnilgitt arise. The research
strategy is outlingdencompassing systematic literature revielilZ-led Evidence

Based Learning (EBL), ontological modelling, and the application of Al in the
construction sector. The TM experiment's details are explained, including the
processes of data collection, qualitative text analysis, quantitative analysis using SNA,

and considerations of validity and reliability.

Chapter 4: BIMTAPE Framework . This chapter embarks on a detailed journey
through the experimental phase of the research. It introduces the challenges inherent
in text analysis and proceeds to describe the development of the BIMTAPE
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Framework. This framework includes components such as BIM text collection, pre
study business understanding, BIM data modelling (TM), and validation. The first
experiment involves academic articles (BIM TS 1) and is meticulously outlined, from
data colledbn and transformation to trend analysis and frequency assessment. The
second experiment, focusing on technical files from case projects (BIM TS 2), is
presented, describing the tools employed, data collection, natural language processing,
and topic modeihg. Experiments -® involve diverse types of documents, such as
regulation documentations, British standards, national and enterprise policy papers.
The data collectionTM processes, and resulting insights are detailed for each. BIM
model validation techniques, such as social network analysis and network metrics, are

explained in the final section of the chapter

Chapter 5: Justifying New Methodology for Major Project Delivery. In this
chapter, the TM outcomes are synthesized to extract meaningful insights. The role of
BIM in major construction projects is discussed in relation to enhanced project
performance. The involvement of stakeholders is explored, highlighting the
complexty and interconnectedness of their roles. The chapter introduces the
BIMTAPE Framework and its implications. The contribution and impact of the
BIMTAPE Framework are anadgd, emphasizing its potential to bridge gaps and
enhance project delivery. The amgaliion of the TRIZ is introduced, followed by a

comprehensive summary of the chapter's content

Chapter 6: Findings and Discussionin this chapter, the focus shifts to the outcomes

of the experimentation phase. The findings are presented in a structured manner,
summarizing the results achieved through the experiments conducted. A summary of
these outcomes is provided, and the impilocet of these findings are discussed.
Existing literature is compared to the research findings, highlighting areas of alignment
and divergence. The implications of the research for both the industrial and academic
domairs are explored, suggesting avenues for future research and advancements in the
field.

Chapter 7. Conclusion. The final chapter of the research begins by recapping the
research's core objectives and assessing how effectively they have been accomplished.
An overview of the entire research journey is provided, highlighting the main
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milestones and contributions. The chapter acknowledges the research's limitations and
outlines potential directions for future research endeavours. Tailored
recommendations are provided for various stakeholders within the construction and
BIM domain, inclwing policy makers, industry professionals, companies, and the
general public. The chapter concludes by reiterating the overall conclusion and the

significance of the research within the broader context

1.8 Summary

This chaptersetsthe stage for thisesearclendeavouby delving into its background,
motivations, scope, and key questions. The researchtailegeragelM techniques

to enhanceerformance irthe context oBIM pervasive major project deliveryhis
chapter articulates the researabv®rarching goals and objectives, outlining a clear

roadmap for the exploration ahead.

Through a meticulous approach, tlesearchmethodology is outlined, encompassing
systematic literature revievBIMTAPE Frameworkdevelopment, and experimental
case studieg hese methods are strategically selected to extract valuable insights from
a diverse range of sources, ensuring a robust foundation for the study.

The chapter also underscores the research's implications and the potential
contributions it holds for the field of BIM and project delivery. By addressing gaps in
existing knowledge and offering innovative solutions, the research aims to contribute

to theenhancement of BIM practices and project outcomes.

As this chapter culminates, it lays the groundwork for the subsequent sections,
emphasizing the interconnectedness between the different facets of the research. The
upcoming chapters, including the systematic literature review, will build upon the
foundaton established here, enabling a cohesive and comprehensive exploration of the

research objectives
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Chapter 2

Systematic Literature Review

2.0 Background

Prior to the systematic review, some important studies that have focused on BIM and

its application in the construction sector will be reviewed. Some of the studies shed

l' T ght on the Bl M6s r eimensiomdl mauel four,five@mndb ei n g
now six-dimensional model. Ali Musarat et al. (2022) conducted a systematic review

of digitalisation in the construction sector, leading to improving the quality of life. The
authors focused on some of the goals in the digital era, including smart and biestaina
construction, wireless technologies, ecor
in attaining the specified goals. The authors confirmed that BIM, along with pre
fabricated construction, is highly effective in enhancing the quality of construction
projects. Ali Musarat et al. (2022) confirmed that BIM is a powerful tool in the
construction industry, especially for designing and constructing buildings. The author
proposed a BlMbased methodology for mitigating carbon emissions and energy
efficiencyin construction projects. It was also observed that the BIM framework helps

to enhance productivity by overcoming challenges (Stojane@&agievska et al.,

2022). The potential of BIM in providing monitoring measures was also discogsed

Ali Musarat et al. (2022). BIM also manages the information flow and exchanges the

data. It is the smart solution to make the construction process sustainable.

The construction industry is notorious for several unsustainable practices that cause
substantial loss to the environment and ecological syskesearcHindings byAli
Musarat et al. (2022) are notable on this backgrpbodever, theyid not use TM

along with BIM. The present research further tries to fill this gap.

Gopal Krishnan et al. (2017) elaborated on the scope of these revolutionary phases
(See Tabl.1 below).
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Table2.1: The scope of these revolutionary phases

BIM Revolution Functions

BIM Three-dimensional Model Serving as a resource for information about a facilit
foundation for decisiommaking

BIM Four-dimensional model  Construction scheduling information was added.

BIM Five-dimensional Model  The cost information was added.

BIM six-dimensional model Asset information was added for facility manageme

Source: Gopalakrishnan et al. (2017)

Gopalakrishnan et al. (2017) further conducted adepth systematic review to
explore some research on Big Data issues and applMHechnique. A threstep is
employed for using the TM approach in BIM. The authors suggested arbaHeel
technique to process and extract desirable data from the BIM. It is also pointed out that

the big data sources.

However, Gopalakrishnan et al. (2017) did not focus primarily on BIM,and its
desirable impacts in enhancing project performance. However, allied information

could be extracted from this study.

Pan et al. (2020) noted that BiMlated technology has become one of the widely
discussed topics in the academic body. The study also proved that the innovative text
mining-based model could be developed for BIM patent analysis. The authors
highlighted tte integration of computer vision technology in BIM to promote rapid
development in the construction sector. The authors also confirmed that BIM, 10T, and
blockchain could be utilised to prepare a robust building maintenance system. Like
Pan et al. (2020),iu et al. (2019) have also suggested the combination of the BIM
framework and blockchain technology for planning and coordinating various stages in
the building life cycle. However, BIM has some challenges, especially in legal issues
and intellectual progrty-related matters. This combined approach of BIM and
blockchain technology will help to resolve them. Pan et al. (2020) confirmed that BIM
increases performance and productivity. Its awareness and strategic application can

help to promote innovation ithe construction industry. The study also explored the
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development and new trends in the BIM field. The study also employed the Derwent
Innovation Index (DIl) database as an effective source for analysing the trend in the
BIM field. Pan et al. (2020) also observed that BIM has been a critical tool for its

capaity to manage functional and physical digital presentation.

Wen and Xiao (2020) developed a sophisticated BIM model and processing modules.
The authors also developed a macHewning engine embedded with a text
processing module and a machirser interface for visualising the BIM model's data.
The objective behd developing the model was to process BIM structured and
unstructured model data. Structured data consisted of quantitative factors, including
calculation, statistics and geometry. Unstructured data included qualitative
components such as text phrasde machine learning engine was used for the BIM
model, making it complex but comprehensiVéen and Xiao (2020)lerived three
outputs: [1] object and property retrieve, [2] similar object recognition consistency
checking, and [3] completeness accuracy checking. Five key modules of machine

learning were discussed in the stif@ge Table 2.2)
Table2.2: Machine learning modules

Modules Descriptions References

Text Processing Extracts textual components such { WenandXio, 2020
tokens, words, and phrases,
including wordcorrecting processes

NamedEntity Recognition | Extracts and categorizes target WenandXio, 2020
entities for further analysis, aiding i
BIM model data classification.

Regexes Pattern Checking| Matches and manipulates textual | WenandXio, 2020
data using regular expressions for
pattern search arslibstitutions.

Lexical Semantic Relationg Focuses on meaning and context, | Liu et al., 2020
generating synonyms and
establishing relationships among

objects.
Unsupervised Lexicon Enhances compliance performancqg ZhangandEl-
Based Checking by using unsupervised learning to | Gohary, 2017,

cluster words and ensure regulator] BernersLee, 2016
accuracy.
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Three steps of testiased analysis are suggested; they include preprocessing, feature
generation, and knowledge mining (Baek et al., 2021). Preprocessing is the initial
phase in pipelining the TM process. Tgsed research in construction primarily aims

at generating new and unique knowledge in the construction and project management
sector. Texbased research has also focused on integrating domain knowledge with a
variety of stateof-the-art text analysis methods and domain knowledge. Nowadays,
constrution firms have started developinglmouse automated text analysis tools. It

is also confirmed that text analysis has become one of the promising fields due to its
vast knowledge and NLP and TM techniques, which help to improve the overall

performance.

Customised NLP tools and techniques have been developed in various sectors,
including construction (Luque et al., 2019; Xu and Cai, 2021). Though it is
challenging, a holistic and robust technical ontology can be developed in construction
and project manament domains. One prominent characteristic observed in the text
analysis research is the incorporation of mliigual tools. Though most of the
language models and text processing tools are based on English langauge, the other
languages have also beewarporated in these models. For example, some scholars
have developed textrocessing tools in Chinese (Wang et al., 2019, Zhong et al., 2019,
Jiang et al., 2016), Korean (Choo et al., 2019, Moon et al., 2018., andriiim,

2018) and French (Kovacevic et al., 2008). Some of the NLP models are lahguage

independent as well (Baek et al., 2021).

According to Zhou et al. (2019), a texining approach in the domain knowledge can
capture various BIM application needs. Capturing these needs means identifying
problems, goals and preferences (Government Digital Services, 2017). It was also
observed thathere is a huge information asymmetry. To overcome this issue, the
developers should develop a BIM app with special attention and effort on the issues,
including low sentiments such asality capture,interoperability and structural
simulation and angsis (Zhou et al., 2019). Conventional and4exhing approaches

can capture usersod6 needs. However, the
andTM is the solution to overcome them (Ahmed et al., 2018). To minimise this gap
or limitations, the researchers attempted to extract their needs from the data generated

by the users.
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The TM approaches have several advantages highlighted in previous studies. For
example, Zhou et al. (2019) observed that the-n@ring approaches can reach the
endusers by manipulating a huge amoung of
and constructiomidustry extensively adopts th& approaches (Marzouk and Enaba,

2019). However, its potential to handle practical issues has been a widely discussed
topic among scholars. These practical issues are the accident report analysis and the

retrieval of eference cases.

The construction sector is complex, consisting of multiple stakeholders with multiple
interests and activities. The sector is not merely associated with constructing buildings
but also with infrastructural projects like bridge, road, and tunnel constiu@ata
mining-based BIM technology can be useful in designing models for these activities.
For example, Qu (2021) developed a system or model using BIM and multimedia using
various components such as storing construagetated information in the host tife
ground command centre, developing a core analysis system to improve the
underground shield computer data collection and analysis, and establishing the

construction site monitoring systems.

In constructing tunnels and other such infrastructure, the potential benefits of BIM
technology and its application have been discussed in several studies (Giani et al.,
2020; Moayedi et al., 201Stanisz et al., 2019). Qu (2021) conducted research in the
context of tunnebuilding activities in China. Research in this activity is still in its
developing stage in the country. Given this backgrohisadesearch is worth studying,

though it has outlined the application potential of BIM technology in tunnel
construction. The authords study is wort
primarily on mitigating construction risks due to data insufficieriThe model
mentioned irhis study is relatedb tunnel construction risks. However, this model can

have the potential to be used in other construction projects as well.

The studyby Maksudovna et al. (2023) identified various advantages of incorporating
BIM and usingTM in the construction sector. Assessing project cost is of utmost
importance for ensuring that the construction project does not exceed the bhdget.
highlighted several advantages of the Bltlslsed model in managing the cost of the
project. ™ informed BIM model helps to reduce the labour cost. It also has the
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potential to form a budget using a database of aggregated unit prices at various phases
of construction projects.M informedBIM model has the capacity to take into account

the actual data, collect information about project details and update the Database of
large unit prices (Maksudovna et al., 20Z@¥)eir study is vital becauseM methods

can be useful in achieving several construction goals. Though the data mining
technique cannot directly extract the knowledge from the text data, it enables to
proces®f text data usingM technology. Researchers have applied TM techniques to
extract relevant data from the massive unstructured data. Due to its immense potential,
TM-based BIM has gained popularity in technical fields such as architecture,
engineering, and project managemelnt. Russia, the use of BIM has become
mandatory at all staterdered facilities in the Russian Federation (Maksudovna et al.,
2023).

The present research is similar to the stindyYan et al. (2022) have conducted. Like
this researchthey also conducted a systematic review of articles on the potential
application of TM in the construction sector. TM technique was first introduced in the
Architectural, engineering and construction sectors at the beginning of the 21st
century. However, theavelopment was slower than in the other sectors (Scherer and
Reul, 2000; Chui, 2017). Yan et al. (2022) confirmed that the majority of the data in
the construction sector is unstructured, and the TM method is effective in processing
this data.

Earlier, it has been discussed how TM is useful and what benefits of BIM TM can be
availed to Iimprove the sectorbés perfor ma
important role in understanding the-site inspection of construction projects. It has

been observed that 80 percent of the data is in textual f¢MaatinezRojas et al.,

2016), and in construction projects, especially, massive data is available in documents
such as reports, contracts, policy papers, correspondence, etc. However, mining
unstructured data in the construction sector is still in its infancy. Therefore, Lin et al.

(2020) have suggested various data mining techniques.

The above studies extended the peripheries of knowledge in BIM and TM in

construction projects so that they can avail themselves of their various benefits.



25

In order to justify the need for this PhD research, a systematic literature review has
been conducted with regard @ preliminary review of research background,
theoretical considerationand practical orientations. In the process of this systematic

literature review, the following1 main steparemade, and these include
1 Step 1:Strategyfor Systematic Literature Review
1 Step 2Team Performance in Major construction Projeetivery
1 Step 3:BIM Adoption in Major Construction Project Delivery
1 Step 4.Learning Legacies from Major Projects

1 Step 5:Technical Solutions for Performance Enhancement in Major

Construction Project Delivery
1 Step 6iIndustry Guides and Standards for BIM Executions
1 Step 7:BIM Execution Potential in Major Construction Project Delivery
1 Step 8:Applied Al for major construction project delivery

1 Step 9:Theoretical Advances in Data, Information and Knowledge (DIK)

Applications

1 Step 10The Theory of BIMTAPE Framework for BIM pervasive major

project delivery
1 Step 11Critical Appraisal of the Literature

Descriptions about these main steps to form the systematic literature review are given
below in the next 11 sections to form this chapi&e interconnections among these
steps are illustrated in Figure 2.1 via a NBguare Process (NSP) (Gadd, 2011; Chen
etal., 2021ASQ, 2022 in Section 2.1 to form the strategy of this systematic literature

review.

2.1  Strategyfor SystematicLiterature Review

This systematic literature revieseeks to address the research gap pertaining to the

utilization of TM techniquesn conjunction withBIM for performance enhancement
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in major construction project deliverdy conducting a comprehensive examination
of the existing scholarly literature, this study aims to identify the unexplored potential
and opportunities for leveragifgV methods to extract valuable insights from textual
data associated with largeale construction projectghere BIM is widely adopted

This researclendeavowsto contribute to the advancement of knowledge by bridging
the divide betweedM and BIM, ultimately leading to more informed decision
making, improved project outcomes, and enhamsedall project performance.

2.1.1 Overview of Major Construction Projects

Major construction projeciareby definition of immense scale in various dimensions,
including in terms of physical material, financial investment, and diverse stakeholders.
Due to their inherent complexity, théave proved to bmtractably difficult to tame
systematicallyin terms ofproject managemenincluding with regard tdong-time
frames, enormouphysical and logistical scopandmassive expense (and financial
risk). Furthermore, major construction projects are additionally difficult to manage
(Chen et al., 2021)ecause theare associated with faeaching changes to people
and the geography of the areas where they are constructed.

Major construction projects that are not managed adequately can have catastrophic
ramifications for individuals (particularly clients and investors), local communities,
and even the natural or urban landsc&ueh projects are identified by their higbst
attributes which encompass long duration, program urgency, necessitate the
involvement of multidisciplinary input, and lead to need for virtual enterprises in their
execution Additionally, even when implemented and managed with normative
effectivenesqChen et al., 202]1they often lead to lowehanpredicted revenue

stream and cost overruns

Aside from the aforementionedttributes,the operational cosis a formidable
consideration that is frequently far beyond the initigllgjected costwhich hampers
economic growtlanddefeats théundamentapurpose of major construction projest

As perZhang et a}.(2022), The Federal Highway Administration (FHWA) defines
Amaj or C 0 n s toras expensive or pigbasi, er avhich attract massive
political and public interests because of the massive impact that they tend to have on

the environment, the state budget, anddbemunity, typically with a time frame
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exceeding five years (Youcef et al.,, 2012Zhe Major Projects Authority (MPA)
provides a comprehensive definition of major projects, classifying them based on
specific criteria such as cost, complexity, and significaMadr Projects Authority

2016. According to the MPA's definition, major projects encompasieavourshat

exhibit substantial financial investment, intricate operational intricacies, and notable
strategic importance. These criteria collectively delineate the scope and magnitude of
projeds that fall under the designation of "major projects." The MPA's definition
serves as a benchmark for identifying projects that warrant specialized attention due
to their extensive scale and implicatioriBhe complexity associated with the
management of major construction projects emanates from the fact that
multidisciplinary teams are required to undertake and oversee complex activities,
while demonstrating strict conformity to the stipulated deadlinab laudgetary

allocation.

Given the size of major construction projects, conflicts, poor coordination, and high
risks are encountered both in the planning and implementation phases of the project
(Santoscet al., 2@0). Most projectbased organizations possess core competencies
necessary for effective and efficigptoject execution. Howeverthe evaluation of
project success is a somewhat difficult task due to the lack of clearly defined criteria
for appraising construction project succeasd the differing priorities of different
stakeholder¢Baccarini, 1999)In a bid to understand major construction projects and
elucidateareas that ought to be addresseddbne and achievproject success, this
study seeks to adelss the existing research gap on project related factors pertaining to

major construction projects.

The functionality and communication of thArchitecture, Engineering, and
Construction (AEC) industrizas exhibitegubstantial chang@s recent yearbecause

of an extensive adoption of BIM in built environment projédisreno et al., 2019)

BIM refers to a set of associated processes, policies, and technologies to communicate,
produce, and analyse the constructive models such that stakeholders can engage in
collaborative design, operation, and building of the facility (Mieekl, 2019).This

study has undertakera systematic literature reviewsing theNSP (as described

previouslyand in Section 2.1.2 belgwin order to justify the need for research into
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fA text mining approach to performance enhancemeBiNhpervasivemajor project

deliveryo.

2.1.2 Nine-SquareProcess(NSP)

TM is the solution of concern to this study, and the review process usbkntie
SquareProcesgNSP) tool, as illustrated in Figur.1, as adoptefiom TRIZ (Gadd,

2011; Chen et al.,, 2021)TRIZ offers a problensolving tool for forecasting and
analysis whose purpose is to offer systematic approach to innovation through the
assumption that any given problem can be solved. TRIZ is a unique feature because of
the potential problems that am@ced aligned to the contradictions that emerge for the
situations, which are different that need a common implementation (ASQ, 2022). The
execution of TRZ involves three steps of definition of the problem and expression of
the contradiction in a simple and clear manner, approaching the problem as the system
and monitoring it, and determination of the powerful principles applicable for the

respective probla.
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Figure 2.1: NSPfor systematic literature review

Figure 2.1 depictsa dedicatedNSP, which is adopted for thegy/stematic literature

review for this study. The NSan justify the rationale faresearch oBIM TAPE
Framework Figure2.1 identifies the nine items that are taken into consideration when
conducting thesystematic literature reviewlhe NSP depicts the technique for the
exploration of the issues alongside their impacts through the examination and
evaluation of their present, past, and future (A2Q22). The adoption of this
technique is based on the need to ascertain that companies have the chance to evolve
and change without havirtg rely on the past tactics that may fail to work efficiently
within the current world. The nine windows ensure that it is possible to separate the

problem in time and space.
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2.2  TeamPerformancein Major Project Delivery

Major construction project delivemgquires the establishment of a teamhichipso
factoentails team building. Poor team building resultgrimjectfailure due toinherent

role conflicts, different interests, priorities, judgments, and outlooks, among the team
members. The team has to be built with a clear and concise objective, which steers it
towards the realization of the set goals and objectives (BaddrPrice 2011).
Leadership is also vital in the team, where structures and roles and redpiessibi

the team members are outlined to achieve success for the team. The team leader has to
handle conflicts, encourage commitment among members, address communication
problems, and motivate group synergy through clarification of the anticipated
objectves for a given project (Manata et,&022). The process results in ensuring
that it is possible to achieve good performance for the teamajor construction

project delivery

Project team integration in construction involves the collaboration of the behaviours,
working practices, and methodsd stakeholders, particularlgupporing the free
exchange of informatiommong parties (Ghosh et al2020). An integrated team
environment depicts the sharing of knowledge and skills with the aim of improving
the delivery of the project (Mariam et,&022). The integration of the project team
also contributes to the improvement of project team performance in the delivery of the
major prgect. The situation occurs since teamwork is regarded to be one of the traits
of the construction industry (AssafidHassannaif2014).

The delivery of construction projects is achieved by different professionals who work
together to realize a specific goal. Research indicates that knowledgeable leadership
assists in promoting the attainment of project success by convincing individuals the
need for the change and encouraging them to work together in complex environments
to achieve project goals (Assaid Hassannain2014).BIM is a recent technology,
which PMs utilize as a means of improving coordination, collaboration, and
communication to support the attainment of team performance in the delivery of the

projects.

Operational efficiencies for the project teams are improved through the adoption of

BIM Collaboration Format(BCF), a communication standard that facilitates the
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exchange of issueelated information within BIM modelg$Eisenmannand Park

2012). The situation occurs since Blkffect the approach that is adopted by
professionals in different teams when working on projects @haiyWu, 2019). BIM
creates an opportunity for the professionals to engage in early stages of the project,
where they support innovative design solutions and solve conflicts for the building
prior to the onset of the conflicts for the structure (Wang et28l16). Team
performance is also enhaed through BIMsince it is possible to identify obstacles,
risks and challenges for the projects and solve them without having to rely on obstacles
that are costly. Thedgenefitscontribute towards the attainment of excellent delivery

for the major project.

However, theAEC industry has not yet fully adopt&iM and associatedatamining
approachesn many context§Zhou et al. 2020). TM approaches are adopted for
information extraction or retrieval, recognition of terms, keywords or entities, topic
models, sentiment analysis, and document classification or clustering. Deterministic
or probabilistic approaches are adoptedM (Raoufand Al-Ghamdj 2019). The

AEC industry hag§ M applications, which are recorded at infancy stages. As $ith,
needs to be adopted to ensure that there is performance enhancementriajothe
construction project deliverfShmueliand Koppius 2011). The approach helps in
recording and documentation some limitations on BIM adoption and implementation

that include quality effects and time and persistent cost overruns.

2.2.1 Measuring Team Productivity

The construction industryas given rise tdistinct perspectives on the constitution of
measuring team productivityhich is reflected in visibléifferences in the wayin
which data collectiorandanalysisare undertaken, as well & qualityand scalef
data. According to Dozzi and AbouRizk (1993), the t@a@asurement viewpoints can
be conceptualized asnacro and micro perspectives. Inconsistencies in the
measurements and the lack of consensus on the constituents of meas{4#ment

et al., 2000; GoodrurandHaas, 2002arefundamental causes cbntroversyn terms

of macro perspective measurement meghddhe macro perspective gives room for
identifying the trends in the long run visible at the industry |€Veicholz, 2004and
2013). Several scblars have discovered that multifactor productiviiran and
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Tookey, 2011)which is a combination of team and capital costs producing qusput
best suited for the macro perspectiMewever, theusefulness of macro perspective
In organizations is questionab$ince it does not provide a baseline for consistent data

comparison and the interpretation might be misleading (Goodnahlaas, 2002).

Dozzi and AbouRizK1993)describé the micro perspectivas being taskriented,
whereby it is generallpreferred by organizatiordue to its amenability to tangible
outcomebenchmark for team productivity. Using this perspective, productivity is
gauged on the basis of the input and output of the tasks assigned to individuals
(Halligan et al., 1994; Parkt al, 2005). Operational productivity is defined by
Durdyev and Mbach(R011)as the quantity of output from a process per unit resource
of input. For instanceputput could be classified in units or dollar power with the
relation to the manpower used, machinengterials,or money. With this in mind,
constructionproductivity iscorsideredto imply teamproductivity, whichHalliganet

al. (1994, p.48) stated hasseveral advantagedost significantly, this approach
explains team productivity incomprehensible and operational waygth team
productivity taken as the most significant source of distinction in construction
productivity, while the latters viewed as the datum for &dlamproductivity measures.
Due to the lack of a standard definition of productivity in the construction industry,

Parket al.(2005), decided to use tiiguationl below to defindeamproductivity:
Equaton1: 0i ¢ Q0 ©0 Q¥-Qé«

Halligan et al(1994)insisiedthat construction productivity needs to indicate the units
or work placed or output per mdnour, as illustrated in thiequation2 below, which

is commonly referred to as the unit rate:

Equation 2: "YQ OB € Q06 O 60" QUICEDOCD

Teamproductivity can also be measured usingtdamproductivity factor is shown

in theEquation3 below:

Equation 3: 0 Qi "Q¢ | GQNED @
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Relatedly the performance ratimanalsobe used to measuteamproductivity, which
researchersuchasYiandCh&dn2 014) and Zavrgki (1999) <cas
of interruption as illustrated in th&quation4 below:

Equation 4: 0 Qi "Q¢ & WHd Qe

In the field there are many different approaches that can be used to measure and
evaluateteam productivity, and themost significantdimensions to consider for
effective management acemparison between systems and across time. The relativity
in the concept of productivity needs to be conceptualized to provide the evaluability
indications of performance (Bernolak, 1997). The negative impacts of productivity can
be identified and mitigad using methods such as work sampling, field rating, field
surveys, ive-minute rating and using models such as the construction productivity
management model, productivity delay model, an@aorbasednodels Thomas et

al., 1990; Dozzi and AbouRizk, 1993; Motwaniet al, 1995). Models for the
quantifying and evaluating the variability of productionlude taseline productivity
analysisand measure mile analysisvhich used to determine the usefulness of a
project. These act as the indicators of the overall performasevell as the
justification for los claims for lost productivitylbbs et al., 2007; MenchasdHanna,
2006;Schwartzkopf, 1995ThomasandZ a v r ¢ k)i , 1999

2.2.2 Factors Affecting Construction Team Productivity

Research on construction team productivity has identified several key factors that
influence performance at various levels. According to Yi and Chan (2014), while
construction productivity and team productivity are often used interchangeably, there
is a dstinction in the factors affecting each. Team construction productivity is
considered a subset of general construction productivity. Numerous gteleable

2.3) have proposed different ways to categorize these factors, highlighting the

complexity of he issue.

For example, Kazaz et al. (2008) identified four main categories affecting team
productivity: economic, socipsychological, organizational, and physical, with 36
underlying factors. Rojas and Aramvareekul (2003) developed a framework consisting

of four classesnanpower, industry environment, external conditions, and management



34

systemswith 18 subcategories. In contrast, Dozzi and AbouRizk (1993) identified nine
categories with 44 factors, while Enshassi et al. (2007) proposed 10 categories with 45
underlying factors. More recently, Rivas et al. (2011) expanded the categorization to

12 dasses with 83 factors.

Other researchers have explored the role of motivation, which has been classified both
as a category with stfiactors (DozzandAbouRizk, 1993; Enshassi et al., 2007) and

as an underlying factor (Adrian, 1995; Dai et al., 2009). Despite these differences in
categorization, there is general consensus on the major factors influencing construction
team productivity, which are oftemked to the industry, organizational environment,

or project level (YandChan, 2014; Rivas et al., 2011). At the individeadd!, factors

such as skills, management, supervision, and labour are also significant.

In terms of improving team productivity, several strategies have been suggested,
including the introduction of new techniques, technology, and management systems
(Jergeas, 2009). However, Rojas and Aramvareekul (2003) argue that improving
productivity is tallenging and requires not only the introduction of new methods but
also the integration of managerial and technological innovations. Barima (2017)
emphasizes that technology has a particularly strong impact on productivity, though
its benefits may be uedmined if the costs of implementing new technology outweigh

the resulting productivity gains.

Ultimately, the implementation of new technologies like BIM has the potential to
enhance team productivity, provided it is designed, implemented, and maintained
effectively. However, if the cost of BIM implementation exceeds the benefits, the

resulting praluctivity improvements may be minimal
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Table2.3: Categorisation of Factors Affecting Construction Team Productivity

Study Category Number of
Factors
Kazaz et al. (2008) Economic, Socigpsychological, 36
Organizational, Physical
RojasandAramvareekul Manpower, Industry Environment, 18
(2003) External Conditions, Management
Systems
DozziandAbouRizk (1993) 9 categories 44
Enshassi et a(2007) 10 categories 45
Rivas et al. (2011) 12 classes 83

2.2.3 The Impact of BIM on Team Productivity

Although there is relatively limited evidence in terms of empirical data for the impact

of BIM, studies have been conducted to quantify the impacts,esitténcehas
emerged affirming theuccesses of the BIM aitd positive impacts omariousproject
performance dimensiond-or instance, Brydet al. 013) surveyed 35 projects
operating on BIM and reported that most of the projects reported the benefits of BIM
related to the reduction in the costs as well as time management. The respondents also
pointed at BIM helpind®Ms in the communication and coordination improvement.
However, the researadtid not considerthe impact of BIM on productivityper se

which is the foundation addoption andmprovements.

Researcharsuch as Giel and Is§2013)focused on the return on investméROI)

of BIM, which includes conflict detectionleading to avoidance of extra costs. This
impliesthat productivity will improve since there will be less work, as well as design
changes. Howevethey didnot discuss the subject in this direction. Other studies such
as Suermann (2009) and Cetxal. 003) tried to describe what organizations need to
undertake in the measurement and evaluating the effects of BIM on the performance
of projects.In a study conducted by Khanzode et al. (2008), an investigation was
undertaken to exploréhe benefits and challenges of BIM for mechaniebdctrical,

and plumbing (MEP$takeholderthrough coordinating the project at Camino Medical
Healthcare facility. The results by this research show that BIM brought about several

impacts including improvedunderstandingf the projectby stakeholdersincreasd
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field productivity (from 5 to 25 percelt moretimely completion, offsite quantity

prefabricationand a reduction aework amoungto 0.2 percent of overall field woyk

Sacks and Barak (2008) tried to quantify the impact of BIM on productivity for
structural engineering projectsand concluded that an estimated increase in
productivity of15 to 41 percent igsossible, due largely tess time spent on drawing
production.An action research project fyoatset al. 010) propoed several key
performance indicesusing a small design firm in theK to study BIM process
implementation which noted increased productivity in relation rt@an hours per
project and speed of comptm. A dissertation byChelson (2010) found that
instrumental KPIs iBIM projectsincludedamount of rework, quantity of request for

information(RFI), change of plans due to confliehd schedule compliance.

2.2.4 Exploring the Influence of BIM on Team Productivity

As discussed in the preceding section, BIM increases the prospect of project success
even in the context of major projects that have huge budgetary allocation and longer
durations than most conventional projects. A broad body of research has evidenced
that BIM brings a plethora of advantages when it is optimally integrated with the
organization. In this regard, the contribution of BIM towards project success is
irrefutable Nevertheless, Poiriegt al. (2015) suggesd that since empirical data
evidencing the advantages of BIM in the context of mega construction projects is hard

to attain, the measurement of this inherent advantages is yet to be standardized.

An empirical study conducted #khiami and Zangana (2017) determined that KPIs
can be used in the quantification of the current performance of BIM in major
construction project management. In a bid to measure the collaboration between
different stakeholders, thesearcherused Macleamy Time/Effort curve. The findings
supported the assumption that BIM optimizes the management of major construction
projects. To be precise, the integration of BIM reduced the need for paper documents,
trust and collaboratiowas enhanced; particularly, BIM fostered closer collaboration

between the client and the contractor.

Despite positive correlation between project success and the integration of BIM,
Alkhiami and Zangana (2017) determined that the adoption of BIM also resulted in

delays, shortage in employee, cost overruns, and psychological impediments which
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can potentially threaten the implementation of the projsside fromthe usage of
KPIs in measuring the advantages of Bthky alsoconfirmedindicators can be used
to determine the effect of BIM on productivity in the context of major construction
projects. Figure 2.2 presents the KPIs used by Alkhiami and Zangana (2017) to

appraise the impact of the integration of BIM on productivity.

BIM assessment through selected
KPIs

A 4
Number of Clash

RFIs detection
\/‘\

v
Schedule
compliance

Budget
compliance

Change Response Decision
orders latency latency
» v
Meeting Stakeholder’s

effectiveness involvement

Figure 2.2: The impact of thentegration of BIM on productivitfAlkhiami and
Zangana, 2017)

Clearly delineated KPIs are fundamentally necessary for organizational performance
analysis, and various indicators can be used in construction, includingnsguction
manthours, request of information pertaining to change orders in the course of the
construction, issue resolution, the occurrence and incidence of injuries, and variance
in the designKischer 2013). The occurrence of these events can be used to measure
the major construction project performance. Fisgh@013) position pertaining the
reduction ofRFI wascomplemented by a study conducted by Chelson (20d0¢h
reported that companies that have used BIM in the course of project management in
the past posted a 40% productivity increddas surge was attributed to the capacity

of BIM to squeeze the design phase. Furthermore, the implementation of 3D models

as well as the recruitment of competent personnel to oversee the integration of BIM
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propagates ease in conflict discovery and clashes and other problems that are likely to

surface during the design phasesuling in net saving for the client.

Other studies discussed in the preceding section support the assumption that BIM
improves performance and productivity; there are limited examples of how BIM
improves performance specifically in the context of major construction projects. As a
consequenceanajor construction projects continue to suffer from budget overruns,
loose adherence to set schedules, and quality issues even if an appreciable level of

BIM integration is demonstrated.

After focusing on team performance ajor construction project deliveryt is clear

that BIM has a role to play in eliminating inefficiencies for the teamwork, addressing
challenges and risks for the project before they occur, and supporting professional
team interaction and collaboration to deliver the project as per thgoaés and
objectives. Hence, BIM needs to be adoptech@jor construction project delivety

realize positive outcomes and achieve the set goals and objectives.

2.3 BIM Adoption in Major Construction Project Delivery

As discussed previouslynajor construction project&ce more serious ardistinct
challenges to thénurdles associated withconventional projects. Consequentially,
exploring BIM in the context of major construction projesténtegral in exposing
how the technology relates to tipiarticulararea of constructio.he adoption of BIM

in major construction project delivenmgvolves business process reforms in individual
organizations and industwide practices. BIM has been adopted in the construction
industry since the advent of the millennium, widtdoption focusean increasing
efficiency, transforming capacity, increasing projstakeholdei@collaboration, and
improving productivity Ullah et al, 2019). BIM adoption creates the opportunity for
design visualization, examination of the model reliability, fast alternative design
creation, building performance forecasting, and report production (B#91).
However, the implementation rate for BIM has been tied to several barriers, which

have beemecorded across the globe.

BIM has been pioneered in the USA, China, the UK, and Scandinavian countries

(Ullah et al., 2019). However, BIM adoption and implementation has been tentative
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and even lacklustre in ationtexts because of associated costs for implementation,
deficiency in capital, high risk levels for the technology, and the unwillingness to
initiate new workflows (Binbirand Xiaoyan, 2017). Furthermore, there are issues of

a lack of interest (or trust) among clients, inadequate training, insufficient expertise
level, matters of data ownership, and unavailability of standardized protocols and tools
(Ullah et al., 2019).

Regions that have already adopted and implemented BIM have significantly depicted
the potential benefits that include increase in performance of the project works and
delivering high quality projects (Parker et, @017). The situation occurs bearing in
mind that modern construction projects arere highly complicated thatraditional

major project, with a commensurate requirement for increased coordination of
multiple stakeholder@Miceli et al, 2019). Public adoption of BIM focuses on model
managemenactions, public governance actions, and product management actions,
which are integral towards supporting the major delivery of a given project.
Furthemore BIM acts as an efficient tool for planning and scheduling project
activities, which leads to better delivery of the major prajeletted to interrelated 3D
elements with different attributes and parametéMaw@az et al. 2021). Thus,
successful implementation of BIM in the construction sector calls for revamping of the
construction practices that ame existence whereby the approach can lead to the

attainment of efficient resul{®©lanrewaju et aj2021).

According to Bawomaeet al.(2021), it is undisptablethat BIM has been integrated

into several areas of the construction industry, particularly building projects.
Nonetheless, many organizations in the industry still struggle when it comes to the
implementation of BIM in major construction projects suchrabvay and roads
infrastructure projects (Shaignmoghadamd Motamedj 2021). Organizations that

have successfully adopted BIM in major construction projects have reported an
increase in time efficiencgnd the prevention of cost overruns. Also, the adoption of
BIM has demonstrated a positive correlation to a decrease in project risks, such as cost
surges, the occurrence of construction defects, and delays in the presentation of project

deliverables.
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Nonetheless, the complexity of major construction projects and the range of
professionals required in the implementation of BIM, still presents an impediment to
the integration of this technology. The challenge spans from the design to the
construction phse of the project (Retzlaf2018). This necessitates the exploration of

how BIM can be implemented especially when dealing with projects that have long

deadlines and encompass huge financial commitment.

2.3.1 BIM as Technologicaland Innovative Solution

The whole purpose of exploring technological or innovative solutions to lifelong issues
in construction is to improve project efficiency and to promote the delivery of major
projects. Also, the integration of technological approaches to the managemegtof m
construction projects is intended to reduce the incidence of mistakes and risks that may
result in delays as well as an increase in the cost to be incurred by the client. Therefore,
in spite of the difficulty associated with the implementation of teldgical solution,

such innovative approaches are still crucial in ensuring thatsistent
underperformancgeespecially in the management of major construction projects
addressed accordingly (Chenal, 2020).

In this regard, Cheat al.(2020) assert that innovative solutsshould be capable of
confronting a plethora of issues encountered® Mg in the implementation of major
construction projects. The level of adoption of digital solutisrizased on how well

the approach improves project management processes and address one or more of the
aforementioned issues in the management of major construction projects.
Technological tools such as BIM have the potential to transform the entirety of the
construction pwcess as it changes basic process into more procedure that contributes

to optimal construction project management.

Construction technology firmavesteda cumulative sum dfSD 10 billion from 2011

to the dawn of 20170 drive research and development aimed at stimulating the
development of technological solutions that can be used to improve processes that
range from yard inspection and portfolio management teitdffabrication (Dahlqvist

et al, 2018). The development and ultimate implementatiorswth innovative

solutions alongside triedndtested toolg¢such as BIM extensively promote cost and
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deadline management while fostering optimal collaboration among involved

stakeholders.

As a means to improving operations in the management of mega construction projects
Blanco and Chen (2014), and Kehal. 017), suggest that more emphasis should be
placed on the development of innovation and conducting research that seeks to
determine the major impact of BIM on project delivery. Although different
construction projects face different project implementaissnes, progress made in

the adoption of technology makes alleviation of these challenges possible. For
instance, the adoption of 5D BIM, which is a combination of design, scheduling data,
and3D physical modelof buildingshas presented a positive resastfar as project
execution is concern. The model can be used in the design phase and simulation of the
entire projects with the aim of identifying and addressing looming project risks. The
results of the simulations allow constructi®iMs to make informed decisions on
deadlines, budgetary allocations, and the ability to address issues before they arise and

hamper project progression.

According to a study conducted by Bremtal.(2018) with the aim of debunking how

the full potential of BIM adoption can be realized in the construction settings, the
recruitment of persons that possess the necessary core competencies to oversee the
adoption of BIM and the overall implementation bétproject will allow engineers

and stakeholders in the construction project to leverage BIM twolsajor
construction projectt increaseémplementation success. The study also determined

that the incorpation of government agencies, contractors, and other stakeholders in
the implementation of the major construction projects improves the possibility of

Success.

2.3.2 The Awarenessof BIM Adoption by Stakeholders

In a bid to realize the full potential of BIM adoption, stakeholders and construction
players involved in major construction projects ought to instigate an organisatien
cultural and paradigm changed. Partial chargesesult in partial realization of BIM
benefits; as a result, total commitment to this innovation as well as improved reliance
on information is core to successfully adoption of BIM in major construction projects.

In this regard, recruiting new talent at tiighest managerial cadres ahd front lines
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is paramountAccording toSheldonand Shephard2018), more can be squeezed out

of BIM if the following considerations are followed.

The first consideration is the creation and the implementation of-dawp culture

that is dependent on data or rather aaatric workflows. This implies that all process

with the organization must be informed by collected and synthesized data; yhis wa
optimal performance across the organization can be attained. Secondly, the
organization as well as its construction players must be prepared to embrace the result
attained from the implementation of the ddtaven practices. This might mean doing
thingsthat may seem orthodox to more conservative employees. The last consideration
is pushing data into the field. Availing data to front line personnel will be crucial
because it will be equipping them with necessary information that could allow them to
avoidthe occurrence of cost and time overruns in the course of project implementation
(SheldonandShephard, 2018)

There seems to be a growing consensus amesgarcherthat the most integral step

in the adoption of technology general ifot just BIM) in construction organizations

is the introduction of interventions that are aimed at educating construction players
about the technology. According to Asvaduret al. (2018), the integration of
technological approaches imprauee overall productivity of the workforce as well

as the performance of the organizatiblowever,success is guaranteed by how well
the team collaborates, enlighten the workforce on how BIM and other related
technological tools can be used to propagate collaboration will be integnasuring

that the personnel can take advantage of such tools to improve operational efficiency.

Asvadurov et al. (2018) alstate that project teams must focus four main practices as
a means to improve successful management of major construction préjgcts
investingin project teamsincludingeducation on relevant innovative solutions such
as BIM; (2) promoting prompt decisiomaking by supplying decision makers with
crucial information (3) the adoption of forwartboking performance managemgnt
and (4)team leaders must drive desired behaviours consistently by developing
rewarding systems to $ten the transition. By adopting these four practices, the
chances of adopting BIM and other innovative solutions in major construction projects

can be markedly increased.
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The related awareness of BIM and attitudes towards it has improved over the past eight
years, an NBS study on the use of BIM determined, according to the National Building
Specification [NBS] (20122019, which demystified that the growth in knowledge

and use of BIM has increased markedly. Concurrently, the construction industry has
evolved over the decades as it embraces digital ways of doing things. Nearly all
respondents involved in the study were well infodnadout BIM: only 2% said they

were unawarefat, and less than 1% was not sure aboutlis collection of NBS
annual surveys has been sponsored by-BiMnted organizations that includee

British Standards Institution and the Landscape Institute.

The breadth and depth of implementing BIM systems in construction activities around
the world have been suggested by Céeal.(2020, who used.inkedIn to recognize

a steady rise in BIM consciousness through the findings of writers and membership of
the BIM network of expertsTheyhypothesizd that thewidespreadgdoption of BIM

could transform the construction industsynce it is utilized in the collection of data

to performing datalriven activities and process that foster the delivery of major

congruction projects. Variations in the adoption of BIM exist across the industry.

In their worldwide survey, Younet al. 008) found that 90 percent of respondents in
the field of architecture and 85 percent of all respondents thought of themselves to be
fully competent in BIM; while construction contractors declared themselves to be the
most experienced BIM users, 46 peiceh respondents designated themselves as
skilled users. Architects, however, were found to be the most interested parties in the
adoption of BIM, while building contractors aid/is were more likely to see BIM as
adata management system, while facility managers usually viewed BIM as a system
of project information (GandLondon, 2010).

Based on studies conducted by NBS inlitkeby Chenet al.(2020), Bernsteiret al.

(2014) and Jones and Laquida@arr (2017), it is nt@ble that skills required to
effectively implement BIM, perceived benefits, and BIM experiemege limited
among players in major construction projects. Complementary studies conducted by
Kiziltas and Akinci (2010), Lee and Yu (201@pndLeite et al. (2011)among othes,
elucidated that theris a lack ofspecific researcto detect awareness and adoption of
BIM among stakeholders in tmeajor constuction projecicontext.
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Major construction projects involve a wide variety of stakeholdbisse requirements

and priorities must be considered to ensure the success of the (kajenten 2011,
Patanakul et al2016; Teg 2013). Stakeholders may be persons;piafit or non

profit entities, or organizations that may influence the project or be influenced by it.
According to a study conducted by Aaltoregral. 010), stakeholders can be divided

into internal and external stakeholders. Typically, internal stakeholders are a structured
amalgam or group of project participants who naturligorse the project. Examples

of internal stakeholders are the client and involved government agencies or entities.
Converselyexternal stakeholders are not formal entities that may be impacted directly
or indirectly by the projec{Awakul and Ogunlana, 2002Jor instance, when
constructing a railway station, which is major construction project, the local populace
will be affected since an alternative means of transport has been made available.

Major construction projects and their volatility and high complexity call for a
comprehensive approach to the management of competing stakeholder needs and
relationships, which play a key role in the success of a prdjeeeffective delivery

of major construction projects isherently difficult, andmanaging stakeholddrs
expectations and relationshigsa prerequisite essential for managemaftdk and

Shen (2016) suggestethat a networkbased approach to stakeholder model to
investigate both key plays and their interestanincrease the accuracy of stakeholder
management practice in constructioas well as enhance completeness and
effectiveness. On the other hand, a new value prioritization strategy was developed by
Chen et al(2020) to define key benefits of BIM in the delivery of both megaprojects
and major construction projec®hey developed eompass tool to visualize the status

of value attainment among project stakeholders who deal with major challenges in the

delivery of major constructioprojects.

Blaine et al. 014) also affirmedthat the cooperation of stakeholders is the most
integral factor that fosters the attainment of a successful execution of BIM projects.
For example, through the exchange of common knowledge using BIM, the
communication process and crassltidisciplinary ollaboration could potentially

minimize errors. This postulation was endorsed by Moetnal. 018), who stressed
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that using the collaborative approach is one of the most significant factors in the
construction management procdasipirical researcby Sahaet al. 017) elucidated

that through cooperation, efficient and effective construction project delivery can be
achieved. Furthermore, during the partnership between-tistiplinary teams, the
errors of BIMbased projects can be minimized (Mehrdad et al., 2048nerous
studies (Prahaladnd Hamel, 1997; Thompsoand Miner, 2006) have stressed that
informationsharing is the basis of cooperation between stakeholders in construction
projects. Clearly, it is important to carefully study the relation between stakeholders

and their effects.

2.3.4 Complexitiesof Stakeholdersin Major Construction Projects

Stakeholders are essentially a groups or individuals who may influence the results of
the project, whose living conditions are influenced by the project positively or
negatively, and who derive direct and indirect benefits and/or losses due to the
implemenation of the project (Liet al, 2012). Three facets of the complexity of
stakeholders can be studied in major construction projects: The first facet is
stakeholder problems and their interconnectedness, referring to what stakeholders are
worried with inthe project and howhese worries or aspectse interrelated. The
second facet is stakeholder relationships and interactions, referring to the social
connections between stakeholders, for instance, individual and government. The last
facet isstakeholdeand problem dynamics, relating to how the stakeholder group and

the interests of stakeholders shift over time as the project progresses.

2.3.5 StakeholdersProblemsand Their Interconnectedness

Major construction projecfisgrowth can affect the economic interests of different
groups of stakeholders. Due to the diverse stakeholder perspectives in the evolving
project environments, stakeholder issues, which are defined as the vested interests of
project players, are often dimilar and complex. In response to the changing climate,
new stakeholders and dissimilar concerns often arise; problem priorities can also differ
across various project player groups. According toetial. 012), if they are
inadequately catered, theropeting stakeholder interests can result in project threats
and failures. The samesearcher identified major stakeholder issues and how they

can be prioritized.



46

Zeng et al. (2015) elucidated the principal stakeholder concerns related to the
fulfilment of major construction projects social responsibility. The prevailing
knowledge of stakeholder interests in major construction projects has been reinforced
by existing publications. The estimation and prioritization of the magnitude of the
problem, nevertbless, leaned entirely on the personal judgment of stakeholder groups;
the actual interdependencies between stakeholder issues and the perpetuating effects
created bythe problem network were nabonsidered As such, a comprehensive
procedure is necessary to examine interdependencies between stakeholders and

evaluate their effects on one another.

2.3.6 Interactionsand Relationshipsof Stakeholders

In the context of major construction projects, stakeholders are directly or indirectly
linked by several forms of associations across level of the organization boundaries, so
rather than being fragmented in vacuum, they are rooted in different sociatksetwo
The early body ofresearch paid a lot of attention to structured stakeholder
relationships. For example, the contractual agreements between project entities
regarding the resource sharing and the provision of construction services and the
hierarchicarelationships between participants in irtr@anizational projects (Pryke,
2004). Recent studies move the emphasis towards informal stakeholder relationships
and make substantial efforts to strengthen relationship management as a means to
foster projectsuccess and optimal management of allocated reso(Ctes et al.,

2020)

Informal stakeholder relationshipsere categorizedby Cross and Parker (2004)
studies into four types: influence, collaborative relationships, knowledge sharing, and
interpersonal relationships. According to a complementary study conducted by
Chinowskyet al.(2008), communication and knowledge sharing ought to be evaluated
in a bid to elucidate how they contribute success in major construction projects. In a
project climate, stakeholders do not even exist individually; they are defined by these

relationslps.

The shift towards BIM adoption in major construction project deliveijerscores the
necessity of transforming legacy construction practices. This shift aims to promote

collaborative efforts among major project stakeholders, providing opportunities for
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advanced project planning and scheduling. These adaptations contribute to the
extraction of valuable learning insights from major projects, thereby enhancing

industry practices

2.4  Learning Legaciedrom M ajor Projects

Major projects that have been executed by AEC companiesliikthgSA, Germany,

and France have indicated that the use of BIM in projects has positive impact of
increasing the productivity and improving the quality of wdktemet al, 2020).

The completion of these projects indicate that BIM has the benefits of better quality,
increased collaboration, time and csavings and increasestakeholdecoordination
(Lawson 2006).TM for BIM utilization in major projects indicates that BIM assists

in tasksthat include clash detection, 3D visualization, feasibility studies, visualized
scheduling (4D) management, mothalsed quantity estimation and ta& creation

of the facility managemertiuilt model, Leadership in Energy and Environmental
Design (EED) certification or environmental analysis, geospatial and visual
coordination, creation of shop drawings, and visualized constructability revieet (Ali
al., 2022). An example of this was the completion of 2012 London Olympic 6,000
seateielodrome cycle @ick.Table2.4 below provides a good example of case studies

on major projectsompleted through utilization of BIM
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Title

References

Case study

Young Crossrail Programme

Hillier, 2014

Addressing Skills Gaps Through Direct Intervention

GeorginaandNathan 2016

Noise and Vibration Controls for the TBM and Temporary
Construction Railway

Bird et al.,2016

Information Handover Principles

MacDonald 2016

Building a spatial infrastructure for Crossrail

Irwin and Tamash2016

Vibration Management and Listed Buildings

Bird et al, 2016

Crossrail LFB Emergency Services Liaison

Daveet al, 2017

Works Information Study (Supply Chafpuality Requirements)

Elliot, 2016

Good practice document

Crossrail BIM Principles

Heritage deed for works affecting listed buildingemplate

Heritage deed for settlement mitigation works affecting listed
buildings- template

Crossrail Operations and Maintenance Information Guide

Crossrail Asset Information Guide

CrossrailLtd, 20172022

Journal article

The Geecentric Railway Why Location Matters in the Rail Irwin, 2016
Industry

Crossrail: Building a Virtual Versiondaf ond on 6 s E{ | Malcolm, 2017
The Development of the BIM Environment

Benefits of Contractor Prototyping: GFRC Cladding on Cross| JimandJorrin, 2020

Micro -report

Crossrailés I nformation Sys

CatherineandAlistair, 2018

Corporate Information Handover ProjedEnabling Data
Migration

Tahir, 2018

BREEAM for Underground Stations

Mike, 2018

BIM Metrics

Tahir, 2017

Technical paper

Ground Settlement Behaviour in Chalk Due to TBM Excavatig

Cheng and Mikulski2014

The Protection of the 400kV Cables at Pudding Mill Lane

Evans 2014

Lindsey Street Bridge A Structural Solution to Settlement
Mitigation

McCarthy, 2016

Design and construction of Fisher Street crossover cavern on
Crossrail contract C300/C410, London

St. Johret al, 2016
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Title

References

3D geological model of the completed Farringdon undergrour
railway station

Angeloset al 2016

Design of the Deep Cut and Cover Crossrail Paddington Stat
Using Finite Element Method

MiteshandAliki , 2016

Covered Way 126Safeguarding a Brittle Structure over a Live
Railway during Ground Movements

Baileyet al.,2016

An innovative Verification Process speeds construction of
Crossrail s Moorgate shaft

Farooget al., 2016

The Importance of Construction Mocips and Trials

Moxton and Atherton2014

Data management, analysis and visualisation on Crossrail Dr
X Western Tunnels

Rendel and Thurlon2014

Desi of Crossrail 6s Preca

gn

Ryburnet al., 2014

Design of Sprayed Concrete Linings in S8found: A Crossrail
Perspective

Su and Thoma£014

Stepney Green Cavern: Design Concepts and Performance ¢
SCL Lining

Uhrin et al., 2014

Design of Crossrail Farringdon Station: from an Engiéeer
Perspective

Kumar and Sharple2016

Effective MEP Design TechniquasdStrategy for Large King, 2018
Subsurface Metro Projects
Application of stair pressurisation in Crossrail stations, shafts| Fung 2017

and portals

Use of NonMetallic Materials in Ventilation Airwaysa review
of aerodynamiperformance and material requirements

Funget al., 2017

How Will Rooms Operate on Loss of Mains Power?

David, 2017

Mechanical Design Principles

Matthewet al., 2017

Systems architecture models: Crossrail design and delivery f
the clientds perspective

Li and Georgiou2017

Examples of Specialist Grouting on Contract C310 Thames
Tunnels

Smith, 2015

Compensation Grouting

Frances and Haymaloyce
2015

Application of the Observational Method in Crossrail Projects

Chenet al.,2015

Maintenance and Cost Analysis on Major Subsurface Rail
Projects- Crossralil

Consterdine and Kin2018

An Investigation of Surface Settlement and Volume Loss Ssenyongg2018
Associated with SCL Tunnelling at Stepney Green
Protection against fire for the UK Crossrail tunnel structures | King, 2018

Performance benefits associated with elevated temperature S
points and increased error deadbands for room temperature
controllers

Morgan and Fung018
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Table2.4: Crossrailcase studies on major projeatsing BIM

Title References

Better Information Management to Optimise Whole Life Dentten 2018
Business Decisions

Implementation of Energy Saving Initiatives in Design Review Fung 2018

Control of Railway Induced Groundborne Noise and Vibration Cobbinget al.,2018
from the UK6és Crossrail Pro

Client Advice and Techni cal | Stowell 2018

Earthing and Bonding Andersoret al., 2018

Crossrail Project: Application of BIM (Building Information Taylor, 2018
Modelling) and Lessonisearned

Managing Reliability Growth in Practice Consterdinest al.,2021

Final Design Overview A Crossrail Design Assurance Procesy Morgans 2021

A review of reactive electrical power and power factor correct] Abu-Qulbain and Hil] 2021
(PFC) in the Crossrail Low Voltage (LV) systems

Source: Crossrail Ltd. (2022)

These case studies provide a good legacy that the technology can be adopted in
different projects and contribute towards the realization of positive results and quality
project outcomesThis is because BIM facilitates in the attainment of faster and
effective process, automated assembly, production of better quality, support of good
design, control of the environmental data and wiitdecosts, and realization of good
customer service (TookeR012). Azhar 011 explored thecase study of Holder
Constrution Company,in Atlanta, Georgia, whichprovided evidence that BIM
facilitates in cost savings, increasing return on investment, better communications, and

attainment of collaboration among project stakeholders.

The adoption of BIM is growing as owners are increasingly realizing its benefits.
Studies have identified several table benefits of BIM in building construction
including better design, more effective processes, quick turnarounds, controHed life
cycle costs, improved quality and customer services, and more tplddic
environmendl (and sustainabilityperformance (Azhar, 2011). Also, BIM has been
associated with potential benefits in infrastructure projects. Nonetheless, the
implementation of BIM in infastructure projects is still a challendée following

section explains the tangible advantages of deploying BIM in infrastructure projects.
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Having reviewed the learning legacies of major projedtss evident that BIM
execution has a huge potentialnmajor construction project deliveryrhe legacies
depicted by Crossrail Ltdg2022) are true evidence of the capability of BIM to support
the construction works and realization of positive results. These facilitate in

ascertaining that positive outcomes are obtained within the construction sector.

2.5 TechnicalSolutions for Performance Enhancementin Major

Construction Project Delivery
2.5.1 Overview

BIM is utilized inmajor construction project delivety provide technical solutions in

cost management, safety and quality management, field management, and technical
managementand recent analyses haascertaied that therehave beersignificant
improvemendi n Bl M pommynieatian €féiciency (Cher202Q Pan et al.,

2027). FurthermoreBIM is utilized in detecting clash analysis during the phase of
design and optimizing the project cost, quality, and schedule (Wad@@igy. Patent
analysis,SNA, and text clustering of patents are utilized Tdd4 to obtain data
distribution information on technical solutions of Bllsssistingn the identification

of the BIM application hotspots and trend forecasting. Pan et al. (B@gignstrated

that BIM technology is undergoing massive development, which allows it to be applied
in different sectors and regions of the construction industry. The approach ensures that

it is possible to design a building maintenance system that is efficient (N2Ey&).

According to Choo et al. (2019), new technologies that include BIM tools often pose

a challenge on matters of intellectual property, ownership, cultural differences, and
misunderstandings. These issues have the potential of leading to other problems linked
to aspects of data generation that include errors, data discrepancies, data loss, and
liability for incomplete or incorrect data (Lara004). However, conducting a risk
benefit analysis of BIM reveals that the technology has positive benefits in the
constuction industry (Ma2019). The benefits are realized when nations undertake
the step of having policy changes related to copyright problems, standards and
guidelines, and cost issues that act as core obstacles for the practical adoption and
implementation of BIM (Lj2019).
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As opined by Gopalakrishnan et 017),BIM is inherentlydatacentric,and it has

long been acknowledged tliae AEC industry has to comprehend aspecBigpData
processing, storage, and visualization challenges (Ster2008).Thisis because of

the variety and huge volume of the information that is managed withinddvgside

other sourcesitegrated into mainstream BIM paradigms suchrargy management

and geographic information systeif@lSs) which are integrated to BIM (Khamnd
Ahmed 2012). Often, a cloudbased framework that offers wélased service for
storing, processing, and viewing massive dynamic BIMs is adopted to overcome the
computation burden of managing multiple BIM projects (Stakeholder Democracy
Network 2014). The cloudbased application of BIM provides technical solutions,
which ascertain that there is better performance in the delivery of major projects. The
approach also ascertains that it is possible to assess and evaluate the project lifecycle

efficiently (Gopalakrishraet al, 2017).

2.5.2 The Needfor AdvancedSolutions in Major Construction Projects and

Delivery

Major construction projects, &xplained previouslyare projects that are associated
with extensive complexitiescurringhigh costsandintegraltechnical requirements.

The endemiccost overruns and delays that arensidered normativén major
construction projects result from thenherentcomplexities and uncertaintieshich

in turn entaillong deadlinesandthe size of such projects affects the productivity of
various projectteans (Bendale, 2018). The successful management of major
construction projects necessitates the exploration of progets$, incluthg (but not

limited to) project size, value, realizable goals, complexity, type, and risks. Given that
project factors can potentially impede project success, understanding this factor and
formulating feasible solutions to looming risks is cardinal in warranting success in the

construction world.

Managers of major construction projects ought to consider the project type;
technology, pace, novelty, and complexity; the competence of the organization in
project management, market value, the level of trust, and the stage that the project is
in in refeence to the project lifecycle as a mean to propel the project towards its goals.
Bendale (2018affirmedthat the study of project factors before the commencement of
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the project is cardinal to ensuring that desire quality levels and project success are
gained. Projects in the construction industry audstantivelydifferent to major
projecs in other industries. The unique factors and characteristics of projects in the
construction industry introduce complexities that elevate the predisposition of projects

to the occurrence of risks and project failure.

The design stage of every major construction project is an integral stage where feasible
solutiors to eminent risks can be determinedinimizing the costs of rectification

(e.g., by amending designed before physical construction is underway) and the
likelihood of project failure. Nonetheless, the design stage is inherently iterative, and
it is dependent on multidisciplinary coordination and the saompetence (Badran

et al, 2020). Inadequate design interphase management often results in the
proliferation of project implementation risks, project duration overruns,-gaality

of the deliverable, cost overruns, and the failure of the project to meet set goals.
Although a vast assortment of design information management tools has been
developed in the rent past, most of the available tools are not used in the construction
industry, except thBIM. The hugely documented benefits of BIM to the construction
industries necessitate an exploration of how the BIM can be used to effectively manage
project risks.

To effectively decipher the efficiency of BIM in the management of design risks,
evaluating existing tools suchth® BIM-based risk management framework designed

by Badran et al(2020)can be instructive. Their solution was desigtegropagate
effective management of the design steglated risks for a highise building
belonging to desigbid-build (DBB) in theUAE. The resultsleduced from using the
BIM-based risk management framework denote that the framework significantly
increased the chances of project success. Nonetheless, the adoption of the framework
was dotted by several challenges relating to the lack of talolepstandards,
interoperability, and security. According Mahamadu et al(2013), an increased
perception of operational risk at the expense of actual challenges that could be
encountered during the project implementation stage has cause a degree of reluctance
in the usage of BIM as a platform for informational exchange. More@rem(2019)
proposedhatiiwhen consideringnajor construction projecithe main obstaclesan

be classifiedinto threegroups:workforce/people, production, and procesées
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In addition, technical challenges encountered in the implementation of mega
construction projects can be divided into four categories. The first category is sound
or rational professional competence pertaining to workforce and competitive
leadership whichcan be attained through effective usage of @mnstruction
Management Body of Knowledd€MBOK) (Chen, 2019)The second challenge is
reasonable budget alongside effective process control pertaining to the allocation and
usage of resources. The third challenge is reliable schedule, and this entail efficiency
in the usage and control of time. The last challengahstantial sustainability (Chen,
2019).

Chen et al(2020) assert that a practiogiented requirement faesearchey looking

into the management or mega construction projects and professionals involved in the
planning and implementation of the project can be instrumental in tackling major
issues. The technical solutions that are usually informed by effective syrihdata

and professional knowledgeecrucial in allowing stakeholdsto achieve strategic
value from projec (Bishop, 2012; Ewejea et al., 2012; National Audit Office, 2013).
The bottom line is that reliance of information that can be generated through the
effective use of technological solutions is crucial in steering the design and

implementation of major construction projects towards project success.

2.5.3 The Useof Digital Solutions in the Construction Industry

Technology has become an integral part of téelagligital economy and is
increasingly ubiquitous iralmost all spheres of life; therefore, the construction
industry is not immune to the looming technological revolution. The adoption of
technology in the construction industry had been necessitated by the prevalenee of age
old questions, problems, and iskhat have cause the failure of numerous mega
construction projects. Myriad technologies are availing potentially effective solutions
to longstanding isses in the time overruns, cost overruns, issues in the coordination
of multidisciplinary teams involved in the planning and implementation of the projects,
and the ability to meet project specification and deliverable set by the client.
Nonetheless, Ibraii (2013) asserts that further studies about the implementation of
these innovative solutions must be conducted in an attempt to separate the myth

surrounding the effectiveness of these technological solutions from the reality.
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Although technology is increasingly being adopted in the construction industry, a
wholly integrated approach has not been realized in most construction projects.
According to Ibrahim (2012), innovation has been adopted to propagate partial
integration betwen the workforce and technology. As a result, the full benefits of
technological solution as they apply to the construction industry have not been
realized. Moreover, digital solutions that propagate sustainability in the management
of mega constructionrpjects have received somewhat less attention despite the fact
that governments across the world have increasingly become interested on how
sustainability can be achieve through the use of innovative solutions. Furthermore,
innovative solutions are usedfdrently from project to project, and this signifies that

a uniform approach is yet to be determined. The diversity in the usage of digital
solutions in the construction industry implies that there are neppbastices pertaining

to the use of these digi solutions. As a consequence, some construction projects are

bound to fail due to wrong integration of digital solutions.

The difference in the implementation of digital solution to the mitigation cfdifg
problems encountered in mega construction projects means that even the most used
model, BMI, means different things to differétitls. Even though there is an industry

level adoption of BIM, the perpetual question of interoperability still persists,
necessitating the advancement of a broader definition of BIM to encompass the
technical elements. Ibrahim (2013) aldentified affordance, technologiésnaterial
constraints informationrisk, measurement of value, and leadership as some of the
persistent challengegsaced by PMsIn an attempt to elucidate how technology or
innovation can be used to address some of the aforementioned challengaked

for further studies should focus on optimal implementation of Bispecially in the
context of mega construction project management, the challenge of integrating
different technological tools across the entirety of the project lifecycle, and how
technology can be used to drive sustainability in the management of major construction

projects.

Although BIM has been hugely adopted in various stages of the lifecycle of most major
construction projects, the wide range of required technical expertise required to
successfully use the technology and the complexities of the technology and the major

construction projects still poses a challenge to indukgvel adoption of BIMRetzlaff
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(2018) indicated that by employingptimal strategiesin the integration of the
technology the goals of BIM can still be realizecand hedemonstratedthat
cooperation among parties involved in the planning and implementation of the project
when using data derived from a single BIM model regumeper delineation of

design and planning responsibilities.

The review on technical solutions for performance enhancement irglibateBIM

has a huge potential in supporting project performance and productivity. As such,
understanding of the BIM application hotspots and trend forecasting facilitates in
supporting the realization of positive results in the innovations for the cotstru
industry. Hence, BIM has a huge potential in creating benefits that can be enjoyed by

stakeholders within the construction industry.

2.6  Industry Guidesand Sandards for BIM Executions

The execution of th8IM adheres to set protocols that help in prescribing how BIM
needs to be utilized by service provideshichare tied to the construction contracts

to ascertain that value is delivered. Government agencies have embarked on the
creation of the regulatory framework that is vital in supporting and promoting the
adoption of BIM through national standard$ie majorityof existing standards are
descriptive (taxonom¥pasedl guides while others are prescriptive (protocols in
taxonomy) Gacls et al, 2016). The standards or guidelines for BIM execution focus

on construction process, design phase, collaborative practice, technology for use, and
the information that has to be provided for the process (Banriéte4). However,

the guide, protocol, and mandate for BIM differs from one place to anbtead on
standardization approach, specificity and requirements for technology, scope, level of
information specifications, and definition of construction process and design

(Queensland Governme2021).

Industry Foundation Classes (IFC) is one of the primary standards supporting BIM
execution. Developed by buildingSMART, IFC is an open, international standard that
enables data exchange and interoperability among various software applications within
the AEC industry. It serves as a foundational structure for BIM, providing a common
data schema to represent building and construction industry data across different BIM

applications. IFC supports collaborative workflows by enabling seamless data
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exchange between disciplines, ensuring that project data remains consistent,
accessible, and usable by all parties throughout the lifecycle of the project
(buildingSMART, 2020). Its widespread adoption has proven essential in achieving
interoperability inBIM projects, facilitating communication and data integration that

reduce errors and improve project efficiency.

Uniclass, another vital standard, provides a unified classification system for organising
information across all aspects of the construction industry. Developed in the UK and
maintained by the National Building Specification (NBS), Uniclass structurescproj
data by categorising elements of buildings, infrastructure, and construction processes,
making it easier to manage and retrieve
flexibility allows for detailed classification, covering a wide range of aspacluding
entities, activities, systems, and products, which aids in organising BIM information
and supporting clear communication within project teams. By integrating Uniclass,
organisations can standardise data categorisation across projects, algthing
international standards and streamlining the flow of information, particularly in large
and complex construction projects (NBS, 2021). Uniclass complements IFC by
providing a consistent way to classify and structure BIM data, further enhancing
collaboration and efficiency.

Thereare81 BIM guidelines, which are included in BuildingSMABTBIM Guides
Project map (KarlsoandRonndahl 2018). The project map acts as a good resource
for the review, modification, and creation of BIM guid&everal BIM documents

have guidelines and standards that have to be followed in the process of implementing
BIM (Martin, 2017). Different official bodies have BIM standards, which act as the

guidelines and procedures for the management of the project lifecycle (BaGIAZ).

The core international BIM standard that plays the role of regulating BIM execution

in AEC industry is ISO 19650 (BibLu2022). The standard has five parts that include:
general principles and concepts, phase of delivery for real estate assets, information
management and development processes, exchange of information, and requirements
for information security (Cheret al, 2015). Such standards and guidelines are
necessary in execution of BIM to ensure that the entire system is organized and has a

good order (Caet al, 2019). Unfortunately, not all countries hasgchprovisions



58

since the regulation of BIM has not yet occurred at the national level (Erébghn
2010). Countries that have adopted BIM and have these standards have been able to
record positive performance in their projects, including quality outputs.

The review of industry guides and standards for BIM execution indicates that the
technology holds significant potential for improving the performance of major project
delivery. These standards are instrumental in enhancing overall project quality,
reducingtimelines, increasing efficiency, and optimising processes. However, while
many existing standards focus on structured data formats, the current research
addresses the handling of unstructured textual data that traditional BIM standards often
overlook. Byintegrating this unstructurddxtualdata within the BIM framework, this
research aims to unlock additional insights and further enhance the performance of
major project delivery, highlighting an oftemderutilised dimension of BIM's
potential

2.7 BIM Execution Potential in Major Construction Project Delivery

BIM has been introduced in the construction sector as a core mechanism that helps in
addressing issues of inefficiencies, which are related to methods of project generation
and delivery. The execution of BIM increases the collaboration level in the executi

of the project, which in turn has positive influence on building projects completion
time and quality (Gercek et a2017). BIM plays the role of overcomirngaditional
limitations of human actiondy introducing aspestof improvedquality and timely
delivery of projects (Carvalhet al, 2019). The situation occurs since it involves the
combination of technology and processes to improve effectiveness and efficiency level
of project delivery from stage of inception to maintenance and operh#adtffi(et al.,

2016).

BIM has potential in construction projects on basis of quality, cost, and time. The
technology also generates design clashes analysis that is vital to the design team since
it assists the team in solving the clash issues during early stages of conswodi®n
(Wiedemann 2013). These activitieensurethat there is maximum avoidance of
construction cost overrun and project delay issuasffi et al., 2016). Clients have

the chance to visualize and understand the project through BIM, which improves thei

level of satisfaction with the projed¢turthermoreproject contractors achieve effective
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site coordination and collaboration when they use BIM (Andriamaneirgl, 2019).
The strategy also ascertains that effective safety plans are adopted for the construction
sites to avoid any form of mishaps.

According toZhenZhong et al. 022), BIM technology concept focuses on the
application of digital modelling and associated technologies (DMAT) as a means of
adopting technique and collecting data. The readable data is in standard format such
that it can be shared among participantyvanious phases of the project lifecycle
(Huanget al, 2020). BIM also integrates domain knowledge and expert methodologies
for the intelligent and automated applicatiodsénZhonget al, 2022). These support
BIM-based kowledge that improves efficiency and generality of knowledge

management.

Hodorog et al. (2021) suggest that leveraging-teixing and clustering techniques
provides a valuable opportunity for gaining insights into the implications of BIM
within the supply chain. Additionally, these methods offer the potential to update and
enhance existing skills and competencies in this dom&e approach ensures that
AEC industry has to addresses challenges of project execution, which are tied to linear
workflow, risk avoidance, and adversarial relationships. Thus, BIM plays a vital role
in strategic agenda to comprehend how the AEC industry funciimiading having

BIM training protocols aligned to the evehanging evolution and demands of the
industry(Foxe 2010).

The review of the potentials of BIM executionnmajor construction project delivery
indicates that the technology is vital in the construction se&imrthermorejt is
evident that BIM integrates witiM and other technological developments to generate
positive results in the sector. Hence, it is paramount to focus on ascertaining that the
technological tool is adopted in society to achieve positive outcomes in construction

works.

2.8 Applied Al for Major Project Delivery
Smith and Wong (2022) described a$ the development and theory of computer

systems to enable the systems to perform intelligently including such tasks as visual

perception, decisiemaking based on certain inputs, speech recognition, and similar
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human tasksThe Al applications allow for decisiemaking in project managements
(Arayici et al, 2012).ML is one of the Alapplicationghat involve the development

of computer programs where past data is learned to make predictiong(loBaeht

2012). Several algorithms are involvedNiL such adogistic regression, artificial
neural network, multivariatknear regression, fneans, random forest, Bayesian
inference, decision tree, and support vector machine Pain2017). These facilitate

in ensuring that the project has the opportunity of achieving success when Al project

management is adopted.

Fuzzy logic depicts a technique that is adopted in measuring the level of correctness
for data that is uncertain. The technique is adopted inweddl systems, where it
helps in tackling complex and-tlefined problems (SmitandWong 2022).NLP is

a tool for Al that focuses on creation of computational models, which are equivalent
to linguistic capability for the human beings. Al also has the evolutionary algorithms,
which is related to numerical optimization, decision support, and biology dpplie
different applications in engineering (Ruet al, 2021). The Al technique and tools
ensure that BIM has the capacity to offer decision support system that is needed to

ascertain success in the delivery of the project (Comigdhker et al.2020).

2.8.1 Al as Applied in the Construction Sector
McCarthy and Hayes (1968) note that the termn@k introduced at the Dartmouth

conference. This event was organized by researchers who held a specific fascination
with intelligent machinesTo tackle fundamental inquiries surroundig including

topics like neural networks, sethprovement, automated computation, computer
language utilization, and abstraction, major challenges within the Al field were taken
into consideratiorThe designation "Al" (Russelind Norvig, 2010) is specifically
attributed to machines possessing a certain level of intelligence within a limited scope
This pertains to devices that replicate the processes of human decaorg and
reasoning in order to effectiyelddress problem#\I& impact cuts through many
fields and technologies, including game play. In the construction industry, the
automation that is associated with Al could potentially optimize the delivery of major

construction projects.
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2.8.2 Al for Improving Construction Projects Delivery

Though there are different views on@.lpotential in construction, it is unavoidable
that Al will introduce numerous changes to the positions of various workers working
in the industry Al has the potential to significantly reduce the workload of architects
by automating redundant tasks and facilitating the seamless conveyance of critical
project information, enabling more efficient project management and deanisikimg
(Shamim, 20211 This capability carstreamline workflows, allowing architects to
focus on design and innovation while Al manages-tiatay tasksNevertheless,
Blancoet al. 020) argued that Al should never be perceived as a risk that will remove
the need forhumars from the human resource facet of construction companies.
Alternatively, it can be viewed as an integral too that can improve the skill sets of

professionals while maintaining a smooth workflow and building successful buildings.

2.8.3 The Current State of Al in Construction and Engineering

Even though a broad array of literature has explored how the adoption of Al in the
construction industry can be integral in propagating successful major construction
projectdelivery, the trend is not yet at an industrial level. Nonethelessugkirt the
construction industrys more likely to adopt Al than already established firrios
whom existing and timéonoured ways of doing things have proven effectiveness
(while Al and even BIM adoption can be perceived as hazardous and costly

adventuresjBlanco et al., 2020).

Due to inherent inhibitors of change adoption (i.e., legacy systems, inertia, and
resistance), and the inherent barriers to new (i.e., generally more innovative) entrants
in the AEC industrytheadoption of Al solutions alongside othdt technologies is
relatively low in the sector worldwideBlanco et al (2020) analysed aMcKinsey
Research report whicbompared building materials and construction projects to 12
other industriesand elucidated that irterms ofcurrent Al adoption, ten of those
industries are better placed to succeed because they are miles ahead as far as Al
adoption is concerd but all 12 were expected to increase spending on Al in the

comingyears at a faster rate.

Notably,Blanco et al. (2020) explain that Al algorithms learn from past data, so having

a large amount of data is crucial for effective Al use. Companies with access to
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extensive project data are better equipped to train these algorithms. As a result, in the
near term, larger corporations with more data resources are likely to see the greatest
benefits from using Al in construction (Blanco et al., 20240) external third party

may join and exploit i r kmm®viedge to train its models, a scenario that would likely
lead to enhancement for individual companies across the industry as a ldtole
which would limit competitive advantagederived from investment in such
innovatons,but thismight be viewed as an exaggerated corporate concern thieen
enormous restrictions on data sharing andventionaldata ownershipegulations
pertaining to AEGBIlanco et al., 2020).

2.8.4 Typeof Applied Al Systems

Numerous computer models have found application within the construction industry
for diverse purposes. For instance, they have been employed in tasks like value
management (Cheng et al., 2009), forecasting occupational safety risks (Tsan#alas
Fragiadakis, 2016), estimating task durations (Hong et al., 2011), performing built
analysis (Yuand Skibniewski, 1999), and predicting instances of bankruptcy (Alaka
et al., 2016; JacksaandWood, 2013.

Based on the analysis of existing literature;bakedintelligent model creation
approaches widely used in the construction sector can be classified into four groups:
(a) ML techniques (b) evolutionary technigues, and (c) knowlbdged techniques,

and (d) hybrid techniques. Figu2ze shows the comparison of the four Al groups, and
Figure2.4 demonstrates Al techniques in construction studies
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Figure 2.3: Al techniques in construction studies (Chapman et al., 2000)
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Artificial Intelligence Techniques in Construction Studies
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systems

Source and Area of Study Used technique
Y
Building energy performance assessment (Kabak et ., 2014) | /| FS
Cost estimation (Jafarzadeh, Ingham and Wilkinson, 2014) ANN
Prediction of cost performance (Son, Kim and Kim, 2012) S
Cost estimation (Petroutsatou ef dl., 2011) ANN
Time-Cost estimation (Hola and Schabowicz, 2010) ANN
Cost estimation (An ef al., 2007) SW
Interval cost estimation (Cheng and Hoang, 2014) SV
Cost estimation (Wilmot and Mei, 2003) ANN
Construction cost estimation (Cheng and Hoang, 2014) |+ LS+#SWM
Prediction of cost and schedule (Zhang and Xing, 2010) ANN+SVM
Time-cost-quality trade-off in construction F§+PS
Cost estimation (Cheng, Tsai and Hsieh, 2009) ANN+GA+ES
Cost estimation (Yu and Skibniewski, 2009) ANNES
Prediction of cost estimates (Kim, Seo and Kang, 2003) ANN+GA
Optimization for building retrofit (Asad ef al., 2014) GA+ANN
Estimating Construction Waste (Lee, Kim and Kim, 2016) ANN+ACO
Construction time-cost optimization (Zhangand Ng, 2012) | /| ACO
Time-cost-resource optimization (Ghoddousi et al., 2013) GA
Optimization of composite structures (Ombkar et al., 2011) ABC
Water resource management (Afshar ef al., 2015) ACO
Cost optimization (Augusto, Mounir and Melo, 2012) GA
Construction time-cost optimization (Li and Wang, 2009) ACO
Cost estimation (Kim et !, 2013) CBR
Optimizing supply locations (Tam, Tong and Chan, 2001) GA
Overcoming problems in pavements (Mosaerdl, 2013) |+ ES
Construction bid decision making (Chua, Li and Chan, 2001) CBR
Construction cost estimation (i, Park and Lee, 2011) CBR
Cost estimation for public road planning (Choi ef ., 2013) CBR
Building cost estimation (Lee, Kim and Yu, 2014) Ontology
Checking of models and schedules (Zhang ef al., 2013) DSS
Cost estimation (Kim and Kim, 2010) CBR

| ANN - Artificial Neural Networks, SVM - Support Vector Machines, FS - Fuzzy System, CBR - Case Based ‘ ‘
" Reasoning, ES - Expert Systems, DSS - Decision Support Systems, GA - Genetic Algorithm, ACO - Ant ‘\
: Colony Optimisation, ABC - Artificial Bee Colony, PS - Particle Swarm, LS - Least Square

Figure 2.4: Al techniques in constructicstudies
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2.8.5 Modelling of Al-PoweredBIM

In recent years, Al has increasingly influenced a wide range of industries,
revolutionising processes and transforming market dynamics. Al applications are now
prevalent in sectors such as healthcare, finance, retail, and manufacturing, where they
improve efficiency, enhance decisionaking, and create new opportunities for
innovation (Davenporand Ronanki, 2018; McKinseyand Company, 2020)In the
context of the construction industry, BIM is garnering almost similar tracBovi.
operates on a fundamenyalintegrated network that facilitates the exchange of
knowledge, raw data, and processed information, enhancing project visibility and
collaboration across stakeholders. This interconnected structure allows for seamless
information flow, supporting decisitmaking throughout the project lifecycle
(Eastman et al., 2011; Succar, 2Q39)en in the case of major construction projects.
BIM has enabled engineers, architects, designers, and contractors to work closer
together in an increasingly collaborative manand work for the broader picture. Al
technology is pervasive across sectors, and it may also contribute to optimal project

delivery in the construction sector (Blanco et al., 2020).

BIM software, as used in both major construction projects and conventional building
projects, creates a large volume of data that is hard to handle manually. Consulting
companies have set up whole departments dedicated to the processing, storage, and
organzing of information generated through the use of BIM. Data obtained from
multiple sources, such as models, simulations, and sékeghysical components,

can help transform the design process and optimize the entire process of project

management (Blarmcet al., 2020).

2.8.6 Methodsof Implementing Machine Learning (ML)

According to Russell and Norvig (2010), intelligent approaches that can learn from
data are MLtechniques. Due to their inherent capabilities to deal with uncertainties
and to achieve objectives with incomplete dath, techniques have becomery
common, particular in computer science studMk approaches operate by using
gained perspectives from related cases to judge new damesthelessasignificant
drawback of machine learning methods is their inherent deficiency in providing a clear

technical ationale for the results and decisions they prodooavithstandindlack
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box structures calledML techniques (Russeland Norvig, 2010). Despite this
drawback, in the building industriy]L techniques have been commonly used.

Artificial Neural Network (ANN), Support Vector Machines (SVM), Fuzzy Logic
(FL), andrule-basedML are the most popular among the variddls approaches
accessible to players in the construction industry. However, ANN, SVM, and FL tend
to be the most frequently utilized in the construction industry (ladKamal, 2014).

ANN is anML technigue that uses a series of artificial neurons to mimic the cognitive
capacity of the human brain. Evidence from the available body of literature shows that
ANN generallyoutperforms SVMn constructiorrelated task&Kim et al., 2013Zade
andNoori, 2008. Therefore, considering what works best can be used to optimize the

process of major construction project management.

Deep learning, because of its ability to extrapolate advanced functionality from a
limited collection of functions, is becoming populBeep learning is revolutionizing

the realm of Al, cantered around the concept of neural networks. It empowers the
creation of computational models featuring numerous layers of processing, designed
to grasp the formatting and representation of data throwdiple tiers of abstraction.
Within the scope of Big Data, this approach aims to enable the recognition of intricate
structures. This involves adjusting the internal parameters to compute the

representation within a given layer based on the representation in the preceding layer

Various deep learning architectures exist, includienplutionary deep neural
networks,deep neural networksleep belief networksjeep Boltzmann machines,

long shoriterm memory modelgndrecurrent neural network&nother noteworthy
machine learning technique that has gained prominence in recent times is Association
Rule Learning (ARL). Since its introduction by Agrawal et al. (198&)l. has found
applications in diverse domaingith a particularly notable application in the realm of
market basket analysi$he fundamental idea underpinning association rule learning

is to unveil common traits among elements within a database. Its objective is to
identify both resemblances and disparities within collections afotdbjstored in the

database

After reviewing the applied Al solutions in major construction project delivery, it is

clear that integrating TM with BINdave theyotential to enhance project performance
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in major construction project8y leveraging TM to process unstructured data, BIM
can not only improve decisiemaking but also optimise workflows and streamline the
management and scheduling of project activities. This integration supportlidata
decisions that promote efficiencaddress the complexities of largeale projects, and

contribute to achieving higher levels of sustainability

2.9 Theoretical Advances in Data, Information and Knowledge (DIK)

Applications
2.9.1 Theoretical Basis

The relationship between data and knowledge has demonstrated using different
information systems theoretical perspectives. Other disciplines have also contributed
to the understanding of the relationshemddifferent definitions of keynformation
systemconceptsare thus commarin explaining the theories and definitions of these
key concepts, Li and Kettinger (2022) provided examples for a production planning

context as tabulateth Table2.5.
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Table2.5: Testing the relationship between information and knowledge

Concepts Working definitions Production planning examples

Data Measurementef entities or Examples include customer
occurrences demand, material cost, lalrocost,

product typesetc.

Knowledge | A dynamic blend of structured Rules for production planning, suq
experiences, values, and informed as balancing production with
judgment that offers a framework | demandminimizing overhead, ang
for incorporating new experiences| managingnventory.
(DavenportandPrusak, 1998).

Information | The interpretation of data to choos Vital details like product inventory
a different course of action levels and production overtime.
(KettingerandLi, 2010). Adjustments to the production plal

in case of shortages, excessive
inventory, or overtime.

Domain Also known as fielespecific Generakcomprehension of

knowledge | knowledge, it's the information a | production planninggncompassing
person gains from a particular concepts, rules, and procedures.
problem domain (Carlile, 2004;

Hicks et al., 2002).

Task Knowledge specifically used in a | Specific insights pertinent to

knowledge | decision task (BarricendSpilker, | production planningasks such as
2003; Deng et al., 2008; Thibodea| factors influencing inventory
2003). material andabourcosts and the

implications (e.g.profit/loss) of
overtime

Design Thephase oflecisioamaking Input elementsuch as customer

Stage where data, knowledgand demand, materiandlabourcosts,
information aregatheredor used tdormulate variouplans
problem structuring ancreating using existingknowledge.
alternativegBrowneandPitts,
2004;Frisk et al.2014).

Choice Thestage indecisioamakingwhen | Essentiainformation such as

Stage information isderivedfrom data productionlevels inventory and
and knowledge andppliedto make | overtimedeployed fordecision
selectionor refinedecisions making andenhancingroduction
(BrowneandPitts,2004;Frisk et plans
al.,2014).

Source: Li and Kettinger (2022)

While commenting on the relationship betwesatg information and knowledge,

Kettinger and Li (2010) observed that three generic views had been docunoénted

which theDatalnformationKnowledge(DIK) hierarchy founded by Ackoff (1989)

was presented as the most popular. This hierarchy claims thafatalitates both

information and knowledge. Secondly, the inversed KID wvieas arguedfor by
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Tuomi (1999) postulatingthat knowledge was a result of both data and information
fi.e.,information is articulated knowledgehile data are structured informatihe
interactive perspective asserts that information emerges from a combination of both
knowledge and dat@van der SpelandSpijkervet, 1997 angefors, 1980)Different

arguments haveeveloped concerning these varigigws.

While the DIK hierarchy has been considered popularformation systenmnesearch,
several limitations have been brought forward. Kettinger and Li (2010) observed a
case where it was possible to get different information from a single dataset. Other
observers have indicated the difficulty in distinguishing between data amthatfon

(Shin et al., 2001; Tuomi, 1999pand separating information from knowledge.
Following the noted limitationsarious perspectives have been suggested, and among
these is theoncept of a circular connection between data, information, and knowledge
(Knox, 2007) Moreover, there is even a proposition for a fundamental shift in
paradigm, moving away from mere information processing toward actively generating
knowledge Such an approach, according to Nonaka and Toyama (20@ygents

overshadowing the key role miformation system

The perspective of interaction, demonstrated by the knowledbgased approach to
information proposed by Kettinger and Li (2010), could potentially offer a solution to
this challenge. This standpoint impligmt informationemergegrom the interplay of
knowledge and datayith knowledgedictating the type ofnformationthat canbe
derived from data. Knowledgeencompasses a dynamic fusion of structured
experiences, values, and contextual and expsights, serving as a foundatifor
assessingndassimilating novedxperiences (Daveopt andPrusak, 1998}t outlines

the connectiondetween entities oideas (Brydonand Gemino, 2008), including

productionguidelines decision treesand eversophisticate@lgorithms

In the case ofindividuals, knowledgefinds expression througlheir cognitive
capacitiesor mentalframeworks, whereas idecisionsupport tools, knowledge is
ingrained withincomputerized decision models (Baker, 2013; Watson, 2085,

on the other hand, serve as the fundamental elements for generating information,

signifying the measurements of entities or occurrences that convey data for processing.
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It's noteworthy that identical data can lead to varying forms of information for distinct

individuals or systems, contingent on the knowledge or decision models utilized

2.9.2 Data ScienceSkill Dynamics

In order to allow data scientists to travel between sectors, collaborative, sustainable
methods are required (Blak&019). In order to accomplish the vision of the UK as a
leading data science research nation, B{@k49) identified four primary action areas

with recommendations for addressing priority requirements across the data science
talent pipeline, from school to advanced professionals. As a result, data has the
potential to considerably boost the Beconomic competitiveness and productivity,
both through new datdriven business models and existing organizations adopting
datadriven procedures (Dowden, 2022

However, Dowden (2022) further emphasized that existing evidence supports broad
economic benefits from better data utilization, including a relationship between
efficiency, productivity, and datdriven corporate practiceBroficiency in datakills

holds advantages for all individuals; enterprited effectively harnesdata willgain

a competitive edgein the contemporangdigital economy. Similarly, dathterate
people are more likely to profit from and contribute to increasingly -uicta
surrounding, while datedriven businesses can significantly boost their and the

economys productivity.

Data skills are in high demand across the economy. Following the Department for
Digital, Culture, Media and Sport (DCM$pmmissioned examination of 9.4 million
internet jobadvertisementsthe Royal Societgxpectedthat data analysis abilities
would be the fastesihcreasing digital skill clustento the mid2020s(Blake, 2019).

This reflectsthe exponential demand for advanced data scienc&lanapplications

across all industries, from cyber to construction. The emergence of Al and cyber
specialisms ioreases the need for more basic data skills to feed the advanced skill
pipeline and offer businesses the skills they need to operate with data. Notably, these
limited skills were critical in the coronavirus response. Their contribution to UK

RandD is importantandis expanding rapidly.
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2.9.3 DIKand BIM

Within the framework of the knowledg®esed perspective, information is construed
as a representation of an individigintention and willingness tact, rather than just

the meaning of dat@MacKay, 1969) This view considermformation as theesultof

a thoughtprocesghat takes into accouptior knowledge andurrentdata ands seen

as thdirect inputfor decisionmaking. This view provides a new way of understanding
information and its role in decision makingn experiment was undertaken by Bond

et al. (2007) in which individuals made purchasing decisions by considering product
attributes The experiment foundhat the same attributesan generate different
informationfor individuds depending ortheir prior knowledge This highlights the
influenceof prior knowledge and mental models on the interpretation of information

and subsequent decision making.

The example given showthat theinterpretation of information can vary greatly
between individuals, even when presented with the same atanstance, one
individual might perceive the price of a product as expensive, whereas another person
could view the same price as affordable. Similarly, one person might regard a product
feature as significant, while another individual might perceias insignificant This
difference in interpretation is due to the influence of prior knowledge and mental
models on the individué understandingf the information The knowledgeébased
perspective on information distinguishes it from both data and knowledge. It highlights
the critical role of utilizing relevant knowledge to accurately interpret data, thereby
generating appropriate information crucial for informed siecimaking (Bond et al.,

2007)

This view acknowledges that information is not just the meaning of data, but rather a
representation of an individualintention and willingness to taleetion, shaped by

prior knowledge and mental models. By considering the role of prior knowledge and
mental models in shaping information, thpsrspectiveprovides a more nuanced
understanding of the decisionaking procesgPauleenand Wang, 201}, and
highlights the difficulties in defining the boundaries between information, data, and
knowledge. Theresi often a lack of clarity about the distinction between these
concepts, and the relationship between them can be complex and difficult to define.
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For example, some might define knowledge as distilled information, while others

might see it as separate from information.

Similarly, the boundary between information and data can also be unclear, with some
defining information as structured data and others seeing it as something distinct from
data. These controversies surrounding the definitions of these key concepts
demonstate the importance of a clear understanding of the distinction between
information, data, and knowled@€&uomi, 1999 Shin et al., 2001)According to Liet

al. 2022), BIM has beemtensively adopted as a means of improving discontinuity
and fragment of the supply chain management (SCM) construction. The kernel of BIM
is information, which ascertains that construction stakeholders in SCM are informed
of all operations through collabation with one another (Shi et,82016). SCM has
crossrelation of different data processes, which introduces the semantic information
to theDIK paradigm.

DIK is used as a framework for the elevating and combining multimodal data to the
models of knowledge and information (Millend Stasiuk 2020). The approach
ensures that it is possible to map the evidence from the SCM practice, the system, and
then the userd-urthermoreDIK depicts the ability of BIM to embrace information
technology in a hierarchical manner, which results in gaining positive outcomes in
projects.In practical terms, DIK conceptualizes BIM with regardnianagement
requirements for ameland operationahformationavailability (Dammann2019).

Data identifies symbols as collectesimulated, or retrieved from texmining,
measurements, survey results, sound recordings, or images. The data could be depicted
or tabulated in graphs or displayed in formfiglires The presentation of data is in
gualitative or quantitative values of variables. Information refers to the data that is
contextualized (Jifa2013). Thus, information is regarded as the aggregation
collection, presentation, and analysis of data that offers an understanding. Knowledge
is tesable consistently successful, and predictive belief. The theory of DIK is
presente@s a wallwhereineach block is a step to a higher level (DarjdKirikova,

2012). These are true depictions of how BIM should function in the AEC industry.
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2.9.4 Summary

The review of the theory of DIK indicates that BIM has a huge potential in construction
industry,andBIM has to focus on embracing information technology including Al so
that it can achieve the desired success level in AEC indi$teyDIK frameworkalso
illustratesthat decisiormaking isundertakerwith the objectiveof attaining optimal
quality results in the delivery ofmajor constructiorprojects In addition, the data
science skill dynamics will assist in improvement of the overall project quality,
reduction of time, increase in the level of efficiency, and optimization of the processes
Furthermore,it is evident that BIM integrates witiM and other technological
developments to generate positive results in the sector (Al Hattab, 2021). Hence, it is
paramounto focus on ascertaining that the technological tool is adopted in society to
achieve positive outcomes in construction works. Data science skills dynamics also
depicts that decisiemaking is executed with the aim attainingthe highestquality

resultsin the execution ofmajor construction project delivery

2.10 The Theory of BIMTAPE F ramework for BIM pervasive major project
delivery

According to Freyet al.(1999), textual analysis depictsesearchés communication
method for interpretation and description of the characteristics of visual or recorded
message. Textual analysis ensures that the structure, content, and functions in the text
message are describ&MTAPE Frameworkfocuses on text analysis, which ensures

that the message that is provided in the text is described. Thus, all the words that are
found in the text linked t8IM pervasive major project delivegre analysed to offer
insights of their function and meaning. The approach will vedhe use of a software

tool, which will transform the formal process of development to project format that
the tool can work with (Kuhrmanet al, 2014).

BIMTAPE Frameworkwill also ensure that it is possible to achieve-axting. The
process will help in getting to understand that BIM has potentrabjor construction
project delivery.For BIMTAPE Frameworkto be successfully implemented, it is
necessary for theystematic literature revieto give a brief knowledge on howM
was applied in construction projects.order forBIMTAPE Frameworkto be fully
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implemented, it issmpirical to see the level of adoptifig/ in AEC doman along

with the level of adoption ofM methods in the construction sector.

2.10.1 Integrating Knowledge Graphs for Enhanced BIM Practices

The integration of Knowledge Graphs (KGs) in Bfiacticeprovides a structured
framework that improves the representation and handling of complex relationships
within building information. Knowledge Graphs offer a rich, interconnected structure
that captures semantic relationships between entities, allowing d&itd to be
organised in a way that enhances both comprehension and usability (Pujara et al.,
2013). Unlike traditional BIM data management systems, which often struggle with
heterogeneous data soescand disjointed information silos, KGs enable the creation

of an ontological structure, providing a unified schema that is especially effective in
domains requiring high interdependence between diverse data types (Galkin et al.,
2017). By mapping BIM carepts, standards, and terminologies within a knowledge
graph, BIM practitioners can retrieve more contextually relevant information, making
KGs a foundational tool for advanced data retrieval and analysis within the BIM

domain.

2.10.1.1Supporting Contextual Reasoning in BIM through Gr&aised Knowledge
Representation

Knowledge Graphs are particularly beneficial in supporting contextual reasoning over
BIM data by leveraging their capacity to structure and interlink various pieces of
information. In BIM, where practitioners often need to understand complex and
interdiscplinary relationships between building components, regulatory standards,
and environmental data, KGs provide an advanced approach to linking data points that
would otherwise remain isolatedyehler 2024). Through a process of 'graph
reasoning’, KGs canngover implicit relationships across datasets, offering insights
that can improve decisiemaking and problersolving in BIM projects. For example,
within a BIMKG, interdependent elements like structural components and materials
can be connected to relevant regulations, enabling more effective risk assessments and
compliance checks. The ability of KGs to facilitate reasoning and discovery over

complex datasets higights their value as a tool for innovation in BIM.
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2.10.1.2Enhancing Knowledge Accessibility and Discovery in BIM through
Knowledge Graphs

The use of Knowledge Graphs in BIM enhances accessibility to diverse forms of
building datafacilitating efficient querying and knowledge discovery. KGs allow for
intuitive and accurate querying by connecting terms and standards that share semantic
relationships, thereby supporting contemtare searches across extensive BIM
documentation. For gtance, using KGs in BIM could enable a user to trace standards
associated with a particular material or building component, thereby speeding up the
retrieval of relevant data and reducing redundancy in data seaBidddr 2024).
Moreover, theability to identify clusters of closely related BIM data pojrsisch as
similar construction methods, materials, or safety standaedsmbles BIM
professionals to extract meaningful patterns that inform future designs and
optimisations. The modular and scalable nature of KGs, which often exhibit high
modularity and community structure, makes them particularly -sweled for

managing theomplex and highly interconnected information landscape within BIM.

2.10.1.3Addressing Interdisciplinary Connections in BIM through Knowledge

Graph Structures

Knowledge Graphs are instrumental in representing interdisciplinary connections
within the BIM domain, enabling the synthesis of information across varied
construction practices, regulatory requirements, and material specifications. This
capability is paitularly important as BIM increasingly intersects with fields such as
environmental science, structural engineering, and sustainability studies. Through its
graphbased structure, a KG can capture these interdisciplinary relationships, offering
a scaffoldfor integrating emerging knowledge areas such as sustainability regulations
and green building technologies within the existing BIM framewBikefler 2024).

By revealing critical connections that influence design and construction processes,
KGs help BIM practitioners make informed decisions based on a holistic view of
relevant data sources, thereby fostering a more integrated approach to building

managiement and project delivery.



76
2.10.2 Using TM in AEC industry

The application of TM in the AEC industry is gaining momentum due to its unique
ability to extract valuable knowledg@/eiss and uncover insights hidden within
unstructured textual data (AggarvealdZhai, 2012; Weiss et al., 2010). As the AEC
sector generates vast amounts of unstructured data, TM provides an effective approach
to analyse this information, enabling project teams to make informed decisions and
streamline project delivery processes. Bilising TM, AEC professionals can
enhance project effiency, optimise workflows, and better manage resources,
ultimately contributing to improved project performance and timely delivery (Nayak

et al., 2016)

Within the AEC industry, the adoption of data mining methods has not been
widespread but it has captured the attention m&searcher to certain logistical
considerations, such as the study of accident reports and the retrieval of reference
events, provided that 80% of business information is in plain text, including the AEC
industry (UrRahmarandHarding, 2012)Table2.6 summarizesnd comparesecent
literature that appliedM strategies to the AEC domaiwn$ corpus, methods, and

results.
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Table2.6: Recent publications ohM applications in AEC

TM approach

Corpus

Aim

Rule-based topic model (KirandChi,
2019)

Ensemble model to classify the cause
of the accidents. Unsupervised chunki
approach used to extract common
objects (Zhang et al., 2019)

Text classification (Goland
Ubeynarayana, 2017)

Accident reports

Quick retrieval of
similar cases

Technology
validation identifying
risky objects

Technology
validation of various
algorithms

Count frequencies of 19 critical terms
(MarzoukandEnaba, 2019)

Project contracts and
correspondences

Data visualization
(i.e., the correlation
between different
terms)

Count key termsassociation rules of
key terms (Hosseini et al., 2018)

BIM manager§job
advertisements

Determine the role of
BIM managers

Event detection (e.g., time, location,
trigger and season) (KiendKim,
2018)

Fire-accident reports

Generate failure
patterns

Clustering (i.e., tag allocation), and
word cloud (Moon eél., 2018)

News reports of

international
construction projects

Easy retrieval

Count word pairs (Nedeljkovignd
Kovadevi€, 2017)

Construction
documents (e.g.,
change orders and
weekly reports)

Better visualization of
a key phrase network

Clustering (i.e., casbased reasoning)
(Shen et al., 2017)

Buildings cases

Retrieve similar
buildings cases for
references in design

Information extraction (Yarmohammag
et al., 2017)

Software log texts

Transfer semi
structured data to
structured, processec
data

Text classification with ontology (Zhou
andEl-Gohary, 2017)

Regulatory document

Classification of
regulatory documents

Dictionary-based information extractior
(e.g., injuryprecursors and outcome
categories) (Tixier et al., 2016)

Injury reports

Transfer semi
structured data to
structured, processec
data

Entity recognition of BIM and GIS
elements (Cheng et al., 2015)

IFC and City GML

Match terms with
similarity measures

Count costrelated words (Williamand

Gong, 2014

Short project

summaries

Predict the level of
cost overrun
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The corpus varies from deals, accounts of incidents, logbooks to news stories. The
techniques ta@M are primarily used in the acquisition of information; identification

of entities, core terminologies; grouping of documents; analysis of feeling; and subject
models. It is possible to classify those features of the target items, for example, by
using costrelated terms to estimate the degree or magnitude of how the incurred cost
exceeded the projdst budget and relating to the incidence entities referred to in

accident reports to explain the contributors of safety concerns.

Otherestimation methodypesthat can be used for classifying datalude Bayes,
decision treeand ANN modelsin general, the goals include converting unorganized
data to organized or structured data, achieving better visualization of data, enhancing
corpus classifications, and summarizing the pattern of information of certain variables
such as emotions, perceptiand satisfactiorA BIM -cantered analysis of the insights
extracted from the literature sources, as outlined in Talleincludes a study
conducted by Hosseini et al. (2018). In this study, a total of 199-rBlMed job
advertisements were gathered from dedicated employment websites. The aim was to
determine the frequency of keywords, thereby establishing a clear outline of the skills
essetial for a BIM manager role. The collection of studies detailed in Takle
underscores the prospective utility of employing TM techniques to offer valuable
insights into Architecture, Engineering, and Construction (AEGted concerns.
These studies ka thereby established a robust foundation for further research in this

domain

According to Ahmeckt al. 018), in the AEC domain3M technologies are still in

their infancy.As such, the topics are confined to some traditional concerns such as the
review of accident reports, the retrieval of design reference cases, and the support for
data interoperability through various software. Nonetheless, not much focus has been
attribuied to current issues encounterediiM pervasive major project deliverin
addition, the corputypesdepicted inTable2.4, particularly incident reportsoftware
log-book, and contractare semistructuregdand are generated bydividualagencies.

In this regard, it is easy to applyM approaches to such data in comparison to
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unstructured data that construction players may come across in the field (Aggarwal
andZhai, 2012).

There are far more irregularities jpublic-generated unstructurethta, such as user
feedback, social media data, and user reviews; such data is not yewerdgedLiu
andHu, 2019) Current research studies denote integral@ahain expertise into TM
proceduresA case in point is the work by Marzouk and Enaba (20t@jir study
involved compiling a set of 19 contra&lated terms to facilitate the extraction of
project contract data. Yet, the study highlighted that the incorporation of industry
experience into this process has not been strongly emphasized

Many studies do use reattyade methodsuch asinsupervised topic modgisovided
by Tencent, AmazorgndGoogle and sentiment analysis engir(esg., Text Blobs.
Liu and Hu (2019) argukthat even though the use of readwnde tools has surged,
exploration of the viability and applicability these readgde models is still lacking

in terms ofrigorous empirical works.

2.10.3 Assessing TM Adoption in Construction for Major Projects

Text/data mining in building projects is usually not common (Alsuledey, 2015).

TM is aimed at extracting from unstructured text data or data that has not been
subjected to analysis before. According to Williams and Gong (2014), the intensity of
TM depends on the discovery of information concealed inside the textMiat.
(2012) identifiedfive major forms of TM: retrieval of information clustering of
documentsclassification of documentsextraction of informationandNLP.

ImplementingTM techniqueshelps to eliminate cost overruns or rather surges in the
cost incurred in delivering the project. To be precise, the stacking ensemble model can
be used to predict the degree of cost volatility. Williams and Gong (2qiplied a
textual data mining algorithm. The approach begins with the compilation of textual
data that are the phrases that display the overview of the project and the words that
define the projeés key mission. Subsequently, numerical data was obtained from text.
Some of the obtained data pertained to dollar value sentences. As a final point, the two
researcherconcluded that it helps to avoid cost overruns by integrating numerical and

text dataln order to extract details and coordinate documents, automated classification
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of construction paperwork has proved to be an intefgvaltechnology (Caldaand
Soibelman, 2003).

Ur-Rahman and Hardin¢2012) suggested textual mining techniques in other text
categorization studies to promote market meaning in order to obtain vital information.
First of all, the needless terms (we, is, are, of, a, an,at®omitted to enforce the
model. In addition, stemming performed. Stemming can be contextually defined as
a model through which words converge to their original source. Secondly, teid data
interpreted in the form of a matrix, where the job is contained in the row yentbr

the document I0s in the column vector. Thirdly, numerous algorithms have been used
for paper grubbing. Finally, to differentiate pgsbject documentation into a positive

or a negative document, several Main Term Phrasal Information approaches

adopted.

A predictive early warning technique for forecasting construction delays on other
failures was developed by Alsubaey et al. (201BJinutes of Meetings NIoMs)
(unstructured data) were the principal records that were studied in the model. They
began by selecting keywords from the available body of literature, such as: lack of
labaur force, lack of material on site, lack of overall safety, and many more.
Subsequently, theesearcher contrasted these keywords against MoM documents.
The model leads to problerbsing found that may cause project failure. presented
modelwasfocused on the recognition of keywords to acknowledge MoM sentiment.

Moreover, NLP has been implemented to evaluate and handle textual information
pertaining to retrieving CAD sketches, undertaking automatic accident report analysis
and finally automated similarity grouping of construction paperwork (Al CGady
Kandil, 2014 Yu andHsu, 2013. In order to calculate the efficiency of the mdeled
considering the time needed to execute similar operations, Yarmoharemabdi
(2017) appliedrM to Autodesk Revitusingautogenerated log files with the aim of
demystifying the mod&rsdperformance in reference to the time taken.

2.10.4 Summary

Studiescarried out in the field ofM aim to achieve an optimal decision or to achieve
a good projectandretrieve comparable historical cases. Applications in the fields of

risk control, conflict resolution and green or environmentally sustainable building
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achievemenhave clusteredlistinct project paperwork or electronic documents into
valuable classefinally applyingTM to calculate the productivity of employees. With
regard to mining and the use of BIM in major construction projanesploration gap

in the building sector is found to exist in this region. Few studies have uncovered the
use of BIM in infrastructure, according to Shetual. Q015). There is also a need for

research to provide generalized knowledge.

2.11 Critical Appraisal of the Literature

In the systematic literature revieasonducted irthis chaptey several methodological

and knowledge gaps in the existing research on the 09¢é of conjunction with BIM

for performance enhancementnirajor construction project deliveryere identified.
These gaps highlight the need for further investigation and the potential contributions

of the proposed research.

One of the methodological gaps identified is the limited application of advdmded
techniques Many of the reviewed studies focused on basic methodologies such as
keyword extraction and sentiment analysis, while advanced techniques like topic
modelling clustering analysisfinding associationsand entity recognitiorhave
received less attention. This indicates a need for research that explores the application
of these advanced techniques in the context of-Biblednajor construction project
delivery. By incorporating advancetiM techniquesthe proposed research aims to fill

this methodological gap and provide a deeper understanding of how these techniques

can enhance performanceBiM pervasive major project delivery

Another methodological gap is the lack of standardized approaches for integiMting
with BIM. The reviewed literature lacked consensus on the steps and guidelines for
implementingT M techniquesn BIM-based project environments. To address this gap,
the current research devel@ga the BIMTAPE Framework which provide a
standardized approach for integratifilyl in BIM pervasive major project delivery

This framework offes clear steps and guidelines for practitioners to follow, ensuring

a systematic and structured implementatiom Mftechniques

In terms of knowledge gaps, the existing research tends to overlook the specific

integration ofTM at different project phases, such as-@wastruction, construction,
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and posftconstruction stages. Further investigation is needed to understand the unique
contributions and benefits M in each project phase. The proposed research aims to
address this knowledge gap by examining the specific applicatibMdéchniques

at different project phases and exploring how they can enhance performance and

decisionmaking in each phase.

Additionally, while some studies acknowledge the importance of stakeholder analysis,
there is a lack of research that explores the us&éMfto extract insights from
stakeholder feedback, social media data, or other textual sources related to project
stakeholders. Understanding stakeholder perspectives thrbMgltould provide
valuable insights for decisieamaking processes and contribute to improved project
performance. Theurrent studyesearch aims to fill this knowledge gap by examining

the use offM to analy® and interpret stakeholdezlated texts and extract meaningful
insights that can inform project management and enhance stakeholder engagement.

Overall, the identified methodological and knowledge gaps in the literature
demonstrate the need for further research in the integratidiMotvith BIM for
performance enhancement imajor construction project deliveryThis thesis
addresssthese gaps by developing tBBMTAPE Framework exploring the specific
application ofTM techniquesat different project phases, and investigating the use of
TM for stakeholder analysis. By doing so, this research contributes to filling the
identified gaps and advancitigeunderstanding of howM can improve performance

in BIM pervasive major project delivery

2.12 Summary

This chapter presents the systematic literature review using the NSP approach, and
highlights key themes and areas related to TM for BIM pervasive major project
delivery. The literature suggests that the use of BIM in major construction project
delivery can have a positive impact and that TM can help to improve performance in
BIM-focused major construction project delivery. TM can provide a new method to
enhance the effestetness of major construction project delivery. The BIMTAPE
Framework is an example bbw TM can support the implementation of BIM in major

construction project delivery.



83
The insights gleaned from this chapter provide a solid foundation for the subsequent
chapter, which delves into the research methodology (Chapter 3). The outlined themes
and areas in the systematic literature review guide the approach taken in exporing th
implementation and efficacy of TM for BIM in major project delivery. The research
methodology section builds upon these insights to lay the groundwork for the

investigative processes, ensuring a comprehensive understanding of the subject matter.
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Chapter 3
Research Methodology

3.1 Introduction

This chapter outlines the comprehensive research methodology adopted to address the
aim and objectives of this thesis, which seeks to enhance performance in major
construction projects by integrating TM techniques within BIM. The research
methodology emplgs a mixedmethods approachysing both qualitative and
guantitative data derived from secondary sources. The methodology encompasses a
systematic literature review, ontological modelling, and TM as key methods employed
to extract valuable insights from unstructured textual data. Addilyotize validation

of the research findings was conducted usBurial Network Aalysis SNA),
ensuring the reliability and credibility of the obtained results. In line with the research
framework known as the "research onion" by Saunders et al. (20@6hapter
systematically presents the methodological choices, starting from philosophical
assumptions to specific techniques for data collection and analysis. By employing
these rigorous research methods, this study aims to contribute to the advandement o

BIM practices and pave the way for improved project delivery outcomes.

The research employs a case sthdged approach, grounded in Robert Yin's formal
research methodolodyin, 2014) which integrates both qualitative and quantitative
paradigms. In accordance with Yin's framework, the swushsmultiple sources of

evidence and applies triangulation to ensure the validity and reliability of the findings

(Yin, 2014). For the qualitative component, the research incorporates various methods
such as case studies, literature reviews, and experinapptalaches to gatherdeph

data. These methods were chosen to provide a comprehensive understanding of the
research problem, particularly within the context of Bidrvasive major project

del i very. Yinds methodol ogy emphasi zes t
complex, reaworld situations, such as the integration of BIM technologies with

project management challenges (Yin, 2018).

The research integrates multiple methods within the qualitative and quantitative

paradigms. While the qualitative aspect focuses on techniques like case studies,
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literature reviews, and experimental methods, the quantitative approach involves
statistical analysis to complement and strengthen the qualitative findings. This
combined approach allows for a thorough investigation into performance challenges

related to hdget, quality, and schedule in larg@ale construction projects.

In |l ine with Yinds principles, t he quan
enhance the rigor of the research. By integrating both qualitative and quantitative
methods, the study applies triangulation, which enables a more comprehensive
examination of the research questions and performance challenges (Yin, 2006). This
methodological integration, as guided by Yin's framework, ensures a robust and

reliable analysis of the research problem (Yin, 1991).

Triangulation is a critical strategy in this research, reinforcing the credibility of the
findings by employing multiple methods to investigate the same phenomena. This
approach mitigates the limitations of relying on any single method, offering a richer,
more understanding of the complexities involved in BIM implementation and its
impact on construction project management (Yin, 2014). By leveraging multiple
perspectives(Yin, 2018) the study gains deeper insights into performance
improvements achievablérbugh the integration of BIM and project management

practices.

This chapter also elaborates on the limitations the author experienced during the data
collection process. Study limitations and constraints are important aspects of any
research that must be addressed and reported transparently. By including this
informaiton in the methodology chapter, the author allows the reader to understand the
context in which the research was conducted and the limitations that may have affected
the results. This helps the reader assess the validity and reliability of the findings and

contributes to the transparency of the research process.

For data analysis, the research employed both qualitative and quantitative techniques,
including nonstatistical methods such as text analysis, and statistical methods. This
mixed-method approach enabled the researcher to derive valuable insights from
unstuctured textual data, providing a detailed and comprehensive analysis of the
issues at hand. The findings were further validated through SNA, which wasdutili
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to enhance the credibility and reliability of the results, ensuring a refined and well

supported interpretation of the data.

Given the interdisciplinary nature of the research, which spans both construction and
information technology, the pragmatic philosophical paradigm was selected as the
most suitable. Pragmatism supports the use of multiple methods andyplesa
enabling the researcher to effectively address the research questions. Accordingly, a
concurrent mixednethods approach was adopted, allowing for the integration of

qualitative and quantitative insights into the research findings.

Finally, this chapter discusses the limitations and constraints faced during the data
coll ection process, offering transparenc)
results. By acknowledging these limitations, the study provides a clear context fo
evaluating the validity and reliability of its findings. The chapter concludes by
summarizing the adopted research methodology, which integrates multiple and mixed

methods for advancing BIM practices and improving project delivery outcomes

3.2  Methodology Based on Research Onion Model

Choosing a frameworkased methodology is one of the challenging tasks in the thesis
process. This is because every research has unique qualities and specifications. Several
research methodology frameworks and models have been developed. One such
strategyis the Research Onion Framework, proposed by Saunders et al. (2019). The
research onion elaborates on various steps of writing a dissertation. The rationale
behind using this framework is that it consists of a robust multidisciplinary approach.
This framework has been used in previous studies related to the IT sector (see
Karaseva, 2024; Meller, 2013). Several scholars from the IT sector have perceived the
model feasible and suitable for defining the research methodologies. Saunders et al.
(2019), the founders of this model, designed it in the following way (see Rdure
Research Onion). The research onion model is supposed to be discussed from its

outermost layer to the innermost layer

Research paradigms shape how the world and its phenomena are perceived,
understood, and interpreted. They represent the theoretical framework that guides the

formulation and execution of research (Mackeranid Knipe, 2006). Saunders et al.
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(2019) define a paradigm as a method for gathering and interpreting knowledge about
a given phenomenon. In the social sciences, which include construction management,
paradigms are also known as theoretical perspectives (Crotty, 1998), research
methodologés (Neuman, 2009), worldviews (Creswell, 2014), and systems of shared
beliefs and practices (Morgan, 2007). Similar to the foundational elements of a
building, Fellow and Liu (2008) argued that paradigms underpin the integrity of any
research activity. Ha(2012) proposed that a worldview encompasses philosophical
positions, including ontology, epistemology, axiology, and methodology. Therefore,
paradigms can be distinguished through several interconnected aspects that define how

knowledge is understood and approached in research (Haq, 2014; Williams, 2018):

1 Philosophy. This concerns the origins and development of knowledge, guiding the
overarching framework of inquiry.

1 Ontology: Focused on beliefs about the nature of reality and what can be known,
ontology shapes the assumptions researchers make about their subject matter.

1 Epistemology This explores the relationship between the researcher and the
knowledge or reality being studied, influencing how knowledge is acquired and
validated.

1 Axiology: Concerned with the role of values in research, axiology addresses how
a researchero6s beliefs and biases may

1 Methodologies These are the strategies and approaches used to access and
generate knowledge, tailored to align with the philosophical and epistemological
foundations of the paradigm.

These aspects together provide a comprehensive lens through which research can be
structured and interpretedn order to ensure that this study is framed with the
appropriate perspectives, the remainder of this section will explore various elements
of the research paradigm, including research philosophy, ontology, epistemology,

axiology, methodology, and metho(&cotland, 2012).
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Strategy (ies)

Techniques and
procedures

-

Figure 3.1: Research Oniofkramework Saunders et 312019, p.108)

3.3  Research Philosophy / Philosophical Paradigms

Prior to discussing the research philosophy, it is important to consider the different
research modes elaborated by Gibbons et al. (1994) and Nowotny et al. (2003). These
modes, known as Mode 1 and Mode 2, reflect distinct approaches to knowledge
production. Mode 1 represents singlgscipline research with clearly defined
boundaries, while Mode 2, as defined by Nowotny et al. (2003), is "socially
distributed, applicatiooriented, transdisciplinary, and subject to multiple
accountabilities” (p. 179). Thagsent research aligns with Mode 2, as shown in the
Table 3.1below:
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Table3.1; Different research modes

Mode 2 Characteristics | Relevance to the Research

Socially Distributed While this research did naderive knowledge from a va
population, rich data was gathered from global schg
through an exhaustive literature review.

Trans-disciplinary The research spans three primary disciplines: the constry
sector, the IT sector, and project management.

Application-Oriented The study's development of a robust framework and
application in data analysis demonstrates its pract
applicationoriented approach.

Subject to Multiple This research involves compleelationships with multiple
Accountabilities stakeholders, including project managers, contractors, at
experts, making it subject to various accountabilities.

Source. Gibbons et al., 199Nowotny et al., 2003

According to Saunders et al. (2019), there are four key research philosophies: [1]
positivism, [2] realism, [3] interpretivism, and [4] pragmatism. The present research
adopts pragmatism, one of the central philosophies in the "research onion" framework.
Pragmatism is particularly suited to this study, which employs a mxetthods
approach, integrating qualitative text analysis and quantitative methods such as SNA.
To better understand the rationale for using pragmatism, it is essential to first review
all the research philosophies briefly, considering their strengths and limitations, before
justifying the selection of pragmatism as the most appropriate philosophy for this

study.

3.3.1 Research Philosophy in Context

Research philosophy addresses the source, nature, and development of knowledge
(Bajpai, 2011; Saunders et al., 2016). The philosophical assumptions made by the
researcher guide the research process, influencing the choice of methods used to
investigate theesearch problem. In social research, these assumptions are shaped by
factors such as the existing body of knowledge and the nature of the problem being
studied (Yin, 2003). The philosophical stance taken determines how knowledge is
acquired and validatedithin a particular field. Resolving the question of research

philosophy early on establishes a clear relationship between the researcher and
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participants, ensuring the adoption of appropriate methods for data sampling,

collection, and analysis.

There are various models in the literature for understanding and classifying research
philosophy in social and natural sciences (GabdLincoln, 2005; Tashakkomnd
Teddlie, 2003; Hall, 2013). However, according to the research onion model proposed
by Saunders et al. (2016), the four main research philosoppastivism, realism,
interpretivism, and pragmatism provide a foundation for the research. Each
philosofhy has its strengths and weaknesses, and the next step involves reviewing
them to deternme which philosophy is most appropriate for the study at hand.

3.3.1.1 Positivism

The positivist philosophy is based on the principle that reality is stable. It supports the
scientific way of observing reality. Positivists believe that reality is objective and
independent. While explaining various attributes of positivist philosophyerith et

al. (2013) stated that positivism is the phenomenon of the Enlightenment Age that
underpins the principles of natural sciences. It is a-awmextual, formal, and
standardised research. Rationalism and empirical evidence are the bases of the
posti i vi st paradigm. Positivism is rooted i
Mill (1843) stated in his classical text. The present research cannot be called purely
positivist research because it does not meet all of the following criteria oivigbsit
philosophy (Park et al., 2023).

Dependent VariablesThis research does not have dependent and independent

variables for measuring as they exist in pure positivist philosophy.

Dualism:l n t he positivist par adi gm, the rese
from the participants is essential for minimising biases. However, this research does
not allow the researcher to take only an objective stance, especially while synthesising

theliterature review.

Functional Relationshipit is an association between dependent and independent
variables, which are measurable or quantifiable. Since the research does not have
dependent and independent variables, there is no question of expressing the

relationship between them using quanttatmeasures.
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Hypothesisit is a statement or idea that the theory is tested through quantitative or
statistical tools. Technically, there should be two variables in the present research:
BIM and TM andproject management. The hypotheses should have been:

1 Ha BIM and TM increase the ostruction project performance
1 Ho: BIM and TM do not increase the construction project performaihoe!

Hypothesis

This research does not form such hypotheses and does not use statistical tests (e.g., the
T-test) to test them. Therefore, though the research intends to observe the role of BIM
and TM in construction project performance, the two variables are analysadtthr
experiment methods to determine how they increase performance instead of whether
they increase performance.

However, aligned with positivist philosophy, the research uses validity and reliability
and SNA analysis which is part of quantitative analysis. Thus, the present research
follows a positivist approach, but along with positivism, it follows partial

interpretivism.

3.3.1.2 Realism

Realism is the second philosophy suggested in the research onion. This philosophical
school is based on the principle of mimdiependent objectivity. It assumes that the
external world is independent and objective, and it can be studied through observatio
and experience (Erikawati, 2023). Though, like realism, the present research follows
rationalism and logical and critical thinking, it does not stop understanding the object,
material or phenomenon (E.g., BIM, TM, and project performance). It does not
observe but takes effort beyond just understanding the object with its reality.
Therefore, realism is a oftBmensional approach to apply in the context of this
research. Considering the attributes of realism, it is best suitable for descriptive
research. Haever, the present research explores how to apply TM in BIM for project
performance. Therefore, realism is not the appropriate philosophical stance.

The research onion mentioned interpretivism as one of the research philosophies. It is
based on the subjective approach that social events or phenomena can be interpreted

subjectively, and multiple interpretations can be possible. Interpretivism is a
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qualitative method in which data is collected from interviews, focus group discussions
and observations by immersing oneself in the phenomenon. The present study has not
used primary data, but the systematic review method is employed. It is alvasddl

study; therefore, the findings from the literature are used to design and apply the
systematic model. TM and BIMTAPE Framework followed by experimental case
studies. The findings are discussed descriptively, especially when the text analysis is
performed qalitatively. Therefore, the research follows some inexplicit attributes of

interpretivism.

3.3.1.3 Pragmatism

Pragmatism is the last philosophical stand suggested in the research onion. According
to Pragmatism, some realities are not static but changing, and various factors influence
reality. Pragmatist philosophers state that actions cannot be separated fabionsitu

( Mor gan, 2014) . Every individual s persp
try to find the reality by applying an independent approach. It also assumes that
individual experiences are different. As a research paradigm, pragmatism bélaves t
single or multiple realities are always open to several empirical inquiries (Creswell
and Clark, 2011). Pragmatism is a very flexible approach, and it complements both
guantitative and qualitative inquiries (Bryman, 2006; Tedalid Tashakkori, 2003).

The pragmatism approach also focuses on application value (BIM and TM application
in improving project performance) rather than whether the outcomes are true (Does
BIM and TM-based framework help to improve project performance). Ire¢kisarch,

the focis is on the earlier outcome, i.e., focusing on application value.

This research indirectly follows the pragmatism approach. After critically reviewing
all philosophical approaches from the research Onion, it was observed that pragmatism
is close to experimental philosophy, an interdisciplinary approach in which two
elemants are primarily considered; first is the theoretical framework or model and the
experiment methods (Knob and Nichols, 2017). Thus, the research is based on
experimental pragmatism, in which the theoretical framework called TM and
BIMTAPE is employed. Exprimental pragmatism is used to test this model and its
functional consequences. Empirical pragmatism is based on the tenet that scientific

methods are essential to study philosophical ideas.
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3.3.2 Comparison of Philosophies and Justification of Pragmatism

An overarching philosophical stance can provide a foundational belief system to a
project aiming to conduct an original research inquiry. One assumption made from a
philosophical perspective is that philosophical theory aimed at ontological and
epistemologal beliefs, as well as the methodology itself, must baduooted
congruently (Goldkuhl,2012). Positivism is the belief that statements reflecting
observable facts align with the reality of the facts, and that the determinants of what
the facts are, are independent of the values or beliefs of the researcher. The positive
dimension of this phdsophy is its emphasis on observable, physical reality and
experiences. It also values a systematic approach to establishing the facts through

explicit formal and stated methodologies that can be independently verified or tested.

Positivism maintains that whatever may be the object in point of subject, the scientific
method only allows for quantifiable data. Research that follows this method collects a
good deal of numerical or categorical statistical data, which is analyzed from a
objective standpoint. Interpretivism, on the other hand, is unique in preferring a 'deep’
understanding of the subjective nature of human behavior (Ryan, 2018). It is reluctant
to lean on statistical data; it prefers the amorphous interpretative appimach
understanding through the generation of propositions and hypotheses, consequently
leading to building nd-range theories (Alharahsheimd Pius, 2020). Realism is a
middle way between positivism and interpretivism, and some might say that, like
pragmatism, it appears to be a philosophical compromise. It encourages us to ponder
the polarities of HRM, for instance, practice and principle, eyg# perspective and
employer viewpoint, reality and view, activity and perception, assumption and
observer, scieific and religious, absolute and relative (Goldkuhl, 2012). One can
draw significant polarities such as objectivity or subjectivity, interior and exterior

viewpoints, idealism and realism.

Interpretivism has been labelled subjectivist or-positivist. Philosophers regard the
antrpositivist label as inappropriate. Interpretivists seek an understanding of the
phenomena in its richness of meaning from the subjective standpoint of human
expeience (Ryan, 2018). Realism has been used to refer to the idea of moving beyond
mere reason or belief. For the purposes of this philosophical orientation, the focus is
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on social reality. The distinctions between positivist and interpretivist epistemology
are characterized by binary opposites (Ryan, 2018). The philosophy of pragmatism is
a fusion of positivism, anpositivism, and realism that has gained favor in project
management research, where it represents a 'broad church' within which several
methodological perspectives are acknowledged. Pragmatism is an appropriate
approach to project management research. Pragmatism is based not on theory but on
the way in which ideals with its main problem, which is the problem in the conduct

of human affairs. It is an attempt to effect a working compromise between radically
different points of view about the ultimate nature of a philosophical theory (Gojdkuhl
2012.

After critically analyzing the philosophical positiopsoposed by Saunders et al.
(2016), this study adopts pragmatism as its philosophical stance for seas@hs.
The study aims to explore how BIM and TM contribute to improving project
performance and identify factors affecting their effective integration.

As suggested by Saunders et al. (2016) and Yin (2003), the choice of research
philosophy should align with the nature of the research problem, research questions,
existing knowledge, and available time for the study. The research problem involves
the integation of BIM and TM, which are complex and contsgecific, into
construction project management. Pragmatism offers a pluralistic approach to address

these challenges.

Pragmatism focuses on the "how" and "what" of research problems, based on the
intended outcomes. The research questions of this study require both "how" and "what"
to be addressed. As stated in Chapter 1. Answering these questions requires a flexible
worldview that embraces multiple research philosophies (Creswell, 2014).
Pragmatism allows researchers the freedom to choose the most appropriate methods,
techniques, and procedures for addressing the research problem. As pragmatism
supports both positivism anidterpretivism (Parvaiz et al., 2016), this pluralistic
approach was adopted as it addresses the research questions in a way that ensures
positive practical outcomes (TedddadTashakkori, 2010). Furthermore, pragmatism

is well-suited to problensolving in human activitiés here, how BIM and TM can

facilitate better decisiemaking and performance in construction projects.
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3.3.3 Ontological and EpistemologicalAssumptions of the Study

As specified earlier, this research is a mixed method. Therefore, ontology and
epistemology are the two philosophical foundations that guide the researcher in
applying mixed methods to the study. Therefore, it is essential to understand the terms
ontology andepistemology and their significance in the present research. Ontology
has been precisely defined in the previous studies. For example, Gray (2013) defines
ontology as the viewpoints about the nature of entities and various assumptions about
them (Brymanrand Bell, 2011). There are two ontological perceptions. According to
the first assumption, reality is one and the second perception is that multiple realities
are there in the world. The first viewpoint or perception motivates the research to be
objective, wkereas the second viewpoint is inclined toward subjectivity. The two are
pol ar opposite perceptions. The researct
research can be positioned between a single reality and multiple realities. It can also
be called tk intermediate position. The followinable 3.2 elaborates on how two

perspectives (first and second viewpoints of reality) are.used

Table322 The researcheros ontological

Single Reality Multiple Realities

Frequency Analysis Word Cloud

Trend Analysis (Graph Results| Co-occurrence Network Keywords

Publication Timetables Network of Authors Contributing to BIM Research
and Trends

Countrywise Publication GlobalDistribution of Published BIM Studies

Activities

Formula for Phrase Model Codings

Bibliometric Analysis

Li ke the ontol ogical phil osophy, the res
measurable variables. Here, the main focus is on the evidence. While holding the
epistemological approach, the data is understood and coded using a subjective

approach.

The intermediate viewpoint on epistemology with positivist and interpretivist

approaches helped the researcher study empirically how BIM and TM help to improve
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project performance and how effectively they can be integrated into the construction

sector.

3.4  Research Approackesfor This Study

Research Onion has three research approaches to theory development: Inductive,
deductive, and abductive research approaches. The study adopts an abductive research
approach. Like Saunders et al. (2019), many scholars have focusetliotive and

deductive approaches. Trochim (2006) also discussed inductive and deductive
approaches. The inductive approach goes from specific to general, and the deductive
approach goes from general to specific. Cresswell and Plano(2CGK) defined the

deductive approactsa i ad otwnpd approach, Afrom a theor

add to or contradict the theoryo (p.23).

In contrast to this, thenductiveapproactakes a "bottorup” perspective, relying on
participantsdé views to construct broader
these themegCresswell and Plaln&lark, 2007, p.23). The deductive research
approach is used in quantitative analysis, whereas the inductive approach is used in
qualitative analysis. Traditionally speaking, while applying the deductive approach,

the researcher first develops hypothesed then tests them to derive inferences.
Statistical methods are used to test these hypotheses. Trochim (2006) further argues
that qualitative research is inductive and exploratory, while quantitative research is
deductive and confirmatory, in which retatships between different variables are

tested.

Abduction is the third tradition of logical reasoning, alongside deductive and inductive
logic, and a recent addition to academic theorizing. However, its development has
strong links with some of the earliest traditions of philosophy, in particular the
phenomenology of pr&ocratic philosophers. Like the traditional deductive method

of moving from the general to the particular (and thus, in truth, theoretical), abduction

is about the discovery of, and moving from, particular instances to something more
gereral (and thus practical) (Okoli, 2023). Unlike these foundational thinkers,
abduction has been theorized paradoxically both as a form of reasoning and as a basis
for a new, pragmatic theory of change. This paradox is reflected in the methodological

literature as the abductive approach is debated as both a means to explore unknown
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contexts and develop new theories and prokdeiring pragmatically in a reaborld

context.

3.4.1 Deductive Research Approach

In essence, deductive reasoning is a process of testing theoretical propositions derived
from existing theories or frameworks against empirical data to determine the
relationship between two different variables within the theory for the purpose of either
falsifying or revising the theory or generalizing the theory to a new population (Okoli,
2023). When employed, the deductive research approach is marked by a systematic,
targeted, and desigariven methodology and involves a structured process. If the
hypotheses, data, and interpretations are valid, the theory is justified. Knowledge
generated by this method is often theoretical, premised on logic and abstraction. In
practice, both qualitative and quantitative data can be analyzed using the deductive
approab to address the stated research question. In deductive research, scholars

generally look for generalizable results (Osman, et al., 2018).

Deductive research has some distinct strengths. By operationalizing theoretical
knowledge and testing hypotheses basedthen adequacy of available theories,
researchers get a good sense of the direction to pursue the research. Further, it is
relatively easy to falsify deductive research, and the results can be validated before
employing broader researcgman, et al., 20}8Yet such research is inherently
weakened by the fact that researchers may not be able to discern hypotheses from
adequate theories and reasonable assumptions, and the findings sometimes leave out
unique project characteristics so as to make the regetisralizable. Although the
deductive research approach can help project management build a theoretical
knowledge base, it can also help to identify the limitations of existing theories for
future research. This identifies how current and past researeverdéfined the terms

and conditions or interpreted the relationships among the causal variables, thereby
revealing the risk of theoretical and econometric artifacts (Osman, et al., 2018). The
inconclusive studies could create clarity of reason to movecugtomized qualitative

research.
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3.4.2 Inductive Research Approach

The inductive research approach seeks to generalize specific observations and link
them to general statements, which is the opposite of the deductive research approach.
The deductive approach is first hypothesized and then verified using analysis (Okoli,

2023). Its main characteristic is the exploration or search for new theories, as its

objective is to generate concepts and hypotheses for later testing by means of
collecting new data that has not been seen before. This type of research has flexibility,
openness, and responsiveness to the surrounding context, as well as the ability to

understand the world without relying on certain assumptions.

Inductive reasoning is a logical approach that involves formulating general principles
from specific instances (Osman, et al., 2018). It moves from a narrowly focused set of
observations to broader generalizations. It is precise and direct, uncoverargatt

and insights that other research methods cannot match. It can capture unique thoughts
and ideas using various methods. While deductive and inductive reasoning have
theoretical principles, an inductive approach takes a more-apeed research
process Additionally, an inductive approach can be useful in project management
because the research field is enriched with a wide variety of research methods that deal
with the research context and its dynamics. An inductive approach to research is
utilized whendata is collected and the research variables are not well structured.
Furthermore, an inductive approach to research is best suited for research that is

exploratory in nature (Okoli, 2023).

3.4.3 Abductive Research Approach

Abduction, also known as thetrodictiveapproach, is intended to bridge the gaps left

by inductive and deductive approaches by adopting a pragmatic stance. As suggested
by Saunders et al. (2012), the deductive approach can lack clarity in how to select a
theory to test, while the inductive appch is criticized for its inability to build
theories purely from empirical data. The abductive approach overcomes these

limitations by focusing on "incomplete observations," "surprising facts,” or "puzzles,"
which are addressed using a combination of qualitative and quantitative methods

(BrymanandBell, 2015).
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Given the aim of this study, to develop a framework for using BIM and TM in project
performance, the abductive approach is considered suitable. This approach allows for
the iterative use of both deductive and inductive reasoning, providing a comprehensive
way to address the research questions. The abductive approach enables the researcher
to develop theories based on unexpected findings and test those theories using
subsequent data collection. Tabl& presents a comparison of the three research

approachesDeductive, Inductive, and Abductive.

Table3.3: Comparison of the Three Research Approaches

Aspect Deductive Inductive Abductive Approach
Approach Approach
Logic In a deductive In an inductive In an abductive inference,

inference, when the inference, known | known premises are used
premises are true, | premises are used | generate testable

the conclusion musj to generate untestel conclusions.

be true. conclusions.

Generalation | Generalizing from | Generalizing from | Generalizing from the
the general to the | the specific to the | interactions between the
specific. general. specific and the general.

Use of Data | Data collection is | Data collection is | Data collection is used to
used to evaluate used to explore a | explore a phenomenon,

propositions or phenomenon, identify themes and
hypotheses related | identify themes, patterns, locate these in a
to an existing and create a conceptual framework, anc
theory. conceptual test this through subseque
framework. data collection.
Theory Theory falsification | Theory generation | Theory generation or
or verification. and building. modification, incorporating

existing theory where
appropriate to build new o
modify existing theory.

Source’Adaptedfrom Saunders et §2016)

3.4.4 Justification for the Choice ofResearchApproach

In the project management field, researchers are continuously looking for ways to
improve how the performance of projects can be enhanced, transformed, and
conducted through the lens of different methodologies, methods, and techniques. The

researcher argsethat a research strategy based on the examination of ambiguous
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relationships utilizing an abductive approach can potentially lead to exciting and new
research insights and outputs that are set to shape the future of modern project
management resear@@sman, et al., 2018More importantly, this study believes that

the justifiable need for additional research on the language and logic of these methods
leads to a compelling case for why a pragmatic abductive reasoning approach should
be utilised in project management research, employing an exploratory strategy that
seels to create research outcomes relevant for understanding the dynamics of a
complex and changing world. The abductive approach is useful for generating new
discussions and arguments for probisoiving in our realvorld practice and
improving the theoretidaconstruction of project management. Given that every
project can be affected by a host of factors including cultural differences,
psychological, social, and economic industrial contexts, abductive reasoning and
qualitative research methods are neededntwover the complexities underpinning
project actions and to make any practical or theoretical contributions to the quality of
project outcomes (Osman, et al., 2018).

In addition, &er critically analyzing the available philosophical positions proposed by
Saunders et al(2016), this research adopts pragmatism as its philosophical stance for
several reasons. This study aims to explore the role of TM and BIM in improving
project performance and to identify and measure the factors impacting their effective
integration. Accading to Saunders et al. (2016) and Yin (2003), the choice of research
philosophy should be guided by the nature of the research problem, the type of research
questions, existing knowledge within the field, and the time available for the study. In
this regarch, the problem involves the integration of TM and BIM into major
construction project management, focusing on identifying factors influencing their
effective use. Pragmatism provides the necessary pluralistic approach to address the

complex nature oftese research questions.

This research adopts the abductive research approach because it best addresses the
research aim and objectives and aligns with the research paradigm and philosophical
stance already adopted. The abductive approach allows for the iterative development
of aframework that integrates TM and BIM, enabling the researcher to explore and

explain research constructs and variables.
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Accordingly, the study began with a systematic literature review (similar to archival
research) to develop a preliminary conceptual framework (deductive approach). This
framework was then refined through experiments and case studies. These experiments,
treated as case studies, involved the analysis of academic articles, policy papers, and
technical documents, allowing the researcher to gather qualitative and quantitative data

to explore the role of TM and BIM in project performance enhancement.

3.5 Methodological Choice

The selection of research methodology forms the third layer of the ‘'research onion’
model, emphasizing the plan of action or design that guides the choice of techniques
applied in the research process (Crotty, 2003). This layer outlines the philosophical
framework that supports the research methods, addressing the rationale for selecting
either qualitative, quantitative, or a combination of both methods. Saunders et al.,
(2016) outline three primary categories of research methodologies:-methods
(qualitative or quantitative), mukinethods (qualitative and quantitative), and mixed
methods (simple and complex). Menwethods pertain to the exclusive use of either
qualitative or quantitative methods, while muttethods and mixethethods involve

the integréion of both qualitative and quantitative approaches to explore a single

research inquiry.

Research Choices

l

Multiple Methods Mono Method

l I

¥ ¥ ) ¥

Mono-method Mono-method

Multi-methods Mixed-methods (Qualitative) (Quantitative)

— —

Multi-methods Multi-methods Mixed-methods Mixed-methods
(Qualitative) (Quantitative) (Simple) (Complex)

Figure 3.2: Research methodological choices.
Source: Saunders et al. (2009)



102

Saunders et al. (2019) focus on two primary methods: quantitative and qualitative. In
their previous model, the authors suggested methodological choices are mono, mixed
and multimethods. But later in the revised model, they further segregated these three
methods:
1 Mono method qualitative
1 Mono method quantitative
1 Multi-method qualitative
1 Multi-method quantitative
1 Mixed method simple
1 Mixed Method complex

Here, three core or primary methods are considered, Bable

Table3.4: Three core or primary methods

Mono Method Multi -Method Mixed-Method

In the mono method, any  When the researcher uses Mixed-method is the

one method (either single method (e.g., combination of qualitative
gualitative or quantitative) qualitative or quantitative), and quantitative methods.
is used. Saunders et al., multiple research tools are For example, the researche
(2019) segregate it into twc used within the same uses a survey questionnair
parts: method. For example, if the followed by statistical

researcher is conducting a analysis (as a quantitative
gualitative study, he or she method) and irdepth
can use two or more tools, interviews and focus group

Mono method quantitative,
and mono method

qualitative such as interviewsocus discussions followed by
groups, observation and thematic, content, narrative
case studies. discourse or other such
analyses (quantitative
method).

However, this research is a bit complex. It uses multiple and mixed methods. While
applying the mixed method, the researcher has used quantitative and qualitative data
from secondary sources. For analysing the data derived from both methods, the
researcher uses qualitative and quantitative data analysis methodsa(ingiical, text
analysis, and statistical). Further in the qualitative method also, the researcher used

multiple methods to collect the data, case studies, literature review, and experiments.
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It is a multtmethod because it applies statistical analysis experiments (Quantitative
method) and systematic review and text analysis (qualitative method). Therefore, the
methodological choice of this study is mixeadmplex.

3.5.1 Mono-method (Qualitative and Quantitative) Research Methodology

The monemethod research methodological choice refers to a scenario where the
researcher investigates a social or human phenomenon using a single method. This
method could either be qualitative (e.g., unstructured interviews) with qualitative data
analysis or quantitative (e.g., questionnaires) with quantitative data analysis (Saunders
et al., 2019). These scenarios are referred to as-metivod qualitative and mono
method quantitative, respectively. This approach was not adopted in the current study
due to the need for integrating multiple tools and methods for a comprehensive

investigation.

3.5.2 Multi -method (Qualitative and Quantitative) Research Methodology

Multi-method refers to a research design where more than one data collection
technique is used within a single research method, either qualitative or quantitative
(TashakkoriandTeddlie, 2003). There are two scenarios:

(1) Multi-method qualitative: Collecting textual data (e.g., through-semi
structured interviews and diary accounts) and analyzing it using qualitative
procedures (e.g., content analysis).

(2) Multi-method quantitative: Collecting numerical data using multiple
techniques (e.g., questionnaires and experiments) and analyzing it using

statistical methods (Saunders et al., 2012).

In multi-method approaches, qualitative and quantitative techniques are not mixed but
used within the same overall methodology. In this research, multiple qualitative and

guantitative tools were employed to collect and analyze data.

3.5.3 Mixed Methods (Simple and Complex) Research Methodology

Mixed methods research involves the combination of qualitative and quantitative data
collection techniques and analysis procedures within a single study. There are two

forms:
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Mixed-methods simple: This involves using qualitative and quantitative
techniques concurrently (in parallel) or sequentially, without combining the
results. Qualitative data are analyzed qualitatively, and quantitative data are
analyzed quantitatively.

Mixed-methods complex: In this approach, qualitative and quantitative data
collection techniques and analysis procedures are combined at different phases
of the research. For example, qualitative data might be quantitised, and

guantitative data might be glitised (Saunders et al., 2009).

According to Creswell (2014), mixed methods can be further classified into:

(1) Convergent Parallel Mixed Methods: Quantitative and qualitative data are

collected and analyzed concurrently.

(2) Explanatory Sequential Mixed Methods: Quantitative data is collected and

analyzed first, followed by qualitative data.

(3) Exploratory Sequential Mixed Methods: Qualitative data is collected and

analyzed first, followed by quantitative data.

(4) Transformative Designs: These designs use either qualitative or quantitative

methods, but within a transformative framework or lens.

Given the complexity of this study, mix@dmplex methods were employed. Data was

collected and analyzed both concurrently and sequentially to ensure a comprehensive

understanding of the research questions.

3.5.3.1 Justification for MixeeComplex Methods Choice

The choice of mixedomplex methods was deemed essential due to thefiadtied

nature of the research questions and objectives. This approach provided several

benefits, including:

T

Triangulation: Using multiple independent data sources or collection methods
to corroborate findings.

Facilitation: Using one method or strategy to assist another within the study.
Complementarity: Employing multiple strategies to investigate different

aspects of the research.
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1 Aid in interpretation: Qualitative data helps to explain relationships between
guantitative variables.
1 Generalization: This approach allowed the findings to be contextualized and

generalized to a broader scope.

By utilizing multiple methods, this study aimed to explore both qualitative and
guantitative aspects of the research questions. The integration of tools such as
systematic literature reviews, case studies, text analysis, and experiments ensured

robust dataollection and analysis, yielding more reliable results and conclusions.

Table3.5: Reasons for Using Mixed Methods Designs in Research

Reason Explanation

Triangulation Using two or more independent data sources or data
collection methods to corroborate findings.

Facilitation Using one data collection method or research strategy to
another within a single study.

Complementarity Using two or moreesearch strategies to dovetail different
aspects of the research investigation.

Generality Contextualizing the main study or using quantitative anal
to provide a sense of relative importance.

Aid Interpretation Using qualitative data texplain relationships between
guantitative variables.

Study different aspects | Using quantitative methods for madewvel study and
qualitative methods for micrlevel aspects.

Solving a Puzzle Using an alternative method when initial methods are
insufficient or ambiguous.

Source: Saunders et al., (2016)

3.6 Research Strategies

The Research Onion model includes seven fundamental research strategies. In line
with Saunders et al(2016), several strategies can be employed depending on the
research objectives, questions, and data sources. These strategies include experiments,
surveys, case studies, action research, grounded theory, ethnography, and archival
research. Each strateggs unique characteristics suited to different types of studies.
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The following Table 3.6 presents various research strategies and their characteristics
as outlined by Saunders et §2016). The thumb rule is that surveys and experiments

are used in a quantitative approach, whereas ethnography, grounded theory, action
research, and archival research are qualitative studies. The case study method is used
in both gquantitative and quadtive research. However, it is not strictly defined, and

the approaches and strategies can overlap according to the specific demaeds of th
research. For example, surveys and experiments can be qualitative, whereas case

studies can be both quantitative and qualitative.

Table3.6: Research Strategies and their Characteristics

Research Strategy Characteristics

Experiment A Suitable for | aboratory rese
A Unlikely to be roeghnatend t o t h

Survey A Used for exploratory and des

A Most frequent |, whowkeeedhow nauchaamdhg
many questions

A Easy to explain and to under

Archival research A Make use of administrative
source of data

A Al l ows research qthepssandchasgyeswle
time to be answered

Case study A Suitable for research which
research context and processes
A Able to generate answers to
A Not suitable for collecting
Action research A Pr o v i-aémhsunderstandinaf specific phenomena
A However, literature advi ses
Ethnography A Used to study groups of peop
A Requi r-tesnoffieldwork sgudyr
Grounded theory A Data collection process migh
A Criticised for its confusing
Narrative inquiry A Suitable for small, purposiyv
A Ilntensive and time consuming
Phenomenology A Suitable for investigating p
respect to a phenomenon
A Concerned with individual s
investigation

Source: Saunders et §2016)
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3.6.1 Research Strategy Adopted irnT his Study

In this research, a combination of experimental case studies and systematic literature
review was adopted as the primagsearch strategie$he research conducted six

experiments in combination with case studies, Ta8le

Table3.7: Experiments in combination with case studies

Experiments Cases

Experiment I BIM-TS 1 Academic Articles

Experiment 2 BIM-TS 2 Technical Files from Case Projects
Experiment 3 BIM-TS 3 Approved Documents

Experiment 4 BIM-TS 4 British Standard TM Process
Experiment 5 BIM-TS 5 BIM Policies at Companies
Experiment @ BIM-TS 6 National Policy Papers

The TRIZ (Theory of Inventive Problem Solving) and EvideBesed Learning
(EBL) methods were integrated to establish preliminary findings. TRIZ was used as a
systematic literature review tool, which justified the role of TM for BiNkegrated
project delvery. Ontological modelling was then employed to establish the new
framework, addressing the second research objective. Finally, TM experiments were
conducted to verify the utility of the created framework, fulfilling the third research
objective. These geriments reflected the current state of research and best practices

in major construction project environments.

The combination of experiments and case studies was employed under a strategy
termed experimental case studies, where the researcher reviewed policy papers,
articles, and other technical documents, and conducted experiments, which were
treated as case siad. The data obtained through academic articles, policy papers, and
reports were analyzed using BIM, TM, and relevant models, forming a robust

foundation for the research.

The adoption of TRIZ as a systematic literature review method proved to be valuable

in identifying problems and generating creative solutions, which is critical for
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overcoming challenges in TM usage for BlMrvasive major construction projects
(Gadd, 2011). Furthermore, the N&pproach was used to structure the systematic
literature review, enabling the researcher to explore the history, present, and future of
TM and BIM in major construction projects. The NSP facilitated a qualitative
identification of themes, which informed éhBIMTAPE Framework for project

management, addressing the study's third research objective.

By combining systematic literature review, TM experiments, and case studies, the
study adopted a mixed experimental case study strategy to ensure comprehensive data
analysis. This approach proved effective in identifying research themes and gaps,
guiding he research roadmap for the TM approach for Biénted performance

enhancement in major construction projects.

Thus, the abductive approach allowed for the iterative combination of both inductive
and deductive reasoning, which aligns with the overall research aims. This approach
facilitated a baclandforth process between these methods, enabling the development
ard refinement of the BIMTAPE Framework. Furthermore, the abductive reasoning
process aligns with the pragmatist stance already adopted in this study (Parvaiz et al.,
2016; Morgan, 2007). This iterative process ensured that the research remained

flexible, responding to emerging insights from both theory and practice.

This study's approach is highly suited to complex, -tnaditional research
frameworks, focusing on data from academic literature, policy documents, and
technical files rather than primary sources like surveys and interviews. The complexity
of the researchnd the integrated use of various frameworks and software tools justify
the adoption of the mixed experimental case study strategy.

3.6.2 Justification for Research Strategy

The combination of experimental case studies and systematic literature review was
selected to thoroughly investigate the integration of BIM and TM in major construction

projects. This approach allowed for:

(1) Rich Contextual Understanding
The case study approach, with a focus onwneald applications of BIM and

TM, provided a deep understanding of how these methodologies influence
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project performance. Each case was an opportunity to explore how the
theoretical concepts are applied and adapted in practice, offering insights into
their functional consequences.

(2) Empirical Testing through Experiments:
The experimental nature of the case studies enabled the testing of the
BIMTAPE framework under controlled yet realistic conditions, ensuring that
the findings were not only theoretically sound but also applicable in practical
construction project environmts.

(3) Thematic Exploration and Gap Identification:
The systematic literature review allowed the researcher to critically assess
existing literature on BIM and TM, informing the framework's development
and ensuring that it addressed contemporary challenges and filled gaps in the
literature.

3.6.3 Justification for Multiple and Mixed Methods

Given the complexity of this research, a multiple and mixethod approach was
essential for providing a comprehensive analysis of both qualitative and quantitative

data. The following justifications explain why this approach was selected:

(1) Triangulation: The combination of multiple data sources (systematic
literature review, case studies, and experiments) enhanced the validity of the
research by corroborating findings from different methods.

(2) Complementarity: The use of both qualitative and quantitative techniques
allowed for a more thorough exploration of the research questions. Qualitative
insights from case studies were complemented by the quantitative analysis
derived from experimental data, leading to eher understanding of the
integration of BIM and TM.

(3) Facilitation: The experiments conducted within the case studies were guided
by insights gained from the systematic literature review, demonstrating how
one research method supported and informed the other.

(4) Generalisation and Interpretation: While the case studies provided detailed,
contextspecific insights, the combination of experiments allowed for the

generalisation of findings. This mixed approach also facilitated the
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interpretation of complex relationships between BIM, TM, and project

performance.

This comprehensive strategy enabled a robust and reliable exploration of the research
problem, ensuring that the BIMTAPE framework was vielinded both theoretically
and practically.

3.7 Time Horizon

Conducting research is a tinrgensive process that depends on the duration spent on
data collection and analysis. The fi fth
horizon, which refers to the period within which research is conducted to ath@wver
research question (Saunders et al., 2012). Saunders(80&P) categorize research
based on two types of time horizons: cresstional and longitudinal. Additionally,

Kosow and Gal3ner (2008) identified three fundamental time horizons

Table3.8: Time horizons

Short-Term Medium Term Long-term

Up to 10 years Up to 25 years More than 25 years.

Crosssectional research, also referred to as “sm& research,” involves data
collection at a single point in time. It is typically shorter in duration and less resource
intensive than longitudinal research, which collects data over an extended period.
longitudinal studies, data is collected at different points in time, often over years,
allowing researchers to compare data sets and study changes over timse€Cwossl

studies are used when time or resources are constrained.

The present research adopts a egesgional time horizon, as data was collected from
articles, reports, and policy papers at a single point in time. Thigdiraeedata
collection is consistent with the limitations of cresstional studies, making the
research relevant only for the current timeframe. As technology evolves, the findings
and frameworks established in this research may become outdated, providing future
researchers with opportunities to propose updated models that align with new

technologichadvancements and circumstances.
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3.8 Data Collection and Analysis

The collected data underwent qualitative TM techniques to extract meaningful
information. This involved the use of NLP algorithms to analyse the text data. The
qualitative TM process included steps such as datapneeessing, keyword

extraction, entity reognition, and topic modelling. These techniques aimed to uncover

patterns, themes, and relationships within the text data.

To analyse the results obtained from qualitative TM, the researcher employed
guantitative analysis techniques, specifically SNA, a methodological approach used to
analyse relationships and interactions among entities within a system. In this research,
SNA was applied to the extracted data to examine the relationships and connections
between different keywords, concepts, or entities identified through TM.

The application of SNA allowed for the visualisation and analysis of network
structures and patterns present in the datpravided insights into the centrality,
connectivity, and influence of keywords or concepts within the BIM pervasive major
project delivery domain. Through gquantitative analysis using SNA, the researcher
aimed to uncover hidden relationships, identify iafitial factors, and gain a deeper

understanding of the interactions between different elements.

It is the innermost layer of the Research Onion model. The philosophical stance,
research approach, and methodological choice determine data collection and analysis
methods. This research does not contain the human participants. Furthermore, it is not
a cawventional experiment method in which a control group or experimental group.
However, the experiment method is employed using secondary data such as
documents, reports, policy papers and journal articles. The unique characteristic of this
research is that single article or document is used as a case study separately for every
experiment. These documents were thoroughly studied to extract quantitative and

gualitative data relevant to the research.

The basic statistical methods, frequency analysis and graphical presentation of the

data, are applied while analysing quantitative data.

In qualitative analysis, the research employed the content analysis method. Following

are some of the types of content analysis.
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1 Relational analysis

1 Conceptual analysis

1 Proximity analysis

1 Cognitive mapping

Among these types, proximity analysis was perceived to be the most suitable method
for the present study. Proximity analysis is the process of evaluating the existence of
the explicit concepts present in the text. The text in the research is definetiag a s

of words called a window. Proximity analysis is the chosen method for a doecument

term matrix in which each row represents a document, and a column represents a term.

While collecting and analysing the data, the researcher strictly followed some
protocols, as research is a publicly accountable prot&tand analysis consists of

big data access, which is public or private data. The concept of privacy is very crucial
in TM. While collecting and analysing data, the data privacy protocols were strictly
followed. The researcher confirmed that the documents, reports, policy papers or
articles were credible and reliable and not opirbased random articles or content.
The rdiability and credibility of the data were doubtbecked.

As suggested by Wilkinson et al. (2016), the data analysis is performed using the FAIR
principle, which stands for findable, accessible, interoperable, and reusable. The
guiding principles are as follow$able3.9:
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Table3.9: FAIR principles of data analysis

Findable

F1. (meta)data are assigned a globally
unique and persistent identifier

F2. data aréescribed with rich metadata
(defined by R1 below)

F3. metadata clearly and explicitly includq
the identifier of the data it describes

F4. (meta)data are registered or indexed
a searchable resource

Accessible

Al. (meta)data are retrievable by their
identifier using a standardised
communications protocol.

Al.1 The protocol is open, free, and
universally implementable

Al1.2 the protocol allows for an
authentication and authorisation procedu
where necessary

A2. Metadata is accessible, even when tl
data are no longer available

Interoperable

I1. (meta)data use a formal, accessible,
shared, and broadly applicable language
knowledge representation.

Reusable

R1. Meta (data) are richly described with
plurality of accurate and relevant attribute

R1.1. (meta)data are released with a cleg

I2. (meta)data use vocabularies that follo
FAIR principles

and accessible data usage license

R1.2. (meta)data are associated with
13. (meta)data include qualifieéferences | detailed provenance

to other (meta)data R1.3. (meta)data meet domawlevant

community standards

Source: Wilkinson et al. (2016

3.8.1 Research Techniques and Procedures for the Study

Thisresearch was based on the three objectives described in Chapter 1. The intention
was to ensure that the objectives were met by adopting the best method for the study
that would guarantee positive outcomes. Accordingly, the focus was placed on
leveraging he systematic literature review to inform the study on the use of TM for
BIM-pervasive major construction projects and the need for the development of new
technical solutions as an approach to boost performameeted practice in major
construction projets. The research was conducted by considering the three objectives

described in Chapter 1.
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The research methodology adopted in this study follows the research onion model
(Saunders et al., 2016), providing a structured framework that moves from
philosophical considerations to data collection and analysis techniques. A convergent
parallel mixedmethods approach was selected to address the research questions. This
approach integrates qualitative TM, quantitative social network analysis (SNA), and a
SLR enabled by the NSP. The SLR was employed to review and synthesize existing
literature, while TM vas used to process and extract patterns from unstructured textual
data (Hotho, NiUrnbergemdPaal}, 2005), and SNA provided quantitative validation

by mapping relationships between key terms and themes.

3.8.1.1 Systematic Literature Review with NiSguare Process

The SLR employed in this research was based on the NSP, a structured framework for
organizing and analyzing a wide body of knowledge. The NSP divides the literature
into nine distinct categories or dimensions, providing a comprehensive and systematic
apprach to organizing and analyzing existing studies (Gadd, 2011). By applying the
NSP, this study was able to:

1 Ensure a holistic review of the literature related to BIM and TM.
Minimize biases by categorizing sources into distinct themes, such as BIM
performanceTM applications, and social network analysis.

1 Identify research gaps and formulate a solid theoretical foundation for the

empirical work.

This systematic approach ensured that the literature review was both comprehensive
and structured, as each category of the NSP was carefully analyzed. The insights
gained from this review informed the development of the research methodology,
ensuring thatthe chosen methods were wsllpported by the existing body of

knowledge.

The use of the TRIZ as a systematic literature review method is a valuable approach
in research. TRIZ is known for its ability to help identify problems and find creative
solutions (Gadd, 2011), which can be useful in uncovering the challenges facing the
use of TM in BIM pervasive major construction projects. The NSP is a structured

approach that allows the author to examine the various challenges and potential
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benefits associated with TM in this context (Chen et al., 2021). In this study, the NSP
Is critical in uncovering the potential benefits of TM, such as minimizing time and
material waste and delivering maximum value to the client. This information can then
be used to inform the development of a new framework for TM in BIM pervasive
major construction projects, as well as to validate the usefulness of the framework

through TM experiments.

TRI'Z is an abbreviation of the Russian
zadatcho, translated into Brmdglvinhg dooitoh:
originally invented by Genrich Altshuller in the Soviet Union in 1946. Since then, it

has gained wide adoption in industry including in the built environment sector. It has

been found to be useful in establishing a comprehensive understanding thematic
problems (Gadd, 2011), and it was accordingly adopted as a research method in the

study to dentify themes and inform the roadmap of this study.

Chen et al. (2007) adopted NSP and ANP in performing a-gritkria assessment of
facade systems while considering the useful life of the design. In the study, NSP
facilitated a comprehensive systematic literature review that established a technical
framework of facilities management based on available literature and principles. Chen
et al. (2007) informed further adoption of the tool in studies that require integrated
systematic literature review as a foundation for scope of scope and direction of
reseach. Consequently, the current study adopted NSP as a tool for research focusing

on themes associated with TM approaches for BIM pervasive major project delivery.

TM techniques facilitate a knowledgkiven systematic literature review. TM for BIM
adoption in major projects supports decision making over the lifecycle of projects, and
facilitate more effective management of projects (Ched Bareka, 2022). The
necessity of new research to enhance performance in major construction project
delivery emphasises the essence of TM techniques. These views informed the adoption
of an EBL approach to guide a consistent and reliable assessment opdeyealstudy
roadmap foperformance enhancement in BIM pervasive major project delivery (Chen

et al.,, 2021). Combining several methods in the research demonstrated effective

identification of research themes and areas with potential gaps that guided the research



116

roadmap for TM approach for BIM oriented performance enhancement in major

construction projects.

A holistic systematic literature review enadbley the NSP tool provided justification

the aim and objectives of the research. Also, the review highlighted fundamental
research themes and where there was a need to establish a new TAPE. Following a
need to derive a reliable set of BIMTAPE Frameworlyds necessary to base it on a
comprehensive systematic literature review and practice and ensure its suitability to
clustered themes and work stages throughout the lifecycle of major construction
projects. For more focused research, as advanced in teatdinesis, the NSP, a TRIZ

tool, was selected to achieve these needs. NSP was able to provide a qualitative
identification and consequent justification of the BIMTAPE Framework and research

task clusters.

The NSP approach described in the current thesis is illustrated in Figure 2.1 (see
Chapter 2). The diagram is comprised of nine squares, or windows, used to derive the
framework of this study. Fundamentally, the NSP looks horizontally from three
perspecte s of the subject problem: the fAhistc
through microcosmic and macroscopic review of available information and a system

level review vertically. The illustration of the NSP in Figure 2.1 indicates thepset

of BIMTAPE Framework and how the goal was achieved through the establishment

of potentials in BIM execution for major construction project delivery within the

central window, gathering input from the remaining seven windows through evidence

based assessment.

3.8.1.2 QualitativeTM Data Collection and Ontological Modelling

The qualitative TM data collection process in this research focuses on the analysis of
unstructured textual data using the BIMTAPE framework. The framework addresses
the limitations of traditional BIM standards, such as IFC, by incorporating advanced
TM and NLP techniques. These techniques enable the analysis of unstructured data,
such as project reports, emails, contracts, and otheb&seid sources, which are often

overlooked in conventional BIM workflows.
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3.8.1.2.1 Text Collection Using the BIMTAPE Framework
The text collection process was conducted using the BIMTAPE framework, a
structured approach designed to handle the complexity of unstructured er semi

structured textual data. Textual data for this study was gathered from six key sources,
referred to as Bll Text Sets (TS):

BIM Text Set 1 (TS1): Academic articles on BIM

BIM Text Set 2 (TS2): Technical files from reabrld case projects
BIM Text Set 3 (TS3): BIM standards froBSI

BIM Text Set 4 (TS4): Approved documents for building regulations
BIM Text Set 5 (TS5): Corporate BIM policies

= =4 =4 4 4

BIM Text Set 6 (TS6): National BIM strategy and policy papers

These text sets were carefully selected to provide comprehensive coverage-of BIM
related themes and to ensure the relevance of the qualitative data to the study's
objectives. The purposive sampling technique was employed, targeting authoritative

sources tht align with the scope of the research (Bilal et al., 2016).

The data collection process involved a combination of web scraping techniques and
manual extraction. Python and-Rudio were utilised to scrape relevant online
repositories and collect key documents from academic, governmental, and industrial
databases. He gathered documents represented a wide spectrum ofrebakéd
knowledge, encompassing technical standards, policy papers, and case studies,

ensuring that the textual data encompassed various facets of BIM.

3.8.1.2.2 Ontological Modelling within the BIMTAPE Framework

The BIMTAPE framework incorporates ontological modelling to structure the
qualitative TM process. The framework is illustrated as a RIBA plan matrix (see
Chapter 4), which was designed to address the complexity of data science projects
focusing on text analysis. Although the framework is founded on the CBMP
model, a key distinction is theomplexity of the textual data being analysed. The
CRISRDM approach typically involves six stages, but the BIMTAPE framework
follows a more streamlined process witrefstages: from BIM text collection to BIM

oriented insights.
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Each stage of the framework is designed with a specific aim, task, and expected
outcome, ensuring a clear progression in the development of the TM model. The
BIMTAPE framework utilises ontology to establish relationships between different
concepts withinhe text, which enables a deeper understanding of howrBlated
processes are described in major construction projects. Ontological modelling helps to
organise and structure the data, enhancing the ability to extract meaningful insights

from unstructuredext.

The BIMTAPE framework is beneficial in that it enables repetition and iteration within
each phase, facilitating the refinement of the TM model as new data is collected and
analysed. These iterative cycles ensure that the framework adapts to the unique
requrements of each dataset and construction project, making it a flexible tool for text

analysis in BIM.

3.8.1.2.3 Text Preprocessing for Qualitative Analysis

Before applying TM techniques, the collected data underwentprpecessing phase
to convert the unstructured text into a format suitable for analysis. TipFquessing

steps included:

1 Tokenisation: Dividing the text into smaller units, such as words or phrases.
1 Stopword removal: Eliminating common, irrelevant words (e.g., and, the).

1 Stemming and Lemmatization: Reducing words to their base or root form.

1 Term Freguencynverse Document Frequency (TBF): A weighting

technique to assess the importance of words within the corpus.

These preprocessing steps transformed the unstructured data into a structured form,
enabling deeper analysis through the application of TM algorithms (Nayak et al.,
2016). By organising the data in this way, the BIMTAPE framework ensures that the

extractel information is both relevant and actionable for Bidfated projects.

3.8.1.2.4 Qualitative Insights fronTM
The application of TM techniques within the BIMTAPE framework allowed for the

identification of key themes and topics from the collected data. Techniques such as
keyword extraction, entity recognition, and topic modelling were employed to uncover

patternswithin the text. These insights were crucial in understanding the broader
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themes within the BIM pervasive project delivery domain, such as risk management,

collaboration, and efficiency.

The insights gained from the qualitative analysis provided a foundation for the next
stage of the research, where quantitative techniques, such as Social Network Analysis
(SNA), were applied to validate and further explore the relationships identified in t

text. The integration of ontological modelling within the BIMTAPE framework
ensured that these insights were not only based on raw data but also supported by a

structured conceptual understanding of BIM processes in major projects.

3.8.1.2.5 Privacy and Data Reliability Considerations

Throughout the data collection and analysis process, strict protocols were followed to
ensure the privacy and reliability of the data. Given the sensitivitiodnd analysis,
especially when dealing with large datasets from both public and private sources, it
was imperative to follow established data privacy guidelines. The research adhered to
protocols that ensured the credibility and authenticity of the cedledbcuments,
verifying that the data was drawn from reliable, authoritative sources ananaioinn

or opiniortbased articles.

The use of the FAIR principle (Wilkinson et al., 2016) further supported the data
handling process, ensuring that all data and metadata were findable, accessible,
interoperable, and reusable. This approach helped maintain the transparency and
integrity ofthe research, ensuring that the findings could be replicated and validated
by other scholars.

The qualitative data collection phase, supported by ontological modelling within the
BIMTAPE framework, provided a robust foundation for the analysis of unstructured
BIM-related texts. By employing a structured, iterative approaciiMQ this
framework facilitated the extraction of meaningful insights that are critical for

advancing BIM in the context of major construction projects.

3.8.1.3 Quantitative Data Collection and Analysis

In parallel with the qualitative insights gained through TM, Social Network Analysis
(SNA) was employed as the quantitative technique. SNA is used to visualize and

guantify relationships between different entities within a network. In this research, it
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was used to map the relationships between terms and themes identified during the TM

phase, providing a quantitative validation of the qualitative findings.

3.8.1.3.1 Data Collection for SNA

SNA was applied to the terms atittmes extracted from the TM phase. These terms
were treated as nodes in the network, and theaccoirrence in the same documents
was represented by edges. This mapping allowed the identification of central themes
and the relationships between key congeBy employing SNA, the research was able

to measure how frequently certain terms appeared together and how closely related

they were within the overall BIM framework.

3.8.1.3.2 Quantitative Analysis through SNA

SNA provided several key metrics to quantitatively validate the relationships
identified during the TM phase:

1 Degree Centrality: To identify the most frequently occurring terms or concepts
in the network.

1 Betweenness Centrality: To evaluate how often certain terms served as
intermediaries between others.

1 Closeness Centrality: To measure the proximity of certain terms to all others

in the network, indicating their influence.

These metrics quantitatively demonstrated the importance of concepts such as
collaboration, efficiency, and risk management in Biated discussions,
complementing the qualitative insights provided by TM. SNA allowed for a clear,
datadriven understandgof the interconnections between different BIM themes and
their relative importance (Pryke, 2012).

3.8.1.3.3 Integration of TM and SNA

The combination of M and social network analysis provided a robust mixethods
approach. While TM offered qualitative insights by identifying and categorizing
themes from unstructured textual data, SNA validated these findings through
guantitative measures. The integratpdraach ensured that both the depth and breadth
of the data were analyzed thoroughly, offering a comprehensive understanding of the

role of BIM in major construction projects (Bilal et al., 2016).
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3.9  Justifying the Single Case Study Approach

The use of a single case study in this research is methodologically justified by adhering
to established guidelines in case study research. Yin (2018) posits that a single case
can be appropriate when it involves a critical, unique, or revelatory cagéearit

serves as an exemplar for testing or developing theory. In this research, the Crossrail
project (BIM Text Set 2) represents a critical case due to its complexity, scale, and the
wealth of technical documentation available from a completed-&ibed project.

Given that Crossrail is one of the largest infrastructure projects in the UK, it provides
a unique opportunity to apply TM techniques within Building Information Modelling
(BIM) to investigate how unstructured data can enhance project managanuen

decisionmaking processes.

Eisenhardt (1989) supports the use of case studies for theory building, particularly in
exploratory contexts where detailed;dapth analysis of a phenomenon can lead to
novel insights. The experimental focus of this research is on integrating TM into BIM
workflows, where the single case study of Crossrail provides a practicalyoddl
context to test and refine these methods. This approach aligns with the need for
contextual depth in understanding complex, pregpecific processes, which are
better @aptured through case study methodology rather than-smaje quantitative
studies (Flyvbjerg, 2006).

Furthermore, Siggelkow (2007) emphasises the value of a single case in illustrating a
point or demonstrating how a neteoretical concept might operate in practice. The
Crossrail projectdos extensive technical
applying TM techniques, allowing for a granular exploration of how unstructured
textual data can complement the structwlath typically handled by BIM systems.

The selection of a single case enables this research to focus deeply on understanding
the intricacies of applying TM in a completed, realrld project, offering critical

insights for future research and practicehia integration of TM and BIM.

Gerring (2004) also highlights that a single case study is valuable for intensive analysis
when the goal is to gain a deep understanding of a particular phenomenon rather than
generalising across cases. In the context of this research, the integratidnirdbT

BIM processes is an emergent area, and the detailed study of-profil case like
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Crossrail provides the necessary foundation to develop a methodological framework.
This framework could then serve as the basis for future 1t studies or broader
applications of TM in BIM across different projects.

Lastly, Stake (1995) argues that single case studies are suitable for instrumental
purposes, where the case is used to gain insight into an issue or to refine a theory. The
Crossrail project is instrumental in demonstrating the value of TM in BIM progesses
and the lessons learned from this single case are expected to inform future applications
of TM in other largescale construction projects. By focusing on a single case, this
research can provide rich, contextualised insights that might be lost in aeibroad
comparative study, while still contributing to theory development in the fields of TM
and BIM.

COVID-19 Impact Justification:The challenges posed by the COVID pandemic

further justify the use of a single case study in this research. As outlined in the
University of Strathclyde's Cowtl9 Impact Statement (2021), PGRs were encouraged

to review and adjust their research plansesponse to the disruptions caused by the
pandemic. This included considering changes to methods, research scope, and data
collection strategies to mitigate the impact of COMI®restrictions. A full version of

the Covid19 Impact Statement can be foumader declaration sectiaf this thesis

for further reference.

Before the pandemic, the research plan may have included the possibility of
conducting fieldwork or exploring multiple case studies to gather primary data.
However, the restrictions on travel, access to sites, andtddeee interactions
severely limitedthese options. In light of these constraints, the research adapted by
focusing on the Crossrail case study, which offers a rich dataset of secondary data and
technical documentation that was accessible without the needgerson site visits

or interviews.

The detailed and contegpecific nature of the Crossrail case allowed the research to
continue with a more focused approach. Although the dataset was reduced due to
limited access to primary data during the pandemic, the available documentation from
Crossail provided sufficient depth for a comprehensive analysis. This shift in focus

aligns with the guidance outlined in the Co\iél Impact Statement, which encourages
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flexibility in research design and methodology to accommodate the challenges brought

on by the pandemic.

In summary, the selection of a single case study of Crossrail is both methodologically
sound and a necessary adjustment in response to GO/ tBstrictions. It allows for

a deep, contextual exploration of h@M can be integrated with BIM, while also
ensuring that the research remains feasible and robust despite the challenges of the
pandemic. The decision to focus on Crossrail, with its wealth of technical
documentation, helped mitigate disruptions caused bpahdemic and allowed the
research to contue progressing towards meaningful insights in this emergent area of
study.

3.10 Exploration of Research Limitations and Implications

The research methodology used in this study has a number of limitations, as explained

below.

The systematic literature review was confined to a specific timeframe and a predefined
set of keywords. As a result, the outcomes of the study might lack generalizability to
different timeframes or alternative keyword sets. To overcome this limitatiamefut
research could consider undertaking a more extensive and comprehensive systematic

literature review.

The ontological approach to BIMTAPE Framework is in its developmental stages and
has yet to gain widespread usage. This limitation implies that the study's findings
might not be readily applicable to other projects employing the BIMTAPE Framework.

To tackk this constraint, future research could focus on formulating and validating a

more robust ontological approach to BIMTAPE Framework.

The TM experiments were limited to a small dataset and may not be readily applicable
to other projects. Consequently, the study's outcomes might not be broadly
generalizable to projects utilizing TM. To overcome this limitation, future research
could undetake TM experiments on a more extensive dataset, enhancing the potential
for broader applicability.
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Despite these limitations, the research methodology used in this study provides a
valuable foundation for future research on the ugévbfor performance enhancement
in BIM. Future research could address the limitations of this study by:

Conducting a more comprehensive systematic literature review.
Developing and testing a more robust ontological approach to BIMTAPE
Framework.

1 Conducting TM experiments on a larger sample of data.

The findings of this study suggest that TM can be a valuable tool for improving the
performance of major projects. Future research aiming to leverage TM for enhancing
performance in BIM pervasive major project delivery holds gbeential to offer

substantial advancements to the field.

3.11 Ethical Considerations for the Research

Ethical considerations are an integral part of any research, particularly when it involves
the collection, analysis, and presentation of data. In this study, ethical concerns were
thoroughly addressed to ensure the integrity of the research process pudebi@on

of all stakeholders involved. The key ethical principles followed in this study are based
on the guidelines provided by the British Educational Research Association (BERA)
and the Economic and Social Research Council (ESRC), ensuring compliémce
established ethical standards in academic research.

3.11.1 Data Confidentiality and Anonymity

The primary data sources in this study, such as academic articles, policy papers, and
technical reports, were all publicly available documents. Nevertheless, ethical
considerations regarding the treatment of data were upheld. TM was used to analyze
unstrudured textual data extracted from these sources, and measures were taken to
ensure that any proprietary or sensitive information was treated with confidentiality.
For instance, in cases where internal or technical documents from companies were
included inthe analysis, only publicly accessible information was utilized to avoid any
breach of confidentiality. To maintain data integrity and privacy, all sources were
anonymized in the reporting process, with no proprietary data linked to specific

organization®r individuals.
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3.11.2 Informed Consent and Permission

Although this study primarily relied on secondary data sources, the principle of
informed consent remained relevant, particularly in accessing certain technical
documents or reports from public domains. Where necessary, permissions were sought
for the useof documents that were not freely available in the public domain, and
appropriate attributions were made to honour intellectual property rights. The
systematic literature review afidM procedures adhered to the ethical standards for
literaturebased reseah, ensuring proper citation and acknowledgment of all authors

and original sources.

3.11.3 Accuracy and Integrity of Data

The methodology of the research, particularly the TM and SNA techniques, was
rigorously applied to ensure the accuracy and integrity of the data analysis. This ethical
consideration is critical in research that involves computational techniques and
quantigitive analysis, as any misuse of data or misrepresentation of results could lead
to misleading conclusions. The researcher adhered to best practices for N and

to minimize biases in data interpretation and to avoid manipulation of the data. All
data aalyses were conducted transparently, ensuring that the findings are replicable
and verifiable by other researchers.

3.11.4 Ethical Use of Algorithms and Al Tools

The use of ML and Al tools, such as those employed by raises ethical questions
around the transparency and fairness of the algorithms used. In this study, ethical Al
practices were followed to ensure that the algorithms deployed did not introduce bias
or discrimination in the data processing and analysigest TheTM models were
trained on neutral, publicly available datasets to ensure fairness in the identification of
patterns, themes, and relationships within the textual data. The algorithmgstede t

and validated for accuracy, with the findings crobscked through SNA to ensure
that they reflected the true relationships within the data, free from computational

biases.

3.11.5 Data Storage and Protection

All data collected and analyzed during the course of the research were securely stored

in compliance with data protection regulations such as the General Data Protection
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Regulation (GDPR), which governs the handling of personal and sensitive data in the
European Union. Although this study did not involve the collection of personal data,
the protection of intellectual property and organizational data was prioritized. tEhe da
were encrypted and stored in secure databases, accessible only to the researcher.
Additionally, all data files were anonymised, and unnecessary personal or sensitive

details were excluded from the final dataset used for analysis.

3.11.6 Transparency and Ethical Reporting

Transparency in reporting the research findings was maintained throughout the study.
The methodologies used, particulaBYR, TM, andSNA, were clearly outlined to
ensure that readers could follow and replicate the research process. All findings,
whether positive or negative, were reported in full, and there was no selective reporting
of results to fit preconceived conclusions. Additionalbpnflicts of interest were
disclosed, and the researcher remained impartial and objective throughout the research

process.

3.11.7 Academic Integrity and Avoidance of Plagiarism

In adhering to ethical academic standards, plagiarism was strictly avoided. All sources
of information, from academic literature to industry reports, were duly cited using the
Harvard referencing style, and ideas from other researchers were properly
acknowedged. The researcher ensured that the original work was clearly distinguished
from the work of others, and due credit was given for all contributions that informed
the research findings. To maintain academic integrity, plagiarism detection software

was enployed to crossheck the thesis before submission.

The ethical considerations outlined above were rigorously applied at every stage of the
research process. From the collection of unstructured textual dataTiMinig the
guantitative validation using social network analysis, ethical best practices were
adhered to, ensuring that the research was conducted with integrity, transparency, and
respect for all parties involved. This commitment to ethical standards $teasghe
credibility of the studyés findinegy and

to the growing body of knowledge on BIM amt¥ in the construction industry.
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By following these ethical guidelines, this study not only provides reliable and valid
results but also sets a foundation for future research that can build upon the
methodologies and findings presented here.

3.12 Chapter Summary

This chapter detailed the comprehensive research methodology employed to address
the objectives of this study, focusing on the integration of TM within BIM to enhance
performance in major construction projects. Following the "research onion"
framework by @unders et al.(2016), the chapter outlined the philosophical
foundation, the research approach, and the methods for data collection and analysis.

The study adopts pragmatism as the guiding research philosophy, allowing for the use
of both qualitative and quantitative methods. The methodology employs a convergent
parallel mixedmethods approach, combining TM for qualitative analysis of
unstructured dta and SNA for quantitative validation. This integration provides a
robust framework for analyzing and interpreting the unstructured textual data gathered

from BIM-related sources.

A SLR enabled by the NSRas conducted to establish a solid theoretical foundation
for the study. The NSP allowed for a comprehensive review of existing literature,
minimizing biases, and identifying gaps in the research related to BIM and TM
integration. The SLR informed the emipal phase, where data collection and analysis

techniques were further developed.

TM was applied as the primary qualitative tool, focusing on analyzing unstructured
textual data such as academic articles, policy papers, standards, and technical reports.
TM provided insights into recurring themes, patterns, and relationships withiatéye d
while the use of NLP techniques facilitated the transformation of unstructured data
into analysable formats. Six distinct text sets (BI®1 to BIMTS6) were selected to

ensure comprehensive coverage of Bidfated topics.

For quantitative validation, SNA was employed to map the relationships between key
terms and themes identified through TM. SNA allowed for the visualisation of

connections between concepts and measured their centrality, betweenness, and
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closeness in the network. This provided a diteen understanding of the

interrelations within BIMrelated discussions.

Ethical considerations, particularly in handling unstructured textual data and ensuring
data privacy, were also addressed, ensuring that the research adhered to established
guidelines and protected the confidentiality of the sources.

In conclusion, the mixethethods approach, integrating TM and SNA, enabled a
thorough investigation into how BIM and TM can enhance performance in major
construction projects. By triangulating qualitative and quantitative data, the research
methodology engres the credibility, reliability, and validity of the findings,
contributing to advancements in BIM practices. The methodologies and techniques
used in this study provide a framework for future research on integrating digital
technologies into constructigroject managemer@hapter 4 lays the groundwork for

the subsequent empirical investigation, setting the stage for the analysis and evaluation

of textual data using the BIMTAPE Framework.
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Chapter 4
BIMTAPE Framework and Experiments

4.1 I ntroduction

This chapter introduces the BIMTAPE Framework, a tool developed within this thesis

to investigate the integration of TM with BIM for performance enhancement in major
construction project delivery. While BIMTAPE is not a research methodology, it
serves asraanalytical framework that addresses the methodological and knowledge
gaps identified in BIM research, particularly in dealing with unstructured textual data.
The chapter provides an overview of each stage of the framework, detailing its
methodologies, s, and techniques. The BIMTAPE Framework bridges the gap
between TM and BIM, facilitating more informed decisimaking and improved
project outcomes. It establishes a connection with previous chapters and sets the stage
for applying the framework to alyse unstructuredextual data from BlMenabled

major construction projects

4.2  TextAnalytical Challenges

TM encompassdbe procedureof examining extensive quantitie§ unstructured text
data and extracting useful insights and information. It has various applications in
different industries, including entertainment, where it can be useddty® user
feedback and improve content quality (Ittoo et al., 2016). Companies like Netflix have
already adoptedM techniquesand have seen benefits from Angatriain and
Basilico, 2012Harris, 2014)The utilizationof TM is anticipatedo risein thecoming
years(Harris, 2014) as organizationspursueto harnessthe abundantinformation

containedwithin unstructured text data.

This research focuses on providing a frameworkTbt that can standardize the
fundamental processes involved in the analysis of unstructured texT datprocess

of TM can present challenges due to the unstructured character of the data and the
intricacy in deriving substantial insights from(Harpaz et al., 2014However, the
methodology proposed in this research aims to overcome these challenges and provide
a systematic approach foM thatholds the potential to yield outcomes that are both

more effective and efficienBy following a standardized framework, companies can
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leverageTM to gain a competitive advantage and extract valuable insights from their

data

TM has its own set of challenges, mainly due to the nature afiaéxivhich is often
unstructured, coming from a variety of sources sudoeaisl mediayoice recordings,

etc (Hassani et al.,, 2020)These sources store data in different formpdsing a
challenge for data scientists aiming to merge and analyse(t@ssani et al., 2020)

As a resultthis necessitates several ym®cessing steps to structure the data in a way
that enables efficient analysf{duneja et al., 2019)These challenges k&aTM a
complex process, but despite these difficulti@®l has potential to support
performance enhancement in various industries, including construction, by providing

new insights and analysis from large amounts of text(Wét&kefieldandBean 2004).

Additionally, the use of slang, idiomatic expressions, and abbreviations can also add
to the complexity ofanalysng text data. Furthermore, text data often contains
irrelevant or redundant information, as well as inconsistencies and errors, which must
be cleaned and processed before analysis can be perf¢8uadet al., 2018)
Therefore, it is crucial to apply the right methodology to tackle these challenges, such
as the normalization of text, the removal of stop words, stemming, and lemmatization

to makethe text data amenable to analysis

In many multinational companies, the use of English as a common language for
business communication is widespread, especially at the higher management level.
However, at the operational level, local languages are often used for communication
as it can be wre efficient and effective in conveying information to employees who
may not be fluent in English. It also helps to maintain cultural diversity and create a

more inclusive work environmef(ittoo et al, 2016).

Dealing with humargenerated data in a natural language format camidey
challenging for automation processes. Natural language is complex and diverse, and
understanding it requires a deep understanding of human language, including context,
grammar, semantics, and cultural nuances. Additionally, the informality and sparsity
of the data can make it difficult for machine algorithms to extract meaningful
information (Rajput, 2020) The use of casual words andfdkrmed grammatical

constructs can also makechallenging for algorithms to accurately process the data
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(Ittoo et al., 2016) This is a majothurdle in industries such as customer service,
sentiment analysis, and information retrieval, where large amounts of unstructured text

data are generated every day.

To overcome languaggrocessing challengeblatural Language Processing (NLP)
uses advanced techniques to help machines better interpret human language (lttoo et
al., 2016). Named Entity Recognition (NER) identifies and classifies specific elements
in text, such as names, dates, and locations, iaipsystems to extract meaningful
entities from unstructured data (Weischedel et al., 2013)-oR&peech (POS)
tagging labels words in a sentence according to their grammatical roles like nouns,
verbs, or adjetives, providing structural insights that assist in parsing sentence
meaning (JurafskgndMartin, 2019). Sentiment Analysis assesses the emotional tone
within text, determining whether the expressed opinion is positive, negative, or neutral,
which is particularly useful for gauging user attitudes or public sentiment on a topic
(Liu, 2012)

Furthermore, in the context of text analytics systems in BIM pervasive major project
delivery, domain knowledge expertisedastical for accurately capturinthe specific
industry keywords usedBIM projects, construction or infrastructure initiatives that
use BIM technology to create and manage a digital representation of the building or
infrastructure generate large amounts of text data, including project specifications,
contracts, drawings, and reports (Eastman et al., 2Uhig text data is an imptant

source of information for decisiemaking and project management.

However, to effectively analyse this text data, the text analytics system must be
capable of understanding the construction industry's specific language and
terminology, which includes diverse and often conspdcific terms related to project
phases, matials, methods, and regulations. Rather than depending on structured data
standards like IFC or bSDD, this system processes unstructured data directly through
TM and NLP techniques, enabling it to capture meaningful incisgtegific insights

from textualsources This requires domain knowledge expertise and a robust NLP
engine to accurately identify and extract relevant information from the tex{idata

et al., 2016)Having such aystem in place can help organizations to improve project

delivery, reduce risks, and make ddtaven decisionsn a more costand time
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efficient way.Nowadays, companies aicreasingly investing imew technologies

that can deliver valuen reattime or neafreattime to support fagpaced decision
making(Zohuri et al., 2022)This is especially true for text data, where organizations
need to process vast amounts of information in a timely manner to make informed

decisions.

Speed is a key requirement for many organizations in the design of analytics solutions
that address the challengesBag Datacomplexity(Naeem et al., 2022Yhis has led

to the development of advanced NLP techniques and algorithms that can process text
data in reatime or neareaktime, providing organizations with the ability to make
datadriven decisions quickly and efficiently. Additionally, advancersent cloud
computing, distributed systems, and parallel processing have also made it possible to
scale text analytics solutions to meet the needs of organizations with large amounts of
text datgIttoo et al, 2016).The rapid data generation rate poses a significant challenge
that text analytics systems must address

Socialmedia networkssuch as Twitter, are a prime example of this challenge, as they
produce massive amounts of text data in-tieaé. Asper Twitter Usage Statistics
(2022) on average),000 tweets are generated every seaond@witter, creating a vast

and constanthchanging stream of information. This requires text analytics systems to
be highly scalable, efficient, and capable of processing large amounts of data in real

time.

The analysis of text data presents unique challenges that go beyond standard data
processing. In research, surveys like the one by Shen et al. (2022) have explored tools
for extracting value from natural language data. For instance, Tan (1999) compiled a
list of TM products and applications for refining text and distilling knowledge. In the
context of BIM, adopting new processes and tools is crucial for supporting large teams
and enhancing project effectiveness. This requires a solid understanding of NLP
techniques and their integration into BIM workflows to extract insights from text data

Additionally, the development of BIMpecific text analytics systems that are designed
to meet the unique needs of the construction industry can also help to improve project
delivery and decisiomaking(Saltz 2015).The stepoy-step process of text analytics

often assumes that the results will be efree, but in reality, this is not always the
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case.While data scientists acknowledge the significance of producingduglity
outcomes, there has been relatively less emphasis on establishingdefimelt
process to ensure such quality results. This stands in contrast to the thorough

methodologies comanly employed in software development

Therefore, theproposedBIMTAPE Framework aims to address the challenges
associated with text analytics in Bibtientedmajor construction project deliveryhe
frameworkconsiderghe integration oML methodologies antext analytics wittBig
Datamining to enhance the performance of Btivlentedmajor construction project
delivery. The main contribution of this thesis is the proposal of a new technical
solution in the context of text analytics and its integration with BIM to improve
performance and decisianaking in major construction projectlelivery. The
BIMTAPE Frameworkis designed to provide a structured, systematic approach to text
analytics that considers the unique needs and requirements of thadidtry ands
intended to help organizations to better leverage the potential of text data to support

project delivery and decisiemaking

4.3  Developmentof BIMTAPE F ramework

The BIMTAPE Framework serves as an analytical tool developed to address the
challenges of text analysis in Butiented major construction projects. Although it is

not a research methodology, it is designed to complement existing methodologies by
offering a structured and systematic approach to text analysis in Bidframework
consists ofa set of steps thajuide the user through the processdentifying the
purpose of the text, understanding the context in which it was produced, and evaluating

the quality and relevance of the information it contains.

By following the steps of theéBIMTAPE Framework organizations can more
effectively extract valuable information from BHlated texts and use it to support
decisionmaking and project deliveryThe framework is made to be flexible and
adjustable according to the specific needs of different organizatraizojects and
can be used toanaly® a wide range of BlMelated texts, including technical
documents, specifications, contracts, and standardsBIMWiEAPE Frameworkwas
developed toaddress the chalges of text analysis in the context of BIM and to

enhanceerformancen BIM-relatedconstruction projects.
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It relies on the framework dhe Cross Industry Standard Process for Data Mining
(CRISRDM) methodology, which provides a structured and systematic approach for
conductingandorganizingdata mining projectsdhen et al.1999. CRISRDM was
developedy a consortium ofive companiesas described in Chapmanal. 000),
including Daimler AG, Teradatdntegral Solutions Ltd (ISL), OHRAg&n insurance
company, andNCR Corporationlt has become a widely adopted standard for data
mining projects and provides a structured approach for conducting data mining
projects from start to finis{Piatetsky 2022).

Systematic documentation along wéthectiveproject management play an important

role in the success of KDD projectSkarpathiotakiand Psannis, 2022)A
meticulously organizegroject management proceagds in guaranteeing timely
delivery, adherenc® budgetconstraints, and achievement of the necesgaajity
benchmarks for the projec®ystematidocumentation helps to ensure that the results

of the project are well understood and can be easily communicated to stakeholders
(Tan 1999). Despite numerous attempt® introduce variousapproaches for
overseeingdata mining projectsthe lack of a propermethodology for project
developmenis one of the common pitfalls in data mining proje@d¢oss and Are,

2003)

Although there is a welllefined methodology for conducting KDD projectamerous
reatworld projects still tend to be approached in a disorganized and improvised
manner(Beckerand Ghedini, 2005;Nadali et al., 2011 This is likely due to the
complex and eveevolving nature of the field, as well as the diverse range of
techniques and tools available for conducting KDIevertheless, it is important for
practitioners to follow a structured methodology to ensure the validity and reliability
of their resultsThe six phases of KDRs adumbrated bghapman et a2000)are

as follows

1 Phase 1BusinesdUnderstanding: The goalin this phasés to understand the
business problem that the data can solve. This includes defining the objectives
and goals of the project, as well as identifying the stakeholders who will be

impacted by the results.
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1 Phase 2: Data Understanding: The goal in this phaseis to get a
comprehensive understanding of the data that will be used for the project. This
includes exploring the data to identify patterns, outliers, and other
characteristics.

1 Phase 3:Data Preparation: The goalin this phasés to clean and prepare the
data for analysis. This includes dealing with missing values, correcting errors,
and transforming the data into a format that can be used for analysis.

1 Phase 4:Modelling: In this phase, the goal is to use the data to build models
that will help solve the business problem. This includes selecting the
appropriate algorithms and tools, as well as testing and validating the models.

1 Phase 5:Evaluation: In this phase, the goal is to evaluate the effectiveness of
the models built in the previous phase. This includes comparing the results of
the models to the objectives and goals defined in the business understanding
phase.

1 Phase 6:Deployment: In this phase, the goal is to deploy the solution to the
stakeholders. This includes communicating the results, as well as

implementing the solution in a reaforld setting.

The CRISPDM methodology, which is a widelysed process for conducting KDD
projects, isconceptualizedas an iterative cycle. The CRIEMM methodology
emphasizes the iterative and flexible nature of the Kpidcess andallows
practitioners to make adjustments and refinements as necessary to achieve the best

possible results

CRISRDM is a tootagnostic procedure, meaning that it does not dictate the use of
specific tools or technologies. This makes it a flexible and tabgframework for
conducting KDD projects. SPSS, which was later acquired by IBM{ bpdn the
CRISRDM methodology to create the Analytics Solutions Unified Method for Data
Mining/Predictive Analytics (ASUMDM) (Chapman et al., 2000)ASUM-DM
extends the CRISPM process by incorporating additional steps and best practices
for conducting KDD projects usirl®M G analytical tools and technologies. However,

at its core, ASUMDM is based on the same iterative and flexible approach as ERISP
DM.
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ASUM-DM has five phasesAnalyse Design, Coiigure and Build, Deploy, and
OperateandOptimize. These phases provide a structured approach to conducting KDD
projects using IBNs analytical tools and technologighapman et al., 2000pther
companies, such as SAS, have their own methodologies for conducting KDD projects.
SAS has the SEMMA (Sample, Explore, Modify, Model, and Assess) methodology,
which is similar to the CRISPM and ASUM-DM methodologies in that it provides

a structurd and iterative apprah to conducting KDD project€Chapman et al.,
2000)

CRISRDM and ASUMDM are processriented methodologies for conducting KDD
projectsand provide a structured approach to the overall process of finding valuable
insights from datdSchwade, 2021)There are also other approaches that are more
programmingoriented, and one such approach is the use of R technology for data
science. The use of Rirdgricately connectedith thesuiteof toolscreatedy RStudiq

which are widely used for text categorization and ana({&isrgi et al., 2022)

The Rbased approach to KDD emphasizes the iteraspecof data exploration, and
involves repetitive steps such as Visualize, Model, and Transform. This approach is
tempting due to its simplicity, but it is important to remember that other factors such
as validation, insights gained, and others, also need tmmhsidered in parallel with

the programming effoifLi et al., 2018)

For practical purposethe choice of methodology for conducting KDD projects will
depend on the specific needs of the project, the skills and experience of the
practitioners, and the tools and technologies avail@@iapman et al., 2000Both
processoriented methodologies like CRISPM and ASUMDM, and programming
oriented approaches like the-based approach, have their own strengths and
weaknesses, and the right approach will depend on the specific requirements of the

project.

There is no universally accepted methodology Tdvl, given thatdata mining
techniguesretypically tailored for extractinghformation from structured databases,
whereasTM techniquesarespecialized for extractinoppformation from unstructured
textual data(Skarpathiotakiand Psannis, 2022)NLP is an important tool for

enhancing information extraction proceduresTM (RajmanandBesancon, 1998)
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Therdore, this study developed the customized BIMTAPE Framework for
performance enhancementBiM pervasive major project deliverwhich is inspired

by the CRISFDM framework. This framework provides a generic structureridr
projects, and specific projects may require some changes and adaptations to the
framework. The focus of the study is on methodologgnted development of the
BIMTAPE Framework

The main goal of the propos&IMTAPE Frameworkis to improve the performance

of BIM pervasive major project deliverffhe framework provides a systematic and
structured approach tanalysng BIM-related texts, such as standards, contracts,
technical documents, and specifications, in order to extract valuable insights and

enhance decisiemaking in construction projects.

The BIMTAPE Frameworkaims to address the identified research gap by leveraging
TM techniquesand applying them specifically to BHvelated texts. By utiing the
framework, project stakeholders can gain a deeper understanding of the information
contained within these texts, including its purpose, context, relevance, and quality.
This enhanced understanding enables more informed deamsikimg, effective

communication, and improved collaboration among stakeholders.

The framework also facilitates the identification of key concepts, patterns, and

relationships within BiMrelated texts through the applicationTdfl methodologies.

By analy$ng and interpreting the data extracted from these texts, the framework helps
to identify potential problems, optimize construction processes, and enhance overall

project outcomes.

Ultimately, the goal of th&IMTAPE Frameworkis to provide project stakeholders
with a valuable tool foranalysng and utilizing BlMrelated texts to support
performance enhancementBiM pervasive major project deliverfy integrating

TM techniqueswith BIM-specific knowledge and expertise, the framework aims to
bridge the gap between theoretical insights and practical application, enabling
stakeholders to harness the full potential of BIM technology and improve project

performance.
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The proposed BIM text analytics framework is illustrated@able4.1 using the RIBA

plan matrix, which is a weknown framework used in architecture and construction
projects(RIBA, 2019. This framework is specifically designed to address data science
projects cantered around text analysis and is rooted in the &BVSethodology.

The central objective of the introduced BIMTAPE Framework is to present five
conceptual pathways for advamg a TM model. The primary distinction between this
framework and he conventional CRISPM method lies in the composition and
intricacy of text data. This complexity necessitates an alternative approach to the
process of data analysiShe RIBA plan matrix is a useful tool for organizing and
structuring the steps involved in a data sciepegect andhelps to ensure that the
project is carried out in a systematic and organized ma(REA, 2015. By
following this framework, practitioners can make the most of the information
contained in the text data and extract valuable insights that can be used to improve

their processes and decisioraking.

TheBIMTAPE Frameworkis a customized approach to the CRISM methodology

that has been specifically designed for text analysis in the field of BIVBIMEAPE
Frameworkconsists of five stages, starting from BIM text collection and ending with
BIM-driven insights gainedach stage of thHeIMTAPE Frameworkhas its own aim,

tasks, and outcome. The framework is used to trace the progress of the model
development, and as with other methodologies, it is based on a series of iterations.
Each phase may requiome or more iterations, and the framework is designed to be
flexible enough to accommodate different requirements for different projéesive

stages of th&IMTAPE Frameworkare:

Stage 1BIM text collection

Stage 2Prestudy BIM business understanding
Stage 3BIM TM datacollection andunderstanding
Stage 4Validation of BIM TM approach

= =2 =42 A4 -

Stage 5Performancéoosting BIMinsights

By following the BIMTAPE Framework practitioners can ensure that they are

collecting the right data, understanding it properly, validating their models, and
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extracting valuable insights that can help improve their processes and detaking

in BIM-related major projects.

4.3.1 BIMTAPE Framework Conceptual Development

The development of the BIMTAPE Framework draws on theoretical concepts from
TM, NLP and BIM. However, these fields have developed methodologies for
unstructured data associated with construction projects, which have led to better
collaboration, decreasedrers, and enhanced performance (Guo et al., 2022; Zhou et
al., 2019). However, the BIMTAPE framework embraces the void in information
handling of unstructured textual data which involves project reports, emails and

contracts (Hosseini et al., 2017).

TM and NLP FoundationsftM and NLP help get value from the huge tonnage of
unstructured data. Here, theoretical concepts from data mining and knowledge
extraction models are applied to help identify patterns in project communications and
documents that may aid in decision makingg@arwalandZhai, 2012). In particular,

the use of the Crodadustry Standard Process for Data Mining (CRI3R) to define

a structured procedure for data analysis (MazaratBeetz, 2013) has a powerful
influence on the desigof the BIMTAPE framework. Directly applied in BIMTAPE,

this standard has stages which include data preparation, modeling, and evaluation.

The framework is not specific to structured data model IFC, howEMeand NLP
complement BIM bringing additional insights. While BIM focusesthe structured
data in 3D models and schedul&l] offers the possibility of analyzing project related
texts, which many BIM standards neglect. BIMTAPE improves project performance
beyond the point where purely structured standards can achieve @gathizarry,

2015; Tang et al., 2019), by extracting and analyzing unstructured data.

4.3.2 Rationale for Excluding IFC and bSDD
The Industry Foundation Classes (IFC) and buil @MART Data Dictionary (bSDD)

arewidely recognised standards in BJMccording to Kumar (2024However, they
focus on structured data, which differs significantly from the unstructured textual data
examined in this research. The exclusion of IFC and bSDD in the BIMTAPE
Framework is justified based on their limitations in dealing witktructured data.
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4.3.2.1 Nature of IFC and bSDD: Structured Data Models

IFC and the bSDD are widely recognised as foundational standards in BIM
(buildingSMART, 2020; Eastman et al., 2QIKumar, 20234 These standards support
structured data exchange and collaboration, playing a critical role in ensuring
consistency and standardisation in BIM workflows (PauaetiZhang, 2015; Succar,

2009) However, their primary focus is on structured data, which differs significantly
from the unstructured textual data that forms the core of this research. IFC is a schema
designed to storetrsictured data related to building components, geometrical
properties, and schedules, making it ideal for organising static and hierarchical
information (Karanand Irizarry, 2015). Similarly, bSDD provides a standardised

vocabulary for BIM data, facilitating interoperability between BIM platforms.

4.3.2.2 Emphasis on Unstructured Data

Unstructured data, such as project reports, communications, and meeting minutes,
constitutes a substantial portion, often over 80%, of progated information in the

AEC industry (Guo et al., 2022). This data is highly dynamic and cedépeéndent,
making it difficult to manage using traditional structured data models.ahfl NLP
techniques are wedluited for analysing unstructured data, enabling the extraction of
patterns, trends, and actionable information that structured data models like IFC cannot

effectively handle.

4.3.2.3 Theoretical Justification: Gaps in IFC and bSDD

The exclusion of IFC and bSDD is further justified by their limitations in handling
unstructured data. While IFC is an effective tool for structured data representation, its
static and hierarchical nature makes ksilited for managing the evolving andrn
parametric nature of unstructured data (Kaadlrizarry, 2015). Recent research by
Sobhkhiz and EDiraby (2023) emphasises that linking structured IFC data to
unstructured textual data is insufficient due to the rigid relational schemas that fail to

account for the complex, dynamic relationships within unstructured textual data.

Additionally, approaches for integrating unstructured data into IFC models often rely
on predefined taxonomies or relational mappings. These approaches impose
constraints on the analysis of unstructured data, as they require extensive manual

coding or adharence to standards that may not reflect-tiea¢ contextual shifts in
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project documentation. Thus, excluding IFC in the current research allows the
framework to focus on extracting relationships and conceptual insights that are critical
for understanding unstructured data but cannot be captured by rigid structured models.

4.3.2.4 Future Path: Hybrid Model for Structured and Unstructured Data

While the exclusion of IFC and bSDD is justified in this research, the study
acknowledges their importance in BIM workflows. A future enhancement to this
framework could involve developing a hybrid model that integrates both structured

and unstructured datleveraging the strengths of each.

4.3.2.5 Semantic Networks and Conceptual Distances

A hybrid model could be implemented through the use of semantic networks and
conceptual linking mechanisms. Semantic networks could be constructed from
unstructured text to represent relationships between project concepts, which can then
be mapped to IFClasses by calculating conceptual distances. This approach would
allow the system to automatically link unstructured text data to relevant IFC objects,
thereby bridging the gap between structured BIM data and the unstructured project

documentation.

4.3.2.6 TaxonomyBased Integration

An additional layer of integration could involve the use of taxonomies or ontologies
to support the interoperability between structured and unstructured data. TM and NLP
techniques could be used to annotate unstructured text with relevant IFC codes,
creatng a taxonombased relational mapping that facilitates smoother transitions

between data types.

4.3.2.7 Mitigating the Risk of Exclusion

While the decision to exclude IFC and bSDD may appear risky given their widespread
adoption in BIM workflows, this risk is mitigated by the clear academic and
methodological foundation of the research. As shown in recent studies, IFC's inability
to handleunstructured data limits its usefulness in certain analytical contexts (Tang et
al., 2019). By focusing on unstructured data, this study addresses a critical gap in
current BIM practices, offering a unique perspective that complements traditioral IFC
based approaches (Sobhkhiand EI-Diraby, 2023). Furthermore, the future
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development of a hybrid model ensures that this research remains relevant to industry

practices while pushing the boundaries of what BIM can achieve by integrating both

structured and unstructured data types.

Table4.1: BIMTAPE Famework

Stages and Aims

StageTasks

StageOutcomes

1. Text collection

To extract texts from
organizational databases
and other sources of
information.

TA1.1: A chain of evidence
such as the 6 types of

documentation to be integrated
as sources afocumentation.

TA1.2: Extraction of texts.

Textual data that can be
used to gain insight abou
the processes in the
organization.

2.BIM Use Case and Business Understanding

To gain understanding
about the nature of the
organi zatio
as well as its stakeholder
and their needs.

TA2.1: Identification of key
stakeholders

TA2.2: Study of organizational
processes

TA2.3: Understanding
stakeholder needs.

An overview of
organizational processes
stakeholders, and their
needs.

3.BIM TM data collection and understanding

To gain an understanding
of the data and its
properties, including
identifying the structure
and patterns in the data.

T1: Data preprocessing
T2: Data exploration

T3: Identification of patterns
and structures in the data

The acquisition of
unstructured text that car
be analysed to understar|
the state of the
organization.

4. Validation of BIM TM approach

To evaluate the models
generated in previous
stages and determine the

validity.

T1: Model evaluation
T2: Validation of results

T3: Refinement of models

Validated models that ca
be used for further
analysis.

5. Performance-boosting BIM insights

To extract insights from
the data and use them to
make informed decisions

T1: Documentation of T1:
Interpretation of results

T2: Identification of key insightg
T3: Generation of

recommendations

Key insights and
recommendations that cg
be used to drive decision
making.
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4.3.3 BIM Text Collection
BIM text collection stage has aim, tasks, and expemtiécbmes. The main aim of this
stage is to establish BIM Text Sets €] %r data collectionFor this research to be

more comprehensiydBIM TS collection in connection to BIM practices in major
projects consists of six BIMISs and they are:

BIM TS 1 Academic papers

BIM TS 2 Major project learning legacy files
BIM TS 3 Regulation documentation

BIM TS 4 British standards

BIM TS 5 NationalBIM policy papers

= =4 =4 4 4

BIM TS 6 EnterpriseBIM policy papers

The next step after defining the search boundaries is to collect the text data from each
of the six BIM TSs. This can be done through various methods such as manual
collection, web scraping, or utilizing existing databases. The collected text data should
then be stored in a format that is appropriate for further analysis. It is important to
ensure the quality and validity of the collected data by using methods such as data
cleaning and data pqgrocessing.The collected text from each TS will undergo
various stages of analysis, ultimately contributing to a holistic understanding of BIM
related insights, from compliance and regulatory alignment to organisational practices

and theoretical frameworks

The results of each stage will provide a deeper understanding of BIM processes in
major projects and ultimately support enhanced performance in these profests
data collected from each TS will also be used to verify and validate the findings of
previous studies in the field. The use of multiple BIM TSs helps to increase the validity
and reliability of the research findings. The outcome of this stage tsoé text data

that is ready to banaly®d in the next stage of tiBMTAPE Framework

In this stageTM is used to derive valuable information from the collected data in an
automated and systematic manner. After obtaining data from the-aisnened
sources, a set of filtration process on all Bll@swerecarried out to select the most

relevant papers related study. Stated in detail for clabityljometric and trend
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analysiswere carried out based dBIM TS 1 Academic papers only (retrieved data
from Scopus andVNoS). The main reasorior considering BIM TS1 for both
bibliometricandtrend analysis is because these databases priogheuality data
(e.g., peereviewed studies from respected academic jourrats) permit the option
to refine search queries and perform search in the search Shisglso allows access
to the worlds leading research analytical information and scientific citation plasform
(Chavarroet al., 2018L.i et al, 2018).

UsingBIM TS 1 for bothbibliometricand trend analysiallows for a more focused
analysis on academic papers, which are likely to provide valuable insights into the
current state of BIM research and its evolution over time. This will help in
understanding the current trends and advancements in the field ofaBdMext
analysis. The results fronbibliometric and trend analysis providea better
understanding of the research landscape and identifyalthos, institutions, and
journals in the field of BIM.

This research study is focused on text analysis of research articles. The data collected
from Scopus andVoS databases needs geocessing before text analysis can be
performed. The focus of this study is on the full texts of research articles and-the pre
processing techniques used inclbildiometricanalysis and trend analysis to identify
general trends in BIM use fanajor construction project deliveryrhe following
sectiongdescribe the focus of the research stahd compartechniques used for tex
analysis to determine the most applicable tools for BdMted text datalhe aim of

this stage is to analyse the current state of BIM practices and their impact on the
performance of major construction project delivery, as well as to identify potential
future directions for more efficient and effective application of BIM mettmgles

and tools

4.3.4 BIM Use Case and Business Understandin

Since this studyindertook ecritical systematic literature reviewsing a systematic
approach usin§iSP, therefore the BIM business understanding stage was developed
to capture the use of BIM in practice. The goaB&¥l business understanding stage

was developed to capture the use of BIM in practice and gain a deeper understanding

of reattime BIM scenariosAt this stage,tie researcharsed web scraping to examine
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BIM TS 2 Major project learning legacy files and employed a Python package called
fiBoilerPy3 for natural language analysis. The goal of this stage was to develop a text
analytics model that addresses the knowledge and information needs of the
organization and provides relevant information for improving their understanding of
construction functiog and processes. The aspect of business understanding focused
on ensuring that the users of the text receive the necessary information to improve their

insights ad understanding of the organizatafunctions and processes

This passage explains the source of information used in the experiment and the
methods used to gather it. The experiment used data fronfictbesrail.co.u&
webpage as a cabased example in the contexinadijor construction project delivery

The data was extracted using web scraping with Python and a variety of techniques

and tasks were followed, as described able4.2.

The expected outcome of this stage is to identify the key factors that influence the
effectiveness and efficiency of BIM adoption in major construction projects, as
explored through a detailed analysis of a single;tie@ case project. The use of a

singe case study is justified and thoroughly outlined in the research methodology,
drawing on established case study principles such as those by Yin (2018), which
support singlecase studies in situations that required@pth, contextich analysis.

Thisapp oach enabl es a compr eh e-tineiappkcatienx a mi n ¢
within a representative, complex project setting, offering insights that are both
practically grounded and academically rigorous. Furthermore, the choice of a single

case is reinforak by practical considerations, including COVID restrictions and

time limitations, which impacted the scope of data collection during the study .period
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Table4.2: Stage 2 of th@IMTAPE Fameworkfor the BIMtext extraction

Stage 2: BIM business understanding

Aim To identify business processes and activities affected by the informatior
modelling.
Tasks 2.1: Identify organizational functions and processes.

2.2: Identify tools and resources necessamyrtderstand organizational
functions based on the data collected.

2.3: Develop a plan for text analytics according to organizational proces
needs and functions.

Outcomes| 2.4Improved knowledge and understanding of organizational needs,
information, and data.

4.3.5 BIM TM Data Collection and Understanding

This sectiondescribes théBIM Data Modelling TM)o0 stage of the research. The
main purpose of this stage is to build differéM models from the obtained BIM TS
3-BIM TS 6 textual data and start processing. The tasksT@eke4.3) involved in
this stage are:

1 Model selection: There are many different procedures for model construction,
and new models can be created by combining other models.

1 Parameters tuning: Most model construction procedures have parameters that
can be adjusted, and different strategies may be used to find the best set of

parameters.

Formatted and saved text data wastained from various sources (BIM TS 3
Regulation documentation, BIM TS 4 British standards, BIM TS 5 National BIM
policy papers, and BIM TS 6 Enterprise BIM policy papéssk Table 4.4)The data

was formatted into data frames and saved in .pdf and .txt files for faster access during
computational analysis. The ppeocessing of the data was done usingRIs&tudio

NLTK (Natural Language Toolkit) library and Pythomhe preprocessing steps
applied to the raw text daveere

1 Step 1.Tokenization: The raw text was divided into smaller units called

tokens.
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1 Step 2Removal of punctuations and stop words: Punctuations and stop
words were removed from the text.

1 Step 3:Conversion to lower case: All words were converted to lowercase.
Step 4Lemmatization: The process of reducing words to their base or root

form was performed for frequency counting.

Each experiment for BIM TSvas undertakerseparately, and the results of each

experimentrepresented. Themodellingpart is divided into two stagemcluding

1 Exploratory Analysis: The word frequencies anebcaurrence weranaly®d
to find the trend of occurrence for different BIM adoption issues related to
performance enhancement imajor construction project delivery
Visualizations such as bar charts, trending charts, and word clouds were used
to represent the results.

1 ML Techniques: Both supervised and unsupervised classification models were
used to classify the text data. The classification models were used to categorize

the text data into different classes or gro(fdfoghani et al., 2020)

To evaluate the supervised classification models, the BIM d&demic papers was

used as the classification tags. A variety of techniques were used, including (1)
Information Retrieval (IR)2) keyword ceoccurrence analyses, and (3) Document
Term Matrix (DTM). Text records must be parsed concerning decoding documents
(analysed into logical syntactic components). The learning machine approach must
help the researcher address the slits of -Bervice knowledge, describe new
development themes, and revela¢ thidden structures. Moreover, it gives out an
assessment of the area researched and a holistic picture. The expected outcomes for
this stage will be a set of differefiM models and techniques BtM pervasive major

project delivery
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Table4.3: TheBIMTAPE Fameworkprocedure stage

Stage 3: Data understandingTM)

Aim To prepare the textual data and begin processing

Tasks 3.1 Model selection

3.2 Parameters tuning

Techniques| Information Retrieval (IR)
Keyword ceoccurrence analyses
DocumeniTerm Matrix (DTM)

Outcomes | TM models and technique f&lM pervasive major project delivery

Table4.4: The data sources that will be used during TM stage

Source Type of Data

BIM TS 3 Regulation docs Regulatory documents

BIM TS 4 British standards Standards and guidelines
BIM TS 5 National policy Policy papers

BIM TS 6 Enterprise policy Organizational policy papers

4.3.6 Validation of BIM TM Approach

The aim of the BIM model validation stage is to assess the effectivenessTdfl the
model in achieving the objectives ®M and analysis. The tasks involved include
setting up the model, conducting an analysis of sample texts, and evaluating the
modebs ability to categorize texts, generate meaning, and provide new insights (see
Table4.4). The evaluation process involves comparingTthveperformance through
different SNA and manually verifying each word to determine iffifemodel has
accurately mapped words to specific topics/classes. The goal of the stage is to develop
aTM approach for enhancing the performancenajor construction project delivery

in BIM. The process between BIM TS and the BIM model validation is iterative,

seeking to improve results.
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Table4.5: The RIBA matrix for the new insights gained from the BIM model

Stage4: Validation

Aim To use the BIM model to undertake text analysis and validation.

Tasks 4.1: Launch the model.
4.2: Enter the text in the model and conduct analysis.
4 3: Evaluate the effectiveness of the model in text analysis.

Outcomes| 4.4 The model will be validated by its success in accurately categorising
data, extracting relevant information, and generating insights that suppg
enhanced projegterformance

4.3.7 Performance-boosting BIM Insights

The final stage of th8IMTAPE Frameworkinvolves gaining insights from the
modebs results tsupport performance enhancement in Biktvasive major project
delivery. This stage provides an opportunity to improve organizational functions such
as building processes, communication, and resource management through the use of
TM applications and visualization techniques. The results can be exported into a
tabular format for further analysis by stakeholders eesbarchey, and various
visualization techniques such as live maps, histogramswhéesker plots, and scatter

line plots can be used to preséme insights

4.4  Experiment 1: BIM TS 1 Academic Articles
4.4.1 Body of Text
4.4.1.1 ®ataCollection

Due to the worldwide scopef BIM and thediverse rangef relevantkeywords a
userfriendly and accessiblapproach was necessary to medg#asets from Scopus
and Web of ScienceWoS) search resultsThis method was vital for effectively
conductingoibliometric analysisechniquegCaputoandKarging 2021).Themethod
employedwasdevisedby Echchakou{2020)anddraws upon the method established
by Caputo an&Kargina(2020. As previouslyelucidated theselecteddatabasesffer
superior dataguality andenablesearchquery refinement withirthe search string.
These databasese widelyrecognizedasleadingsource of analytical researctata

and scholarlitations (Chavarro et aR018 Li et al., 2018§.
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Online searches and retrievals were conducted dadbpus and Web of Science core
collections The methodology employed for database search and retrieval aimed to
comprehensively capture search items in a robust and comprehensive manner.
Subsequently, awo-phasefiltering process wasmplemented to retaithe most
pertinent outcome®ocuments such dsok chaptersconference papertextbooks,

and editorialswere excluded from considerati@uring the screening processhe

initial searctlyielded a total 0601 itemsencompassing a timeframea# yeargfrom

2000to 2022) Distinct searchstrings (detailed imables 4.5and4.6) were employed

to access pertinent materifilem the Scopus and/oS databases, respectively.

Table4.6: Search results from Scopus database (as of 18/08/2022).

No. | Integrated search query No.
records

1 | TITLE-ABS-KEY/((fiBuilding Information Modelling OR fiBuilding 412
InformationModellingd OR fiBuilding Information Moded OR fiBIM 0)
AND (fBridged OR fiDamod OR fiHighwayo OR fiMajor construction
projecd OR fiMajor project OR fiRailwayd OR fiMegaproject
deliveryd OR fiMega construction projezOR fiMega projead OR
fiMegaprojead OR AAirportd OR fiunderground OR fiTubed OR
fiHigh Speed Rail OR fi0lympic OR fi0lympic stadiund OR
fiNational stadiurd OR fiUrban regeneratianOR AUrban
redevelopmenitOR fiTransid OR AWater infrastructur@OR AWaste
water infrastructur@) AND ( LIMIT -TO ( DOCTYPB ard) ) AND (
EXCLUDE ( PUBYEAR,1992) ) AND ( LIMIFTO (
LANGUAGEOEnglishd) ) AND ( LIMIT-TO ( SUBJAREA ENGI0)
OR LIMIT-TO ( SUBJAREA BUSIO) OR LIMIT-TO (
SUBJAREAOENVIO) OR LIMIT-TO ( SUBJAREA COMRY) OR
LIMIT -TO ( SUBJAREA ENERY) OR LIMIT-TO (
SUBJAREAOMULTO))
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Table4.7: Search results from the Web of ScientleS) database (as of

18/02/2022).
No. | Integrated search query No.
records
1 | (Abuilding information modelling OR fibuilding information 189

modellingd OR fibuilding information modeéi OR fiBIM ¢) AND
(ABridged OR fiDamd OR fiHighwayo OR fiMajor construction
projecd OR fiMajor projecd OR fiRailwayd OR fiMegaproject
deliverydo OR fiMega construction projegOR fiMega projea OR
fiMegaprojead OR fAirportd OR AUnderground OR fiTubed OR
fiHigh Speed Rail OR fiOlympic OR fiOlympic stadiund OR
fiNational stadiurd OR fiUrban regeneratianOR fiUrban
redevelopmenitOR fiTransid OR AWater infrastructur@ OR AWaste
water infrastructur® (Topic) and Review Articles (Exclude
Document Types) and Articles (Document Types) and Engineerit
Civil or Construction Buildingrechnology or Engineering Industrial
or Engineering Multidisciplinary or Management or Architecture
(Web of Science Categories) and Science Citation Index Expand
(SCIFEXPANDED) or Social Sciences Citation Index (SSCI) (Wel

of Science Index) and Englishghguages)

4.4.1.2 Transformingthe Data

After retrievingthe '.bib' files from each database seardhe researchasroceeded to
convertthem intoa bibliometric format.For this purposethe researcher utilized the
‘biblioshiny()’ command within the RStudio platform, which is made accessible
through the 'biblioshiny()' function present in the Bibliometrix pack@yea and
Cuccurullg 2017). This approach leveragdiblioshiny to enableresearcher who
might not be familiawith RStudioto undertakehis stageThe file conversion process
remains consistefior each file andequiresonly repetition.The researcher brought in
the '.bib' file into the Bibliometrix software by selecting the 'Import raw files' option
from the 'Import or Load files' menu, which can be found in the 'Data' section.
Following this, the researcher proceeded to save the filexicel' format using the
'‘Export a bibliometrix file' choice within the same interface. To simplify the process,
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each file was designated as 'Scopus.xIsx' andYsx'. As a result, two distinct Excel
files were generated, both having the same tag fields in the initial row, but with
information organized in different columns. Additionally, it was observed that specific
supplementary details, such as URLs to mations, might be absent from theo®/

dataset, potentially impacting the bibliometric analysis

4.4.1.3 Mergethe Data

Onceall the datasets westandardized tthe same formathey could be integrated.

In this scenarig both Excel fileswere opened, andheir windows were arranged
horizontally for simultaneous viewing, enablintpe researcheto have bothfiles
displayedon the screem a stacked manner. Subsequently, the 'Scopustiéswas
designatedhs the master file for merging with théeb of Science data. To ensure
relevance to the study, any columns containing extraneous information in the master
file were excluded. Inhe second file)WoS.xlIsx', columns were reordergal align

with the sequence of columitsthe master file after theemoval ofunnecessargata

was carried oumanually The procedureof copying and pasting contefrom one

Excel file into the othewas followed to generat® merged datasetinally, Excel's
'Remove Duplicates' feature was employed to eliminate any duplicated entries within

the combined datasét

4.4.2 Text AnalysisProcess
4.4.2.1 d6rrendAnalysis

Upon concludinghe data collectiophase the researchemergedthe outcomesof

both Scopus antVoS searches int@a singleExcel file. This consolidated filewas
subsequentlymported into Bibliometrix tofacilitate the execution ofbibliometric
analyses. The refinedutcomes underwerto-occurrence and frequen@nalyses,
leveragingspecificattributes ofthe published materials such @sthorassociations,
publicationdates, publication typegournalsourcesand countryaffiliations, among
otherfactors. Subsequentlikeyword ceoccurrence analyses were conductedeive

into potential researatiirections knowledge gapsandtrends The objective of these
analyses was to evaluate BIM research within the context of major construction project

delivery.
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4.4.2.2 Bibliometricand TM Analysis

Semistructured, structured, and heterogeneous data types possess significant
relevance for analyses and procedures within the Architecture, Engineering, and
Construction (AEC) sector, particularly in the context of BIM. The exploration of
knowledge can beapproached through a variety of methods, encompassing
mathematical, nonmathematical, and inductive approaches. The findings of this study
carry implications across a range of fields, includdaa maintenance, decision
support,information managemengnd query optimization As individuals interact

with collectionsof documents, theuytilize a variety of analyticaiools tounveil and
investigate patterns of interest (Feldmanand Sanger 2006). Differing from
conventional data mining, TM focuses on analyzing and niadelnstructured
natural language text from sources such as news articles, scientific research papers,
and medical document®ccording to Grobelnik et al. (2002}his technology
integrates NLP, pattern categorization, ML, and statistical techniques, forming a

comprehensive solution

It is becoming increasingly difficult, to extract higjuality information from the vast
amounts of data that are being generated in the network as a result of theBigse of
Data(CaiandZhu, 2015 Jones et al., 2004As the most frequent kind of web data
unstructured text has a wealth of information and trends that can be used to improve
management practicdki and Wu, 2010). This has led to numerotssearchthat
explore the relationship between management Bvid Scholars and management
practitiones can better understand how texining techniques can be integrated into
management operations by obtaining the theoretical underpinning of this literature. To
determine which variables have the biggest influence on the forecasted outcome, it is
necessarto conduct an analysisMiouldtakean inordinate amount ¢éime to browse

and analyse a dataset with hundreds of fields. At this point, a potent approach to assist

researcherin completing these tasks must be selected.

As a typical strategy tosynthesize research results, bibliometricemploys
mathematical and statistical approaches to examine books or other communication
media in a certain field in order to uncover key players and publications in the field of
research, as well as to identify research themes and tferitshard 1969). While
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there have been several bibliometric studies in the academic community looking at the
use ofTM techniquesdn various fields (Wen et al2021), none have looked at the
application ofTM in BIM pervasive major project delivety date. To address this,

this work collects relevant literature from the Scopus ar$ \Watabase and carries

out bibliometric analysis by identifying the most influential journals, countries,
authos, and literature in the study of usifigM in BIM pervasive major project
delivery, aswell as the revealingelatedevolutionary trends.

According to Chellappandi and Vijayakumar (2018gtric studies, which are based

on standardized measurement techniques, capture the current study direction of
information and library studies. The measurement of features of documents, formats,
books, texts, and other information is referred to as bibliometgger Pritchard
(1969), bibliometrics uses sorting, statistical and mathematical approaches to various
forms of communication media/Vhile bibliographic methodsare traditional in
information scienes andibrary studies a diverse rangef fields employ them to
scrutinize researchtrends and implicationswithin their respective domains.
Subsequentlythe field of metric studies has expanded to cover various disciplines,
incorporating areas likebibliometrics, scientometrics, altmetrics, cybermefrics
informetrics, and webometrics among others Categorization strategiesffer
numerous examples of thisuch as capture, citation methods (e.g., Scopus and Web
of Sciencecitationg, downloads, mentions in social medéag., Twitter and blogs

and methods like keywords or bookmarking. An important factor in the recent
explosion of metric studieis the availability of sophisticated statistical techniques,
databases, and computer technologies that make it possible to conduct these analyses
(Sajovic et al., 2018)

Sajovic et al. 018) noted that the examinationof visual attributes concerning
differencesandsimilaritieswithin datacollectedfrom singleor multiple sourcesalong

with relationshipslike co-authors, bibliographic coupling, citationsdata, and
publication source timelingsan baepresented bibliometricinvestigations through

the application otechniques analgorithms forscience mapping. This study used
these approaches to assess research treBdlslipervasive major project delivety

help create research timelines and benchmarks for future studies. In addition,

bibliographic maps were employed to model the dodsaphysical structure and
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characteristics. Knowledge domains in construction management research such as
intellectual structure and BIM evolution, green buildings; construction safety
management; construction waste and demolitions; and the use of contingency theory
in project managment are all examples of bibliometric analyses that are common in
construction management researetarfischand Wald, 2012; Liang et al., 2020;
Olawumi et al., 2017Qshodi et a].2020;Wu et al., 2019Zhao et al.2019).

Approaches used for this study are listed below in detail:

1 Examinations of author region/country, source publication type, and
organizational publication frequencies spanning the y2@0 to 2022depicted
in Figure4.1.

1 Investigations into cauthorship within the study's corpus, encompassing insights
into authorsto-occurrencesindcollaborative networks

1 The associationgndinterdependencies amomglevant termsand trendswithin
the context ofBIM pervasive major project delivetigerature can be discovered
through the cebccurrence of keywords analysis. Theamurrence of terms was
limited to the years 2012022 to uncover recent trends and other related
exclusion criteria.

1 Using the entire text of research papers from the Scopus aBddatabaseshe
content of the research body reported in the articles can be mapped and mined. In
addition to keywords, relevant noun phrases and nouns are also identified,

providing better insights into the growing research
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Figure 4.1: Process of bibliometric analysis

Source: Wrigley et al. (2019)

4.4.2.3 Selectingthe Malytical Tool

Increased tools and algorithms originating from network theoryeintbrced by the

improved usage of computers and internet are used to highlight the strength of social

network impacts on research trends and in research (Smjragil®). Network

analysis and visualizationhave beenfacilitated by an arrayof tools including

Citespace, PajeRiblioshiny, GephjnodeXL,VOSviewer, andariousothersin this

study, the ‘biblioshiny()’ command from RStudio, accessible via the Bibliometrix

package's ‘'biblioshiny()' function, was employed. The industry's researchers are

progressively acknowledging the utility of RStudio software, harnessing its
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capabilities especially for graphid@ria andCuccurullo, 2017and metadata metric

investigations, among other use cases

The data utilized in this experimentwere collected from the Scopus andVoS
databases The researchprimarily canteredon analyzing the ceoccurrence of
keywords andconductingco-authoship analysesTo achieve this, the RStudio's
‘biblioshiny()' commandwas employedLabels anctirclesare used to represent the
elements in the visualization network in the biblioshiny results. The number of links
between them represents the strength of the association between objects. A cluster
analysis of keyword caitation is performed using the }ing normalkzation
technique, which determines the colouring of the items and the cluster to which they

belong while doing a cluster analysis of keyworecaationd

4.4.3 FrequencyAnalysis
4.4.3.1 d&lournal Publications

Based on the data in the Scopus WS database, 146 different publications were
found.Table4.7 presentshetop 10 mostfrequentlycited publicationglong withthe
number of published documents and teeordednumber of citations. According to
Guoet al. 019), when an article or document is cited multiple times, it is said to have
a high impact on the scientific communitin the Journal of Automation in
Construction sixteen papers gathered a totabh48 citationsywhereasone paper in the
Journal of Advanced Engineering Informatieequired73 citations. Thelournal of
Engineering Construction and Architectural Managemexhibited the lowest

figures, withfive articles and four citations.
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158

No. | Journals Documents| Citations
1 | Advances in Civil Engineering 8 5
2 | Applied Sciences 5 25
3 | Automation in Construction 16 548
4 | Journal of Construction Engineering avidnagement 4 31
5 | Journal Of Computing in Civil Engineering 6 67
6 | KSCE Journal of Civil Engineering 5 26
7 | Engineering Construction and Architectural 5 4

Management
8 | Advanced Engineering Informatics 1 73
9 | Tunnelling and Underground Spatechnology 9 70
10 | Sustainability 9 34

4.4.3.2 Distribution acrossRegionsand Guntries

Figure 42 illustrates the representationmiblication activity for BIM research ithe

context ofmajor construction project delivepcross different countriesvith atotal

of 146 published documents from five continents

T

T
T

No study was found from South America country; this may reflect publication bias

in this search, as it was limited to studies in English (it is possible that related South

Asia (n = 67)(China 46, Korea 15, Turkey 3, Pakistan 2, Hong Kong 1, India 1,

Thailand 1).

North America(n = 16)(USA 13,Canada 3).
Europe (37) (UK 19, Italy 6GGermany 4, Norway 3Netherlands 1Portugal 1,
Serbia 1, Spain 1, Swedeh 1

Austrabsa (n = 7) (Australieb, New Zealandl).
Africa (n = 4) (Egypt 3, Morocco 1)

American studies were conducted and published in Spanish and Portugliesegh

this list is not comprehensive, it shows the continents and countries mbstBIM
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pervasive majoproject deliveryresearch is currently being publish&dhe limited
findings from Africa reaffirmSaka and Chan (2019 2020)findingson BIM use and
adoption in Africa. Although most African countries use BIM technolaggjprusage

and adoption challenges are spitevalenfHammaadamaandKouider, 2019 Mtya

and Windapq 2019; Nasilaand Cloete 2018; Olanrewaju et al2020). The BIM
paradigmsaimed atadaptation in Africa areategorizednto three stages: awareness,
implementation and improvementAs depicted in Figure 8, the majority of
published BIM research pertaining to major construction project delivery across the
globe is concentrated in countries situated in Asia, Australia, Europe, New Zealand,

and North America

100
90
80
70
60
50
40
30

20

lo||II
0 lllllll-:---:-:
’b O

O«Q”b g‘yﬂ\\q’ \y\'z}A 0* blb R @° P L
X Q}(Q (; %o ,\\) ,S{_ ‘L‘ o Q} &
© R \2\0';\ NS ARUR

C(\
. Q S
" v
&

m Articles mFreq m SCP m MCP m MCP_Ratio

Figure 4.2: The distribution of countriégpublication activity
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Figure 4.3: Global distribution ofvisible published BIMtudies

4.4.3.3 Co-Authorship Networkand Rublicationper Author

The analysisof notable organizations, scientific collaboratigmatterns individual
researcheror countries can b&ubstantially enhanced through the utilizatioa aic
authoship network (Fonseca et al., 2018¥ illustrated inFigure 4.4, the network
showcasesauthos who have contributed to research and tremdsted toBIM
pervasive major project deliveryhe softwarefunctionality was deemed notable if it

was associated with minimum of five documentsachwith at least 10 citations.
Overall, the dataset comprised 442 authors across 146 documents, with 45 authors
fulfilling the criteria for significance. Table @ presents th@0 most prolificauthos

within this study'sdomain The evaluatiomf research impact involved utilizing Total

Citation(TC) scores, TC per year, and normalizedrmétrics
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Figure 4.4: Network of authors who contributgulolifically to BIM research and

trends
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Table4.9: The most 20 prolific authors in this study domain

No. | Authorsand Year Total Citations | TC per year | Normalized TC
1 M. Marzouk, 2014 74 8.22 2.8462
2 B. Mcguire, 2016 61 8.71 2.6237
3 L. Zhang,2016 60 8.571 2.5806
4 B. Fanning, 2015 49 6.125 2.2529
5 S. Kaewunruen, 201 45 11.25 3.4615
6 F. Tang, 2020 40 13.333 4.9485
7 PC. Lee, 2018 36 7.2 1.9412
8 Y. Zou, 2016 35 5 1.5054
9 | Q.Wang, 2018 34 6.8 1.8333
10 | Ped. Love, 2017 32 5.333 1.8462
11 | F. Tang, 2020 32 10.667 3.9588
12 | Z. Hu, 2016 31 4.429 1.3333
13 | M. Li, 2018 31 6.2 1.6716
14 | M. Wang, 2019 30 7.5 2.3077
15 | CS. Shim, 2017 28 4.667 1.6154
16 | X.Yin, 2020 28 9.333 3.4639
17 | Z. Aziz, 2017 27 4.5 1.5577
18 | J.Delgado, 2018 26 5.2 1.402
19 | L. Yang, 2020 25 8.333 3.0928
20 | M. Marzouk, 2014 24 2.667 0.9231

A comprehensive coumdf 442 authos associated witii46 documentsuccessfully
met theestablished criteria, encompassing bodimtributing and leaduthos. The
'biblioshiny' command harnessed withilRStudio software'sanalytical algorithms

necessitateca minimum of five documents and ten citatioftd each author
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Consequently67 authors fulfilledthis stipulation. Noteworthy among these are2be
researchis who have madsignificantscientific contributions andielded substantial
influence within the realm ofBIM pervasive major project delivemesearch as
highlighted inTable 49. Notably, the following authors emerged as the most prolific

contributors in the subject of study

fB. Fanning (49 TC, 6.12 TC per year, 2.25 normalizedTC)

AS. Kaewunruen (45 TC, 11.25 TC per year, 3.46 normalized TC)
fiM. Marzouk (74 TC, 8.22 TC per year, 2.84 normalizedor C)

AB. Mcguire (61 TC, 8.71 TC per year, 2.62 normalizedd C)

AL. Zhang (60 TC, 8.57 TC per year, 2.58 normalizedor C)

=4 =4 4 -4 -

Anothernotable researchen the field is F. Tang (40 TC, 13.33 TC per year, 4.94
normalized TC).Leveraging the comprehensive array of connections and their
associated strengths, as previously established, the study delved into the overlay and
network visualizations showcased in Figure 4.6. In this contextpaectiorsignifies
collaborative engagement among authuessile theaggregatéink strengthwithin the
co-authorship network@/an EckandWaltman 2010 denotes the interconnectedness

between sowes

Figure4 4 illustratesthe network visualizatigrrevealing the identificationf 20 co-
authoshipclusters. Within these clusters, a tota#ibfnetwork objecta/ere identified,
contributing to an aggregat®nnection strength of 218 among tnghos. Notably,
29 connectionsvere observed amoragithos within the researcdomain. Noteworthy
collaborativeclusters ofauthos, such as FTang, M. Marzouk, B. Mcguire, B.
Fanning, andS. Kaewunruen have displayedactive research collaboratioifhe
research outputasdisplayeda gradual increase from 2014 to 20@2ident from the

publicationtimelines odlined in Table4.10.



Table4.10: Publication timetables from 2012022

Descriptions Results
Main information about data

Timespan 20142022
Sourcesjburnals books etc.) 66
Documents 146
Averageyears from publication 2.79
Average citations per documents 10.23
Average citations per year per doc 2.289
References 6123
Document types

Article 146
Documentcontents

Keywordsplus(ID) 996
Authors keywords(DE) 475
Authors

Authors 442
Author appearances 541
Authors of singleauthoed documents 6
Authors of multrauthoed documents 436
Authors collaboration

Singleauthored documents 6
Documents per author 0.33
Authors per document 3.03
Co-authors per documents 3.71
Collaboration index 3.11

164
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4.4.3.4 An Organizatiorts Or Institutionts Outputof Publications
This sectiorexamines the extenf research projects and publicati@esducted at the
university and organizational levelEheinclusion of materialgvasguided by specific
researchcriteria A total of 197 organizationand universitieswere identified, and
Table 4.1 features25 documentgublishedby diverse institutionsand universities
since 2014.

Table4.11: Organizatioral output of publications
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4.4.3.5 Final PublicationOutputStep

In terms of prevalence, thmostprominentjournal sources wergrimarily oriented
towards construction and building technology, environmental engineering, civil
engineering, multdisciplinary engineering, industrial engineering, and computer
science. Tdacilitate a morecomprehensive examinatiaf themes related t8IM
pervasive project deliverythe searctwas refinedto align with the specific focus.
Following the removal obook chapters and summaries from gjagheredarticlesin
boththe Scopus and@/oS collections, dreshset of filtering criteria wasmployed to
organize the remaining01 papersApplying these criteriaevealedthat nopapers
were publishedprior to 2014.Consequently, to discern research tremaaintaining

the study's designated time frame was imperative. The subsequent section briefly
outlines the additional filtering criteria employedin the ultimate selection of the

extracted documents

1 Articles published before 20X#e., from 2000 to 2013)ad to be removed from
the study because the focus was tre mostrecent research iBIM pervasive
major project deliveryConsequently, articledsom 2014 to 2022 were evaluated.

1 With BIM being a computing phenomenon, literature and developer options on
computing and mathematical derivations were not included in the considered
research results. Journals of computing and related literature were screened for
exclusion.

71 Articles in languages other thanglish wereomitted and paperdacking a
minimum offive distinct keywords wermanuallyexcluded byhe researchatue

to their limited contributiorio theexpandingknowledge in théIM field.

After applyingthesefiltering criteria, a total of 146 bibliographic documents were
identified as meeting the selection critefioa furtherinvestigation All the materials
(100 percent) used in this studynsisted oérticles publishetbetweer2014and2022
(Table 410). The second phase of filtering involved the utilizatiof relevant

publicationand ceoccurrence criteria.

4.4.3.6 KeywordNetworkFormedby Go-occurrences

The coreessence of aublication'scontent ismirrored throughts keywords which

encompassoncepts, nouns, amsentiaphrasegXiang et al., 2017)The term"co-
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occurrencé pertainsto thenearnessr presence of similar keywordas outlinedby
Lozanoet al. (2019), the proximity of keywords in emccurrence determines the
likelihood of their appearandegether. Employing the 'biblioshingbmmandwithin
RStudio software a cooccurrence networkvas constructed using tatal of 730
significant keywords, agisualizedin Figure4.7. A minimum inclusiorthreshold of 5
occurrences was used to select keywords, anadrikesion wasmet by fortyfive (45)

outof the 730 key termdormingfour (4) clustersFigure4.7illustrates the identified
clusters. The ensuing discussion will delve into the clusters of keywords, revealing
that certain frequently assotad terms with BIM may now hold less weight, as the

focus shifts towards emerging trends and innovations

4.4.3.7 Cluster 1

Cluster 1, depicted in red in Figurésdencompasses a total of 22 associated terms.
The keywordswithin this cluster comprisarchitectural design, automation, three
dimensional computer graphics, risk assessment, safety engineering, railroads,
efficiency, integration, light rail transit, structural design, and underground
constructionThis cluster revolves around pdesign considerations for BIMffering
anoptimization plarfor the project teamjsroposed projecilherefore this cluster can

also bereferred to as 'BIMPerformanceéndicators' (BIM PI)

4.4.3.8 Cluster 2

Highlighted in blug another cluster is tied thl keywords,featuring terms like
information theory, maintenance, information systems, roads, and siiieistsluster

centers around 'Information System' and is encapsulated as 'BIM IS' for brevity

4.4.3.9 Cluster 3

Markedin green this cluster comprises 5 keywordr example, the cluster includes
unusual terms like industry foundation clasgd&C, office buildings, and tunnels.

BIM Industry Foundation Classes are summarised in this cldBiéd, IFCa

4.4.3.10 Cluster 4

Presented in a gentle shade of yellow, this cluster encompasses 7 distinct terms.

Keywordswithin this clusterencompasgformation management, decistomaking,
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lifecycle, visualization, data visualization, and inspectibhis cluster is cantered

around "'"BIM Solution Cont.ent and Applicat

The results of thikeyword ceoccurrence analystgghlightthelimited research focus

on BIM pervasive major project deliverfEmergingresearch and communitiese
observedn various areas, includingformation theory, decisiemaking, lifecycle,
efficiency, automation, thregimensional computer graphics, risk assessment, safety
engineering, andindustry Foundation ClassefFC), an opersource neutral
specification guid@ot controlled by any venddGhaffarianhoseini et al2017). It is

noted thathere is room for standardization, enhancement, and application of BIM to
cater to the needs of a growing client base. According to Ahuja et al. (2017) and
Olawumi et al(2017), the construction industsyands to gaifrom advancements in

BIM technologyd
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Figure 4.5: Co-occurrence network keywords

4.4.4 Trendsin BIM PervasiveMajor Project Delivery
4.4.4.1 Overview

Between 2014 and 2022, the dimension, focus, and volume of BIM studies underwent
significant improvements. Notably, thesualization of subjects that characterized the
initial yearof the study, 2014, was particulattytriguing. As the focus shifted from
exploratory topicslike infrastructure planning and atmospheric temperattire
number of publications increased, and more spetiémes emerged. For instance, in
2015, attention turned to subjects such as3Beunderground cadastral system,
accuracy assessment, cost reduction, geometrinadddling, and information
technology The subsequent years witnesseating interest irtransportatiofrelated

matters, includingoads streets, bridge inspection, laser scannargltransportation
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infrastructure The years 201and 2018 saw growing popularity in subjects like
moddling, management, railway transport, information theory, information

management, and decistomakingwithin the realm of BIM research

As illustrated irFigure4.6, there is a noticeable rigetheutilizationof BIM in various
domains. Notably, 3D computer graphics, data visualization, underground
construction, and airpontgitnessed increased prominence in the early maritb@20.
Subsequently, in the years 2021 and 20@pics like metrostations, industry
foundation class, and augmented reaj@yned traction withithe researchandscape.

These trends showcased in the analysis highlight the progression of research and its

interconnectedness with the sphere of BIM pervasive major project delivery

The outcomes of this study underline a significant transformation in the exploration of
BIM. Nevertheless, it is essential to underscore that certain aspects of BIM, such as its
utilization for performance enhancement, productivity enhancement, and gmerna

implementation, remain relatively unaddressed
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4.4.4.2 TextMapping

Text mapping wasarried out using RStudio, whetlee fulltext contentof the 146
documentsvas scannedndtext extractiorfrom the corpusvas performed based on
the occurrences andgignificance of active nouns. The softwarassessed term
relevance requiring a minimunof 20 occurrence®r inclusion. Among the 52,065
words in the list, 808 words met this criterion. Filtering options were applied, including
the removal of word variations and their acronyms, to ascertain relevance. Table 4.1
provides the list of the top 20 most frequently occurimyds inthe analyzed full

text articles In addition, Figure 4.9 depicts a word cloud depicting the most active
words relevant tdM activity. The software was programmed to generate 200 words,
with the most active words focusing on the construction sector and project
requirements. Words in orange identified 18 items such as technology, software, data,
monitoring, IFC, maintenance, etRed shading is used to emphasize the design
aspect, while blue highlights represent the system, process, and managbereost
prominently featuredterms are markedh green,denoting their relevanceo the
application of BIM in significant construction project deliveryThese terms
encompass concepts such gerformance, risks, environment, simulation,

development, operation, implementation, and scheduling

Table4.12: Top 20words in analysed full text articles

No. | Words Frequencies No. | Words Frequencies
1 | Data 6224 11 | Structure 1374
2 | Design 3618 12 | Proposed 1328
3 | System 2956 13 | IFC 1325
4 | Management 2929 14 | Method 1313
5 | Process 2178 15 | Cost 1276
6 | Models 1815 16 | Safety 1240
7 | Risk 1689 17 | Software 1212
8 | Analysis 1608 18 | Technology 1203
9 | Time 1472 19 | Level 1160

10 | Maintenance 1429 20 | Structural 1151




173

46 e development
—— monitoring
gl inspection Structure

= enagineernna

quality framework A
analysis
cad “,ethod processes
proposed ‘ components

* structural i

planning = prOCGSS {":;"‘”-3; :{;qu_ y ::-_ |

o . -
i design ==7=7
management

maintenance

urrern

Figure 4.9: Word cloud

4.4.4.3 Knowledge Graph

The development of the BIMTAPE Framework involves integrating TM techniques
into the landscape of BIM. The "Knowledge Graph" technique, exemplified through
the graph derived from BIM text analysis, offers a dynamic visualisation showcasing

how various BIMterms influence one another within the BIMTAPEmMework.

Each node in the knowledge graph represents a key technical term with regard to the
use of BIM, such as Data, Design, System, etc., and the edges signify connections and
associations between these terms based on theraworence or thematic relevance.

This nuanced representation, resulting from the application of TM, becomes a crucial
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aspect of the BIMTAPHB-ramework, emphasising the interdependencies that shape

BIM processes.

The knowledge grappresented in Figure 4.1@erived from text analysis on BIM
documentation, provides a detailed representation of key terms and their relationships
within the BIM domain. Each node in the graph corresponds to a specific term.
Developed using Python, this graph serves as a vispedgentation of the influence
each BIM oriented term has on others, and offers a dynamic and interconnected view
of technical concepts and processes for BIM pervasive construction project delivery.
Importantly, the graph intentionally includes only twenty terms (see Table 4.12),
carefully chosen based on their frequency in the text. These terms represent the key
technical term with regard to the use of BIM. The deliberate selection aims to make it
easier to compa these key technical terms used in BIM with those in the Periodic
Table of BIM(Mordue, 2016)This approach enhances the understanding of how these
two sets of terms relate to each other.
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Method ¥etRhotogy
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Figure 4.10: knowledge graph of key technical terms of BIM

When connecting the knowledge graph with the Periodic Table of BIM (Mordue,

2016), the influence of each word on others takes centre stage. The Periodic Table's
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structured categorisation aligns with the dynamic insights provided by the knowledge
graph, creating a cohesive narrative of how various BIM elements influence and
interact with one another. This integration serves to enhance the BIMTAPE
Framework, as #aBIMKG emerges as a new theoretical method for supplementation
and complementation beyond the Periodic Table of BIM (Mordue, 2016). By
visualising the dynamics of BIM implementation, this innovative approach provides
substantial support for decistionakingand knowledge engineering in BIM pervasive
project management, particularly within major project delivery. The visual and
structured representation of each term's influence on the overall BIM landscape
contributes to a deeper understanding of the inteexied nature of BIM elements
and further strengthens the strategic insights offered by the BIMTA&Bework.

For instance, terms such as Data, Design, and System @ aBledentified through

the TM, exhibit influence within the Periodic Table's classifications. Data aligns with
the Strategy and~oundations domain, Design corresponds to both Foundations and
Collaboration, and System resides within the Process category. This alignment offers
a detailed understanding of how these key terms interconnect within the broader BIM
technical domains. Theractured representation in the table enhances comprehension
of the intricate relationships between BIM elements, reinforcing the BIMTAPE

Framework's objective of performance enhancement in major project delivery.

In the context of the provided BIM elements list, the specific relationship between the
word Data and the BIM elements is not explicitly mentioned. However, based on
common BIM terminology (McPartland, 202018), Data is often considered
foundational ordindamental to various aspects of the BIM process. In this case, it may
be associated with the Foundation element, signifying its essential role as a basis or

core component within the broader BBttategy data

The word Design in the context of BIM is typically associated with the Collaboration
and Process domains. Design is a collaborative process involving various stakeholders,
and it significantly contributes to the overall BIM process Dby et al., 2017)
Therefore, it aligns with the Collaboration domain, emphasizing teamwork and joint

efforts in the design phase. Additionally, Design is inherently linked to the Process
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domain, indicating its role in the systematic workflow and procedures within the BIM

framework.

The word System in the context of BIM is commonly connected to the Process domain.

In the BIM framework, the term System reflects the organized and systematic
approach to managing and coordinating various elements and processes
(Papadonikolaki, 2018}t implies a structured workflow and procedures within the

BIM environment, aligning with the broader activities and methodologies outlined in
the Process domain. The Process domain encompasses the systematic execution of
tasks and activities throughoatine lifecycle of a construction project, where the term

System finds its relevance.

Table 4.14 systematically aligns prioritized key terms derived from the TA process
with their strategic implications within the Strategy domain of the Periodic Table of
BIM, as outlined by Mordue (2016). This strategic alignment reveals the nuanced
connedbns between individual key terms and specific elements captured within the

Strategy domain.

For example, the term Data is strategically associated with considerations of BIM
strategy relating to data management, while Design corresponds to strategic factors of
BIM design processes. This meticulous mapping enhances the understanding of the
intricate relationships between key terms and strategic elements within the broader
BIM landscape, providing valuable insights into their strategic implications and
applications. It is imperative to acknowledge the foundational contribution of Mordue
(2016) in famulating the Periodic Table of BIM, which serves as a theoretical
framework guiding the structured organization of BIM elements across diverse

technical domains.
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Table4.13: A reflection of prioritised technical essentials to the Periodic Table of BIM.

Priority Key terms from TA Technical Domains fromthe Periodic Table of BIM

process Strategy Foundation Collaboration Process People Technology Standards Enabling Resources
tools

1 Data n n

2 Design n n

3 System n

4 Management n n

5 Process n n

6 Models n

7 Risk n

8 Analysis n n

9 Time

10 Maintenance n

11 Structure n

12 Proposed n

13 IFC n

14 Method n

15 Cost n

16 Safety n

17 Software n

18 Technology n n

19 Level n

20 Structural n




Table4.14: A reflection of prioritised key terms to technical domain on Strategy in

the Periodic Table of BIM

178

Priority | Key Terms Reflections to BIM Domain and Elements on Strategy
from TA (Mordue, 2016)
Process
1 Data BIM strategy on data
2 Design BIM strategy for design
3 System BIM strategy on system development anddoption
4 Management | BIM strategy on management
5 Process BIM strategy on process
6 Models BIM strategy on model development and/or adoption
7 Risk BIM strategy on risk management
8 Analysis BIM strategy on analysis and evaluation
9 Time BIM strategy on time management
10 Maintenance | BIM strategy on maintenance and lifecycle
11 Structure BIM strategy on structural components and systems
12 Proposed BIM strategy on proposed solutions and alternatives
13 IFC BIM strategy on IndustrfFoundation Classes (IFC)
integration
14 Method BIM strategy on methods and procedures
15 Cost BIM strategy on cost estimation and management
16 Safety BIM strategy on safety planning and implementation
17 Software BIM strategy on softwarapplications and integration
18 Technology | BIM strategy on technology
19 Level BIM strategy on information and data levels
20 Structural BIM strategy on structural design and implementation
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4.4.5 Lessond earnedfrom Experiment 1

This investigation revealethat emergingBIM publications and researatirections

are originating from regions such a#sia, the USA, Europe, New Zealand, and
Australia as previouslymentioned. Notably, the study's analysisBdM trends in

Africa did notyield significant results, aligningith theconclusion®f Saka and Chan
(2020 andOlawumi et al.(2017), who highlighted the challenges African countries
face in BIM adoption. However, the study underscores the changing landscape of the
construction sectpwhere BIM is gradually being integrated into policy and practical
implementation worldwide. Thigrend is propelled by the growing demandfor

environmentallysustainablend efficient construction practices.

The bibliometric analysis afcholarlyjournals in this studynveilsthatgovernmental
entities are formulating pragmaticand actionable policies aimed at enhancing
efficiency and sustainabilityithin the construction sectorhesdnitiatives stem from

a recognition of BIM's potential in bolstering major construction project deliVéuey.
widespread acceptan@nd endorsementdf BIM are foundedon its capacity to
facilitate reattime management decisions in constructicgncompassing the
utilization ofanticipated simulatiomethodologie$or projects. Theesults underscore

the significance ofinteroperabilityin BIM, thus mitigating the necessitior a
unanimousconsensus. Moreover, BIM appears as the core tool for creating a
collaborative working environment in the construction sector for major project
stakeholders. The strategy ascertains that construction works deliver quality projects

while saving on financialesources.

TM indicates that BIM model governance is a critical factor for the succédi/of
pervasive major project deliverfhe model facilitates the identification of problems
experienced during the project and provides communication tools for interaction with
other interfaces. The approach ascertains that the management of BIM projects is
executed effectively while consideg the recent developments and changes in BIM
technology Furthermorethe project highlights how data mining can be embraced in
advanced mject management to support data exploration and communication for
better optimization, prediction, and understanding of the physical operations for the
BIM pervasive major project delivery
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In the context of the BIMKG, the experiment's results contribute to a nuanced
understanding of dynamic relationships among BIM terms and their strategic
implications. As a theoretical method, the BIMKG aligns seamlessly with the
BIMBOK and reinforces thelpectives of the BIMTAPE Framework. By comparing
insights with the Periodic Table of BIM, the experiment reveals a comprehensive view
of the interconnectedness of BIM elements. This understanding is crucial for the
BIMTAPE Framework's goal of enhancing feemance in BIM pervasive major
project delivery. The BIMKG's ability to visualize relationships supports deeision
making and knowledge engineering, offering a dynamic tool for navigating the
intricate landscape of BIM. The integration of BIMKG insight®ithe framework
equips practitioners with a strategic perspective, fostering continual improvement in

BIM understanding and implementation for more efficient major project delivery.

4.5 Experiment 2. BIM TS 2 Technical Filesfrom CaseProjects
4.5.1 Introduction

A large part oBIMTAPE Framework and the maironcern of thichapter, involves

an empirical analysis of thechnical files from case projects, which digital content

of Crossrail website, with regard to performance enhancemerIkbrpervasive
major project deliveryAlthough these content data are freely available online, access
to the data requires web scraping techniques and computational pbwetata was
obtained through web scraping techniques using Python ShdiiB due to the large
size of the dataand limitations orfree publicaccess to the website. This analysis
provides valuable insights intearning legacies from major projects and how they can
be applied to improve BlIMriented performance

The experiment described the process of web scraping content and metadata, cleaning
andanalysng the large set of unstructured data udexhniques in textual analysis
and classification. The aim was to extract representations that explain the textual

information, allowing for further analysis and insights.

The purpose of textual analysis is to convert natural language text into a cemputer
friendly data structure that describes its meaningMLIn research for linguistics,

simpler representations of text are extracted and fed into the training model, including
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characterizations of syntactic information (such as -plspeech tagging and
chunking) and semantic information (such as wsgdse disambiguation and name
entity extraction). These representations help the model understand the meaning of the
text (Collobert et al.2011).

The training model uses statistical estimatioogategorize and visualize data based on
the linguistic variables extracted from the text. Textual categorization involves pattern
recognition, where machines recognize common phrases or topics within a group of
similar documents. NLBethods and document classificationMia techniques were
applied in this experiment. The first layer of NLP converted documents into term
frequency and topic representations, while the second laydi aisedan SVM to
predict document labels based on the term frequency aiwgombability from the

first layer.

The purpose of the second classification in this experiment was to standardize
document labels and predict missing or similar labels. ML_Fhe computational
manipulation of natural languages, with two main approaches:baded and
statistical. The focus in this experiment was on using statistical NLP, which provides
advantages for unsupervised and ssupervised learning. Python was dises the
programming language for NLP and RStudio packages were also employed to
complete some tasks. Publicly avalalwrode sources were used to carry out the
experiment, ase researchdacked coding experience.

This experiment provides a contribution to the current body of knowledge through
developing aTM approach for BIMintegrated performance enhancementniajor
construction project deliveryThe main aim of this experiment is to developM
approach to improve BINhtegrated performance in major construction project
delivery. The study intends to identify business environments related to BIM and
major construction project delivettyat can assist in the analysis. The data for the
experiment was collected frothefiLearning Legacy website of Crossrail, a case

based experience in the contexBdi pervasive major project delivery

Thefollowing section explains theols used for thexperiment, then theeb scraping
techniquesusedto collect the data for the experimeme explained. This is followed
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by an outline of the text analysis process and text visualization techniques used

concluding with a summary tiie lessons learned from the experiment.

4.5.2 Toolsfor Study

The experiment utilised the following software tools and platforms for bibliography

management, data analysis, document preparation, and text processing

(1) Bibliography Management Mendeley Desktop

(2) Data Analysis Python 3.7.4 and R

(3) Document Preparation Txt and MS Excel.

(4) Python Packages and Libraries re, Gensim, BeautifulSoup, spaCy, Numpy,
NLTK, and Pandas.

(5) R packages anlibraries

These tools are commonly used in various fields of research and data analysis,
particularly in the fields oNLP, data visualization, and data manipulation. Mendeley
Desktop is a tool for managing and organizing bibliographic references, making it
easier foresearchexrto keep track of the sources they have used in their work. Python
and RStudio are both popular programming languages for data aratys@ovide a

wide range of libraries and packages for various tasks such as text processing, data
manipuation, and visualization. MS Excel isc@ammonsoftwarepackagefor data
manipulation and preparation, while text files and plain text editors are often used for
document preparation and data storage. The listed Python and R packages and libraries
are commonly used for specific tasks such as regular expression hanaolfieg

modelling web scrapingNLP, numerical computation, and data manipulation.

4.5.3 Body of Text
4.5.3.1 DataCollection

The first step in data collection of Crossrail content involves web scraping. In this
section, the detailed process of obtaining article content and metadata from the
Crossrailwebsite is described. Crossrail is tlaegest railway construction project
underwayin the UK, mainly in central London. The Crossrail website gives third
parties permissions to use services from the website without the need to register. This

websitewascreated in accordance witlonventionalweb standardautilizing correct
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XHTML for the text, CSS for the presentation, andnimal and unobtrusive
JavaScript for the behaviour of the site. In addition, they made the language on the
website as easy as possible to read and comprehend.

Once the wepagewas accessed, theesearched uselython to acquire metadata
which was the first step in scraping th€rossrail website Metadata include
information about dates, titleguthos, document types, sections, URLS, etc., of
published articles. In the secomsdrapingstep, the collected URLs to access the
papeds individual articles and extract the tewtsreused. The step can be done locally
from a home computer. To maximize time and efficiency, this step involves the

transfer of a large amount of data that is used kémpurpose.

Since this thesis concerned mainly witkext analytics, onlythe body of text fom
eacharticlewasgathered. This step requires finding the URLs with regard to the use

of BIM in major construction project deliverizach case study that makes use of BIM

has been granted its own website, which can be accessed by the URL. The search term
used to retrieve these documents @maslding information modellingOR BIM60OR

duilding information manageen® (Figure4.7). A total of six webpages, containing

up 56articles were scraped from the website for the period from January 2014 to
August 2022. The retrieved documents frdaploying thesearch term and strategy
comprised eightase studiegive good practise documenthlyeejournal publications,

four micro-reports, and 36 technical papeas presented in the previous chaffable

3.1). Each webpage of 56 documents was scraped individually using Python.
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SEARCH RESULTS FOR DOCUMENTS WITH KEYWORDS "BUILDING
INFORMATION MODELLING "

Search documents: Document Themes Document Topic Areas Document Type
building information modelling All - All v All
Document Title LI Abstract Authors AL
Type date
Crossrail Project: Application of BIM Technical Between 2008-12, Crossrail Limited (CRL) established the main elements of ~ Malcolm Taylor 09/07/2018
(Building Information Modelling) and Paper

the programme information environment, part of which is now known as
Building Information Modelling (BIM). This paper describes a number of the

Lessons Learned

Crossrail Asset Information Guide Good Practice  Delivering a complete, detailed set of Asset information to support Crossrail Ltd 09/07/2018

Document the operations and maintenance of the Elizabeth Line is one of

—_ z :

Figure 4.7: Data gathering fronCrosgail (Crossrail Ltd., 2022)

The researcher began bgnporting standard Python libraries for reading and

manipulating data, including Pandas, Numaydboilerpy3, etc. In order to request
full texts of individual articles from Crossraihé researchdirstly imported all the
necessary librarigseeFigure4.8), theneach returned URL froitihesearch terrmwas
copied in Python in order to gitetext body(seeFigure4.9).
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from boilerpy3 import extractors

import requests

from bs4 import BeautifulSoup

import pandas as pd

import numpy as np

from nltk.tokenize import word_tokenize
from wordcloud import WordCloud, STOPWORDS, ImageColorGenerator
import matplotlib.pyplot as plt

from collections import Counter

import seaborn as sns

from nltk.corpus import stopwords

import re

import string

import nltk

from sklearn.feature_extraction.text import CountVectorizer, TfidfVectorizer
import matplotlib.pyplot as plt

from wordcloud import WordCloud

import stylecloud

from urllib.request import urlopen

from sklearn.feature_extraction import text
import requests

from bs4 import BeautifulSoup

import pandas as pd

from pyquery import PyQuery as pq

import re

import matplotlib.pyplot as plt

%matplotlib inline

Figure 4.8: Standard Python libraries

urll = ‘https://learninglegacy.crossrail.co.uk/documents/ground-settlement-behaviour-1in-chalk-due-to-tbm-excavations/*

url2 = 'https://learninglegacy.crossrail.co.uk/documents/the-protection-of-the-400kv-cables-at-pudding-mill-lane/*

url3 = 'https://learninglegacy.crossrail.co.uk/documents/information-handover-principles/*

url4 = 'https://learninglegacy.crossrail.co.uk/documents/building-a-spatial-infrastructure-for-crossrail/’

url5 = 'https://learninglegacy.crossrail.co.uk/documents/vibration-management-and-1listed-buildings/'

urlé = 'https://learninglegacy.crossrail.co.uk/documents/supply-chain-quality-requirements/"

url7 = 'https://learninglegacy.crossrail.co.uk/documents/the-importance-of-construction-mock-ups-and-trials/*

url8 = 'https://learninglegacy.crossrail.co.uk/documents/data-management-analysis-and-visualisation-on-crossrail-drive-x-western-
url9 = ‘https://learninglegacy.crossrail. co.uk/documents/design-of-crossrails-precast-tunnel-1inings-for-fire/'

urlle = 'https://learninglegacy.crossrail. co.uk/documents/design-sprayed-concrete-1inings-soft-ground%e2%94%80-crossrail-perspect
urlll = 'https://learninglegacy.crossrail.co.uk/documents/stepney-green-cavern-design-concepts-and-performance-of-scl-1ining/
url12 = 'https://learninglegacy.crossrail.co.uk/documents/heritage-deed/’

urll3 = 'https://learninglegacy.crossrail.co.uk/documents/heritage-deed-for-settlement-mitigation-works-affecting-1isted-building
urlld = 'https://learninglegacy.crossrail. co.uk/documents/design-crossrail-farringdon-station-engineers-perspective-2/

urll5 = 'https://learninglegacy.crossrail. co.uk/documents/young-crossrail-programme/

urll6 = 'https://learninglegacy.crossrail.co.uk/documents/addressing-skills-gaps-direct-intervention-tuca/’

urll7 = 'https://learninglegacy.crossrail. co.uk/documents/noise-vibration-controls-tbm-temporary-construction-railway/*

url18 = 'https://learninglegacy.crossrail. co.uk/documents/lindsey-street-bridge-structural-solution-settlement-mitigation/*

url19 = 'https://learninglegacy.crossrail. co.uk/documents/design-construction-fisher-street-crossover-cavern-crossrail-contract-o
url2e = 'https://learninglegacy.crossrail. co.uk/documents/design-deep-cut-cover-crossrail-paddington-station-using-finite-element
url21 = 'https://learninglegacy.crossrail. co.uk/documents/3d-geological-model-completed-farringdon-underground-railway-station/’
url22 = 'https://learninglegacy.crossrail.co.uk/documents/covered-way-126-safeguarding-brittle-structure-1ive-railway-ground-move
url23 = 'https://learninglegacy.crossrail.co.uk/documents/innovative-verification-process-speeds-construction-crossrails-moorgate
url24 = 'https://learninglegacy.crossrail.co.uk/documents/bim-metrics/’

url2s = 'https://learninglegacy.crossrail.co.uk/documents/crossrail-bim-principles/*

url26 = 'https://learninglegacy.crossrail. co.uk/documents/crossrail-development-bim-environment/*

url27 = 'https://learninglegacy.crossrail.co.uk/documents/crossrail-1fb-emergency-services-liaison/

Figure 4.9: Returned URLs from a search term
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The researchdhen extracted all articles from the links. Boilerpy3 package was used
for this purpose by using extractors. Tiget_content  methods were used to extract

the filtered text. For example, the following script (d&gure 4.10) creates an
fArticleExtractop instance, which is tuned towards BIM articles. This extraction
strategy works very well for most types of artiilkee HTML documents (Riebold
2021). The used code iterated through the list and appended the elements to the string.
Now that he researchdras written the code to open the URL, it is time to extract the
data from the websitd@he researchersed the Boilerpy3 package to extract the content

of articles from a list of URLs. Th#ArticleExtracton instance was created and tuned
specifically for BIM articles, and thisget_contentf) method was used to extract the
filtered text. The code then iterated through the list of URLs and appended the
extracted elements to a string. This is a common way to extract data from websites,

and the Boilerpy3 package can be a useful tool for thisogerp

extractor = extractors Articlebxtractor(

nesponse = requests.get(url1)

cortent1 = extractor. gt content(response. text)

MRIn Content string = "nln" Jjoin(content)

Dain content string = re.sub("\s¢'," ', str(content)).strip()
Main content string]:]

‘Ground Settlenent Behaviour In Chalk Due To TBH Excavations Document type: Tec

tract (310, tuo new tumels - the Thanes Tumel (westbound and eastbound) will be constructed betieen Plusstead portal and o
rth Wooluich portal. The Thanes Tumnel i 2.6 kn long and about 15 m below the existing Thanes river bed, Construction of PLy
nstead portal comenced in 2611 and conpleted in 2612 for the westbound T8N Launching in January 2013 and eastbound TBH Launc
hing in ey 2013, The construction of Horth laloolmch portal has begun in early 2012 in onder o recedve the first 7B in 201
4, The running tumnels will be constructed predoninantly through chalk. Two slurry TBH machines, Sophia and Hary naned after
the wives of Marc Isanbard Brunel and Isanband Kingdom Brunel. will be adopted for the sake of the existing ground condition -
mjority in chalk, The degree of settlenent control is one of the prerequisites for tumelling design for the consequent risk
of danage to third-party assets. To obtain the surface and sub-surface settlenent profile and corresponding volune loss due t

hnical Paper Abstract In Crossrail project con

Figure 4.10: Script for article extraction

As mentioned earlier, the desired data to extract is text only. Now that a list of
documents wagathered, it is time to create Pafgldata frames, and save them as csv

files. Pandé& data frames are powerful and versatile for storing and working with data
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in Python. This function takes the input values of the afi¢l#de, abstract, document
type, full text,author and the link or path of the article. The output value is a data
frame with columns indicating the variables in the article metadata and rows indicating
the BIM articles. Also, the extracted data was storetxifiormat(Figure 4.1), which

was achievedby copying the outcomes from Python apasting themin notebook.

EachURL has its own notebook

urlt.xt
| url2.txt = = - oo
_ url1.xt - Notepad = 0 X
url3.axt
abe File Edit Format View Help

% rGround Settlement Behaviour In Chalk Due To TBM Excavations Document type: Technical Paper Abstract In Crossrail project contract €310, two ne
ikt y assets. To obtain the surface and sub-surface settlement profile and corresponding volume loss due to the tunnel constructions against the pr
ulbdt | 3i] routes. The €310 contract is unique for whole Crossrail project as it is the only one using mix-shield tunnelling boring machines (TBMs) wi
ul7od | nt structures, This paper is to study the settlement observed from the monitoring instrumentations between Plumstead portals and Woolwich stati
uigpe |d below 12 listed buildings within zone of influence. This paper covers only half of the route from Plumstead portal to Woolwich station (at th
te. A total of 1,636 rings were installed for two tunnels between Plumstead portal and Woolwich station. Due to technical constraints on site,
ment of Drive H is shown in Figure 2. The general geological stratum sequence from the ground level between Plumstead portal and Woolwich stati
nerally comprises of two main beds: homogenous silty fine to medium sand with increasing clay/silt content in lower part of the formation and b
ult1xt on For the prediction of the tunnelling-induced ground vertical movements, the methodology described in Crossrail Civil Engineering Design Stan
urli41xt epresented by a Gaussian error equation: S=Smaxexp(-y*2/2i72) (1) where S is the surface settlement at a distance y from the tunnel centre line
parameters for the generic settlement assessments of the Drive H are: Running tunnel (excavated) diameter = 7.18 m Trough width parameter, K =
cal assets - Middlegate House (supported by combination of shallow and piled foundations), Southern Outfall Sewer and Docklands Light Railway t
r monitoring the ground surface and shallow sewer drainage pipes, manual levelling studs with an accuracy of 1-2 mm are adopted and installed t

ull7¢ £ Influence of the TBM 17 cross sections are selected to examine the observed actual ground surface settlement and re-assess the actual volume
[] url181xt|1s along the Sections [m] Maximum Settlement [mm]'bb

url19:xt

url20.6¢t
SRPAR

url22.xt

url23.xt
| url24txt!
1 url27axt

url28.bxt

url29.xt

url30.xt

url31.6d

2] ¢

url33.6¢t

| url34xt 18/08/2022 1745

url9.bet
3 url10.xt

= url15.x
url16:xt

n1,Col 1 100%  Windows (CRLF) UTF-8

Figure 4.11: Output value of article metadata

4.5.3.2 MergeSevenFiles

However, some URLs have external documents inside, and articles within these URLs
cannot be scraped automaticaBgven articlesn pdf formatwerefound. Therefore,

to ensure impatrtiality,hie researchenanually retrievedheseseven articles in PDF
format and transferred their content into individual .txt files. These files were then
combined into one using a Python c¢Bgure4.12). Despite this, the merged file had

too much unnecessary information and needed to be purified before any text analysis
could take place. The final purifiedataset can be accesssd Mendeley using the
provided linkat https://data.mendeley.com/datasets/5hcg7tddc4/1
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import glob
dir = r'C:\Users\Ambark Bareka\driver\Sevenmerged'

files = glob.glob(dir + "\\*.txt")

file big = 'sevenmerged.txt'

with open(file big, 'wb') as fnew:
for f in files:
with open(f, 'rb') as fold:
for line in fold:
fnew.urite(line)
fnew.write("\n".encode(encoding="utf 8"))

Figure4.12: Combination code

In this phase of the research, data was meticulously gathered from the Crossrail
website through the use of web scraping techniques. In the next Bkgmalysis

will be performed on the obtained data, which consists of 56 documents represented
by 56 URLSs. To carry out tHEM analysis, appropriate Python librangsreimported.

TheTM software possesses analyseffunction that is capable of processing any text
document in a specific format, such as plain text files. The Crossrail articles dataset
was hen consolidated into a single variable calfiealv text To guarantee that all
necessary information was acquired accurately, the data type, length, and the first 1000
characters of raw text will be thoroughly scrutinized.

45.4 Processof TM

In thisphase of the researdhe researcheutilized NLP andML techniques to conduct
a thoroughanalysisof the textuatlatathat wagpreviously collectedThis requiresigh
computational powerthus Python Jupyter Notebook (Anaconda) and RStuwakoe
usedwheneverpossibleto extract meaningful insightsom the scraped data i
systemati@and automatechanner. The datasetisuploaded tahePythonworkspace,
andthe researcheproceeed to clean,analy®, and visualize the textual daf@he
cleaningprocess will start by removing any unwanted characters frontCtbssrail
textsusing theRegular ExpressiomAho, 1993 module in PythonThis includes any
embedded URLs that are present in the body of the t&tise the cleaning is
complete the researchewill proceedto analy® thetextsthroughNatural Language

Processing (NLR)
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4.5.4.1 Natural LanguageProcessing (NLP)

The researcheébegan byprocessingraw data,consising of the written contenof
CrossraiBIM articles.The researcheompiled allarticles from the websitato a list

of texts, each of whichepresents a separadicle. There are a total of 56 articles
about the implementatioof BIM in largescaleproject delivery from Crossrail.ne
researcheutilized the spaCy Klonnibaland Montani, 2017, Gensim Rehurekand
Sojka, 201}, andscikit-learn(Pedregosa et al., 20 lbraries toanaly® this list of
texts. Firstly, the researchdoaded the English tokenizer, tagger, parser, N&Rl
word vectors that come with the spaCy libramg described in therevious section

and depicted ifrigure4.10.

Afterwards the researchesliminatedthe line breaks within each article asavedhe
documents to diskyith eacharticleseparated by a line breakhisresultedn a large
text file, wheren each linecorresponds to a separateicle. The revisedextswere
thus prepared folNLP analysis.The researcheemployedthe basic texprocessing
functions from the Tex@nalyticsModule for Python (Wang2018) for the purpose
of textual analysis and topic visualizatidie modulewasimportedinto Python and

the configurations for NLWereredefined

The corpus was then thoroughly cleaned for analysisseveral steps, including
removal of punctuation, stopwords, normalization of the corpus, substitution of entities
with tokens, parsing of documents, lemmatization of texts, and extraction of sentences.
The output was used to generate unigrams of sentembess a unigram is a single
syllable sequence from a text corpus in computational linguistics. Additionally, the
retrieved text contained numerous special characters that were not necessary for
presevation and would only complicate the analysis. These characters, which included
\n and\r for formatting and [ and ] for displaying metadatare all removed. The raw

text also contained information such as the document &bor link, abstract, and

date, which were not needed for the analysis and were therefore deleted as well.

The code for this process is shown kigure 4.13. After the removal ofspecial
charactersthefirst 1000 characteraere reexamined to observe the changeshe

data At this point it can bestatedthat he researchenas completé the cleaning
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processandthe Crossrail BIM datas now free of anypecial characters anusual

spacing.

# Replace the special characters with a space
raw text = re.sub("\\n|\\r[\[.+?\]", " ", rau_text)
# Replace any set of two or more spaces with just a single space

raw_text = re.sub(" {2,}", " ", raw_text)

# Re-examine the first 1000 characters

raw_text[:1000]

‘Ground Settlement Behaviour In Chalk Due To TBM Excavations Document type: Technical Paper Abstract In Crossrail project contr
act (310, two new tunnels - the Thames Tunnel (westbound and eastbound) will be constructed between Plumstead portal and North
Woolwich portal. The Thames Tunnel is 2.6 km long and about 15 m below the existing Thames river bed. Construction of Plumstead
portal commenced in 2011 and completed in 2012 for the westbound TBM launching in January 2013 and eastbound TBM launching in M
ay 2013. The construction of North Woolwich portal has begun in early 2012 in order to receive the first TBM in 2014. The runni
ng tunnels will be constructed predominantly through chalk. Two slurry TBM machines, Sophia and Mary named after the wives of M
arc Isambard Brunel and Isambard Kingdom Brunel will be adopted for the sake of the existing ground condition - majority in cha
1k, The degree of settlement control is one of the prerequisites for tunnelling design for the consequent risk '

Figure 4.13: Code for cleaning cross rail BIM data

However unigramson their own do not fully convethe conceptual meaning of
sentences, and it isecessaryo examine group®f wordsthat standogether as a
conceptual unit, such as a phrase. The idea behind phrase detectidetesrane if

a group of tokensonstitutesa meaningfuphrase. To accomplish thiet researcher
will usephrasemodellingtechniques (Harrisqr2016) byiterating throughhe tokens
in the text corpusndidentifying words that cenccur together more frequently than

would be expectety chance.
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The formulafor the phrase model to determiiiéwo tokens A and Borm a phrase is

as follows:

WEODHD WEOBE O, . .
————— =2V o & aQ
WEOO N WEDHHO

Where:

@& 6 & as the number of times tokenappearingn the corpus.
@& 6 & ds the number of times tokendppearingn the corpus.
wé 6 & d isthe number of times the tokens A B appear in the corpus in order.

0 is the total size of the corpus vocabulary.

=4 =4 =4 4 I

W& 0 & ds a usedefined parameter to ensure that accepted phrases occur a
minimum number of times.
1 0@ & &iQ a usedefined parameter to control how strong of a relationship

between two tokens the model requires before accepting them as a phrase.

The Gensim libraryoffers tools for phrasenodelling which are trainedn atext
corpus (Rehureland Sojka, 2011). The modes then applied to newext. If it
identifiestwo tokens in the newext as a phrase, it will merge the two tokens into a
single new wordThe creation of thphrase model iachievedy execuing the Python
code shown irFigure4.14. The output is dext that isemmatizedhas phrasesand

stopwords removedfrom the originaltext

# Create a keywords colum that only contains significant words

# Split the text into words

BIM df["keywords"] = BIM df{"clean sentence"].apply(word tokenize)
# Remove insignificant words ("Stopwords”) and one-Letter words

stop = stopwords.words("english") # nltk stopwors List
stop.extend("acknowledgenent") # Add specific words

BIM df["keywords" ] = BIM df["keywords"].apply(Lambda x: [w for w in x if w not in stop and len(w) » 2])

Figure 4.14: Create a keywordsolumn that only contains significant words



192

The next step is to construetdictionary for the lemmatized, phrased, and-stord

removedtext corpus, followed by creatirgyserialized corpudhe codehat follows
lemmatizesthe words andgeneratesa set of keywords for each articlelpon

examiningthe results it can be seen that the data frameludes theoriginal raw
sentencegleanedsentence, andlist of keywordsfor each articldas seen ifrigures

415 and 4.16). The researchethen createda new columnwith the number of
keywords per sentencaq seen ifrigure4.17).

# Lemmatize the words, reducing them back to their stems
# Object to lemmatize words
lemma = WordNetLemmatizer()
# Dictionary to convert between part-of-speech tags and the ones the lemmatizer understands
tag_dict = defaultdict(lambda : wordnet.NOUN)
tag_dict['31"] = wordnet.AD]
tag dict['v'] = wordnet.VERB
tag_dict['R'] = wordnet.ADV
# function to lemmatize a sentence
def get lemma(word):
"""Gets the POS tag for a word, and then returns the lemmatized form of the word"""
tag = pos_tag([word])[@][1][@]
tag = tag_dict[tag]
return lemma.lemmatize(word, tag)

# Actually perform the lemmatization

BIM_df["keywords"] = BIM_df["keywords"].apply(lambda x: [get_lemma(word) for word in x])

Figure 4.15: Apply lemmatization to a corpora
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# Inspect the keywords column
BIM_df.sample(10)

raw_sentence articl date clean_sentence keywords
crossrail found that there was a lack of experience in the crossrail found that there was a lack of experience in the  [crossrail, found, lack, experience, market,
1914 Marketand therefore decided to open negotiations with market and therefore decided to open negotiations with therefore, decide, open, negotiation,
construction industry training board citb to take over the construction industry training board citb to take over the  construction, industry. training, board, citb,
running of tuca, with support from crossrail. running of tuca with support from crossrail take, run, tuca, support, crossrail]
{o mitigate this risk. bik and dal developed a detailed to mitgae tisrisk bik and dal developed a detaeq  [MGALE, sk bk, dal developed, detaied,
2453  probing ahead and de pressurisation strategy to reduce 13 probing ahead and de pressurisation strategy to reduce Fr)educé tesh dﬁgl ok Towres onaﬁqu'
the residual risk as low as reasonably practicable alarp . the residual risk as low as reasonably practicable alarp g s dd Y.
practicable, alarp]
the original concept also included the provision for the original concept also included the provision for  [original, concept, also, include, provision,
2449  compensation grouting within the london clay above the 13 compensation grouting within the london clay above the  compensation, grout, within, london, clay,
CrOSSOver. crossover crossover]
4867 mechanisms can be built in to the model diagrams to aid 28 mechanisms can be built in to the model diagrams to aid [mechanism, built, model, diagram, aid,
navigation across the various levels. navigation across the various levels navigation, across, various, level]
7169 SO™Daand concrete valley took an innovative approach sorba and concrete valley took an innovative approach  [sorba, concrete, valley, take, innovative,
to this problem. to this problem approach, problem]
dpf consumer electricity networks which have distorting dpf consumer electricity networks which have distorting ~ [dpf, consumer, electricity, network, distort,
7754 and displacing load currents, will have a reduced true 43 and displacing load currents will have a reduced true  displace, load, current, reduce, true, power,
power factor. power factor factor]
2559 Using common design methods would improve efficiency . using common design methods would improve efficiency iﬁ%ﬁg”‘é&%ﬁ#:;‘?:dlﬂglmog;kw%ﬂg'
and reduce work load, thus reducing cost. and reduce work load thus reducing cost : ¢ s 3 3
thus, reduce, cost]
WT;;?I :l!’gr:‘ael‘éenrgéggfsgggigfiégi?nvggsﬁergﬂcgrgfz where such events were audible this will be mainly due [event, audible, mainly, due, tonal,
2108 weiihied ok tevel are comoaabie to clideliie. i to the tonal characteristics as the measured overall a characteristic, measure, overall, weight,
intergnal Tl e recommegded b wlgo andin weighted noise level are comparable to guideline noise, level, comparable, guideline,
¥ bs8233 internal noise levels recommended by who and in bs internal, noise, level, recommend]
although surface ejector wells were able to lower the although surface ejector wells were able to lower the  [although, surface, ejector, well, able, low,
5354 groundwater level below eastbound tunnel inverts, it groundwater level below eastoound tunnel inverts it was groundwater, level, eastbound, tunnel,
was not sufficient for the westbound tunnel which is not sufficient for the westbound tunnel which is situated inverts, sufiicient, westbound, tunnel,
situated 5m deeper. m deeper situate, deeper]

Figure 4.16: Inspecting the outcome of keywdaolumn

# Create a new column containing the number of keywords per sentence

BIM df[ "keyword count”] = BIM df["keywords"].apply(lambda x: len(x))

Figure 4.17: Code for new column data

The researchdhenproceeded to eliminat®ws withno keywords, rows that simply
contain the name of a month, and filtered the datagetainonly the columns where

the keywords column is not a subset of monétsssen ifrigure4.18).
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# Drop rows with zero keywords

BIM df = BIM df[BIM df["keyword count"] > 0]

# Drop rows that simply contain the name of a month
# Set holding months

months = {"january", "february", "march", "april", "may", "june",

won non non

"july", "august", "september", "november", “december"}

# Filter the dataset, keeping only the columns where the keywords column
# 15 not a subset of months

BIM df = BIN df[~BIM df[ "keywords"].map(lambda x: set(x).issubset(months))]

Figure 4.18: Code for data categorization

4.5.4.2 CreatingDictionary

The researchehen created dictionary of words fronthe cleanedkext corpugas seen

in Figure4.19). This stephelped identifyall the unique wordpresentn thetext. Using

this dictionary, the cleaned text in each reas then transformed into@ocument

Term Matrix (DTM), alsoknown as @ag of Words (BoW), whiclessentiallystores

thefrequency andccurrence of each word in the corpls find theword frequencies,

the keywords column wasansformednto a documenterm matrix and an object that

convertedstrings into a sparse matrix was also creaiégkeywords seriewas then

convertednto a sparse matrixaé seen ifrigure4.20). Finally,adata frameontaining

theterms and frequencies wgsnerated

# Convert the keywords column into a document-term matrix

(]

keywords_seriks = BIM df{ "keywords"].apply(lambda x: " ".join(x))
# Create an object that converts strings into a sparse matrix
vectorizer = CountVectorizer(max features= 10000 , min df=0.005, ngram range= (1,1))

# Convert the keywords series to a sparse matrix

BIN dtm = vectorizer.fit transform(keywords series)

Figure 4.19: Code for dictionary of words
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# Create a dataframe of terms and frequencies

# Get the frequency of each term

keyword_frequencies = BIM_dtm.sum(axis=0)

# Match frequencies to terms

frequent_terms = [(word, keyword frequencies[o, id]) for word, id in vectorizer.vocabulary .items()]
# Convert the word-frequency pairings to a dataframe

keyword_df = pd.DataFrame(columns=["tern",
"frequency"], data=frequent terms)

# Sort the dataframe

keyword_df .sort_values(by="frequency", ascending=False, inplace=True)

Figure 4.20: Code for bag of words

4.5.4.3 Generatng Top 20FrequentWords

The results of th&M analysis illustrated iTable4.15 appear to be disappointing, as

the first specific wordfidesigro js over twenty places down in the list. This may
suggest that the use of BIMmajor construction project delivefgcuses more on the
design stage rather than performanglated issues. The presence of terms such as
ficrossraib andfifigured in the analysis also indicate that these terms should be added
to the list of stopwords to be excluded from future anajyseshey do not appear to

be relevant to the study. In light of these findindhe researchesuggests that
searching directly for words related to performance enhancement such as cost, time,
and quality(Chen, 2022)nay yield more meaningful results in th#& approach for

performance enhancementBiV pervasive major project delivefgeeFigure4.21).



Table4.15: Frequency of top 20 used words

No. | Words Frequencies| | No. | Words Frequencies
1 | Design 1285 11 | Station 641
2 | System 1230 12 | Room 629
3| Tunnel 1144 13 | Information 599
4 | Use 1098 14 | Data 580
5 | Crossrail 1061 15 | Provide 548
6 | Figure 839 16 | Level 521
7 | Model 760 17 | Require 477
8 | Project 754 18 | Ground 467
9 | Construction 705 19| Line 454

10 | Work 684 20 | Asset 453
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# Create a list of plot-specific keywords

# Return frequencies for selected terms

keyword_df[keyword _df["“term"].isin(plot_keywords)]

plot_keywords = ["cost", "time", “"quality", "enhancement", "bim", "performance", "efficiency", "visualisation", 'Man hours',
‘Development’, 'product’, 'process', 'people’, 'Client satisfaction', 'speed', 'corrections', 'errors’,
‘sharing', ‘flexibility', 'financial', 'disciplines','CAD', 'satisfaction', 'bids']

Figure 4.21: Code for searching specific words

The text analysis shown ihable 4.16 providesmoreinsightsandrelevanceto the

study. The wordfprocess appearedthe mostfrequently with 405appearances,

followed by fitimed with 311 appearances, which may indictdtat the delivery of

major projects is often delayed due to poor performanae.is further supported by

the frequent appearancefiperformance (251 times) and the less frequent appearance

of Aproducd (63 times),fefficiencyo (57 times), andipeopl® (41 times).AQualityd

(185 time$ and ficosd (180 time$ were also found to be importaperformance

related issues within the context ofiajor construction project deliveryThe

appearance ofiBIM0 (124 time3$ suggests that althoughe technologyhas been

adopted and utilizedhere are still challenges in improving efficiency



197

Table4.16: Results of specific searched words

No | Words Frequencies
1| Process 405
2 | Time 311
3 | Performance 251
4 | Quality 185
5 | Cost 180
6 | BIM 124
7 | Product 63
8 | Efficiency 57
9 | People 41

4.5.5 NewKnowledge

4.5.5.1 Topic Modelling

The Latent Dirichlet Allocation (LDA) model is a commonly udéd technique for

topic modelling where it helps to identify underlying themes or topics in a collection

of documents. The LDA model works by taking the observed words in documents and

explaining each document as a mixture of multiple topics. Each topic is then

represented by

a number r@ipresentative words. Inighexperiment the researcher

applied the LDA model to the textual corpus to construct the topics for the data. The

training of the IDA model was conducted by running the appropriate lines of code in

a Jupyter Notebook, as shownFigure4.22.

# Convert tne
topic_corpus
numtopics = 30

1dafile = 'topic

1da.save(ldafile)
1da.mininum probability = 0.8

topic dict = corpora.Dictionary(1da docs)

P S nto a1

z [fopic_dict.doczﬁoxv(texi)

corpus” +str(numtopics)
1da = Ldatodel (topic_corpus, num topics=numtopics, idword=topic dict, passes=100)

f'ér %extkin 1da docs]

Figure 4.22. Command for LDA model

The researchensed the Documesiterm Matrix (DTM) to mine the todO terms

related to each topic and classify the articgressive topics. However, the initial
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results showed that the keywords did not make any sense, with words such as
fiLondorp, fireviewo, and ficrossraib topping the list(Tables 4.17 and 4.18 To

improve the resultshe researchetecided to delete these words from the corpus and
re-run the analysigTable4.19). This led to the identification of five main research
themes: tunnel, ground, settlement, excavation, and construction; tunnels, monitoring,
data, works, and caption (Topic_0); design, construction, lining, vibration, tunnel, and
station (Topic_1); asseadata, and product (Topic_2); room, air (Topic_3); and design
(Topic_4). However, @spite the LDA model identifying each topic, the output still
requires human input to label each topic. This can be done byresearcher
individually labellingthe topics based on their judgment. TWie approach provides

a comprehensive picture of the research area and helps stakeholders and participants
understand new development themes and hidden structures. It also gives an assessment
of the area researched (Antcersd Breidbach, 2018; Mahr et al., 2019; Gall@und

Savona, 2009).



Table4.17: Returned RStudio topics before deletion
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No. | Topic O Freq. Topic 1 Freq. Topic 2 Freq.
1 London 0.065 Slab 0.048 Review 0.049
2 New 0.055 Construction| 0.043 Order 0.036
3 Building 0.035 Level 0.030 Follow 0.034
4 Tunnel 0.026 Support 0.027 Term 0.030
5 Central 0.025 Work 0.026 Long 0.027
6 Crossrail 0.024 Temporary | 0.025 Require 0.026
7 Underground 0.021 Structure 0.023 Evidence | 0.024
8 East 0.020 Construct 0.022 Product 0.024
9 Station 0.020 Platform 0.022 Large 0.023
10 | Area 0.020 Prop 0.019 Day 0.023
No. | Topic 3 Freq. Topic 4 Freq. Topic 5 Freq.
1 Maintenance| 0.068 Concrete 0.065 Project 0.050
2 Make 0.032 Line 0.058 Crossrail | 0.049
3 Access 0.032 Method 0.045 Benefit 0.026
4 Array 0.028 Sprayed 0.027 Mechanical| 0.025
5 Planning 0.024 Maximum 0.026 BIM 0.025
6 Fix 0.023 Use 0.022 Paper 0.024
7 Decision 0.022 Curve 0.022 Many 0.020
8 Also 0.020 Calculation | 0.019 Programme 0.020
9 Aims 0.019 Layer 0.019 Learn 0.019
10 | Addition 0.017 Value 0.018 Year 0.017




Table4.17: Returned RStudio topics before deletion
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No. | Topic 6 Freq. Topic 7 Freq. Topic 8 Freq.
1 Level 0.087 Life 0.041 Figure 0.153
2 Vibration 0.051 Step 0.037 Show 0.072
3 Noise 0.046 Whole 0.032 See 0.033
4 Failure 0.045 Length 0.028 Model 0.032
5 Performance| 0.035 Survey 0.028 Use 0.025
6 Criterion 0.031 Along 0.025 Monitoring | 0.023
7 High 0.027 Cycle 0.023 Green 0.022
8 Growth 0.027 Advance 0.022 Data 0.022
9 Table 0.020 Distribution | 0.021 Stepney 0.021
10 | Measure 0.019 Software 0.020 Section 0.018
No. | Topic 9 Freq.
1 One 0.046
2 Number 0.035
3 Panel 0.029
4 Improvement 0.025
5 Occur 0.025
6 Per 0.024
7 Initiative 0.022
8 Switch 0.021
9 Individual 0.020
10 | Hour 0.020
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Table4.18. ReturnedRStudiatopics after deletion

No. Topic 0 Topic 1 Topic 2 Topic 3 Topic 4

1 Tunnel Design Asset Room Design

2 Ground Construction | Data Air Construction
3 Settlement Lining Product System Process

4 Excavation Vibration Document Temperature | System

5 Construction | Tunnel Management | Fire Programme
6 Tunnels Station Time Process System

7 Monitoring Tunnels Power Requirements| Layer

8 Data Track Assets Rooms Quality

9 Works Ground Quality Equipment Performance
10 Caption Wall Legacy Heat Team

4.5.5.2 Visualisationof Topic Modelling

The topics were represented by the mogprominent words. To enhance
comprehension, a visual representation of these topics was created following the
approach of Chuang et al. (2012) and Sievert and Shirley (2014). The code used for

this purpose is shown Figure4.23.

# Visualise topics

# This is a slow and computationally expensive process - my machine's fan goes crazy during it.
# Create the display

import pyLDAvis.gensim models

1da display = pyLDAvis.gensim models.prepare(1da, topic corpus, topic dict, sort topics=False)

# Actually display the visualisation

pyLDAvis.display(lda_display)

Figure 4.23: Visualization code for generated topics

Figure4.24 displaysanillustration of the visualizatiorgeneratedy the LDA model
for one topic. The diagram is split into two parts: ldfesidedepicts the proximityf
thetopicsto each otherandthe right sideshowsthe 30 mostelevantwords thaimake



202

up the topic.From thewordsin the topic, it is apparent that the topic pertaitts
different stages ofconstruction including design, preconstruction, procurement,
construction, commissioning, owner occupancy, and project-olaisd@ he presence
of the word fiperformancé implies that BIM can be utilized for performance

improvement.

The size of the circles in the visualization represents the proportion of the texts each
topic cover s, with topic 1 being the mo
significance ofthe terms, witha a-value close to zerandicating thatthe terms are

uniqueto the topic¢ while aa-valueclose to oneaneansthe terms appear in the topic

with high probabilities. For a more balanaeg@resentation of the terdrelevanceand

di st i nct valueaiOe6dssitiizedaSorae topicslike the one irFigure4.25,

may be straightforward for human interpretation, while others may not be as easily
recognizable
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Figure 4.24: Visualization for topics created by the LDA model

4.5.5.3 Knowledge graph

In the realm of Experiment 2, the exploration involved employing topic modelling
techniques to decipher prevalent themes within the corpus of BIM literature. The
analysis revealed five distinctive topics, each characterized by a set of associated
terms, esompassing aspects such as tunnel construction, design processes, asset

management, room systems, and construction methodologies.

The resulting knowledge graph Figure3l.@hich was generated by the author using
Python,constructed by establishing connections between these topics and common
terms, visually represents the intricate relationships and influence among different

facets of BIM.For example, the edge between the Tunnels node and the Ground node



204

indicates that there is a relationship between these two tofics.graph aids in
comprehending the complex interplay between BIM key terms, aligning with the
objectives of the BIMTAPE Framework, which aims to enhance performance in BIM

pervasive major project delivery.

Station Vibration
Track Lining

Wwall

Tunnels
Tunnel

Product
Asset

Document Data

Excavation

DesignConstruction
Settlement

Management
Time

~ Legacy | Quality

Power
Performance

Assets Team

Programmd-2yer

Process
System

Heat
quipment
Room Rooms

i Requirements
Lt Temperature g o 9

Figure 4.25: Connections between these topics and common BIM terms

Furthermore, a broader examination involves correlating the findings from the four
distinct topic modelling tables (Topic 0 to Topic 4) with the key technical domains
outlined in the Periodic Table of BIM (Mordue, 2016). This analysis provides valuable
insights into the alignment and differences between the topic modelling results and the
established BIM technical domains, enhancing the understanding of the nuanced
relationships within the BIM landscape. Additionally, Trebles4.19, 420, 421, 422,
and4.23present the key technical terms from each topic along with their connections
to the technical domains in the Periodic Table of BIM, further elucidating the intricate

interplay between topic modelling outcomes and established BIMTAPE Framework.
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The presented tables underscore the alignment and interplay between key technical
terms derived from topic modelling and their corresponding technical domains
outlined in the Periodic Table of BIM. Notably, terms such as Tunnel, Ground, and
Settlement promently align with the Foundation and Collaboration domains,
emphasizing the foundational and collaborative aspects in the BIM landscape. The
dynamic relationships captured by the BIMKG further enrich understanding,
reinforcing the goals of the BIMTAPE Freework for performance enhancement in

major project delivery.

The integration of TM results in these tables strategically links the BIMTAPE
Framework with practical applications summarized by the Periodic Table of BIM
(Mordue, 2016). By elucidating the nuanced relationships betweederMed key
terms and their aligment with technical domains, the BIMKG becomes a powerful
bridge between theoretical frameworks and-veatld BIM practice. This synergy
amplifies the utility of the Periodic Table of BIM, rendering it a more robust and
informed guide for practitionersid decisioamakers, contributing significantly to the

ongoing development of the BIMBOK.

Table4.19: Results from Topic 0 comparedtte Periodic Table of BIM

Priority | Key Technical Terms from Topic | Technical Domains in the Periodic
Modelling Table of BIM

1 Tunnel Foundation, Collaboration

2 Ground Foundation, Collaboration, Process

3 Settlement Foundation

4 Excavation Foundation, Collaboration

5 Construction Foundation, Collaboration, Process

6 Tunnels Foundation, Collaboration

7 Monitoring Foundation, Collaboration

8 Data Foundation, Collaboration

9 Works Foundation, Collaboration

10 Caption Foundation
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Table4.20: Results from Topic 1 comparedtte Periodic Table of BIM

Priority | Key Technical Terms from Topic | Technical Domains in the Periodic
Modelling Table of BIM

1 Design Foundation, Collaboration, Process
2 Construction Foundation, Collaboration, Process
3 Lining Foundation, Collaboration

4 Vibration Foundation, Collaboration

5 Tunnel Foundation, Collaboration

6 Station Foundation, Collaboration

7 Tunnels Foundation, Collaboration

8 Track Foundation, Collaboration

9 Ground Foundation, Collaboration

10 Wall Foundation, Collaboration

Table4.21: Results from Topic 2 comparedtte Periodic Table of BIM

Priority | Key Technical Terms from Topic | Technical Domains in the Periodic
Modelling Table of BIM

1 Asset Process

2 Product Process

3 Management Process, People

4 Document Process

5 Management Process

6 Time Process, Digital Plan of Work stages

7 Power Process

8 Assets Process

9 Quality Process, Technology

10 Quality Process, Resources
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Table4.22: Results from Topic 3 comparedtte Periodic Table of BIM

Priority | Key Technical Terms from Topic | Technical Domains in the Periodic
Modelling Table of BIM
1 Room Process
2 Air Process
3 System Process
4 Temperature Process
5 Fire Process
6 Process Process
7 Requirements Process
8 Rooms Process
9 Equipment Process
10 Heat Process

Table4.23. Results from Topic 4 comparedtte Periodic Table of BIM

Priority | Key Technical Terms from Topic | Technical Domains in the Periodic
Modelling Table of BIM

1 Design Foundation, Collaboration, Process

2 Construction Foundation, Collaboration, Process

3 System Technology, Enabling Tools

4 Process Process

5 Programme Resources, Digital Plan of Work stage

6 System Process

7 Layer

8 Quality Process, Technology

9 Team People, Performance

10 Time Process

4.5.6 Lessond earnedfrom Experiment 2

Web scraping was performed to gather data related to CrossraBl&hdor the
purpose of studying the use of BIM in enhancing performanaeajor construction
project delivery The collected data wamnalygd usingTM techniques including

lemmatization, phrasing, stop word removal, and Docusienin Matrix creation.
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The analysis resulted in a list of the most frequent words used in the corpus, as well as

a visualization of topics created by the LDA model.

The results of the text analysis, showTable4.13 indicate that the worjprocess

was the most frequent word, appearing 405 times, while perforanalated words

such agiefficiencyd fitimeo fiqualityd andficosb were also mentioned frequently.
The visualization of topics generated by the LDA model revealed that the topics were
related to the different stages of construction, such as desigitoms&uction,
procurement, and commissioning, with the wépgrformancé being indicated as
well. This suggests that BIM could play a role in performance enhancement during

major constructiomproject delivery

In conclusion, the web scraping and text analysis performed provides a summary of
the use of BIM in enhancing performancenmajor construction project delivery
particularly in the context of Crossrail. The results indicate that there are still
challenges in improving efficiency, but the use of BIM has the potential to play a role
in performance enhancemeft addition, the mixture of insights from BIMKG, the
Periodic Table of BIM, and the BIMTAPE Framework brings a deeper understanding
of the intricate elationships within the BIM landscape. This synergy reinforces the
potential for weHinformed decisiormaking and effective knowledge engineering in
the context of major project delivery. The BIMTAPE Framework, with its emphasis
on foundational aspectsrtdugh TM, further amplifies the implications of the study
for enhancing performance in significant construction projects. Together, these
analytical tools offer a multifaceted perspective that combines textual analysis, the
dynamics of knowledge graphs,dastructured frameworks. This collective approach
contributes to a comprehensive comprehension of the complex interplay within the

realm of BIM.
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4.6 Data Collection: BIM TS 3-6
4.6.1 Introduction

The aim of this section is to outline ttata collection process for BIM TS 3 to BIM

TS 6, with each dataset stored separately to enable independertaljpdis. Rather

than presenting the data collection process for each dataset in separate sections, this
combined approach allows the researcher to address data collection cohesively,
avoiding unnecessary repetition. Each dataset (e.g., regulatory dospstantiards,

policy papers) is retained in its distinct format, allowing for independent TM analysis,
comparison, and validation across diffardacument typesThis thesisencompasses

threeinterrelated components, which include:

(1) An systematic literature reviet® understand the necessitytekt analysisn
addressing thehallengesfaced in BIM pervasive major project delivery
These challenges have been identified through lessons learned and pertain to
important issues such as budget, quality, and schedule.

(2) A genericTM process framework tomprovedata collection and usagéth
the goal of enhancingerformance

(3) An examination of thdéindings fromTM experimentsusing theframework
to demonstrate iteffectiveness in identifyingnd solvingproblems inBIM

pervasive major project delivery

Therefore, it ixrucialto analy® thesedocumentsisingTM techniquesin subsequent
sections, lte researchepreserd the text analysis process f&lM TS 3, TS4, TS5,
and TS6, explaining thdessons learned, and summafor eachstage.

4.6.2 Body of Text: Data Collection TS3-TS6

4.6.2.1 BIM TS 3 Approved Documents

4.6.2.1.1 A Brief DescriptionaboutApproved Documents

The approvediocumentoutlinewhatis typically considered acctgblefor meeting

the relevant requirements of the Building Regulatitmsvhich they are subject
Pertinent requirements and expectations are expounded by the Department for

Levelling Up, Housing and Communities (DfLU,021), as explained in this

subsection.
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When the guidangerovidedin an approved document is followets presumed that
the requirementoutlined in the guidancewill be met. However, this doesnot
guarantee compliance, as th@idance may not appiyn situations where thease is
unique orunusual in some wayt is important to notehat there may balternative
methods tdulfil the requirementsutlined by the Building Regulations, atttere is
no requirement to follow the solutions specified an approved document. #
companywants to meet a relevant requirement & differentway thanwhat is
described in an approved documérghouldconsultwith the relevant building control
body.

Some approved documents includeandatoryprovisions that must be followed
precisely asspecifiedby regulations oby the Secretary of State througtethods of
test or calculation. Each approved docunpatains specificallyo the requirements

of the Building Regulations that the document addresses. However, building work
must alsoadhere taany other applicable requirements of the Building Regulations.
The legislative structuria the UKis dividedinto three jurisdictionseach with its own
governing body and regulatory documenEngland and Wales, Scotland, and
Northern Ireland-Technicalguidarce documentsre also available iGcotland and
Northern IrelandThese documents not only proviclear prescriptive approachlest

also offerperformancebasedsolutions as a means of demonstratingipliance with

the requirements of the Building Regulati¢b$L.U, 2021).

4.6.2.1.2 Data Collectionfor RegulationDocuments

TheTM analysis in this experiment was focused on evaluating the implementation of
the requirements of approved documents in England and Wales. However, considering
the similarities between the systems dndlding energy performance prediction
(BEPP)tools utilized across the UK jurisdictions (Liu, 2007), it can be inferred that
the findings from this experiment are likely to be relevant and applicable to all UK

administrations.

To collect theapproved documenta,Googlesearch wasonducted to retrieve thaw
text PDF=f these document$he majority of th&locuments were publiclccessible
andtherewasno need to log imvith university credentials tobtain themThe search

terms used to access these documentse fibuilding regulations and approved
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documents indexOR AArchived single Approved DocumentsSThesedocumentsare
nonmandatorytechnical guidance documents thgirovide practical (quantified)
solutions on howo comply with theegulationgDfLU, 2021) The researchesulted

in 26 Approved Document@JK Government, 2021yvhich covera wide range of
topicssuch as structure, fire safegnergy efficiencyand fuel conservation standards
(see Table 4.24). Although the number of documentsay appear to bdimited
compared to othefFM experimentsthey occupy78,714 KB of memory space in the

systemindicating a substantial amouwfttextual datavithin these documents

Table4.24: Approved documents

Titles of Approved Documents Approved No. of
document | documents
code

Structure A

Fire safety

Site preparation and resistance to contaminates and moi

Toxic substances

Resistance to sound

Ventilation

Sanitation, hot water safety and water efficiency

Drainage and waste disposal

Combustion appliances and fuel storage systems

Protection from falling, collision and impact

Conservation of fuel and power

Access tand use of buildings

Overheating

Electrical safety

Security in dwellings

High speed electronic communications networks

Infrastructure for charging electric vehicles

A || VIOQ|DT|OIZ2|MrMAR|a|ITIOIM| M| O|O|®
RPIRPIN|IP|IRP|IPININ|IP|RPIPIPIN|P|RP[PRP|O|PFR

Material and workmanship

N
»

Total

Source: UKGovernment (2021)
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4.6.2.2 BIM TS 4British Sandards
The BritishStandardnstitution (BS| 2013)offers guidance orthe adoptionof BIM

and itsassociatedequirementsor projects delivered using BINBSI, 2013) To gain

a deeper understanding of the issues related to enhancing performance in major BIM
project deliverythis researckeekgo conducta TM analysisof BSI document$rom

the UK, USA, and Européccessing these documents requires a subscriptioheso t
researcheutilized the University of Strathclyde online access to the B3ivailable

from https://bsolbsigroupcom.proxy.lib.strath.ac.uk/Home

The researchesearched fodocumentscontaining the term&BIM 6 and fibuilding
informationmodellingd. 17 relevant documents were available for download, while
others still required a subscriptigRigure 4.26). Of the 17 availabledocuments5
weredraftsthat shouldhot beconsideredr used asfficial British StandardsThese
drafts which are no longecurrentas of March 18, 2020, were issued toreceive
comments from interested partiaad will be considered beforgublication (BSI,
2013) As a resultthese draftsvereexcluded from the analysi$able4.25 provides

a list of the names and titles of the documents that were included in the analysis
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Q

Advanced Search

Home My Account  Browse for Standards Help and FAQs Eg B3R

BSI has been gradually implementing Digital Rights Management across its documents.
New Search 0 L O T PR
In order to continue to download and print documents from your British Standards Online subscription, you are required to
g. BS 123 or valves Q download the FileOpen plug-in.

Your access to view standards remains unaffected.

Search within results If you encounter any issues opening the standard, please try opening from your Downloads folder, by right-clicking (or using
Q Command key on i0S) and selecting "Open with Adobe Acrobat Reader".

To download the plugin: click here
For more information: click here

¥ Remove terms from filter
0 BM

19 result(s) found

Only show results Sortby ¥ | Items perpage ¥ |

within my subscription
150 19650-4:2022
" Organization and digitization of information about buildings and civil engineering
» Status Y works, including building information modelling (BIM). Information management using
building information modelling.. Information exchange View details

|

6 NOT IN SUBSCRIPTION

Status: Current | Published 11/08/2022

» Publisher D
BSI Flex 1965 v1.0:2022-07 a &
o Built environment. UK BIM framework. Method of specifying. View details
» ICS Category ¥ pecifing © IN YOUR SUBSCRIPTION
Status: Current | Published 31/07/2022
* Module D BS EN IS0 22057:2022 3R
Sustainability in buildings and civil engineering works. Data templates for the use of
environmental product declarations (EPDs) for construction products in building @ v vouR susscrTON
» Industry Sector D information modelling (BIM). View details

Figure 4.26: Example of somdocuments that are not in university subscription
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Table4.25; Standards names and the titles

No. | Codes of Titles of Standards
Standards
1 | BSENISO Sustainability in buildings and civingineering works
22057:2022
2 | PDISO/TS BIM to GIS conceptual mapping (B2GM)
19166:2021
3 | PDISO/TR GIS (geospatial) / BIM interoperability
23262:2021
4 | PD CEN/TS BIM Properties for lightind Luminaires and sensing deviceg
17623:2021
5 | BSENISO Organization and digitization of information about buildings &
196503:2020 civil engineering works, includinBIM
6 | BSENISO BIM. Data templates for construction objects used in the life
23387:2020 cycle of built assets
7 | BSENISO Securityminded approach to information management
196505:2020
8 | BSENISO Information management using building information modellir
196501:2018 0 Part 1: Concepts and principles
9 | BSENISO Information management using building information modellir
196502:2018 o0 Part 2: Delivery phase of the assets
10 | PAS 1192 Specification for collaborative sharing and use of structured
6:2018 Health and Safety information using BIM
11 | PD ISOI/TS Framework foBIM guidance
12911:2012
12 | BSENISO Information management using building information modellir
196504:2022 Information exchange

4.6.2.3 BIM TS 5National Policy Papers

National Policy Papers aito enhance overafproductivity byimproving thequality

and value for moneyof all construction projectghrough better government
procurement practiceas declared by GCZ)112015 The strategy seeks to advance
best practices within government and promote a unified voice to the construction
industry. Additionally it is focused onmproving skills within government and the
construction sectas a whole, while enhancing governnisntpacity and capability

as a clientThe strategy also strives to héhe sector recruit and retain skillegrkers
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Examiningand analysng these strategies isssentiafor this study as theresearch
aims to investigate ways to enhari2i performancen major construction project
delivery. To this endthe researchabtainedthe UK strategy documenity using the
searchterm AUK Government Construction Strat@gyThe search returned two
documents: the Government Construction Strategy 2016 (GCS 201-2015) and
the Government Construction Strategy 22020 (GCS 2012020) (HM
Government, 2011; HM Government, 2016he researchehen performedM on

these documents, along with other relevant documents from previous sections

The UK governmenaind industryacknowledgethat thecountry isnot getting full
value from public sector construction and that it haisfully utilizedthe potentiabf
public procurement to drive growttas acknowledged in GC3011-2015 (HM
Government, 2011)This recognition led ta profound change in the relationship
between publiauthoities and the construction industryith theaim ofensuring that
the governmentonsistentlyreceivesa gooddeal,and the country gets theecessary
social and economic infrastructure for the laeagn GCS2011-2015 aimed to make
the public sector a better cligoy beingmore informed and betteoordinatedvhen
specifying, designing, and procuriitg requirementsThis strategy alsa&hallenged
industry business models and practicesplacing adversarial cultures with
collaborative onesnd demandingost reduction and innovation within the supply

chan to maintain market positicend establisla bargaining position for the future.

GCS 20162020 sets out the plan for the government to improve its capability as a
client in the construction industry and serve as a model for other clients. Building upon
GCS 20112015, the 2012020 strategy aims to addrets® challengeposed by
inflationary pressure in a rising market by driving increased construction prodyctivity
which wasexpected to result iefficiency savings o6GBP 1.7 billion over the course

of the Parliament.This strategy also aims to evaluate and enhaneefunctional
capaliity of central government as a client and improve understanding of the stages
in programswhere efficiencies can be achievédiditionally, it seeks to consolidate

the practices established in the previous strategy
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4.6.2.4 BIM TS 6EnterprisePolicy Papers

It is undisputed thathe implementatiorof BIM provides value to th&EC industry
and its clientsHowever, it still need® be determinethroughfield studieshow BIM
shouldbestbeintroduced angupported. The effects strategic policiegnplemented
by a countryor apublic client need to bkeetterunderstoodThere is evidencthat a
combination ofmandatoryBIM requirements fronpublic and private clientand
proactive adoption by the industnjll accelerate the BIM adoption procékseand
Borrmann, 202Q)Further research is neededdetermine the best way &zhieve the
optimal costbenefit ratio and projeagoals from a BIM policy and management

perspective.

With an increasing numbeaf BIM projectsbeingcarried outglobally, datadriven
research can now be conductedyton adeeper understanding of BIM policies and
management factor.ee and Borrmann, 202Q) The systematic literature review
presentedin Chapter2 revealeda needfor a TM approachto enhance BIM
performancen major construction project deliveriience this sectioranalygs BIM
policy documentso gain valuabl&nowledgeon how to enhangeerformancehrough
the use oBIM.

4.6.2.4.1 BIM Policies

The governmentyeing amajor clientin public construction projectglays a crucial
role in promotingBIM adoption within the construction industrywhich is highly
fragmented antleavily regulatedBIM policiescanrange froomandatory usef BIM

in all publicly fundedprojects with changes itegislation if necessary, tproviding
financial and organizationalipportto simpleencouragement and support. Singapore,
Finland, Korea, the USA, the UK, and Austrabae at the forefront of BIM
policymaking(Lee and Borrmann, 2020)In these countries, the government and its
agenciehavebeen instrumental in promotirand supporting the implementaticof

BIM but have adoptedignificantlydifferentapproaches doing so

The British governmef construction strategylaunchedn 2011 aimed to reduce
costs andower the carbon footprint of construction projects through the ugiNf
methods and technologiéseeandBorrmann 2020) The UK government also aimed

to positionthe British construction industgsa leader in theligital construction era



217

andmakethe UK aworld leaderin BIM in order togain acompetitive advantage

the international mark€Maude, 2012)The key aspect of the 2011 UK construction
strategy was toequirefifully collaborative 3DBIM ¢, equivalento BIM Level 2, for

all centrally procured construction projestsrting in2016 As of thewriting of this
thesis, this goal has mostheen achieved, as evidendgdannual BIMsurveysthat
showa significant increase in the adoption of BIM methods by the UK construction
industryin recentyears [eeandBorrmann,2020.

However, the current practia# using BIM execution plans hdmth potentials and
limitations. One of these limitations is the limitations of human menanganalysis,
which can bereducedby incorporatingTM (Chen, 2022)Due to thesdimitations,
there are problems witthe current practiceof using BIM executionplans. After
reviewingkey performance imajor construction project deliverggardingdelivery
time, cost, and qualityaé discussed i€hapter2), it is clear thata comprehensive
approachto evaluating BIM performanceis needed. ThereforeBIM execution

planning would béeneficial formajorprojects that heavily rely on BIM

4.6.2.4.2 BIM PoliciesCollection

Several studies have underscored the importane@aiysng BIM policy papers to
improve BIM performance in larggcale projects. To achieve this objective, this study
uses a search string to locate BIM policy papers at companies via Google. The search
string incorporates thaintitle:0 operator, which searches for web pages containing
specific terms in their titles. The initial search generated a large number of results, with
4,580 relevant hits. However, to narrow down the search results to paperethat w
relevant to the study focus, e researchempplied certain criteria, including
specifying the document type required for tamalysis and setting the desired format

to PDF. By doing sohke researchewas able to select documents that concentrate on
BIM policies. To locate PDFs related to BIM policies at companies, the search string
used was fintitle:bim policydo OR fintitle:bim strategp OR fintitle:bim
implementation filetype:pdf. By applying this stringhe researcheidentified 24
relevant PDF documents, which were subsequently downloaded for further analysis.

The specifics of each downloaded BIM policy are summarizéalde 4.25.
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Table4.26: BIM policy papers

No. | Company names Coverages of BIM policy
1 | Anthony Keith 3D visualisations to assist in the design process
Architects
CITYAXIS Design, construction, and maintenance
3 | Diane Butterworth 1 Creating/placing BIM objectgdding/updating
product data
1 Collaboratingwith contractors within a Common
Data Environment (CDE)
4 | ESS Modular Providingdesign and build package
5 | I andH Brown Consultations
6 | IFSE group Design
7 | lID Architects Using Autodesk Revit platform for producing object
based design and construction models
ISG Design and supply chain
9 | James Engineering Design
10 | Lucas 3D software, information management, and productic
11 | Ogilvie Group Consultations
12 | ORMS The use of Autodesk Revit on all projects from the ve
beginning of the design process
13 | Pell Frischmann Management, design, andziznstructionsupervision
14 | PIP Production of 3Dmodelling
15 | Queensland The full lifecycle
16 | Readie Project and sitenanagement processes, supply chain
17 | Rolton Group Design
18 | Scott Tallon Walker The use of Autodesk Revit on all projects frtme very
Architects beginning of the design process
19 | Sir Robert McAlpine All project activities
20 | Stephen George Consultations
21 | STEPNELL Produce design works in 3D format
22 | Streif Consultations
23 | Vinci Construction Consultations
24 | Wernick BuildingsLtd. | The full lifecycle
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4.6.3 ManagingDownloadedDatafrom TS 371 TS6

Having obtainedBIM TS 3-6 documents in PDF formalM modelling requires
extracing plain text from these documenise conversion of PDF documents to plain

text format was necessary due to the memory space limitations in the system. PDF
files tend to take up more space as they contain images, &mntseferences, etc.
Careful consideration was given to the conversion of PDF documents to plain text, so
as not to leave out any crucial information, which could potentially skew the results of
themodelling The researchemeticulously compared the plain text of each document
with its original PDF counterpart to ensure @wecy. A PDFo-text converter
application was utilized to transform the PDFs into text files. The majority of the

documents were successfully converted to plain text.

However, some documents faced challenges during the conversion process and could
not be transformed into the desired plain text fori@averal documents were secured

with a password and could not be converted to plain text using the standard conversion
process, as depicted figure4.27. To overcome this issuehd researchananually

copied the text from these documents and pasted it into a word document, which was
then converted to plain text, as showrFigure4.28. Additionally, some publishers
saved the paper in an image format, causing difficulty in conversion from PDF to plain

text.

The researcheencountered issues such as missing words or strange syntax when
attempting to convert these papers. To address ligisesearchattilized an Optical
Character Recognition (OCR) read&mazon Web Services, 202#) convert the
PDFs of these publications to plain text. Despite these efforts, a few documents still
posed challenges antet researchewas unable to produce an accurate plain text
version The researchethen utilized the builtn Windows snipping tool to capture
snapshots of thpapeds text, saving them in image format, and using the OCR reader
once more to generate the plain text files. Finally, the conversion process from PDF to

plain text for all documentwascompleted
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Figure 4.27: Encryption and protection of the document using password

@2 BS EN 1SO 19650-1-2018.docx
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@2 BS EN 1SO 19650-2-2018.docx
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hntroduction

This document sets out the recommended concepts and principles foj
built environment sector in support of the management and product]
life cycle of built assets (referred to as “information managemeni
information

modelling (BIM). These processes can deliver beneficial business
owners/operators,

clients, their supply chains and those involved in project fundin
opportunity,

reduction of risk and reduction of cost through the production ang
information

models. In this document, the verbal form “should”
This document is primarily intended for use by:

— those involved in the procurement, design, construction and/or
and

— those involved in delivering asset management activities, includ
maintenance.
This document is
levels of
complexity. This
pieces

of infrastructure and the projects or sets of projects that delivyg
and

principles included in this document should be applied in a way t]
appropriate to

the scale and complexity of the asset or project. This is particu]

is used to indj]

applicable to built assets and construction projq

includes large estates, infrastructure networks,

Ln1, Col 1

Figure 4.28: Converting word documents to plain text
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The researchethen consulted with domain experts and decided to exclude the
acknowledgement and reference chapters fronT fhenodellingprocess as they did
not contain significant information. B researchermanually removed the

acknowledgement and reference sections from the plain takt@f documents
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4.7  Experiment 3: TS 3 Approved DocumentsIM Process
4.7.1 Pre-Processing of Converted Text Data

In the previous section, all PDF documents were converted to plain text format to
prepare them for analysis. The next step invojwesprocessing this textual data to
ensure it is ready for TM techniques. This-precessing stage includes several key
steps: removing unnecessary elements such as punctuation, numbers, and stop words;
normalizing the text by converting it to lowercasd applying stemming or
lemmatization to reduce words to their base forms. These steps create a clean,
consistent dataset, essential for accurate and efficient TM andysi@ocessing is
crucial InTM as it helps to extract meaningful knowledge framsteuctured text data
(Nayak et al.2016).However,Munkova (2013)bserved thapre-processing is the

most timeconsuming phase ifiM when discovering sequential patterns from textual
data Having obtained the plain texts of the ApprovBdcuments TM modelling
requiredextracing valuable information from these plain texts. However, the plain
texts often contain irrelevant information such as punctuatians, URLS, symbols,

and numbers that can negatively impact thedelling results and slow down the
processing time. To address tHi#,P librarieswere usedo clean the text data. The

data analysis and processiwgs conducted usingRStudioprogramming language,

and various NLP and other libraries like ggplot2, topic model, stemmiagwetre

utilized to preprocess the textual data

The researchenitiated the preprocessing of the plain text files. However, manually
cleaning each of the 26 documents would have beé&masiblytime-consuming. To
avoid this, he researchartilized aTM library to automatically read all the files from

a specific folder by setting the working directory (as showtrigure 4.29). The
researchefollowed a weltestablished process, as used in previous experiments, to
remove any unneeded data from tweuments in order to maintain consistency. A

brief overview of the steps taken during text cleaning is outlined below
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> cname
[1] "c:\\users\\wrb18201\\oneDrive - University of Strathclyde\\Approved documents”
> dir(cname) # Use this to check to see that your texts have loaded
] "AD_Regulation_7.txt"
] "AD_S.txt"
] "ADB_voll_bwellings_2019_edition_inc_2020_amendments_nosecurity.txt"
] "ADB_Vo12_Buildings_other_than_dwellings_2019_edition_inc_2020_amendments_nosecurity.txt"
] "ADD_LOCKED_nosecurity.txt”
] "ADE_LOCKED1_nosecurity.txt"
] "ADF1.txt"
] "ADF2_revised.txt"
[9] "ADL1.txt"
[10] "ADL2.txt"
[11] "ADO.txt"
[12] "Approved_bocument_B__fire_safety__volume_1_-_2019_edition_nosecurity.txt"
[13] "approved_bocument_B__fire_safety__volume_1_dwellinghouses_nosecurity.txt"
[14] "approved_bocument_B__fire_safety__volume_2_-_2019_edition_nosecurity.txt"

[16] "Approved_Document_K_nosecurity.txt”
[17] "Approved_Document_M_vol_2_nosecurity.txt”
[18] "BR__PDF_AD__R__2016_nosecurity.txt"

> cname <- Tile.path("C:\\Users\\wrb18201\\0nedDrive - University of Strathclyde\\Approved documents™)

[15] "Approved_bocument_B__fire_safety__volume_2_buildings_other_than_dwellinghouses_nosecurity.txt"”

Figure 4.29: Importing data to Rstudio for analysis

4.7.2 Transforming Text

The conversion of documents to a data frame and then to a corpus is the first step in
the text transformation process. This corpus is a collection of text documents and can
be processed using functions provided in the tm package (Feinerer, 2012). Tise corpu

requires a few transformations, including converting letters to lowercase and removing

punctuations, numbers, and stop words. In this case, the general Engliglosiep

list was customized by addingiapprove® , idocuments , firegulatior® , and

fidocumentdonsd Additionally, hyperlinks were removed in the example (Sgere

4.30).

## Prepr ing

docs <- tm_map(docs,removePunctuation)

docs <- tm_map(docs, removeNumbers)

docs <- tm_map(docs, tolower)

mystopwords <- c(stopwords('english’), 'document')

docs <- tm_map(docs, removewords, mystopwords)

docs <- tm_map(docs, removewords, c("building”, "information"))
docs <- tm_map(docs, stripwhitespace)

docs <- tm_map(docs, PlainTextDocument)

'

mystopwords <- setdiff(mystopwords, c('regulations’, 'documentations', 'approved', 'documents’))

Figure 4.30: Function for removing punctuations, numbers, and-stopds

In the code presented, the tm_map() function serves as an interface for applying

various transformations, referred to amnapping§ to corpora. The get

transformations() function provides a list of transformations that can be utilized, with
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the most frequently used being removePunctuation(), PlainTextDocument(),
removeNumbers(), removeWords(), stemDocument(), and stripWhitespace(). A
function called removeURL() is also defined for the purpose of removing hyperlinks.
This function matches strys that begin witliihttpo followed by any combination of
alphabetic characters and digits using the regular expression gattpfhalnum:]jo.

The text.replace() function in Python is then employed to remove strings matching this
pattern

Despite applying the transformation process, ceftano iclsasadiers still remained

in the documentsand had to beliminated to improve the analysis results. To address
this, a Python code (as seenFigure4.31) was utilized to remove these unwanted
characters in eacdocument separately. This process of document cleaning was
repeated in all subsequent experiments. Following the removal of these unnecessary
characters in Pythonhe researchemitiated another transformation task within
RStudia

file=open("Approved_Document_B_ fire_safety volume_1_-_2019.txt","r", encoding='utf-8', errors="ignore')
text=file.read(

text = text.replace(r"(\n|/n|a€|¢|a°c)","")
text = text.replace(r"https?://(wwu\.)?", ")

text=text.replace( http://","")
text=text.replace('https://',"")

text=text.replace('ww."',"")
import re
text = re.sub(r"(@\[www-A-Za-z0-9]+)|(["@-9A-Za-z \t])|(\w+:\/\/\S+) [ rt|http.+2", "", text)

print(text)

ONLINE VERSIONThe Building Regulations 2@1@Fire safetyAPPROVED DOCUMENTVolume 1 DwellingsRequirement Bl Means of war
ning and escapeRequirement B2 Internal fi re spread liningsRequirement B3 Internal fi re spread structure Requirement B4 Exte
rnal fi re spreadRequirement BS Access and facilities for the fi re service Regulations 63 72 and 382019 edition for use in
England ONLINE VERSION ONLINE VERSIONMain changes in the 2019 editionThis volume of this approved do
cument supports requirements Bl to BS5 of Schedule 1 to the Building Regulations 2010 as well as regulations 63 72 and 38 It t
akes effect on 3@ August 2019 for use in EnglandThe main changes areApproved Document B has been redrafted to clarify its lan
guage and content in line with the Department s style guide for approved documents This edition of the approved documentrepla
ces the 2006 edition including all amendments There are no changes from the previous edition to the technical guidance within
Approved Document BAs well as furthering the use of plain English the document has been significantly restructured The desig
n of blocks of flats has moved from volume 2 to volume 1 Guidance on the design of sprinkler systems has been consolidated t
0 a new Appendix E European fire classifications are provided within the main body of the document with transposition to a
national classification provided in Appendix B The guidance on external stairs has been consolidated Fire safety informatio
n under regulation 38 has been moved from an appendix  into a new section The guidance on insulating core panels has moved
from an appendix into the Wall and ceiling linings section The guidance on fire dampers and ventilation systems has been c
onsolidated ONLINE VERSION ONLINE VERSIONThe approved documentsiWhat is an approved
document The Secretary of State has approved a series of documents that give practical guidance about how to meet the
requirements of the Building Regulations 2010 for England These approved documents give guidance on each of the technical
parts of the regulations and on regulation 7 see the back of this document The approved documents provide guidance for co
mmon building situations It is the responsibility of those carrying out building works to meet the requirements of the

v

Figure 4.31: Python code to clean the corpus
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4.7.3 NewKnowledge(Building A Term-DocumentMatrix)

The construction of a termlocument matrix involves mapping the relationship
between terms and documents. This matpresents each term as a row and each
document as a column, with the entries being the frequency of thé tecourrence

in the document. According to Lopéra (2023), this matrix can also be presented in
a documenterm matrix format, which involves reversing the row and column
positions. In the present studihetresearchautilized the functiondTermDocument
MatrixGto construct a terrdocument matrix from the processed corpus, as illustrated
in Figure4.32.

> Tdm <- TermbDocumentMatrix(docs)

> tdm

<<TermbpocumentMatrix (terms: 7932, documents: 26)>>
Non-/sparse entries: 27406/178826

Sparsity . 87%
Maximal term length: 52
weighting : term frequency (tf)

Figure 4.32 Termdocument matrix formation

The termdocument matrix consists 0fdB2 terms and 26 documents, as shown by the
results. The matrix is quite sparse, with 87% of its entries being Zeeo.eEearcher

then identified the terms that are most frequently used. With the help of the matrix,
variousTM tasks can be performed, such as clustering, classificatiorfreanency
analysis (as shown iRigure 4.33). When there are too many terms, the size of the
termrdocument matrix can be reduced by selecting terms that appear in a minimum
numberof documents, or by using the IBF (term frequencynverse document
frequency) method (Wu et al., 2008)
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> findFreqTerms(dtm, lowfreq=20) # Change "50" to whatever is most appropriate for yo
ur data.

[1] "ability" "able" "absorbent” "absorption”

[5] "accept” "acceptable” "accepted” "access”

[9] "accessible” "accommodate"” "accommodation” "accordance”
[13] "according” "accordingly” "account” "accreditation”
[17] "accredited” "achieve" "achieved" "achieves”

[21] "achieving” "acoustic” "across" "act"

[25] "action” "actions" "activity"” "actual”

[29] "added" "addition" "additional” "address"”

[33] "addresses" "adequate” "adequately” "adjacent”

[37] "adjoining” "adjusting” "adopt” "adopted"”

[41] "adoption” "advice" "affect” "affected"

[45] "agency” "aggregate” "air" "airborne”

[49] "airtightness" "alarm” "alarms” "allow"

[53] "along" "also” "alteration” "alterations”
[57] "alternative” "alternatively"” "although” "aluminium”
[61] "always" "amd" "amended" "amendment"”
[65] "amendments" "amount” "analysis" "ancillary”
[69] "angle" "annex" "annexes" "another"

[73] "appendix” "appliance” "appliances” "applicable”

77] "application” "applications” “"applied” "applies”

[81] "apply” "approach” "appropriate" "appropriately”
[85] "approval" "approvedapproved” "april” "architectural”
[89] "area" "areas" "around” "arrangement”
[93] "arrangements" "asfp" "aspects” "assemblies”
[97] "assembly" "assess” "assessed” "assessing”
[101] "assessment” "assist" "associated" "association”
[105] "assume” "assumed” "assumptions” "attached"
[109] "attention” "authorities” "authority" "automatic” c

Figure 4.33: Frequency of théerms

4.7.3.1 FrequentTermsand Associations

The researchdrasanaly®d the commonly used words and the relationship between
them. There are a total of 26 documents in the corpus. The code, findFrequentTerms(),
identifies the most frequently used terms withregquency of at least ten. The terms

are sorted alphabetically, not by frequency or popularity. To visualize the top frequent
terms, he researchareates a bar plot of these terms. The frequency of the terms is
determined byhe researcharsing theGowSumsfunction from the termdocument
matrix. The researchethen selects the terms that appear in all 26 documents and
displays them in a bar plot using tigplotpackageFigure4.34 illustrates this bar

plot. The code below specifies a bar plot vilik @yeom=Fbarbparameter and swaps

the x and yaxis with coord_f(). After applying some transformations to eliminate
sparse terms, a bar plot of the terms that appear at least 20 times in the corpus is

displayed inFigure4.35.
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> 0 < QORCSUBsee (O, el aes(h = reordr (tenn, Tred), y = Freq) ¢
- Qeon_bar(stat = "identity’) +
b theme(ais, text, ¢ enent _text (angle=0, hjustel))

4

Figure 4.34: A code to create a barplot of words that appears at least 20 times
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Figure 4.35: A barplot of words that appears at least 20 times

The bar plot of the frequently used words, that appear at least 20 times in the corpus,
is challenging to interprets it includes a large number of terms from the term

document matrix, which comprise®32 terms. To address this issue tesearcher
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consideredreducing the size of the terdocument matrix by selecting terms that
appear in a minimum number of documents or filtering terms with thREDFRterm
frequencyinverse document frequency) method (Wu et al., 2008). As a rdsailt, t
researchechose to plot only 10% of the982 terms (as seen Figure 4.36), and
Table4.27 below displays the bar plot of terms that have a frequency of 20 or more

_o
wall 4
water| —74

floor

fire 1

use
area-
systems 1
requirements 4
safety 1

used-

reorderi{term, freq)

work
volume 1
ventilation 1
system

energy 1

escape

2000

freq

Figure 4.36: 10 % of 7932high-frequencywords(20+ instances)
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Table4.27: Top 20words

No Words Frequencies
1 Fire 2840
2 Wwall 1540
3 Water 1474
4 Floor 1331
5 Use 1200
6 Area 1065
7 Systems 996
8 Requirements 955
9 Safety 937
10 Used 923
11 Work 916
12 Volume 914
13 Ventilation 911
14 System 881
15 Energy 826
16 Escape 822
17 Walls 782
18 Resistance 755
19 External 750
20 Design 737

From the bar plot and the accompanytagle it is evident that the word with the
highest frequency i&iredowith a frequency of 2840 times. This is followedfoyallo,
fwate, and fifloord with frequencies of 1540, 1474, and 1331, respectively. In
comparison, words such a%esistance, fiexternab, and fidesig®o have lower

frequencies o755, 750, and 737 occurrences, respectively

4.7.3.2 Associationand Topic Modelling

The examination of relationships between phrases in text is of significance, as it
enables the identification of words that frequentlyocour and those that do not. This
can be accomplished through the use of techniques such as text data mining (TDM) or

documentterm matrix (DTM) by first evaluating the correlation between a particular
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term and another phrase. When the two terms appear together, the correlation score is
assigned a value of 1, and when they do not, it is assigned a value of 0. The correlation
score serves as a measure of the strength of the relationship between the tieems
sample. Although powerful pairwise phrase correlations exist, correlation values as

low as 0.1 may still be observed due to term variability

Tables 4.28, 4.29, 4.30, and 4.3present the 50 correlation values of various words
related to the concepts €osb, fitimeo, fiqualityo, fiBIM o, andfiperformance. The
selection of these specific words was driven by the objective of the research, which
aims to utilizeTM for enhancing performance in BHgasedmajor construction
project delivery These terms hold a crucial significance in terms of improving
performance, and thushd researchesought to identify terms that are highly
associated with these key performance aspects as mentioned systieenatic
literature review(i.e., time, cost, and quality) with a correlation coefficient of not less
than 0.85. Thisvas done by utilizing the findAssocs() functj@s demonstrated in

Figure4.37, to determine these associations

> § <- TindAssocs(dtm, "cost”, corTimit=0.85) # specifying a correlatio
n Timit of 0,95
> write.csv(s, file="Associationwords.csv")

Figure 4.37: Code for establishing association



231

Table4.28: Terms associated with the waitbsD

No. | Word Correlation 0.85 No. | Word Correlation 0.85
1 | Electric 0.99 26 | Earthed 0.96
2 | Renovation 0.99 27 | Elevation side 0.96
3 | Charging 0.98 28 | Envisaged 0.96
4 | Infrastructure 0.98 29 | Rent 0.96
5 | Install 0.98 30 | Expect 0.96
6 | Vat 0.98 31 | Feeder 0.96
7 | Major 0.97 32 | Fees 0.96
8 | Acquisition 0.96 33 | Financing 0.96
9 | Asked 0.96 34 | Footway 0.96
10 | Avoids 0.96 35 | Functionality 0.96
11 | Backfilled 0.96 36 | Future 0.96
12 | Battlefields 0.96 37 | Garden 0.96
13 | Bays 0.96 38 | Earthed 0.96
14 | Boundary spac 0.96 39 | Elevation side 0.96
15 | Buildings 0.96 40 | Envisaged 0.96
16 | requirement 0.96 41 | Incoming 0.96
17 | Busbar 0.96 42 | Informing 0.96
18 | Cable 0.96 43 | Locating 0.96
19 | Charge 0.96 44 | Owned 0.96
20 | Electric 0.99 45 | Parking 0.96
21 | Corresponds 0.96 46 | Spaces 0.89
22 | Deploying 0.96 47 | Associated 0.87
23 | Distribute 0.96 48 | Remaining 0.87
24 | Drawstrings 0.96 49 | Coding 0.85
25 | Dropped 0.96 50 | Ownership 0.85




Table4.29: Terms associated with the woiitimed
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No. | Words Correlation 0.85 No. | Words Correlation 0.85
1 | Using 0.98 26 | Complies 0.89
2 | Control 0.96 27 | Determined 0.89
3 | Achieving 0.95 28 | Effective 0.89
4 | Applies 0.95 29 | High 0.89
5 | Calculating 0.93 30 | Individual 0.89
6 | Fixed 0.93 31 | Procedures 0.89
7 | Higher 0.93 32 | Secretary 0.89
8 | Shall 0.93 33 | Standards 0.89
9 | Circumstances 0.92 34 | Controlled 0.88
10 | Ensure 0.92 35 | Information 0.88
11 | Reasonable 0.92 36 | Measure 0.88
12 | Building 0.91 37 | Meet 0.88
13 | Carrying 0.91 38 | Referred 0.88
14 | Operating 0.91 39 | Results 0.88
15 | Power 0.91 40 | Section 0.88
16 | Providing 0.91 41 | Standardise 0.88
17 | Stage 0.91 42 | Suitably 0.88
18 | State 0.91 43 | Taken 0.88
19 | Based 0.9 44 | Central 0.87
20 | System 0.9 45 | Comply 0.87
21 | View 0.9 46 | Defined 0.87
22 | Achieve 0.89 47 | Element 0.87
23 | Actual 0.89 48 | Following 0.87
24 | Cases 0.89 49 | Improved 0.87
25 | Using 0.98 50 | Meeting 0.87
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No. Words Correlation 0.85
1 Comes 0.89
2 Counts 0.89
3 Mechanically 0.87
4 Settings 0.87
5 Activity 0.86
6 Comes 0.89




234

Table4.31: Terms associated with the wogokerformancé

No. | Word Correlation 0.85 No. | Word Correlation 0.85
1 | Boarding 0.96 26 | Parts 0.92
2 | Data 0.96 27 | Rating 0.92
3 | Incorporating 0.95 28 | Reduce 0.92
4 | Sets 0.95 29 | Specified 0.92
5 | Flue 0.94 30 | Ambient 0.91
6 | Rather 0.94 31 | Anticipated 0.91
7 | Appropriate 0.93 32 | Applicable 0.91
8 | Cases 0.93 33 | Assemblies 0.91
9 | Considered 0.93 34 | Described 0.91
10 | Ensure 0.93 35 | Ducts 0.91
11 | Lower 0.93 36 | Edge 0.91
12 | Meeting 0.93 37 | Made 0.91
13 | Respectively 0.93 38 | Recording 0.91
14 | Used 0.93 39 | Related 0.91
15 | Around 0.92 40 | Relates 0.91
16 | Case 0.92 41 | Sections 0.91
17 | Either 0.92 42 | Set 0.91
18 | Elements 0.92 43 | Standard 0.91
19 | Included 0.92 44 | Terms 0.91
20 | Boarding 0.96 45 | Test 0.91
21 | Data 0.96 46 | Additional 0.9
22 | Incorporating 0.95 47 | Amount 0.9
23 | Sets 0.95 48 | Guidance 0.9
24 | Flue 0.94 49 | Includes 0.9
25 | Rather 0.94 50 | Linings 0.9

The results from the analysis of tladlesabovedemonstrate the associations between
different terms in the documents. It is evident from thglesthat words such as
fielectri@, Arenovatiom, ficharging, andfinfrastructur@ are strongly linked to the
termficosD, indicating a close relationship between these concepts. This could indicate
that the implementation of electrical renovations, charging infrastructure, and the like,
come at a cost to the project. The high association of words siigbiag, ficontrob,
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fiachieving, fapplie®, and ficalculating with the term fitimed highlights the

importance of efficient and effective utilization of time in the project.

However, the results of the analysis show that there is a limited number of terms
associated with the worfitjualityo, with just 6 words in total. This may indicate that
quality is not a significant consideration in the approved documents or that it is not
specified in detail. Additionally, the findings suggest that the tBBiM O is not
associated with any other words in the documents. This could imply that BIM has not

been used in the approved documents, or it has not been mentioned in detail.

Furthermore,he researchalso found that the terifiperformancé is not associated

with the termfiBIM 6. This couldsuggesthat the use of BIM has not been considered

as a means of enhancing performance in the project delivery process. It could also
indicate that there is a lack of recognition of the potential benefits of BIM in improving

performance imajor construction project delivery

The analysis of théablesprovides insights into the relationships between different
terms in the approved documents. The results suggest that cost, time, and quality are
significant considerations in the project, while the use of BIM and its impact on
performance may not have Imedully explored. Further research is needed to
determine the reasons behind these findings and to explore the potential benefits of
BIM in enhancing project performance

4.7.3.3 Topic Modelling

The application oM to the set of words in the text provides a deeper understanding
of the various topics discussed. By using the LiAdel, he researches able to
identify the main themes and topics discussed in the text. The result of this analysis is
presented in the form of top 10 topics and the top 5 words for eachTapie4.32
provides a visual representation of these topics and the related words. This information
is valuable in understanding the key themes and areas of focus in the teall, &5

how these topics are related to each other. Additionally, this information can be used
to draw insights into the text, such as which topics are the most important, which topics

are frequently discussed, and how topics are related to each other
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Table4.32: Clustersof keywords iffopic modelling

Topic 1. Fire resistance andsafety

KeywordsClusterl: | Fire Wall Materials | Safety | Resistance

Topic 2. Parking spaces

KeywordsCluster2: | Parking Vehicle | Electric Charge | Spaces

Topic 3: Air quality and ventilation

KeywordsCluster3: | Ventilation | Air Volume Area Room

Topic 4: Indoor acoustics

KeywordsCluster4: | Floor Per Sound Internal | Rooms

Topic 5: Thermal mass

KeywordsCluster5: | Wall Design | Heat Ground | Structures

Topic 6: Sound insulation

KeywordsCluster6: | Wall Floor | Separating Cavity | Sound
Topic 7

KeywordsCluster7: | Drainage | Water | Pipes Sewer | Waste
Topic 8

KeywordsCluster8: | Energy Heat Dwelling | Systems System
Topic 9

KeywordsCluster9: | Fire Escape| Story Safety | Floor

Topic 10

KeywordsCluster10: | Water Hot Safety Work Requirementg

Table 432 showsthe top 10 topicswvidely addressediseussedn the Approved
Documents to further inform BIM pervasive design processes and design justification.

Details about these topics are given below.

Topic 1 appears to be related to fire safety in buildings, specifically the materials used

in constructing fireresistant walls and the overall resistance of a building to fire. The
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presence ofKeywords Clusterl, which consists offifireo, fiwallo, fimaterial®,
fisafetyo, andfresistance, suggests that the documents are discussing ways to ensure
the safety of buildings from fire hazard®lM technology can simulate arahaly®
fire safety scenarios and help improve the fire resistance of building materials, making

the building safer.

Topic 2appears to be focused on electric vehicles and the provision of charging spaces
for them. TheKeywords ClusteR, which consists ofiparkingd, fivehicle, fielectri,
ficharg®, andfispaceg, indicate that the documents are discussing the integration of
electric vehicles into buildings, specifically the provision of parking spaces and
charging infrastructure for therBIM technology can be used to design and ptan

park spaces, including those for electric vehicles, to improve parking efficiency and

the charging infrastructure for electric vehicles.

Topic 3appears to be related to the ventilation and air flow in buildingsK&ierords
Cluster 3, which consists ofiventilatiorp, fiairo, fivolumed, fiarea, and firoomo,
suggestthat the documents are discussing the design and implementation of air flow
and ventilation systems in buildings, ensuring that the air quality is maintained and
that the rooms are properly ventilat&®lM technology can simulate arahaly®
ventilation systems to improve air flow and air quality, making the buildioge

comfottableand healthiefor occupants.

Topic 4appears to be related to soundproofing in buildings.Kidyavords Clusted,

which consists ofiflooro, fipero, Aisound, finternab, andfroom, indicate that the
documents are discussing the design and implementation of soundproofing measures
in buildings, ensuring that sound does not travel between rooms or between different
floors. BIM technology can simulate anahaly® flooring systems to reduce the

transmission of sound between rooms, improvingtwistic comfort of the building.

Topic 5appears to be related to the design of building walls and their interaction with
heat and the ground. Thé&ywords Clusteb, which consists ofiwallo, fidesigr,
fihead, figround, andfstructures, suggest that the documents are discussing the
design of building walls and how they can effectively regulate heat transfer and
maintain stability relative to the grounBIM technology can simulate arahaly®
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wall designs to improve heat transfer and energy efficiency, reducing the heating and

cooling requirements of the building.

Topic 6appears to be related to soundproofing between walls and floors in buildings.
TheKeywords Cluste6, which consists diwallo, fiflooro, fiseparating, ficavityo, and
fisound, indicates that the documents are discussing the design and implementation
of soundproofing measures between walls and floors, ensuring that sound does not
transfer between rooms or different flooBIM technology can help optimize
separating wall designs and cavity configurations to improve sound insulation and

energy efficiency.

Topic 7 appears to be related to the drainage and waste management systems in
buildings. TheKeywords Clustei7, which consists ofidrainag®, fiwateo, fipipe,

fiseweb, and fiwast®, sugges that the documents are discussing the design and
implementation of drainage and waste management systems in buildings, ensuring that
water and waste are properly removed from the building and disposdziMof.
technology can assist in the design and planning of drainage and waste management
systems, improving the ovetaifficiency of these systems.

Topic 8appears to be related to energy and heat systems in buildingseyiwerds
Cluster8, which consistsof fienergy, fiheab, Adwellingd, fisystems, andfisystend,
indicates that the documents are discussing the design and implementation of energy
and heat systems in buildings, ensuring that they are eeéfiggnt and that they
provide the necessary heating and coolBiyl technology can help optimize heating

and cooling systems, reducing energgnsumption,and improving the energy
efficiency of the building.

Topic 9appears to be related to fire safety in buildings, specifically the provision of
fire escapes. Th&eywords Cluste©, which consists offfire0, fiescaps, fistoryo,
fisafetyo, and fiflooro, suggest that the documents are discussing the design and
implementation of fire escapes in buildings, ensuring that there is a safe and effective
means of escape in the eveBiiM technology can assist in the design and planning of
fire escape routes and fire safety systems, improving the overall safety of the building

in case of a fire.



239

Topic 10 appears to be related to water supply and usage, to BiMctechnology

can help to improve the performance of water systems in building projects. With BIM,
designers and engineers can simulate water systems in a building project to ensure that
hot water requirements, safety standards and work requirementstafiéia can help

to reduce the risk of any wateglated issues and increase efficiency in the building
project(Liu et al., 2019.

BIM technology has become an increasingly important tool for enhancing
performance and efficiency in the construction indudtgsearchear haveanaly®d
various topics discussed in the approved documents and found that by leveraging the
capabilities of BIM technology, they can address various challenges and improve
various aspects of project delivery. For example, BIM technology can be used to
simulateand analy® building energy systems, which can result in increased energy
efficiency, improved safety, drbetter compliance with regulations and requirements.
Additionally, by utilizing BIM technology, the accuracy and efficiency of project
planning, construction, and management can be improved, resulting in more efficient
use of resources and reduced propivery time. These benefits demonstrate the
importance of considering the role of BIM technology in enhancing performance and

efficiency in major construction projects

4.7.3.4 Word Cloud

The researcheutilized the fiwordcloud package (Fellows, 2012) to display the
significance of words in the data obtained from the tdaonument matrix and topic
modelling First, be researchdransformed the terrdocument matrix into a standard
matrix and calculated the frequency of each word (as shotigume4.38). Next, he
researcheused thédwordcloud function to create a visual representation of the data.
The first two parameters in the function provided a list of words and their frequencies.
Words with a frequency below three wepecluded from the plot as specified by the
fimin.freqg=5@ parameter. Thé&random.order=6 parameter ensured that the most
frequent words were plotted first, making them appear at the centre of the cloud.

Finally, the researcheget the colours of the plot according to frequency levels
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Figure 4.38: Word cloud

The researcheutilized the word cloud as a visual representation to showcase the
significant words derived from the terdocument matrix and topic modelling. The
results confirmed that the approved documents contain information relaBi¥l to
particularly regarding fire, wall, water, and floor. Moreover, the analysis highlights the
significance of energy efficiency and sustainability, as words sucfermargy,
fperformancé, Adesigm, faird, fimaterial®, andfisystemé were also frequently used.
BIM provides benefits for subcontractors by allowing them to anticipate building
behaviour and by storing critical information about the building. Additionally, the
frequent usage of words related fidwelling system& and fiwork requirements
indicate a focus on safety while using hot water. The final use of the building is also

hinted at through the usage of wofifleoro andfiwallso. To further organize the data,
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the researcheapplied hierarchical clustering to identify clusters of related words and

remove sparse terms to avoid a cluttered. plot

4.7.3.5 ClusteringWords

To furtheranaly® the data obtained from the word cloud, hierarchical clustering
techniquesvere appliedo the terms. The first step in this process is to calculate the
distances between terms usingdtist()6function, which takes into account the scaled

term frequencies. Théclust(bfunction is then used to cluster the terms and form a
dendrogram, which is a tré&e diagram that shows the relationships between the

terms.

The dendrogram is cut into 10 clusters, which is a commonly used number in
hierarchical clustering analysis, as it provides a good balance between the number of
terms in each cluster and the overall structure of the dendrogram. The agglomeration
method use in this analysis isward.D& which is a method that seeks to minimize

the variance of the distances between the newly merged clusters. This is achieved by
computing the sum of squares of differences between the centroids of the two clusters

before mermg.

There are several other options for agglomeration methods in hierarchical clustering,
including Gingle linkag§ &omplete linkagé dverage linkage dnediarg and
&entroich Each of these methods has its own strengths and weaknesses and is best
suited to different types of data. Further details on these methods and the advantages
and disadvantages of each can be found in data mining textbocksling the
following: fiData Mining: Concepts and Techniqa¢dlanandKamber 2000); fiData

Mining: Practicd Machine Learningrools and TechniquégHandet al, 2001); and

fiData Mining: PracticaMachine Learning ools and TechniquegWitten andFrank

2005)

The code inFigure4.39 was utilized to identify the clustered wordsh@& researcher
then splits the clustered words into ten distinct groups and ctabtesto display the
results, which can be seenhigures 4.40 and 4.4. The dendrogram in Figure 44

displays the topics present in the documents by grouping related words together. For

i nstance, words such as HAapplianceo, b :

cluster, whil e anot her cluster cont ai

n
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under st a

researcher appliediweans and-knedoids algorithms to cluster the documents.

> ##% K-means clustering

> (tmss
<<DocumentTermMatrix (documents: 24, terms: 4500)»»
Non-/sparse entries: 23655/84345

Sparsity L T8%
Maximal term length: 24
Weighting : term frequency (tf)

> M2 <~ as,matrix(dtmss)

> write.csv(m2, file="TermDocMatrix, rdata")
> (4 <~ dist(t(m2), method="euclidian")

> fit <- hclust(d, method = "ward.02")

> plot(fit)

> dtnss <- removeSparseterms(dtm, 0.95) # This makes a matrix that is only 15% empty space, maxinmum.

Figure 4.39: Code for clustering words
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Figure 4.40: Dendrogram for group of words
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> group <- (groups <- cutree(fit, k=10))
> group
addresses also  appliances  arrangement back body
1 2 1 1 1 3
carried carrying charge code collision  compliance
3 1 < 3 1 1
comply construction contain cover covered crown
3 5 1 1 3 1
date dwellings email england etc excluding
1 6 1 1 1 1
existing external falling format free fuel
6 5 1 1 1 3
give given gives  government health hot
1 2 1 3 7
information licence list listed logos Tondon
3 1 1 1 1 1
made mail main material materials meet
3 1 1 2 5 3
new number one order paragraphs parts
6 3 2 1 3 3
passage people  performance policy power practice
3 2 1 3 3
prefer  preparation provisions publication reasonable referred
1 3 5 1 1 1}
relevant require requirement requirements resistance riba
2 1 3 6 5 1
safety schedule secretary shall specific standard
8 3 1 1 1 3
standards state storage subject substances suitable
3 1 3 1 1 3
systems team terms toxic typographical use
9 1 : 1 1 9
used view waste water will work
2 1 1 10 2 6
workmanship
1

Figure 4.41: Table of groups for clear view

4.7.3.5.1 ClusteringDocumentsvith the K-MeansAlgorithm

The researchettilized the kmeans clustering method in order to extract insights from
the document set. Therkeans algorithm takes the values in the matrix as nuaheric

as depicted inFigure 4.42. The termdocument matrix was transformed into a
documentterm matrix for this purpose. The documents were then clustered using the
&-means(@function with the number of clusters set to eighte Tesearchanalysd

the most frequently occurring words in each cluster and also evaluated the cluster
centres. It is worth meigining that a fixed random seed was set usinggbeseed@
function before executing thd&-means(@function, in order to ensure reproducibility

of the clustering results. This step is purely for the convenience of the thesis writing

and is not required for readers to implement in their own code.
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> m3 <- m2
> set.seed(122)
> k <- 8
> kmeansrResult <- kmeans(m3, k)
> round(kmeansResultScenters, digits = 3)
addresses also appliances arrangement back body carried carrying
1 2.000 31.000 43.000 6.000 6.000 8.000 24.000 8. 000
2 L33 16.833 4.833 1.167 1.833 14.500 9.333 3.833
3 2.000 211.000 30.000 12.000 2.000 14.000 32.000 6. 000
- 2.000 70. 000 11.000 3.000 5.500 11.500 35.500 6. 500
5 1.000 49.000 32.000 2.000 1.000 2.000 35.000 8. 000
6 1.000 7.000 2.000 2.000 1.000 18.000 7.000 2.000
7 1.000 15. 500 16. 500 1.500 4.000 43. 500 34.000 19.500
8 G.083 0.167 0.083 0.083 0.083 0. 083 0.333 0.083
charge code collision compliance comply construction contain cover
1 1.000 33.000 1.000 28.000 14.000 6. 000 9. 000 1.000
2 1.833 18.333 1.167 8.333 14.167 22.:333 4.667 6.167
3 3.000 43.000 9. 000 20.000 39.000 241.000 14.000 8. 000
4 3.000 13.000 2.500 15.500 12.000 109. 500 7.500 7.500
5 3.000 14.000 1.000 3.000 6. 000 41.000 5.000 24.000
6 193. 000 9. 000 1.000 6.000 14.000 5.000 4.000 5. 000
7 3.500 8.500 1.000 19.000 31.500 28. 500 9. 500 6. 000
8 0.083 0.333 0.083 0.083 0.083 0.083 0.083 0.083
covered crown date dwellings email england etc excluding existing
2 & 8.000 2.000 4.000 59.000 2.000 14.000 15.000 7.000 7.000
2 7.000 2.333 3.167 28.000 3.667 9.333 5.167 2.833 16. 500
3 38.000 4.000 1.000 29.000 2.000 3.000 28.000 28.000 21.000
4 12.000 2.500 4.000 15.500 2.000 5.000 14.500 28.000 31.500
5 10.000 4.000 4.000 28.000 3.000 9.000 14.000 4.000 17.000
(5] 65.000 2.000 2.000 83.000 2.000 7.000 8. 000 5.000 3.000
7 15.000 2.000 13.000 103.500 2.000 16.500 7.500 6.000 132.500
8 0.167 0.083 0.083 0.083 0.167 0.-333 0.167 0.167 0.167
external falling format free fuel give given gives government
1 7.000 3.000 1.000 4.000 13.000 7.00 23.000 3.000 7.000
2 23.667 2.500 3.167 8.167 6.333 7.00 26.667 6. 500 5.000
3 253.000 13.000 3.000 31.000 11.000 16.00 143.000 23.000 6.000
4 131.500 4.500 3.000 4.000 13.500 12.50 44.000 15.000 3.500
5 5. 000 2.000 1.000 11.000 6.000 19.00 16.000 9. 000 4.000
6 2.000 1.000 3.000 4.000 4.000 5.00 6. 000 3.000 2.000
7 38. 500 2.500 4.000 3.500 53.000 17.00 48.000 3.000 10. 000
8 0.083 0.083 0.083 0.083 0.417 0. 25 0.083 0.083 0.167
health hot information licence Tist Tlisted logos london made
1 29.000 245.000 18.000 3.000 3.000 9.000 2.000 1.000 22.000
2 18.500 2.833 22.667 2.667 1.833 6.333 2.333 3.500 6.833
3 47.000 6.000 49.000 3.000 5.000 26.000 3.000 1.000 52.000
4 21.000 4.000 19.000 3.000 3.500 13.500 2.500 1.000 30.500
5 36.000 3.000 31.000 3.000 2.000 7.000 2.000 2.000 32.000
6 3.000 1.000 14.000 3.000 1.000 10.000 3.000 1.000 4.000
7 2.500 83.000 46.000 3.000 18.500 15.000 3.000 1.000 27.000
8 O0.583 0.083 0.333 0.167 0.083 0.083 0.167 0.083 0. 250
mail main material materials meet new number one order
1 1.000 3.000 23.000 5.000 6.000 37.000 28.000 32.000 8.00
2 1.167 5.167 17. 500 20.833 14.667 11.333 8.833 17.500 4.00
3 1.000 44.000 111.000 221.000 83.000 32.000 94.000 207.000 34.00

Figure 4.42. K-means algorithm

The researchahen utilized a code as depictedrigure4.43 to identify the top five
words in each cluster. This information is then presentefialiie 4.33, providing

insights into the content of each cluster
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> for(i in 1:k){
+ cat(paste("cluster”,i,": ", sep = ""))
+ 5 <- sort(kmeansResult3centers[i,], decreasing = T)
+ cat(names(s)[1:3],"\n")
+ #printtweetsinclusteri
+  #print(rdmpocuments[pamResultSclustering==i])+
+ ]

Figure 4.43: A code to check the top five wordsewery cluster

Table4.33: Top fivekeywords in clusters

Keywords Clusters Strings of Keywords
Cluster 1 Fire Wall Safety Resistance | Escape
Cluster 2 Water Hot Safety Supply Sanitary
Cluster 3 Wall Floor Sound Separating | Cavity
Cluster 4 Ventilation | Design | Wall Water Drainage
Cluster 5 Parking Vehicle | Electric Charge Spaces
Cluster 6 Fire Escape | Safety Story Floor
Cluster 7 Energy Heat Dwelling Systems System
Cluster 8 Area Work Requirements| Residential | Edition

The analysis of the top words armkntreshas revealed that the clusters are

predominantly homogeneous in topic.

Cluster 1 deals with the fire protection measures that are used to ensure the safety of
escape routes and provide a secure refuge. These measures are typically a combination
of passive and active protection strategies, such as walls, floors, and doats, whi

provide robust passive fire protection.

Cluster 2 focuses on the issues related to sanitation, hot water safety, and water
efficiency. Sanitation is a critical aspect of building design, as it helps maintain
hygienic conditions and prevents the spread of disease. Similarly, hot water safety is

crucial for ensuring that hot water systems in buildings are designed and installed in a
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manner that minimizes the risk of scalds and burns. Finally, water efficiency refers to
the use of water in an efficient and sustainable manner, reducing waste and conserving

resources.

Cluster 3 deals with soun@sisting construction, which is an important aspect of
building design that helps reduce the transmission of noise between different parts of
the building or between the building and its surroundings. This helps to creattea quie

and more comfaableliving environment.

Cluster 4 focuses on wall and floor ventilation, which is a requirement stipulated in
Part C of the Building Regulations. This aspect of building design is crucial in
preventing thebuild-up of stagnant air, mdd, and potentially explosive gases. By

ensuring proper ventilation, the indoor air quality of a building can be maintained,

providing a healthier and safer living environment.

Cluster 5 pertains to the requirement for new homes and existing homes undergoing
substantial renovations to have facilities for electric vehicle charging. This
requirement is specified iWK Building Regulations Part S, and it is aimed at

promoting the use of electric vehicles and reducing reliance on fossil fuels.

Cluster 6 is similar to Cluster 1, focusing on fire protection measures. Cluster 7 deals
with efficient heating systems for leanergy homes, and Cluster 8 outlines the
technical requirements applicable to building work that are necessary to protect the

public interest.

The next step in the analysis process involves evaluating the results obtained from the
k-medoids algorithm to gain a deeper understanding of the relationships between the

various aspects of building construction and design

4.7.3.5.2 ClusteringDocumentsvith the KKmedoidsAlgorithm

In this section, lie researcheemploys the Partitioning Around Medoids (PAM)

algorithm, a variant of fnedoids, for clustering purposes (Hennig, 2010). Unlike k
means, which utilizes means to represent clustemsedoids utilizes medoids, or

representative objects, as a means of reptation, making it more resilient to noise
and outliers. Te researchautilizes thegpamk(p function from thedpc()é package

(Hennig, 2010) to implement the PAM algorithm and determine the number of clusters



248
via the optimum average silhouette. To visualize the quality of clustering, a silhouette
plot is generated. The code implementation and resulting outputs are depkttpoten
4.44. The following codeshown inFigure4.45, was utilized to plot the cluster, as
demonstrated ifigure4.46.

> library(fpc)

Warning message:

package ‘fpc' was built under R version 4.0.5
> pamResult <- pamk(m3, metric="manhattan')

> k <- pamResultinc

> pamResult <- pamResultipamobject

> for (1 in 1:k) {

+ cat("cluster”, 1, ™: "4

+ colnames (pamresult $medoids) [which(pamResultSmedoids[i,]==1)], "\n ")
t }

cluster 1 : achieve construction policy requirements systems within

cluster 2 : management policy team

cluster 3 : date design development policy work working

Figure 4.44: K-medoids algorithm

> layout(matrix(c(1, 2), 1, 2)) # set to two graphs per page

> plot(pamresult, color = F, labels = 4, Tines = 0, cex = .8, col.clus =1,
- col.p = pamResult§clustering)

> layout (matrix(1))

Figure 4.45: Code for plotting the cluster of theords
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clusplotpam(x = sdata, k = k, diss = diss, metric = "manhattan®)] ~ Silhouette plot of pam(x = sdata, k = k, diss = diss, mefric =
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Figure 4.46: Clustering chart
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The clustering analysis performed in this section reveals the presence of three distinct
clusters of documents. Upon further examination of the results, it can be observed that
clusters 2 and 3 are wedeparated groups, each with a clear and distincsfoaua

specific topic. The presence of a large overlap between clusters 1 and 2 can be

understood by examining their respective medoids.

The use of silhouettes in this analysis provides additional insight into the quality of
clustering. A high silhouette width (close to 1) indicates that the observations are well
grouped and properly assigned to their respectiva@ers. In contrast, a low silhouette
width (near 0) suggests that the observation is situated between two clusters,
potentially leading to ambiguity in its assignment. Negative silhouette width, on the
other hand, indicates that the observation may baee misassigned to the incorrect

cluster.

The average silhouette width of 0.61 suggests that the clusters are well separated from
each other, although some observations within cluster 3 exhibit negative silhouette
width. This suggests that these observations may be better suited for other @hgsters

may warrant further investigation.

Overall, the results and charts presented in this section provide valuable information
about the cluster structure and quality of the clustering analysis performed. These
insights can be utilized in further analysis and decision making

4.7.4 Lessond earnedfrom Experiment 3

Lessons learned from the experinsrdnducted include the importanceawfalysng
frequently used words and their relationships in a corpus of documents. The
experiment revealed that visualizing the top frequent terms through bar plots can help
understand the most commonly used words. However, when dealing with a large
number of tams, reducing the size of the tedocument matrix by selecting specific
terms or using THDF can improve interpretability. Furthermore, the analysis of
associations between tes provided insights into the relationships between different
concepts such as cost, time, quality, and BIM.

It was observed that certain concepts like cost and time had strong associations with

specific terms, while others like quality and BIM had limited associations. These
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findings highlight the need for further research to explore the reasons behind these
associations and the potential benefits of BIM in improving project performance.
Additionally, applying topicmodelling techniques, such as LDA, allowed for the
identification of main themes and topics discussed in the text, providing a deeper
understanding of the testcontent and its interconnections. These findings emphasize
the significance oéinalysng text data to gain insights and inform decisioaking in

various @mains.

In addition, the experiment demonstrates the effectiveness of utilizing word clouds and
clustering techniques to gaimsights from textual data. By visualizing word
frequencies and creating word cloudss tesearchawas able to identify significant
keywords and topics present in the data. The clustering analysis further enhanced the
understanding of the relationships and groupings within the data by organizing similar
terms and documents into clusters. The use odmdifit clustering algorithms, such as
k-means and Jnedoids, provided different perspectives on the data structure and
helped identify distinct clusters with specific themes. Additionally, the evaluation of
silhouette widths offered a measure of the qualitglustering, indicating the degree

of separation and appropriateness of cluster assignments. These techniques and
analyses serve as valuable tools for exploring and understanding large textual datasets,
providing researchers with meaningfinsights, and facilitating decisioimaking

processes.
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4.8 Experiment 4: TS 4 British StandardsTM Process
4.8.1 Pre-Processingof the Raw Textual Data

Approximately 12 documents were obtained from the BSI website to support the TM
process for TS 4 British Standards, as outlined in Section 4.6.Bi& relatively
limited number of documents was due to the fact tiarésearchewas only able to
successfully download 17 related to BIM, wiilie being excluded. Additionally,
access to further documents was restricted as they required a subscription.

The focus of the experimemasto outline the methodology utilized blye researcher

to conduct text analysis and topic assignment wi&tudia This procesbeganwith

the cleaning of the text by eliminating embedded URbd irrelevant termsThe
corpus was then transformed by converting all letters to lowercase and removing
punctuation, numbers, and commonly occurring words known as stop.wWarels
standard English steword list was modified to include the terfiBSIo fibuildingo ,
finformatiord ,fimodelling ,and fBIMO as these words were likely to appear
frequently in the corpus and could potentially affect the accuracy of the results. In the
second stephe researchdokenized the corpus to identify the smallest megiuin

units of words and combined them into phrases. This minimizes the impact of
repetitive language tokens, such as articles and prepositions, on the accuracy of the

NLP results by ensuring that the input text accurately reflects the content.

The third step involved the creation of a dictionary of words from the parsed texts and
the production of a corpus, which served as parameters for topic estimation. In the
fourth step, he researcheronstructed a terrdocument matrix from the processed
corpus using théTermDocument Matrix(® function (Shin and Bulut, 2021)The
researchethen examined the most frequent words and the relationships between

words by exploring the connections between phrases in the text.

Finally, the researcheralculated topic probabilities and categorized the topic words
using the dictionary and corpus created earlier. This was achieved using the LDA
methoddeveloped by Bleet al. 003)



253
4.8.2 NewKnowledge
4.8.2.1 Building a TermDocumentMatrix

As depicted irFigure4.47, thetermdocument matrix comprises 7,058 terms and 12
documents. The matrix exhibits a high degree of sparsity, with 84% of its entries being
zero. The researchahen conducted an analysis of the most frequently used terms,
which can be viewed iRigure4.48. This matrix can serve as the basis for a variety of

data mining tasks, including clustering, classification, and association analysis.

When the number of terms in the matrix becomes excessive, it can be challenging to
perform data mining tasks effectively. To address this issue, feature selection
techniques can be employed to reduce the size of thedmroment matrix. One such
techniquds to select terms that occur in a minimum number of documents, which can
help eliminate rare and unimportant terms. Another widely used approach is term
frequencyinverse document frequen€yF-IDF), which assigns a weight to each term
based on its fregncy in a document and its rarity in the entire corf\s et al.,

2008) By filtering terms using these weights, it is possible to retain only the most

meaningful and informative terms for further analysis.

The termdocument matrix is a vital representation of text data in data mining and
information retrieval applications. The application of feature selection techniques,
such as THDF filtering, can aid in reducing the size of the matrix and improving the

peformance of data mining algorithms. This leads to more accurate and meaningful

results from the text data analysis

> dtm <- DocumentTermMatrix(docs,)

> dtm

<<DocumentTermMatrix (documents: 12, terms: 7058)>>
Non-/sparse entries: 13518/71178

Sparsity : 84%
Maximal term length: 383
weighting : term frequency (tf)

Figure 4.47. Document term matrix (BSI documents)
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> findFreqTerms(dtm, lowfreq=20)

[1] "ability" "acceptance” "access"

[4] "according” "across” "actions”

[7] "activities" "activity" "additional”
[10] "address" "agreed" rair

[13] "analysis” "ancillary” "anden”

[16] "andor" "applicable” "application”
[19] "applications” "applied"” "applies”
[22] "appointed” "appointing” "appointment”
[25] "appointments” "approach" "appropriate”
[28] "architecture" "areas" "arrangements”
[31] "aspects” "assessment” "assessments”
[34] "asset” "assets” "associated”
[37] "attributes” "based" "basis”

[40] "benefit" "built" "business”
[43] "capability" "capacity" "case"
[46] "cases"” "chain" "change"

[49] "changes" "check" "civil®

[52] "classification" "clause” "client”

[55] "collaborative” "commercial” "commissioning”
[58] "common" "compile" "complete”

[61] "complex” "complexity” “compliance”
[64] "comply" "components” "concept”
[67] "concepts" "conceptual” "confirm"
[70] "consider" "considered"” "construction”
[73] "container"” "containers” "content”

[76] "context" "contractor"” "contractors”
[79] "control” "controls" "coordinate”
[82] "coordination” "core" "corresponding”
[85] "created"” "creating” "criteria” .

Figure 4.48: Top 20words in BSI documents

4.8.2.2 FrequentTermsand Associations

The bar plot shown irFigure 4.49 provides a visual representation of the most
frequently used words in the corpus after undergoing some transformations to remove
sparse terms. Specifically, the plot displays only the words that appear at least 20 times
in the corpus, highlighting the tes that are most commonly used. This type of
visualization is useful for gaining a general understanding of the contentaafrthes

and can provide insights into the themes and topics that are most prevalent. By
analysng the bar plot, one can identifigd most significant words in the corpus and

make inferences about the overall content and structure of the data
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The bar plot inFigure4.50 and the accompanyinfable 4.34 providesa condensed
view of the most frequent words in the corpus after limiting the analysis to only 10%
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Figure 4.49: A bar plot ofTop 20words in BSI documents

of the data. By reducing the size of the corplus,researcharan gain a more focused
understanding of the content of the data and identify the most prominent words and
topics. The bar plot anthble provide a visual representation of the most frequent
words, making it easier to compare the frequency of the different terms and understand
their relative importance. This information can be used to guide further analysis and

make inferences about the temt and structure of the corpus
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Figure 4.50: A bar plot of frequent words after deleting 10 % of corpus
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Table4.34: Frequencie®f top 20 keywords

No. | Keywords | Frequencies
1 | Shall 685
2 |ISO 651
3 | Data 526
4 | Asset 449
5 | Delivery 399
6 | Party 390
7 | Construction 355
8 | Risk 349
9 | Requirements 308
10 | Design 303
11 | Team 296
12 | Project 296
13 | Use 290
14 | Model 282
15 | Appointed 277
16 | Risks 235
17 | Properties 213
18 | Lead 212
19 | Within 205

20 | GIS 205

The results from the analysis of the most frequent words in the corpus reveal that the
word fishalb is the most common term. The repetition of this word highlights the
importance placed on the proper archiving of information containers lapfoénting

party. According to the information presented, upon acceptance of the completed
project information model, the appointing party must archive the information
containers within the projects common data environment in accordance with the

projects information production methods and procedures.

In this process, the appointing party must take into account which information
containers will be needed as part of the asset information model for future access

requirements and potential future reuse. This emphasis on the proper archiving of
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information containers highlights the importance of proper information management
in the context of the project. The frequency of the wisHalb emphasize the
mandatory nature of these actiprend the significance placed on the proper

management of information in the project

The presence of thevords flead, fpartyo, and fiappointed in the frequent word
analysis suggests that the lead appointed party has a key role in capturing lessons
learned during the project and recording them in &@blaknowledge store for future
projects to utilize. This highlights the importance of knowledge transfer and the role
that the lead appointed party plays in ensuring that valuable information and lessons

are not lost but are captured and made available fiorefyrojects.

The frequent use of the worileliveryd indicates that the BSI documents contain
important requirements related to the management of information during the delivery
phase of built assets. This highlights the importance of proper information
management throughout the entire project, including tielivery phase. The
requirement for regular review and revision of these requirements until best practice
Is established underscores the dynamic and evolving nature of information

management in the context of busltsets.

Finally, the presence of the woikb1S0 suggests that information models from both
BIM and GlSare becoming increasingly interlinked. This highlights the importance
of considering the location and context of each built asset relative to the existing
environment. The integration of BIM and GIS information models provides a more
comprehensive panorama to understémel built environmentand enables better
decisionmaking and planning for future projects

This highlights the importance of considering various risks associated with the
management of information during the delivery phase of built assets. The assessment
of net benefit should take into account the potential consequences, such as financial
loss,harm to health and safety, harm to the environment, damage to reputation, and
the resources required to capture and maintain information over thés diéseycle.

The information models from BIM and GIS must be integrated to support the various
practicesand requirements within the asset lifecycle, with seamless transitions

between both domains from a broader perspective to individual components. Overall,
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the frequent use of these words in the corpus highlights the crucial role of information

management in the delivery phase of built assets.

4.8.2.3 Topic Modelling

In order to obtain the topics discussed in the BSI documémsesearcheapplied

topic modelling which is a technique used to extract topics from a set of wohes. T
researcheutilized the Latent LDA model to perform the task. Th®A() 6function

was utilized to create a twehtepic model, which is an appropriate number of topics

as there are twelve BSI documents. In other cases, the number of topics may need to
be adjusted by trying different values @b until the best results are obtained. The

resulting topics and the words associated with them are sholiabia4.35.



Table4.35: Topic modelling of BSI documents

Topics | Terms Betavalues| | Topics | Terms Betavalues
Topic 1l | ISO 0.027101 Topic 2 | Party 0.041862
GIS 0.026671 Delivery 0.038494
Data 0.022137 Appointing 0.028278
Model 0.017792 Appointed 0.026554
Schema 0.012360 Shall 0.025827
Topic 3 | Party 0.026740 Topic 4 | Security 0.044118
Shall 0.025656 Shall 0.026688
ISO 0.024636 Organizationg 0.019880
Asset 0.023944 Asset 0.011710
Appointed | 0.017183 Measures 0.010621
Topic 5 | Data 0.031516 Topic 6 | ISO 0.021378
Properties | 0.021123 Data 0.021097
ISO 0.020851 Framework | 0.010970
Number 0.015662 Properties 0.010408
String 0.014956 Shall 0.009845
Topic 7 | Risk 0.027134 Topic 8 | Asset 0.029266
Shall 0.026039 Delivery 0.023456
Design 0.024102 Project 0.020658
Construction| 0.019567 Party 0.014633
Risks 0.018035 Requirementg 0.013342
Topic 9 | Party 0.037972 Topic 10| Design 0.030452
Asset 0.029245 Shall 0.024621
Shall 0.026887 Construction | 0.024208
Appointed | 0.024764 Project 0.023376
Appointing | 0.024764 Asset 0.023043
Topic 11| Data 0.032015 Topic 12| Risk 0.046443
GIS 0.025020 Design 0.029070
Mapping 0.024213 Risks 0.019835
Model 0.023675 Shall 0.019097
ISO 0.015604 Use 0.014549
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