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Summary

Over the last decades of development of knowledge management and organizational learning, there has
been an increase in learning research within and across projects. Learning from past lessons in projects
and preparing for the next project management practices is very important in large infrastructure projects.
The autonomy of projects brings opportunities for generating new knowledge to solve problems but
makes diffusing the knowledge between projects and even within stages of the project difficult. This
poses a significant gap that may be negatively affecting practices. A clear and in-depth understanding of
project-based learning is needed. The research aims to stimulate discussions and further debate about
learning at the project level to identify and implement capabilities and structures that enable more
efficient learning within and between projects in terms of value creation. To achieve the stated aim, the

study attempts to answer the following main research question:

What is the role of learning, and how can learning be promoted in large infrastructure projects?
Q1. What is the state of the art of the current learning in project studies and practice?

Q2. How do large infrastructure projects carry out learning in good practices?

Q3. How can learning be promoted in large infrastructure projects?

The PhD research addresses this topic in the context of infrastructure projects. The research consists of
a literature review of the existing studies on knowledge management and organizational learning in the
project setting and an empirical overview of project case bases worldwide. Three case studies were
carried out, respectively, in the MultiWaterWork program, and the Gaasperdammer tunnel project in the
Netherlands, and Hong Kong—Zhuhai—-Macau Bridge in China. The research investigated specific
learning mechanisms that emerged, including value co-creation, exploitative learning in inter-
organizational projects, and explorative learning in megaprojects. A cross-case analysis reveals five
project-based learning principles to achieve project capabilities: 1) Owner commitment, 2) Social
environment approach, 3) Collaboration vision, 4) Value orientation, and 5) Open mindset. It involves
different learning modes (codification and personalization) and ambidexterity (explorative and
exploitative learning) in different project phases (front-end and on-going execution) and in programs

and large projects (including megaprojects).

We analyze and classify the research on "learning" in the "project" published in the leading project
management, construction management, knowledge management, and general management journals.
The research focuses on the project as a temporary organization and within contexts. Emerging research

shows fragmented definitions and suggests a distinction between project-based learning and

Summary |



organizational learning. Seeing projects as singular may inhibit learning from other projects. The
concept of project-based learning is enriched by deepening insights on different dimensions, such as
exploration and exploitation, codification, and personalization. It is revealed that social interaction may
be more effective than database learning in the current project environment, and how to facilitate inter-
project learning will gain more research attention. This research scans the state of the art and addresses
the gap of project-based learning in the existing literature, which directs the position of project-based

learning research.

Using the method of content analysis, this study provides a comprehensive overview of seven main
project case bases set up by the academia or the market. It is found that the popularity of the project case
base is increasing, with a majority emanating from Europe. Besides, some emerging issues mainly
related to operation types, adopted methods, the scope of data collection and analysis, and limited access
to project data, etc., are identified. The research then discussed the limited use of current project case
bases. The project case base should not only be seen as a repository of explicit knowledge but more
accurately seen as the product of tacit knowledge. More research on emphasizing the acquisition and

disseminating of knowledge through social processes is recommended.

This research paid attention to activates and initiatives in large infrastructure projects that stimulate

learning. It shows how learning is unfolded in three different cases and brings the three cases together.

The first case investigates what stakeholders do in co-creation sessions and how this contributes to the
co-creation of value at the front end of programs. We used an action research approach combined with
participant observation, document analysis, and interviews with participants to study stakeholder
engagement in co-creation sessions at the front end of a Dutch infrastructure development program. The
findings show that the client intended to realize a value (value-for-firm) that was competing with market
partners' values. Engaging in co-creation sessions with the client, market partners, and knowledge
partners co-created three sets of values (value-in-use) as follows: commercial, intellectual, and
collaborative values. The findings contribute to the academic debate on value creation in programs with

an in-depth understanding of co-creation sessions at the front end.

The second case analyses the exploitative learning process that occurred in the longest tunnel project in
the Netherlands. Data were collected through archival documents, in-depth interviews, and site visits in
the ethnographic research. The empirical findings indicate that exploitative learning is promoted with
the help of the owner initiative. The most significant change that the exploitative learning process has
led to is the change in mindset towards collaboration. Project culture is considered to be shaped by
exploitative learning in the inter-organizational project. However, there is a gap between the knowledge
transfer between the inter-organizational project management team and their parent organizations. The

findings have practical implications for understanding learning in practical inter-organizational project
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settings.

The third case draws upon the Hong Kong-Zhuhai-Macao Bridge (HZMB), a cross-sea link construction
project, to study how the ability to explore was achieved and sustained. The findings indicate that the
megaproject is more likely to increase complexity but might bring the value of more significant learning
opportunities. Explorative learning is enacted through the complementary use of owner leadership,
collaboration, external resources, and experiment. This research adds to our knowledge of how

explorative learning works in practice and highlights its significance for the megaproject context.

A cross-case analysis follows and presents reflections. We show how learning is unfolded in three
different cases. The empirical evidence gathered in this research forms five project-based learning
principles: 1) Owner commitment, 2) Collaboration vision, 3) Social environment approach, 4) Value
orientation, and 5) Open mindset. The study then focuses on the contribution of learning to achieve
project capabilities. It is suggested that the critical role of learning in developing project capabilities

should be on the future research agenda of infrastructure projects.

This research provides new insights and understanding into learning in the project setting in the built
environment, adding its perspectives to knowledge management and organizational learning. We argue
the social side of learning rather than the previous efforts on explicit and post-project knowledge. The
finding rejects the position of knowledge management as a best practice toolkit for immediate use. It
emphasizes that there is no pure copy-paste knowledge learned from one project to another. Social
channels such as co-creation sessions are more useful for distributing highly context-specific knowledge.
The most significant change that exploitative learning has led to is the change in mindset. Explorative
learning is enacted through the complementary use of leadership, collaboration, global resources, and
experiment. Co-creation practices contribute positively to exploitative and explorative learning.
Primarily, we emphasize the role of owner, collaboration, social environment, value orientation, and
mindset change. Measures and environment that is dialogical, open, and tolerant of uncertainty, are
needed to foster learning. In this environment, the owner sets the tone for project participants to retain
shared knowledge and trust, search, and use new knowledge. We collaborate to learn and learn to
collaborate in projects' autonomy, which brings opportunities for generating new and innovative
knowledge. We recognize that project-based learning and project capabilities lead to better business and
project performance. This research underlines an essential capability for project management to develop,

i.e., learning capabilities.

The research is expected to have important implications for project-based organizations, project
managers, and academics in the infrastructure sector. It creates a dialogue between theory and practice
to address the current infrastructure project management challenges and provides insights to inform

potential solutions to project-based learning and understand the relationship between stakeholders. It
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provides practical guidance for infrastructure project owners and contractors in their inter-organizational

design and project-based learning at the front-end and execution phases of those projects.
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Samenvatting

In de afgelopen decennia is er een toename geweest van leeronderzoek binnen en tussen projecten met
betrekking tot de ontwikkeling van kennismanagement en het organisatieleren. Het kunnen leren vanuit
lessen die zijn opgedaan in eerdere projecten is erg belangrijk om de volgende projectmanagement
praktijken bij grote infrastructurele ontwikkelingsprojecten voor te kunnen bereiden. Doordat deze
projecten autonoom functioneren, biedt het enerzijds kansen voor het genereren van nieuwe kennis
waarmee problemen aangepakt kunnen worden. Maar anderzijds maakt het autonome karakter van dit
soort projecten het juist moeilijker om kennis tussen projecten en zelfs binnen de verschillende fasen
van het project te verspreiden. Deze ogenschijnlijke tegenstelling heeft een negatieve invloed op hoe
leren in de praktijk kan worden toegepast. Dit vraagt om een duidelijk en diepgaand onderzoek van het
begrip projectmatig leren. Het onderzoek heeft tot doel om de discussies over leren op projectniveau te
stimuleren en daarmee de capaciteiten en structuren te identificeren die het efficiénter leren, in termen
van waarde creatie, binnen en tussen projecten mogelijk maken en deze te implementeren. Om het

gestelde doel te bereiken, zal deze studie op de volgende hoofdonderzoeksvraag in gaan:

‘Wat is de rol van leren in grote infrastructurele ontwikkelingsprojecten en hoe kan het leren hierbij

worden verbeterd?
Hieruit volgen de volgende sub-vragen:
Vraagl. Wat is de stand van zaken van het leren in huidige projectstudies en in de praktijk?

Vraag2. Hoe wordt het leren bij grote infrastructurele ontwikkelingsprojecten vertaald naar goede

praktijk voorbeelden?
Vraag3. Hoe kan leren in grote infrastructurele ontwikkelingsprojecten worden verbeterd?

Het doctoraatsonderzoek behandelt dit onderwerp in de context van infrastructurele
ontwikkelingsprojecten. Het onderzoek bestaat uit een literatuuroverzicht van de bestaande studies over
kennismanagement en organisatieleren in de projectomgeving en uit een empirisch overzicht van
projectcases wereldwijd. Daarnaast zijn er drie casestudies uitgevoerd, respectievelijk met het
MultiWater Werk-programma, met het Gaasperdammer-tunnelproject, beiden lopend in Nederland, en
met de Hong Kong-Zhuhai-Macau-brug in China. Het onderzoek behandelt specifieke leermechanismen
die in deze cases naar voren kwamen, waaronder de waarde van co-creatie, het exploitatief leren in
projecten tussen organisaties en het exploratief leren in megaprojecten. Uit een cross-case analyse
komen vijf project gebaseerde leerprincipes naar voren om de project competenties te vergroten: 1)

Betrokkenheid van de opdrachtgever, 2) Wijze van benadering van de sociale omgeving, 3)
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Samenwerkingsvisie, 4) Waardeori€ntatie en 5) Open mentaliteit. Deze leerprincipes zijn gebaseerd op
verschillende leermodi (codificatie en personalisatie) en op ambidexteriteit (exploratief en exploitatief
leren) in verschillende projectfasen (front-end en lopende uitvoering) zowel in programma’s als in grote

projecten (inclusief megaprojecten).

De analyse en classificatie van dit onderzoek is gebaseerd op het "leren" in het "project" zoals dat is
gepubliceerd in toonaangevende tijdschriften voor projectmanagement, bouwmanagement,
kennismanagement en algemeen management. Het onderzoek richt zich op het project als tijdelijke
organisatie en binnen contexten. Recent onderzoek laat zien dat definities over leren gefragmenteerd
zijn en dat het suggereert dat er een onderscheid tussen leren op project basis en organisatorisch leren
kan worden gemaakt. Het leren van andere projecten kan echter belemmerd worden door een project als
een unieke entiteit te beschouwen. Het concept van leren op project basis wordt juist verrijkt door
inzichten in de verschillende dimensies, zoals exploratie en exploitatie, codificatie en personalisatie te
betrekken. Zo is gebleken dat sociale interactie in de huidige projectomgeving effectiever kan zijn dan
het leren vanuit databases. Dit onderzoek start vanuit de huidige stand van zaken en gaat verder in op
het gat die de bestaande literatuur achterlaat met betrekking tot projectmatig leren en de positie van

projectmatig leeronderzoek.

Met behulp van de methode van content analyse wordt een uitgebreid overzicht gegeven van zeven
belangrijke projecten die in de afgelopen periodedoor de academische wereld of de markt zijn opgezet.
Hieruit blijkt dat vooral in Europa de populariteit van het gebruik van case-base in projecten toeneemt.
Daarnaast laat dit overzicht zien dat er problemen ontstaan die voornamelijk verband houden met het
type project, met de toegepaste methoden, met de reikwijdte van gegevens-verzameling en -analyse, en
met de beperkte toegang tot projectgegevens. Het onderzoek laat vervolgens het beperkte gebruik van
de huidige projectcases zien. De analyse laat zien dat de projectcase niet alleen als een opslagplaats van
expliciete kennis moet worden gezien, maar meer als het product van zogenaamde stilzwijgende of latent
aanwezige kennis. Meer onderzoek naar het verwerven en verspreiden van juist dit soort kennis via

sociale processen wordt aanbevolen.

Dit onderzoek besteedt aandacht aan hoe leren in grote infrastructurele ontwikkelingsprojecten kan
worden gestimuleerd door nieuwe initiatieven te starten en deze te activeren. In dit onderzoek worden

drie casi behandeld waarmee inzichten worden verkregen hoe het leren zich binnen deze casi ontwikkelt.

De eerste casus onderzoekt wat stakeholders doen in co-creatiesessies en hoe dit bijdraagt aan de waarde
vermeerdering van co-creatic aan de voorkant van programma's. We gebruikten een Actieonderzoek
gecombineerd met participerende observaties, documentanalyse en interviews met de deelnemers om de
betrokkenheid van belanghebbenden in co-creatiesessies aan de start van een Nederlands programma

voor infrastructurele ontwikkeling te bestuderen. De analyse laten zien dat de opdrachtgever van plan
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was om een waarde (“value-for-firm”) te realiseren die concurrerend was met de waarden van de
marktpartijen. Door co-creatiesessies met de opdrachtgever, de marktpartijen en kennispartners op te
starten werden drie sets van waarden (“value-in-use”) gecre€erd: commerci€le waarde, intellectuele
waarde en samenwerkingswaarden. Deze bevindingen dragen bij aan het academische debat over
waarde creatie in programma's met een verdergaand begrip van hoe co-creatiesessies aan het begin van

programma’s functioneren.

De tweede casus analyseert het exploitatief leerproces zoals dat in het langste tunnelproject van
Nederland heeft plaatsgevonden. Gegevens werden verzameld via archiefdocumenten, via diepte-
interviews en via locatiebezoeken als onderdeel van het etnografisch onderzoek. De empirische
bevindingen geven aan dat door het nemen van initiatief van de eigenaar het exploitatief leren kan
worden bevorderd. De belangrijkste verandering waartoe het exploitatief leerproces heeft geleid, is met
name de mentaliteitsverandering die uiteindelijk nodig blijkt te zijn voor een goede samenwerking.
Daarbij wordt verondersteld dat de projectcultuur in de interne organisatie door het exploitatief leren
wordt gevormd. Echter de kennisoverdracht tussen projectteams die binnen een organisatie opereren en
hun moederorganisatie is niet altijd goed geregeld. De uitkomsten uit deze cases geeft ons, vanuit een
praktische invalshoek, inzichten om het leren in inter-organisatorische projectomgevingen beter te

kunnen begrijpen.

In de derde casus wordt onderzocht hoe binnen het project exploratief leren werd bereikt en in stand
werd gehouden. Deze casus betrof de Hong Kong-Zhuhai-Macao-brug (HZMB), een bouwproject voor
verbindingen over de zee. De resultaten geven aan dat bij dit megaproject de complexiteit in eerste
instantie weliswaar wordt vergroot, maar dat juist binnen deze complexiteit meer significante
leermogelijkheden aanwezig zijn. Exploratief leren wordt uitgevoerd door het complementair gebruik
van leiderschap van de opdrachtgever, van samenwerking, van externe middelen en van experimenten.
Dit onderzoek draagt bij aan onze kennis over hoe exploratief leren in de praktijk werkt en benadrukt

de betekenis ervan voor de megaproject context.

In het onderzoek wordt vervolgd met een cross-case analyse reflecties gepresenteerd. We laten zien hoe

leren zich in vier verschillende gevallen ontvouwt.

Het empirische bewijs dat in dit onderzoek is verzameld, vormt vijf project gebaseerde leerprincipes: 1)
Betrokkenheid van de opdrachtgever, 2) Visie op de samenwerking, 3) Betrekken van de sociale
omgeving, 4) Waarde-oriéntatie en 5) Open mentaliteit. Het onderzoek richt zich vervolgens op de
bijdrage van leren aan het bereiken van project capaciteiten. Er wordt aanbevolen dat voor het
ontwikkelen hiervan er een cruciale rol voor leren is weggelegd en dat dit op de toekomstige
onderzoeksagenda van infrastructurele ontwikkelingsprojecten dient te staan. Dit onderzoek biedt

nieuwe inzichten in het leren in de projectomgeving van de gebouwde omgeving en voegt perspectieven

Samenvatting  VII



toe aan kennismanagement en organisatorisch leren. We onderstrepen het belang van de sociale kant van
leren in plaats van de eerdere inspanningen op expliciete en post-projectkennis. Deze bevinding
verwerpt de positie van kennismanagement om als een best practice toolkit direct binnen projecten te
gebruiken. Het benadrukt dat er eigenlijk geen pure copy-paste-kennis is die van het ene project naar
het andere kan worden overgeheveld. Sociale kanalen zoals co-creatiesessies zijn vele malen nuttiger
om zeer context specifieke kennis te verspreiden. De belangrijkste verandering waartoe exploitatief
leren heeft geleid, is de mentaliteitsverandering die nodig is. Exploratief leren wordt uitgevoerd door
het complementair gebruik van leiderschap, samenwerking, wereldwijde middelen en uitvoeren en
toepassen van experimenten. De praktijken van Co-creatie dragen positief bij aan exploitatief en
exploratief leren. In de eerste plaats leggen we de nadruk op de rol van opdrachtgever, de samenwerking,
de sociale omgeving, waardeoriéntatie en de mentaliteitsverandering. Om leren te bevorderen, heb je
een omgeving nodig die open en tolerant is en waar een continue dialoog plaatsvindt. In deze omgeving
zet de opdrachtgever de toon voor de projectdeclnemers om gedeelde kennis en vertrouwen te behouden,
om nieuwe kennis te zoeken en deze te gebruiken en te delen. We werken samen om te leren en leren
om samen te werken binnen de autonomie van projecten, wat kansen biedt voor het genereren van
nieuwe en meer innovatieve kennis. We erkennen dat project gebaseerd leren en verhogen van de project
capaciteiten uiteindelijk tot betere bedrijfs- en projectprestaties leiden. Dit onderzoek onderstreept het

essenti€le vermogen om voor projectmanagement verder te ontwikkelen: het leervermogen.

Resultaten van het onderzoek kunnen gebruikt worden door projectmatige organisaties, projectmanagers
en academici in de infrastructuursector. Hierbij gaat het om het creéren van een dialoog tussen de theorie
en de praktijk waarmee de huidige uitdagingen op het gebied van projectmanagement van de
infrastructuur kan worden benoemd. Het biedt tevens inzichten die mogelijke oplossingen aandragen
voor project gebaseerd leren en die de relatie tussen belanghebbenden beter leert te begrijpen. De
uitkomsten van deze studie biedt een praktische begeleiding voor opdrachtgevers en aannemers van
infrastructurele ontwikkelingsprojecten bij het opzetten van hun interne organisatie-ontwerp en hoe

project gebaseerd te leren in de front-end- en de uitvoeringsfasen van projecten.
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Preamble

The only lesson humankind has learned from history is that human beings can't learn anything from

history.

- Arnold Joseph Toynbee
Chapter 1 Introduction

Abstract

This chapter sets the scene for this PhD research. Infrastructure systems add essential value to society.
The performance of many large infrastructure projects has long been seen as problematic all over the
world. There has been an increase in the study of project-based learning. Learning within projects and
between projects is one of the most critical aspects to improve the results of projects. The autonomy of
projects brings opportunities for generating new knowledge to solve problems but makes diffusing the
knowledge between projects and even within stages of the project difficult. There is a lack of seeking to
develop theories linked to project-level learning and how an in-depth understanding of this type of
learning can be gained. The main research question to be answered throughout this thesis is the role of

learning and how learning can be promoted in large infrastructure projects.

Chapter 1 Introduction 1



1.1 Setting the scene

An efficient infrastructure system is vital for modern society from the economic, societal, and
environmental point of view for any country. Adequate and sustainable infrastructure is a fundamental
element for urban systems. Over the last decades, there has been a remarkable growth in the development
of large infrastructure projects worldwide. McKinsey Global Institute predicted that the infrastructure
investment would attract US$57 trillion between 2013 and 2030 (2013). The overall demand for today’s
infrastructure systems is increasing, and stricter requirements are imposed on service quality (Maparu
and Mazumder, 2017; Poumanyvong et al., 2012; Wang et al., 2019). Rapidly changing environment,
such as climate change, digital transformation, the renewal of existing assets, and a growing engagement
of more dominant stakeholders, have greatly challenged the current infrastructure system (Connolly et
al., 2020; Demuzere et al., 2014; Huétink et al., 2010; van Breugel, 2017; Vuorinen and Martinsuo,
2019).

Many researchers have underlined that large infrastructure projects are inherently complex and risky
(Denicol et al., 2020; Fellows and Liu, 2012; Flyvbjerg, 2007). These projects are designed, executed,
and influenced by different participants and stakeholders with different (sometimes conflicting) interests
and within fuzzy boundaries. The increasingly complex external environment keeps impacting and
changing projects both over time and in space. The focus for project management research in the
construction industry is shifting from individual projects to the management of multiple projects and
towards the relationships between projects and the broader organization (Martinsuo and Lehtonen,

2007).

Learning within projects and between projects is seen as one of the most critical aspects to improve the
performance of projects (Keegan and Turner, 2001; Prencipe and Tell, 2001; Schindler and Eppler, 2003).
As more and more infrastructure have to be built and maintained, the need to manage projects effectively
and to respond to new opportunities requires the companies to learn from their internal and external
experiences in different ways, to draw effectively on lessons learned to avoid making the same mistakes,
and ultimately to achieve delivery more efficiently and sustainably. Project participants usually rely on
previous experience and proven knowledge to create solutions and solve problems (Brady and Davies,

2004).

No two projects are identical. It is also one of the problems of projects that they are treated as constraint
by their uniqueness or as once in a life-time opportunity (Almeida and Soares, 2014; Lindner and Wald,
2011). It is difficult to establish a set of principles to guarantee every project's successful
accomplishment (Albert et al., 2017). In a recent NETLIPSE (Network for the dissemination of
knowledge on the management and organization of large infrastructure projects in Europe) report

reviewing ten years of managing large infrastructure projects in Europe from 2006 until 2016 (Staal-
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Ong et al.,, 2016), project representatives were invited to score statements from eight project
management themes if they were the case. Almost all the best practices formulated over a decade ago
are still broadly recognized in practice today, although the world has changed considerably. The
challenge is not to explore new best practices but rather to implement those best practices that we are
already aware of. As an example, the low rated factors like stakeholder and contracting in 2006 have
been improved visibly in the ten years since the first study. Nevertheless, the theme of knowledge &
technology again scored the lowest after ten years (see Figure 1.1). Projects seem not to give enough
attention to knowledge management policies or to exchange the use of research with wider projects

(Disterer, 2002).
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Figure 1.1 Score comparison (2008-2016) per theme from NETLIPSE

Learning is a widely used term but one with comprehensive definitions. Psychologists, linguists, and
educators from various disciplines have studied the theme of learning broadly. This PhD research
describes the process as "learning" rather than using other terms, in an attempt to help project managers
see not just what has been done before but sharing what has been done by suggesting and eliciting what
alternatives might be possible. It is in line with the perspective of self-regulated learning, where
individuals learn proactively for themselves instead of reacting to an environmental stimulus (such as
teaching) (O’Shea and Buckley, 2010). Compared with learning in schools, where the students make
additions, expand their horizons, and choose their own direction, this research does subtractions and

focuses on narrower but more effective areas.
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1.2 Research problem

1.2.1 Poor infrastructure project performance

There is everlasting grumble about the performance of the large infrastructure projects globally,
criticized as problematic already for a long time in terms of cost overruns, schedule delay, safety
incidents, and quality defects all over the world (Bakker and De Kleijn, 2014; Flyvbjerg, Bent, Nils
Bruzelius, 2003). Around two-thirds of megaprojects are viewed as failures (Hopewell, 2003; Merrow,
2011). One of the most notable cases in the US is known as the Boston Big Dig. This tunnel was initially
estimated at $2.8 billion when work began in 1991 but was eventually completed in 2007, nine years
behind schedule for $14.6 billion. Furthermore, these problems persist even in Germany, a nation
traditionally regarded as representing the pinnacle of industrial efficiency. The country is suffering from
some hugely delayed and over-budget public projects (Kostka and Fiedler, 2016). The Berlin
Brandenburg Airport was initially scheduled to open in 2011 for €2.5 billion but has been delayed until
2020 at the cost of more than €9 billion. The Hamburg Opera House, meanwhile, was finally completed
in 2016, six years late and costing €789 million — more than ten times the original budget. Another
controversial public transport project, Stuttgart 21, has been dogged by a broad range of issues since the

outset, including the rise in costs, delays, opposition from politicians and residents, and funding disputes.

The problem is related to the nature of the project-based construction organization (Scott and Davis,
2007). Distrust between the client and market, project-based collaboration with contractual
arrangements and less strategic partnerships, and fragmented supply chains create enormous problems
for the infrastructure industry actors and make it less integrated (Fellows and Liu, 2012; Kwak et al.,

2009; Lloyd-Walker et al., 2014), fragmented actually.

1.2.2 Poor learning from the project to project

It is particularly attractive to capture the success stories from project-based work and to adapt them in
the appropriate context to other projects and the broader organization (Kerzner, 2018). These best
practices can significantly refine existing methods and offer new and flexible solutions to solve problems
and complete tasks. It is also essential to learn from mistakes and avoid repeating them. These lessons
learned can bring considerable benefits to future projects, and there are possibilities to increase the
quality of the delivery and increase efficiency (Carrillo, 2005; McClory et al., 2017). Most project-based
organizations recognize that project teams can achieve considerable improvement if best practices and
lessons learned within and between projects can be made readily available and utilized. Project
management professional bodies such as IPMA and PMI have made significant efforts to regularly
improve, update and share relevant knowledge and good practices, including project management

methods such as WBS (work breakdown structure) and CPM (critical path method).

However, infrastructure projects are still notoriously hard to manage. The poor delivery performance
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has been criticized for decades, slow learning or less learning is a common situation and an inherent
problem in the project context (Flyvbjerg et al., 2002; Hertogh et al., 2008). History shows that still
many organizations fail to acquire, store, share, and transfer knowledge from projects to their
organization institutionally. The problem can be linked to the nature of organizing (large) projects.
Flyvbjerg (2016) pointed out that uniqueness bias is one of the main factors that decision-makers tend
to overlook. Planners and managers often rely on non-standard technology and design to deliver
megaprojects, making the projects singular and difficult compared with the past and other projects. It

makes proactive learning from history and experience more difficult (S6derlund et al., 2017).

The question arises if the project team can share these experiences or lessons learned with their clients
and supply chain partners. The challenge is not a lack of knowledge. In fact, the point is that there is
more of it than is utilized, but to structure the learning in the right way to benefit from it. It remains
unclear how to systematically disseminate and absorb learning as we move from project to project,
working with different partners (Cooper et al., 2002). Among large infrastructure projects, achieving
learning widely seems far less satisfactory. The function of knowledge management is challenged by
current project management practices as temporary forms of organizing (Lindner and Wald, 2011). In
many new projects, new teams are created, and much of the same “lost” knowledge then has to be re-
acquired (Argyris and Schon, 1996). “Reinventing the wheel” happens far more on each project than
learning and benefitting from the experiences of previous and other projects, which wastes both time

and money.

1.2.3 Barriers preventing learning in and from projects

Although construction projects have been emphasized for their unique characteristics, the essentials are
still repeated from project to project (World Economic Forum, 2016). The construction processes, labor
division, team skills, standard materials, equipment, etc., used in different projects are similar. This
provides the opportunity for the reuse of knowledge from one project to subsequent projects. If learning
in and from projects has been recognized as an issue, why do project teams not put in place mechanisms

to stimulate learning? Why is learning within and between large infrastructure projects a complex reality?

There are several challenges associated with learning from projects. The problem of learning within
projects and between projects can be characterized into the following three domains:
cultural/institutional domain, individual/social domain, and technical/product. We identified the
following barriers during our exploratory interviews and literature studies (Scarbrough et al., 2004;

Schindler and Eppler, 2003).

1.2.3.1 Cultural/ Institutional
The AEC (architecture, engineering, and construction) industry is centered on projects with many actors

such as clients, designers, contractors, consultants, suppliers of equipment and materials, and asset
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managers. The cultural/institutional domain includes the following aspects that are external and cannot

be managed.
Project-based collaboration

There is a structure in which parties enter into a relationship for a specific project on a contract basis.
Decision-making, planning, design, execution, and management of projects are typically developed and
implemented by multiple public agencies and private market parties with conflicting interests. This
ensures that knowledge is spread over numerous parties. The decentralized nature of the above

organizations involved in projects makes the knowledge transfer more complicated (Eriksson, 2013).

A new project commences every time with varying design and procurement requirements, political and
environmental conditions, client and contractor’ experience, and expertise (Love et al., 2019). When the
project is completed, the project team disperses. This makes discontinuous members suffer from a
“knowledge loss” phenomenon. On the one hand, it leads to the causal ambiguity of knowledge
(Lippman and Rumelt, 1982) potentially emerging from the project. On the other hand, it leaves a few
people who can understand and grasp the project knowledge of the whole project. The internal stickiness
of knowledge makes its transfer into the next project much more challenging (Szulanski, 1996). There

is a danger that the wheel will be reinvented over and over again.
The inertia of existing processes and methods

Projects are characterized by tight project scope and control over time and money. It is experienced as
oppressive as a result of which innovations have little chance. It is indicated that project-specific
innovations arise mainly from individuals who are committed to an idea. These individual innovation
actions are often not transferred to other projects because learning and development are not
institutionalized (Scarbrough et al., 2004). Most learning and inspirations occur accidentally on the job;
however, support for recording these experiences and support for dissemination is limited (Savelsbergh
et al., 2016). Most project organizations face an organizational capability bottleneck due to the lack of

an effective organizational learning mechanism (Buttler, 2016).

1.2.3.2 Individual/social

In the context of construction, there is a lack of motivation to share knowledge. The individual/social

domain includes the following aspects that can be managed, but participants are unwilling to do so.
Insufficient political or public responsibilities

No mature routines have been agreed upon by all project participants to address knowledge sharing
(Bektas, 2013). There are neither contractual requirements that assign a role or function in learning or

knowledge management in projects nor a fixed part of the internal owner's assignment for the use and
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transfer of knowledge from and to other projects. Knowledge reuse is barely a part of the established
process. Project teams do not get a learning assignment. Therefore, they do not find the time to make an
effort to capture and submit lessons and share their experiences or do not see it as a prioritized issue as
project teams have no obligation or incentive to do it (Landaeta, 2008). The result-oriented culture leads
to no time spent on learning. The absence of a person responsible for the process makes no one

summarize the project's knowledge gains and losses from a holistic view.
Distrust between parties

Construction projects are mainly based on price competition and contractual arrangements. The inherent
tensions and conflicts between owners and suppliers (Barlow and Jashapara, 1998) and competitors
make project teams reluctant to share information. They tend to deliberately withhold information from
clients or supply partners so that no images of inferior performance will be portrayed. They tend to
adopts a mini-Machiavellian leadership and keep secrets (Argyris, 1976; Love et al., 2019). The hostile
culture resists innovation and tends to emphasize the uniqueness and complexity of individual projects.
The whole industry identified the issue; however, no applicable and effective measures have been found

and/or taken until now.
Error prevention

While it was acknowledged that past failures could offer useful lessons learned to avoid making mistakes
again, it seems difficult to obtain an accurate and detailed count of them (Love et al., 2019). To ask
project teams to share their positive experiences and successes is not tricky; project team members find
it hard to share bad experiences and are not willing to report mistakes. In line with the industry’s
emphasis on the lowest cost, there is a perception of intolerance of mistakes. Psychological insecurity
reduces the beneficial potential for learning (Love et al., 2019). Lessons learned sessions could be
enculturated as punitive (Julian, 2008). Reluctance to share negative experiences can be attributed to the
fear that they might be judged and evaluated as less-performing project managers, which may potentially
influence their reputation. “Bad news travels fast and good news never.” A strict focus on error
prevention and a tendency to blame within project-related practices can create a negative mindset toward

reflecting errors and sharing experiences.

1.2.3.3 Technical/product

There is a lack of effective mechanisms to capture and store knowledge from past projects (Abdul-
Rahman et al., 2011; Williams, 2008). The technical/product domain includes the following aspects that

can be managed but which are technically very challenging.

Knowledge repositories
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The knowledge repositories, project databases, or project case bases are a structural way to share a
helicopter view on the various projects and measure project progress and performance by steering on
inter-project learning. Compared with commonly used ERP (Enterprise Resource Planning) systems
adopted in the manufacturing industry, it is hard to trace and record the data flow consistently and
reliably in construction projects. The relatively large sizes and the complex nature of infrastructure
project implementations have made it difficult to carry out rigorous statistical analyses of the project
performance. The established processes and procedures for capturing and sharing lessons learned are
cumbersome and rely on fragmented information scattered in paper-based documents (Love et al., 2019).

What is worse, existing project databases collect their data in their ways and do not share information.
Psychological distance

Project team members often feel that they cannot directly adopt the lessons learned from other projects
due to geographical and social gaps with different political, legal, economic, and cultural environmental
conditions. Construction projects often take a long time to complete, which leads to lag between causes
and effects of accidents and measures taken. From the perspective of risk management, project
participants need to understand “black swans” and “white elephants”. This makes it challenging to

translate this knowledge into a new project, working with other parties.

1.3 Research gaps

First, there is ambiguity among project-based learning, knowledge management, and organizational
learning. They are often used interchangeably with much confusion (King and Ko, 2001). Knowledge
management and organizational learning are similar in some ways but have different aims (Irani et al.,
2009). The classic literature on knowledge management has focused on techniques and methodologies
for codifying knowledge and making it available to organizations. Organizational learning aims to
manage and utilize intellectual assets by creating organizational rules and processes (Argyris and Schon,
1997; Brown and Duguid, 1991; Senge, 1990). It focuses on a firm's capability to adapt to changing
knowledge pressures (Irani et al., 2009). It seems the theories of knowledge management, organizational
learning, and project-based learning have been established, respectively, and there are overlaps between

all three concepts. It remains unclear how they are interacting with each other in practice.

Unlike some manufactured products that can be made automatically, projects are characterized by time-
bound interaction with different parties, non-repeatable activity, and one-off tasks (Brookes, 2013;
Wenger and Snyder, 2000). Project-based learning is thus influenced by temporal externalities (Eltigani
et al., 2020). It is promulgated that project-based organizations and their projects can utilize
organizational learning as a theoretical foundation to bolster their performance and productivity. Project-
based learning has received growing attention within extant and generic theories of organizational

learning. However, the origin of the organizational learning theory mainly stems from routine-based
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organizations, not temporary projects. The experiments in the 1990s to develop a knowledge
management model, framework, or database have largely proven to be futile. Project-based learning
finds itself challenging with a short-term competitive relationship and without repeat collaboration

between project participants (Cao and Wang, 2014).

Academic research and practice have been increasingly centered on the broad umbrella term of learning,
reflecting the desire to understand the ability of individuals, teams, projects, organizations, networks
(industries or supply chains) to improve. Many learning studies adopt the dominant approach based on
an individual cognitive view, including changes in perceptions, attitudes, and behaviors. We are talking
about learning at levels higher than the individual. It calls for the theoretical position of project-based
learning at the project level instead of the team level (Savelsbergh, 2010; Senaratne and Malewana, 2011;
Swan et al., 2010). A project is temporary, fluid, interrupted, and distributed. The definition of a “team”
emphasizes characteristics of shared identity and continued commitment to team members. Role
identities are often not clearly defined to members of the project as not all of them belong to an identified

team (Scarbrough and Swan, 2009).

Different forms of learning, by different actors, in different networks, and at different levels, take place
with different aims. Much is being done at the organization level or the team level. However, the core
issue of learning among infrastructure projects is still not being addressed. It typically lacks the
community-building effects (Swan et al., 2010). There is a lack of seeking to develop theories linked to
project-level learning and how we can gain an in-depth understanding of this type of learning. This PhD
research aims to investigate learning from “doing” projects (Eltigani et al., 2020; Newell and Edelman,

2008).

1.4 Research aim and objectives

One of the main challenges of present-day project management is learning from completed and on-going,
successful and unsuccessful projects. Projects can use the best practices and obtain the choices which

suit their circumstances and operational contexts.

Bringing all these concepts together, the research aims to stimulate discussions and further debate about
learning at the project level to identify and implement capabilities and structures that enable more
efficient learning within and between projects in terms of value creation. Learning itself consists of both
the learning process and learning products (Gerlak and Heikkila, 2011). This research focuses on the
learning process as a set of actions rather than the learning products referring to new shared ideas, skills,
knowledge, and technology as the outcome of the learning process. The focus of the PhD research will

be on the organizational process and multi-actor network in the project setting.

Under this aim, the specific objectives are threefold:
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1, investigate the current learning practice in infrastructure projects and identify existing barriers for

project-based learning.

2, get assess to how project-based learning is carried out in different project phases (front-end and on-

going execution) and large infrastructure programs and megaprojects.

3, provide suggestions to the project-based firms to enhance learning for the execution of their future

large infrastructure projects.

1.5 Research question

To achieve the stated aim, the study attempts to answer the following main research question:
What is the role of learning, and how can learning be promoted in large infrastructure projects?

The main research question can be split into several sub-questions. Answering the sub-questions will
lead to the answer to the main question. In line with grounded theory, this research stated with a broad
sub-question and, in a way, reflected a problem-centered perspective. The research process will then
generate the following sub-questions (Birks and Mills, 2015). Therefore, this research is organized

around three sub-research questions that build upon one another:

1, Problem analysis

Q1. What is the state of the art of the current learning in project studies and practice?
2, Empirical investigation

Q2. How is learning achieved at the level of the large infrastructure projects?

3, Synthesis

Q3. How can learning be promoted in large infrastructure projects?

1.6 Theoretical lens

A unified theory of project management does not exist (Smyth and Morris, 2007). Therefore, there is no
single theory of project-based learning. The contingency perspective is more meaningful than the
universalistic perspective. The thesis agrees with S6derlund and Maylor (2012) that much attention of
learning has been on the techniques, planning methods, and formalities of project management, and
nurturing the soft skills deserves more time and effort. The thesis positions itself into the Behaviour
School and Relationship School in the standing of project management in the academies (Séderlund,

2011). The former considers the feature of projects as "temporary organizations" and investigates the
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dynamic nature and process of projects' learning behavior. In contrast, the latter draws on the inter-
organizational environment and its social construction. Therefore, our primary research approach
includes inductive and descriptive research (e.g., case studies) with limited interest in formulating and
testing hypotheses. The empirical context of infrastructure and construction can provide pertinent and

sufficient data and ideas.

The research determines three dominant concepts that characterize the meaning of project-based
learning. First, it is guided by a social constructivist epistemology and informed by situated learning
theory (Sense, 2013). The second one is to depict project-based learning as a process of knowledge
management. This view helps bring about changes in the way projects are delivered, using a range of
more collaborative but innovative approaches. The third one views project-based learning as a sub-
concept of organizational learning. This view emphasizes that project-based learning can bring together
project actors and achieve sustainable and collaborative performance improvement in the construction

industry.

Interpretative methodologies seek particular explanations, while positivism seeks general explanations.
We took an interpretative perspective to explore the plural facet of single cases (Geraldi and Soderlund,
2018), which seek implications for the actuality of project-based learning. The interpretative
methodology embraces the grounded theory, ethnography, action research, and other case-based
methods to understand phenomena. Then these single cases are seen as similar and comparable in search

of verified rules.
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Chapter 2 Research Methodology

Abstract

In this chapter, the research philosophy, strategy, design, and methods are developed. A qualitative
approach is chosen for this research in line with the philosophical position supported by large
infrastructure projects' complex context. The research design consists of literature and empirical review,
action research, ethnographic research, inductive research, and cross-case analysis. The research is
described in three phases. The first phase mainly consists of a literature study and an empirical overview.
The second phase entails exploratory and semi-structured interviews, site and participant observation,
focus group discussion, and the close reading of archival documents and other sources. Content and
thematic analysis were completed to organize information into the main research question categories.
The PhD research started with the within-case analysis to identify new phenomena and their implications
within a single case. The third stage proceeded to compare across the cases to conclude cross-case

patterns of project-based learning.
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2.1 Research positioning and strategies

All research has philosophical assumptions about reality (ontology) and knowledge (epistemology) as
the foundation. There is a lack of the selection and application of research epistemology and
methodology in many academic journal papers (Smyth and Morris, 2007), not to mention PhD research

at technology universities, as [ observed.

Construction management and engineering research are concerned with organizing and managing the
design, realization, and operating processes of physical building and infrastructure objects. Research on
knowledge management and organizational learning in general, and learning in and from projects in
particular, deals with both the physical and the social world. Among the current research, we can
distinguish two directions (Koskela, 2017): 1) How to design, analyze, and operate materials, machines,
technologies, and construction methods; lies in the technical domain of material reality. 2) How to plan,
organize, and control business organizations’ resources and activities; lies in the domain of the mind.
The line of reasoning and result are fundamentally different. The former strives to create and develop
new engineering solutions, while the latter is directed towards acquiring new knowledge of the world as
the available knowledge is not sufficiently aligned to the empirical facts. This thesis chooses the second
type, the research-oriented management approach, to understand (problem analysis) and focus on human

organization processes, resulting in new knowledge.

All research should be aware of the different philosophical positions that influence how the research
will proceed before attempting to conduct the research. There are two different conventional paradigms
regarding how management research should be performed: positivism and interpretivism (Guba and
Lincoln, 1994). Positivism follows a realist ontology and assumes that absolute mechanisms drive reality,
and knowledge can be described through law-like generalizations. Interpretivism (also called social
constructionism) believes that people experience physical and social reality in different ways. Positivism
stands in the empirical form that behaviors and activities can be observed, while interpretivism believes
in the basic form that a human interprets experiences in various organizational contexts (Mingers, 2004).
They are extreme positions at either end of a continuum. This thesis indicates that complexity exists
within the organizational and social environment in the project setting, for which there are no hypotheses
to be formulated and tested. The research should allow us to gain different perspectives and a better
understanding of the particular project context. It also attempts to identify underlying patterns from the
inductive theory building approach. This research situates itself between positivism and interpretivism
paradigms. Critical realism is a combination of positivism and interpretivism as the third paradigm

(Easton, 2010) that forms the foundation for this research.

Critical realism argues that social phenomena and the researcher's interpretation exist independently

(Sayer, 1992). Critical realism's fundament is that the objective world exists, but our knowledge about
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the world is subjective (Bechara and Van de Ven, 2011). It believes that reality is viewed as complex,
and we are all biased. Therefore, to achieve a better and accurate understanding of what happens in
reality, we have to rely on multiple sources of evidence. The aim is not to make general predictions and

claims but to demonstrate various possible explanations of the underlying patterns.

Therefore, the thesis is a management and organization-based study. The aim is to suggest new ways in
the practice of understanding complex phenomena and facilitate the learning process in large
infrastructure projects. The basic premise is that the practitioners must construct knowledge in their own
minds. Most notably, they are not passive vessels filled with knowledge but primary agents in their own

learning.

As the research goals are to develop theoretical understanding holistically from the informants'
perspective and set change in motion to solve practical problems, the methodology uses qualitative
methods. A qualitative approach enables the development of critical aspects related to the phenomena
of interest. It aims to describe complex phenomena situated and embedded in specific contexts (projects
in this research) and is suitable for studying a limited number of cases in depth (Eltigani et al., 2020). It
can also yield a much more vibrant and more detailed picture than a quantitative approach (Creswell
and Creswell, 2017). Quantitative studies are mostly carried out in deductive methods and pay more
attention to knowledge verification. Hertogh and Westerveld (2010) emphasized the significant
challenge to establish general rules or basic assumptions by statistical evidence when studying the
complex large infrastructure projects with multiple variables influencing each other. More acceptable
and well-developed theories on managing complexity and organizing multi-actor practices such as
project-based learning are more likely to comprise heuristics or rules of thumb other than algorithms to
measure and predict. This research mostly adopts inductive methods and focuses on the discovery of
new knowledge. The survey objects, which are individuals and organizations, are placed as a whole
rather than variables separated in research for quantitative analysis. We should not regard the accurate
prediction of the future as the (only) sign of a good theory. In fact, the thesis provides inspiration rather

than answers.

2.2 Research design

The PhD research will answer the research question through a qualitative theory-building approach
consisting of literature and empirical review, action research, ethnographic research, inductive research,
and cross-case analysis. The research chooses to implement a qualitative and inductive research design
that would enable revelatory yet rigorous analysis (Eisenhardt et al., 2016; Gioia et al., 2013) of the
projects' organizational practices. Van Marrewijk and Dessing argued to apply sound theory and rigorous
research methods to advance relevant knowledge and impact crucially project management practices

(2019). The research involves both practitioners and academics and also built good relationships with
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informants. It is being advocated to bridge the knowledge gap between academic scholars and project
practitioners when gaining in-depth insights from close participation and engagement with the research
informants (Bartunek, 2007; Soderlund and Maylor, 2012). Figure 2.1 illustrates the research design in
three stages. The following subsections will explicate how different methods are undertaken in the
research, mainly in the case study and synthesis stages. More details can be found in sections of data

collection and data analysis.

/ Research problem

!

Research questions

Conception stage — /\

Literature review Empirical overview

N\
/

Case study MWW  Case study GSP  Case study HZMB

Case study stage — i l i

Action research Ethnography  Inductive research

| | |

Cross-case analysis

!

Derive and interpret
findings

Synthesis stage — [ |

N /7

Theoretical contribution Practical implications

| l |
\ Future work

Figure 2.1 Research design

2.2.1 Conception

The conception stage is exploratory to define the focus of the research. It consists of a literature review
and fieldwork performed in parallel. The systematic literature study is undertaken in Chapter 3 to
summarize project-based learning research characteristics, including theoretical angles and levels and
potential future trends. The fieldwork in Chapter 4 is an explorative pilot study aiming to gain a better

understanding of practical orientation and perception. This is conducted by carefully reading leading
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publications, conducting exploratory interviews with representative informants, attending workshops,
and visiting the sites. Consulted information sources include Airport Architecture Anatomy at the
University of Florence, Innovation Airport at Delft University of Technology, and NSFC (National
Natural Science Foundation of China) project “Research on Theory, Method and Application Innovation
of Major Infrastructure Engineering Management in China." This information was only used as a
background context, not for the analysis. This stage helps confirm the problem formulation and research
questions are relevant for research and allows the subsequent phases to focus on the project context,

especially the social element.

2.2.2 Case studies

Case study research is a research method that focuses on in-depth empirical investigation and analysis
of phenomena in their real-life context (Yin, 1984). It is an adequate research strategy when dealing with
a complex situation, and the boundaries between phenomenon and context cannot be seen. The approach
fits the interpretative and qualitative nature of this research, and it is suitable to study complex
phenomena (Klein and Myers, 1999) in the large infrastructure project contexts. The case study method
can open the "black box" of how interventions and expected outcomes are linked. This approach is
different from the experiment to obtain results with a high level of certainty. Still, it can help pick
valuable elements apart, clarify and interpret, and understand what is going on in these very complex
situations. Many popular modern management theories, such as Core Competence of Enterprise,

Balanced Score Card, Business Process Reengineering, are derived from case studies.

The researcher took advantage of evidence from three single case studies (the MultiWaterWork program
in Chapter 5, Gaasperdammer tunnel project in Chapter 6 both in the Netherlands and Hong Kong—
Zhuhai—-Macau Bridge in China in Chapter 7) to explore the learning process in large infrastructure
projects and programs with data sources including literature, archives, interviews, (participant)
observations, and focus group discussions (Yin, 1984). First-hand data collected directly by the
researcher, and second-hand data from other sources (commercial and government agencies, marketing
research firms, digital databases, etc.) were collected. Multiple cases were used as the cross-case analysis
approach can augment external validity and create a more robust and testable theory than a single case
(Eisenhardt and Graebner, 2007; Haj-Yahia, 1998). After three single case studies, the researcher carried
out a cross-case analysis to make the conclusion compelling. The acknowledgment underpins our
reasoning that management and organization studies should focus on outliers rather than averages

(McKelvey, 2006) in order to generate useful and insightful research outcomes.

2.2.3 Action research

Chapter 5 adopted the action research methodology. This research defines action research as a dynamic

process concerned with developing practical knowing grounded in a participatory worldview (Kemmis,
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2006). Action research challenges the traditional research typified to focus on reflective knowledge
produced in outsiders' view (Torbert, 1991). Action research aims to empower the stakeholders in an

engagement process to develop a shared understanding of the research topic (Kemmis, 2006).

Action research is one of engaged scholarship forms in project studies that directly addresses the
problems by responding to the immediacy required by practices and the society (van Marrewijk and
Dessing, 2019). The advantages of action research are the high-quality insights gained from close
participation in and engagement with the researched projects. Our research team consisted of both
practitioners and academics. The practitioners actively participated in the project and program
management. Action research scholars perceive knowledge development as a mutual process dominated
by engagement and collaborative relationships (Delhi, 2003). Over time, action research has been
established as a set of practices through which researchers identify with the researched and through
which analysis is made contextual (Reason and Bradbury, 2008). Finally, encouraging real participation,
building relationships with informants, and acknowledging and sharing power with them are needed to

establish credible accounts.

Our research team consisted of members from the program management team and participants of co-
creation sessions to implement action research in different roles, and an outsider researcher to address
the limitations of action research in the risks of the researchers' over-engagement with the field and the
sympathetic interpretation of research findings. The insider researchers and the outsider researcher went
through all of the reports, interview data, and observational notes, which helped write the chapter with

more methodological rigor.

2.2.4 Ethnography

Initially developed in social anthropology to observe radically varied cultures, ethnography is developed
as a qualitative method for collecting rich and complex social data (Fine et al., 2009). It allows various
qualitative methods to study organizations, cultures, daily practices, and groups of actors (Schwandt,
1996). An ethnographic approach is chosen in Chapter 6 because of its attention to complexities that
cannot be foreseen beforehand. Our research team consisted of a master student engaged as an intern to
collect data, consultants offering recommendations to the project team and observers. We kept in close
contact and often discussed in the site office during the process. The contribution of ethnographic studies
is evidenced by the small but growing number of scholars using ethnography as a methodological
approach in studying construction projects (Phelps and Horman, 2010; van Marrewijk et al., 2016). In
this thesis, ethnographic research is evidenced to analyze the actors, daily practices, and social situations
in projects (van Marrewijk et al., 2016). Combining the qualitative methods entails participant
observation, interviews, and the close reading of documents or other sources (Sierk et al., 2009). It is a
methodology apt to study organizational practices that are not immediately visible or observable. It aims

to get an in-depth understanding of the often underlying or implicit aspects of specific (organizational)
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cultures (Schwartz-Shea and Yanow, 2013; Sierk et al., 2009).

2.3 Data collection

Glaser and Strauss (2017) claimed the various procedures to build grounded theory from qualitative data.
This research focuses on developing heuristics and principles based on collecting and analyzing in-depth
empirical data from real cases. The combination of multiple data collection methods entails exploratory
and semi-structured interviews, site and participant observation, focus group discussion, and the close
reading of archival documents or other sources (Sierk et al., 2009). It proceeds in an inductive and
exploratory manner (Siggelkow, 2007). There is sufficient inside evidence accessible to draw a good
picture of what happened. A questionnaire-based upon the preliminary findings was designed and sent
to all informants. Unfortunately, only a small number of informants accessed the online questionnaire,
of which only a few were potentially usable. Therefore, the research did not use this information for the

analysis, only as background information. These methods will be discussed in the following sections.

2.3.1 Archival documents/desk research

The researcher got access to the archival documents, mainly including archival project logs, reports and
books, and online media from official and academic websites, to gain a general understanding through
desk research. It is the first step of the three case studies. This information was used to prepare the
interview protocol and understand the history of the project. The thesis does not guarantee the archival
documents represent an exhaustive list in each case, but they are sufficiently representative for

responding to our research questions.

In the MWW program case, the researcher collected the data from the government Internet portal and
the official website, including the minutes and presentation slides, the interim versions and final versions
of reports. In this way, detailed documents were collected, half of which were lengthy reports based on

a large number of interviews and detailed information about critical events in the MWW program.

Two books published as deliverables in the GSP project case gave a comprehensive insight into how the
exploitative learning process has been intended and how it has been put into practice in the project. The

RWS and IXAS project team members interviewed were all involved in the making of both books.

The researcher could access an internal project magazine named "HZMB Bridge" run by the HZMB
Authority. The magazine has been compiled six times a year from 2011 to 2017. All articles in the
magazine were stored and categorized in a database that enabled searches for keywords and topics,

which facilitated the new empirical analysis.

2.3.2 Interviews

The interviews are one of the most essential information sources (Duryan et al., 2012) due to their
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insightfulness and the possibility of gaining rich data in case study research (Yin, 1984). Interviews have
the potential to dig out critical incidents from the informants’ hidden experience, and they allow the
researcher to ask to follow up questions until clarity in reasoning is reached. Interviews offer in-depth
and complementary perspectives from various participants to cross-check for specific issues and
mitigate potential biases of the single and second-hand information sources, enriching our understanding

of the phenomena and topics.

Informants can be very valuable for understanding and interpreting research findings (Yanow and
Schwartz-Shea, 2015). The purposive selection of samples is essential in qualitative research (Miles and
Huberman, 1994; Schwandt, 1996). The primary contacts helped identify and get approval for people to

be interviewed.

In the three case studies of the thesis, exploratory interviews were executed to reflect on the field and
the observations. Based upon all the preliminary findings, a semi-structured interview list was designed
and tested with the informants. Semi-structured interviews provide the freedom to explore the informants'
ideas and perceptions in a conversational tone and contain fixed topics and predetermined questions that
can be compiled to obtain a certain level of standardization (O’Reilly, 2004). Informants were asked to
reflect on how they engaged in and their experiences with the related projects' learning processes.
Questions about informants' behaviors, events, context, opinions, and feelings were asked (Patton, 1987).
Key actors and their organizational structures were then delineated. The interviews' interpretation was

checked with the informants as a form of “member-checking” (Yanow, 2005).

2.3.3 Participant observation

Observation, particularly participant observation, has been widely adopted under the umbrella of
ethnographic methods as a qualitative data collection method. It enables the researcher to systematically
describe existing situations, including behaviors, events, and artifacts in the social setting (Erlandson et

al., 1993).

The researcher participated in the projects' daily and routine activities as a careful observer and a good
listener. During the process, the researcher established rapport within the community while observing
their behaviors and activities in order to be immersed in the project to understand what is going on (Fine,
2003). For example, the researcher participated in the first stream of the front end of the MWW program,
helping to address and collect (inter)national studies on lock designing, and participated in the co-
creation sessions in the second stream. All observations and reflections were noted and worked out.
Another example is that the researcher supervised a master student who acted as an intern for half a year

to help the project parties to improve their learning trajectory.
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2.3.4 Focus group discussion

Focus group discussion is a qualitative data collection approach where the researcher assembles a group
of individuals to discuss a specific topic through a moderated interaction (Morgan, 1996). It is different
from group interviews because the researcher adopts the role of a facilitator or a moderator in the group
discussion between informants and is not an exchange between the researcher and the informants (Parker
and Tritter, 2006). The purpose of the focus group discussion in the thesis is to confirm the interviews,

participant observation, and document analysis findings.

For example, two focus group discussions were arranged separately at TU Delft in the Netherlands,
involving more than ten representatives from the general contractor, consultants, and the HZMB
Authority in Zhuhai, China (involving five representatives from the owner and the consultants). The
focus group discussion allowed the informants to share their experiences and opinions on the topic of

learning on a megaproject.

2.3.5 Triangulation

How can we avoid the qualitative data being influenced by our preconceptions about the phenomena we
are studying? Triangulation is used to overcome the limitation of the sympathetic interpretation of
research findings (Yanow and Schwartz-Shea, 2015). Triangulation is the independent application of
multiple research methods in parallel. The empirical findings are triangulated to increase qualitative
research credibility and validity (Cho and Trent, 2006). The triangulation entails both data triangulation
with multiple data sources and method triangulation using various methods in the same research. Besides
the above methods and data sources, promotional and documentary videos, a set of visits to the projects,
and informal talks near the coffee machine and front desk were also used to triangulate the information
provided by the direct data and informants, adding contextual information to and validating data of the
analyses. For example, in the case of the GSP project, the research team members played different roles
with access to different data sources. We together both complemented and compared the data and
analysis. The researcher also used multiple theories and perspectives to interpret a single set of data. The

triangulation of methods allowed a reliable and valid view of the research topic (Joslin and Miiller, 2016).

Such integration could work in two ways: "outside-in" and "inside-out." It would be fascinating to study
popular concepts in the literature and bring them into the project management debate about the "outside-
in." Regarding the "inside-out," it would be essential to see how knowledge within the field of project
management might enhance findings from the discipline. In this way, the validity and reliability of the

data were achieved.

2.4 Data analysis

There was a significant overlap between data collection and data analysis, and they influenced each
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other. As the study progressed, the data collection became more analytical as the research began testing
ideas and concepts derived in the interpretation of the data already collected. The analysis first sought
to investigate specific topics and understand issues within each of the three cases. Critical practices and
phenomena were identified, relying on labels representing similar descriptions across multiple data
sources. The researcher relied on qualitative coding for theory building by creating constructs and their
relation by interpreting the data collected from three cases. Subsequent literature readings could help
assemble these constructs into categories with similar definitions, issues, or relationships relevant to the
informants. The data analysis would be executed back and forth between the cases and the concepts,
tentative assertions, and raw data. The research proceeded to compare across the cases, to draw

conclusions about cross-case patterns of project-based learning. In this way, the theory was built.

2.4.1 Content and thematic analysis

After documents, observations, and interview data were collected, a content analysis was completed to
organize information into the main research question categories. This work was positioned as the first
step in theory building. Once this categorization was completed, a thematic analysis involving pattern
recognition was conducted. The main emphasis of thematic analysis is to identify common themes, such

as patterns of meaning that come up repeatedly.

In the first step of data analysis, the researcher went through all the reports, interview data, and
observational notes. The interviews were transcribed and translated from Dutch/Chinese to English.
Each part of each transcript was thoroughly read and analyzed and categorized into codes. Codes were
either directly found in the material or constructed from it (Larsson, 2010). In the second step, data were
separated into units of meaning and then contextualized as they are later integrated and clustered into
themes. Themes that came across in different data sources were, therefore, interlinked. A higher level of
abstraction was conducted to analyze and synthesize emerging patterns or themes taken together. Such
an analysis, in which data are understood within the context of the case, strengthens claims about actors'
interpretations (Yanow, 2005). The insider and outsider researchers' perspectives were then drawn
together to obtain a more in-depth, holistic, and enriched view (Yanow and Schwartz-Shea, 2015). In
the third step, the literature was consulted to develop an analytical frame to refine these codes. Inspired
by the literature, the sub-codes were merged and evolved into thematic values with the thematic analysis
procedure. As a form of "member-checking" (Yanow, 2005), researchers discussed the thematic codes

with several vital informants to verify findings.

2.4.2 Within and cross-case analysis

The advantages of the case study approach are the flexible approach to collecting data, the integral and
holistic viewpoint to analyze data, and the high chance of reaching consensus with informants (Hertogh

and Westerveld, 2010). However, low external validity may become one of the main disadvantages when
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carrying out the case study (Gummesson, 2000). Using a multiple case study approach, the research

sought to enhance external validity (Yin, 1983).

The research started with the within-case analysis to identify common constructs and their relationships
within a single case. In Case MWW, the owner proactively advocates value co-creation with all potential
market partners and knowledge partners. In Case GSP, the alliance name RIXWAS, an intertwining of
IXAS and RWS, was created showcasing the relationship between the owner and contractor. In Case
HZMB, the partnership is the philosophy pursued by the HZMB Authority. The owner requires the
cooperation of all parties to solve problems around the target. These codes were classified as the
condition of Leadership and later formulated the project-based learning principle — owner commitment.
In this process, the study further clustered critical qualitative data under emergent themes to ensure the
consistency between data and theory. The researchers repeated this process until all data were coded and

classified, and the researcher was confident with the interpretations of the data.

The research performed an iterative coding and analysis in the cross-case analysis process to compare
and contrast the patterns that emerged from individual cases (Eisenhardt, 1989; Haj-Yahia, 1998). The
cross-case comparison is described as decontextualization and recontextualization (Tesch, 2013). Cross-
case analysis can mobilize the knowledge from individual case studies and support the creation of
clusters of phenomena. Using multiple cases to study a similar phenomenon allows us to detect the
critical issues and consistent relationships between the variables. Engaging in cross-case analysis
enables us to delineate and refine the combination and relationships of factors that contribute to

answering the research questions.

The research accumulated case knowledge, compared cases and tried to produce new knowledge in
Chapter 8. The building of theory was the final step, which involved a final interpretive process through
multiple readings and iterations between tentative assertions and raw data and then drafting successive
versions of the text until the present form is determined. The interpretations and discussions of the

concepts enabled new understandings in each case and identified principles as the final recommendation.

2.5 Thesis layout and contents

This dissertation is structured into nine chapters. The core chapters (Chapter 5, 6, and 7) of this thesis
have been published or submitted for publication as separate articles that can be read independently.

Table 2.1 shows the stages of this research and the corresponding methods.

Table 2.1 Research stages, questions, and main results

Stages of research Sub research Chapter  research Research methods  Main focus
questions questions
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Literature review Q1. What is the QIl.1 what is the Literature review Theoretical
(Chapter 3) state of the art of state of the art of foundation
the current  project-based
learning in project learning?
studies and
Stage 1 .
. practice?
conception
Empirical overview Q1.2 what is the Desk research, Problem
(Chapter 4) current status quo of  content analysis definition

project case bases in
practice?

MWW case study Q2. How do large Q2.1 How does co- Action research, Meta-project
(Chapter 5 infrastructure creation contributes case study; learning, the
published in projects carry out to or limit the archival front end of
International learning in good creation of value at documents, program, co-
Journal of Project practices? the front end of interviews, creation
Management) programs? participant
observation;
thematic analysis
GSP case study Q2.2 What are the Ethnography, case Intra project
Stage 2 case (Ch_apter 6 und-er effect:s _ of study; archival leamigg, lgrge
study rev1§w . in explo.ltatlve . flocun}ents, on-go.mg.pm]ect,
Engineering, learning carried out interview, exploitative
Construction  and by the inter-  participant learning
Architectural organizational observation;
Management) project actors? content analysis
HZMB case study Q2.3 What critical Case study; Inter project
(Chapter 7 under strategies should be archival learning,
review in Project taken to promote documents, completed
Management explorative learning interview, focus megaproject,
Journal) in megaprojects? group discussion; explorative
thematic analysis learning.
Synthesis (Chapter Q3. How can Cross-case analysis  Principles to
Stage 3 8 and 9) learning . be improve the
synthesis Promoted in large prOJeFt-based
infrastructure learning
projects?

The first stage mainly consists of a literature study and an empirical overview. Chapter 3 describes a
systematic review of literature on project-based learning. The research reviews the literature
systematically on learning from a project perspective. The study expects that most project-based learning
research will be found and that learning is sufficiently representative for responding to the research
questions. Chapter 4 presents a practical overview of project-based learning that explores the practice

in infrastructure project case bases. The initial findings lead to the necessity of the following chapters.

In practice, the case study projects offer immense opportunity to research the learning process to manage

infrastructure development programs and megaprojects. In the second stage, three qualitative case
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studies are conducted. Each case is first analyzed as a single case study in order to identify why and how
learning could be promoted in projects. The research uses various qualitative methods to study actors,
daily practices, and social situations. Chapter 5 presents a case study of a Dutch navigation lock program,
Multi Water Works (MW W) program, to investigate what stakeholders do in co-creation sessions and
how this contributes to the co-creation of value at the front end of programs. Chapter 6 analyses the
learning trajectory that occurred in the longest land-based tunnel project in the Netherlands, the
Gaasperdammer tunnel project, and investigates the effects of exploitative learning carried out by the
inter-organizational project actors. Chapter 7 draws upon case research into the Hong Kong-Zhuhai-
Macao Bridge (HZMB) in China to study how the ability to explore was achieved and sustained in the
megaproject. This stage aims to explore learning in different project phases (front-end and on-going

execution) and different types of projects (programs and megaprojects) in real cases.

Finally, in the third stage, a synthesis study was performed. Chapter 8 is built from the earlier conducted
studies described in chapters 5—7. Each case's evidence is considered to be information needing to be
analyzed by the other individual case. This stage aims to integrate the earlier developed empirical
findings into a set of propositions for practical use. Chapter 9 summarizes the overall research findings

and presents an outlook on project-based learning in academia and practice.
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Chapter 3 Mind the Gap! Understanding the Unique
Characteristics of Project-based Learning: a

Literature Review

Abstract

Learning from past lessons in projects and presenting future project management activities is very
important in large projects. However, a clear and in-depth understanding of project-based learning is
relatively neglected. The research reviews the literature on learning from a project perspective based on
the theoretical foundations of projects, project management, knowledge management, and
organizational learning. The review analyzes and classifies the research on "learning" in the "project"”
published in the leading project management, construction management, knowledge management, and
general management journals. The research focuses on the project as a temporary organization and
within contexts. Emerging research shows fragmented definitions and suggests a distinction between
project-based learning and organizational learning. Seeing projects as singular may inhibit learning in
and from other projects. A theoretical analysis of project-based learning is provided by deepening
insights on different dimensions, such as codification and personalization, exploration and exploitation.
It is revealed that social interaction may be more effective than database learning in the current project
environment and how to facilitate inter-project learning will require more research attention. This
research scans state of the art and addresses the gap of project-based learning in the existing literature,

which sets the direction of project-based learning research.

Keywords: Knowledge management, organizational learning, project management, project-based

learning, literature review.

The previous version was accepted in the ARCOM (Association of Researchers in Construction
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3.1 Introduction

Over the past two decades, researchers have expressed interest both in learning theory and learning
practice (Bresnen et al., 2003; Jarzabkowski, 2004; Scarbrough et al., 2004a; Tennant and Fernie, 2013).
Bartsch, Ebers, and Maurer (2013) defined learning in project-based organizations as the process of
integrating project knowledge, recognizing many learning opportunities through the projects they
conducted with other partners. Ayas and Zaniuk (2001) argued that project-based learning is about using
projects as means for setting the stage for reflective practices to reveal more profound insight and
construct shared understanding. Love et al. (2000) envisioned that project-based learning is a continuous
process of creating, acquiring, sharing, and transferring knowledge from both best practices and lessons
learned. Practical experience gained from various projects enables project management to undergo
continuous improvement across projects, including improving performance and competency and

adapting to environmental changes (Yap et al., 2018).

The poor delivery performance of megaprojects has been criticized for decades. One of the reasons is
that practitioners have not learned effectively from their project management experiences.
Organizational boundaries and contractual concerns often hamper learning. Project knowledge that
impacts project performance is often lost (Carrillo, 2005; Disterer, 2002; Maya et al., 2005; Newell,
2004; Newell et al., 2006; Williams, 2004). As prescribed in practice, project-based learning appears to
be limitedly applied in project management (Scarbrough et al., 2004b).

The temporary and unique nature in the definition of projects is to blame for the difficulty in learning
from projects for the benefit of the standing or mother organizations and follow-up projects (Prusak,
2009) in terms of avoiding a tendency to “reinvent the wheel” that leads to the increase in time and cost,
and repeating the costly mistakes. A broad and in-depth understanding of learning is essential to enact
the process. However, our understanding of project-based learning remains limited. There is no
systematic review of learning in project studies to date, raising the question of the state of the art of
project-based learning. The research aims to focus on the relatively unexplored area of learning in the
project-based context. The review addresses the gap by asking what learning means in the project setting
and the characteristics of project-based learning. The research started with a review of various
perspectives on and definitions of a project, project management, knowledge management, and
organizational learning to answer this question. A systematic literature review was then undertaken to
summarize the characteristics of project-based learning research, including theoretical angles and levels
and potential future trends. The review reveals insights that the literature offers into the dynamic nature

of project-based learning.
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3.2 Theoretical foundations

3.2.1 Project as a form of the temporary organization

At the earliest, Lundin and S6derholm (1995) introduced the temporary organization defined by tasks,
time, team, and transition. Lundin and Steinthérsson (2003) emphasized the scarcity of the
contextualization approach for studying organizations as temporary phenomena. Lundin and Séderholm
(2013) rethought the concept of temporary organization. They proposed the new notion that "end states"
constitute the project processes' essence, taking the Sydney Opera House project as a perfect example.
The most cited article on the project's temporary challenge is published by Engwall (2003). He compared
two cases and found an anomalous phenomenon: in one project, there existed excellent project
management systems and very experienced project managers, but in the end, the project was a failure,
while in another project, though confronted with a lack of project management system and project
managers who did not receive systematic project management training, in the end, it was very successful.
Engwall called for an extended perspective to link the project time dimension and organizational context.
The pinnacle of current understanding is provided by Bakker (2010). He further recognized the
temporary organization in project management research with an integrative framework around four
central themes: time, team, task, and context. He was the first to systematically describe the development
of temporary organizations and publish in mainstream management journals. Winch (2014) further
developed the definition of project organization as a specific union formed by permanent organizations
to deliver a particular outcome. Long-standing firms undertake repeatable and predictable patterns of
activities (Cyert and March, 1963; Davies and Brady, 2000). The temporary project-supported or
project-based system is embedded in the respective formal permanent organizations and networks

(Hobday, 2000). This debate on the nature of projects is yet to be resolved.

Projects as a form of temporary organization are commonly created in order to fulfill a unique purpose
(product, service, or result) (Lundin and Soderholm, 1995; Turner and Miiller, 2003). PMI (Project
Management Institute) defines the project more precisely as a temporary endeavor undertaken to create
a unique product or service (Project Management Institute, 2017). Project-based organizations are
commonly seen as the common mode of organizations in a variety of industries. The delivery of the
infrastructure projects is characterized by firms organizing themselves around projects. The nature of
this type of organization has relations with many barriers, such as one-off, temporary, complex and linear
form of tasks with non-routine behavior, several organizational units involved in a decentralized project
team (Brady and Davies, 2004; Bresnen et al., 2004; Burke and Morley, 2016; Hobday, 2000; Lundin
and Soderholm, 1995; Packendorff, 1995), among which, the temporary and unique nature stands out

most significantly.

Researchers have concluded that the temporary and unique nature causes problems to replicate their

solutions to deliver products and achieve economies of scale in the management of most projects
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(Shenhar and Dvir, 1996; Soderlund and Tell, 2009). For many project managers, some megaprojects
are often once-in-a-lifetime. The uniqueness of projects also lies in differences in teams for each project.
The temporary and unique nature of projects challenges how knowledge flows within and between

projects (Almeida and Soares, 2014; Lindner and Wald, 2011).

3.2.2 Project management as middle-range theory

Project management is a discipline different from general management. In the prior literature, two of
the most significant topical issues to make project management special are temporary organizations and

their context.

Conventional project management emerged in the second half of the 20th century in the defense and
aerospace sectors. Since then, project management has emerged as a distinct field of discipline with its
own tools, techniques, and knowledge body. Then the theory of project management evolved with the
development of the construction and IT industry. Early project management research and practice are
more concerned with the technical side, emphasizing the Gantt chart, critical path method, etc. The
relationship between context and practice was mostly ignored (Engwall, 2003; Kreiner, 1995). Standard
practices in project management often overlooked the inherent uncertainties linked to infrastructure

projects' length and scale and their continually changing and complex environments.

Professional bodies heavily influenced the initial establishment and the ongoing development of project
management. With the evolution of project management in the development of the construction and IT
industry, different project management standards are used in the project such as PMI’s PMBOK (Project
Management Body of Knowledge), IPMA (International Project Management Association)’s Project
Excellence Baseline, UK Government’s PRINCE2 (PRojects IN Controlled Environments), 1SO
21500:2012 guidance for project management, etc. Among them, PMI and its Project Management Body
of Knowledge (PMBOK) are widely accepted (Abdul Rasid et al., 2014; Thomas and Mengel, 2008).

Although the utilization of project management tools, techniques, and standards has improved
significantly in recent years, many projects still fail. Several researchers have criticized PMBOK. Some
argued that PMBOK is overly biased toward solid project management skills/knowledge, rather than the
soft project management skills (e.g., communication and reflective skills) (Crawford and Pollack, 2007,
2004; Pant and Baroudi, 2008). Other researchers further pointed out the narrow focus in the PMBOK
Guide (Soderlund, 2011) that project management started to develop as a professional and specialized
managerial discipline rather than as an academic discipline. Professional bodies codified project
management principles and procedures by inducing from the practice, not from theoretical starting
points (Morris et al., 2006). The PMBOK Guide is not based on robust and consistent theories but more
on empirical evidence that lacks a strong theoretical base. Turner believed that one approach is better

than another to managing a project is still primarily based on faith more than sound knowledge (1999).
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Soéderlund and Maylor criticized project management as too applied and too close to practice for proper
academic study (2012). Project management research conclusions are more practical, not to provide

theoretical relevance (Pitsis et al., 2014).

Therefore, project management mostly belongs to the middle range theory, a theory with limited scope.
It emphasizes practical experience and requires evidence from the real world. As a result of the practical
experience, project management is no longer a valid macro range theory but can be derived from a series
of assumptions to explain the case. The theory can be verified or overturned by a single project. These

features align with Merton's understanding of the middle range theory (Grey et al., 2005).

3.2.3 Knowledge management

The field of knowledge management has steadily grown over the last three decades since its emergence
in the 1990s, with contributions from different academic ambits, such as knowledge epistemology,
organizational learning, ICT approaches, and knowledge-based views of the firm. There are several
perspectives on knowledge management (Bhatt, 2001; Grover and Davenport, 2001), but all share the
same core components: People, Processes, and Technology. Some take an IT-centric focus in order to
enhance knowledge integration and creation (Kankanhalli et al., 2005, 2003); some take an
organizational focus in order to optimize organization design and workflows (Jung et al., 2007; Zack et
al., 2009); some take a human resource focus, where the critical aspects are related to people interaction,
knowledge and environmental factors as a complex adaptive system similar to a natural ecosystem

(Cabrera and Cabrera, 2005; Chow and Chan, 2008).

The traditional view classifies knowledge into separable explicit knowledge and tacit knowledge
(Nonaka, 1994; Polanyi, 1959). Explicit knowledge is relatively simple to codify and disseminate, while
tacit knowledge is hidden in individuals' cognition. Knowledge management is the discipline of creating
a thriving work and learning environment that fosters the continuous process of creating, capturing,
sharing, transferring, and using knowledge to pursue new business value (Cross, 1997). It is concerned
with the analysis and technical support of practices used in an organization to enable the adoption and
to leverage good practices embedded in collaborative settings and, in particular, in organizational
processes. Effective knowledge management is an increasingly important source of competitive
advantage (Carneiro, 2000) and a key to contemporary organizations' success, bolstering the collective

expertise of their employees and partners.

Almost all mature corporations put knowledge management as an essential item on their agenda.
Knowledge management has been an old question in project studies. The management of project
knowledge is now recognized as a vital ingredient for competitive business performance in the AEC
(architecture, engineering, and construction) industry. Numerous scholars have studied the issue of how

to carry out knowledge management actions in the project environment (Havermans et al., 2014;
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Isabalija et al., 2011; Love, 2003) and construction firms (Carrillo and Chinowsky, 2006; Forcada et al.,
2013). However, many project participants make poor use of such a rich resource. Project management's
main problems are mainly associated with the industry's characteristics because a typical construction
project is temporary, unique, and involves various project parties working on different divided tasks.
Project management organizations will have to address the boundary paradox that, on the one hand, it
is vital to be proactive to absorb knowledge beyond their organizational boundary from both partners
and markets on both a formal and informal basis. On the other hand, they must protect their knowledge
from imitation by others (Quintas et al., 1997). Due to the adversarial relationships and price competition,
the industry suffers from fragmented information flows and remarkable distrust between clients and
contractors (Fearne and Fowler, 2006). It can be concluded that there are insufficient knowledge sharing

and transfer within and between organizations.

A primary stream of research has focused on developing methodologies to capture and reuse the
knowledge created and lessons learned in projects (Buttler, 2016; Kivrak et al., 2008; Li et al., 2013). A
list of related research projects demonstrates the growing interest in knowledge capture, sharing, and
transfer in construction projects (for more information, see Appendix 3.A Table 3.1). There have been
quite a number of large research projects in the UK that sought to examine the problems of knowledge
management. The experiments in the 1990s to develop a knowledge management model, framework, or

database have largely proven to be futile.

3.2.4 Organizational learning

However, learning is a broader concept consisting of different subsets based on the context and
organizational type. Concerning its magnitude and impact, it can range from minor, incremental
improvements (Hippel, 2005) to the pursuit of fundamentally different approaches leading to radical
breakthroughs (Bayus, 2013).

Cyert and March (1963) coined the term organizational learning to describe the adaptive changes of
organizational routines and rules based on their experiences. Following Senge’s (1991) publication of
The Fifth Discipline: The Art and Practice of the Learning Organization, organizational learning has
become a bestseller topic in the management world. In effect, the nature of the attention paid to
organizational learning emerges from a shift in traditional industries’ management practices, such as car
manufacturers, oil, and gas, which replicate their solutions to deliver products and achieve economies

of scale (Soderlund and Tell, 2009).

Organizational learning literature rests on fundamental assumptions that learning is 1) experiential, 2)
behavioral, 3) social, and 4) organized, which is a complex process that deals with knowledge
development and behavior change (Huber, 1991; Slater and Narver, 1995). Therefore, organizational

learning is defined as the social production of organizational rules based on collective experience that
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leads to a changed organizational behavior (Holmgqvist, 2003).

Literature suggested three general steps of learning: single, double, and triple-loop learning (Snell and
Chak, 1998). Single-loop learning typically focuses on behavioral changes, improving existing actions
and techniques within an existing framework to increase efficiency and effectiveness, and reach the set
objectives. However, it does not address underlying routines and assumptions. Errors are restored in a
system without looking at the underlying cause. Double-loop learning is applied in cases where routine
solutions no longer work. This requires reflection, dialogue, and transformative changes after
undertaking a comprehensive review of root causes of errors and underlying assumptions (Argyris and
Schon, 1974), which provides the opportunity for more meaningful or fundamental learning. Triple loop
learning goes one step further. At this level, it is not so much about finding a solution to a problem but

about optimizing the learning capability: learning from learning.

Organizational learning and project management are directly related and occur together (Ahern et al.,
2015; Kaj U. Koskinen, 2012; Kotnour, 2000; Wong et al., 2009). However, the formal organization's
focus view still dominates the current literature, with less attention to projects. When learning does occur
in projects, it is generally single-looped (SL) (Wong et al., 2009). The learning process is still plagued
with challenges. The temporary nature of project organizations and the structural complexity of projects

inhibit such learning (Lindkvist et al., 1998; Prencipe and Tell, 2001; Williams, 2008).

3.3 Methods

Born in the medical sciences, a systematic review is a transparent and rigorous method to consolidate
and synthesize information from diverse sources on a clearly defined problem (Grant and Booth, 2009;
Tranfield et al., 2003). This research adopted the systematic literature review and was conducted in four

steps. The articles were accessed from August 17th, 2018, to June 10th, 2019.

First, journal selection. Specific peer-reviewed academic journals were selected to prevent a lack of
inferior quality of the articles included in this review. Therefore the review is based on a reasonable
rather than comprehensive coverage without jeopardizing its conclusion (Miterev et al., 2017; Rowe,
2014). Journals were selected from project management, construction management, knowledge
management, and general management. In the project management field, the chosen journals include
three leading journals recognized by Project Organising Track EURAM (The European Academy of
Management), International Journal of Project Management, Project Management Journal, and
International Journal of Managing Projects in Business. Highly influential project-related construction
management research journals® include Journal of Management in Engineering, Journal of Construction

Engineering and Management, Journal of Civil Engineering and Management, Engineering

! The literature review deliberately covered the construction management journals because the thesis topic is
around learning in large infrastructure development projects.
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Construction and Architectural Management and Construction Management and Economics. These
journals are widely recognized for publishing project-specific academic research, especially in the
construction domain. Besides, the leading knowledge management journals and general management
journals (UT Dallas journal list and Financial Times Top 50 Journals Used in Business School Research)
were also included (see Appendix 3.B Table 3.5). All these journals have been considered relevant to

“learning” or/and “project.”

Second, article selection. The central academic database Scopus was consulted for article search and
selection. The keywords "learning" AND “project” in the title, keywords, and abstract within the selected
journals were used to search for articles. 337 articles were found, with 143 from project management
journals, 132 from construction management journals, 23 from knowledge management journals, and
39 from general management journals. Even though our sample is not exhaustive due to the selected
journals, it is expected that most project-based learning research would have been found, and they are

sufficiently representative for responding to our research questions.

Third, article screening. The search results were scrutinized to ensure that the articles listed were relevant
by reading all article abstracts. The range of articles was narrowed down for analysis to fit the purpose
of this study. Those articles focusing on teaching and education (27 articles) and machine learning
related research (21 articles) were removed. These articles mainly appeared in construction management

and project management journals.

Fourth, content analysis. The primary authors' articles were chosen as the seminal foundational work
and identified relevant analytical categories. It is attempted to summarize the characteristics of project-

based learning research, including definitions, theoretical angles and levels, and potential future trends.

3.4 Overview of results

3.4.1 Distribution of articles

The majority of journals covering "project" and "learning" come from project management journals,
with the most articles published in International Journal of Project Management (see Appendix 3.B
Table 3.2). The remaining articles are evenly distributed in knowledge management journals and
construction management journals (see Appendix 3.B Table 3.3 and Table 3.4). Besides, few identified
articles can be found in general management journals, except for some published in Research Policy,
Management Science, Expert Systems with Applications, and Organization Studies (see Appendix 3.B
Table 3.5).

When filtering articles with "project," no articles are found in many general management journals such
as Academy of Management Review, Academy of Management Journal, and Journal of Management.

Only a few pieces of literatures appear in journals such as Management Science, Organization Studies,
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and Research Policy. Temporary organizations have remained part of the business management "family,"
albeit a quiet, unobtrusive member (Bakker, 2010). When discussing the theme of learning, the formal

organization's focus view still dominates the current literature, with less attention on the project level.

3.4.2 Publications in years

Figure 3.1 presents the trend in project-based learning articles over time. The analysis interval is 1994-
2018, as only part of the data in 2019 was obtained. During 1994-2018, there is an average number of
11.36 articles, and the largest publication number with 29 appeared in 2008. The number of articles has
experienced a significant increase since 2001. However, it is not a consistent growth. It remains stable

in recent years.
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Figure 3.1 Publication trend in years

3.4.3 Main authors

According to the list of primary authors working on the topic of project-based learning (see Appendix
3.C Table 3.6), only a few authors pay attention to the topic of project-based learning in a continuous

way. Andrew J. Sense is the most productive researcher, with almost all articles written solitary.

Interestingly, several co-authors regularly collaborated on the topic. They are 1) Mike Bresnen, Jacky
Swan, Linda Edelman, Sue Newell, and Harry Scarbrough; 2) Terence Ahern, P.J. Byrne, and Brian
Leavy; 3) Peter S.P. Wong and Sai On Cheung; 4) Peter E. D. Love and David J. Edwards; 5) Hamzah
Abdul-Rahman and Jeffrey Boon Hui Yap; 6) S. Jonathan Whitty and Stephen Duffield. These scholars

published their work mainly in project management journals. The group of Mike Bresnen, Jacky Swan,
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Linda Edelman, Sue Newell, and Harry Scarbrough successfully made it to the flagship management

journal (Organization Studies).

3.5 Defining project-based learning
3.5.1 Weakly undefined term

Learning looks like a buzzword. The terminology has not been explicitly defined in the literature. There
is no agreed and precise term to describe the topic, and there are many ambiguous terminologies relevant
in terms of project-based learning from literature. There are many categories of “learning” in the existing
literature: multi-project learning (Midler and Silberzahn, 2008), cross-project learning (Alashwal and
Abdul-Rahman, 2014; Newell et al., 2006), inter-project learning (Alashwal and Abdul-Rahman, 2014;
Prencipe and Tell, 2001), learning from projects (Williams, 2003), project-based learning (Bakker et al.,
2011; Bresnen et al., 2003), cross-program learning (Dutton et al., 2014), learning in between projects
(Hartmann and Dorée, 2015), learning from and within projects (Scarbrough et al., 2004b), and model
development for intra-organizational project learning (Brady and Davies, 2004), etc., among which,

project-based learning is most commonly used.

Under the umbrella of learning theory, project-based learning is interpreted in different ways. Different
theoretical schools are now embedded within the overall concept of learning, including social learning
(Hartmann and Dorée, 2015), action learning (Schindler and Eppler, 2003), reflective learning
(Perminova et al., 2008), practice-based learning (Bresnen et al., 2005), method-based learning
(Bijleveld and Dorée, 2014), experiential learning (Savelsbergh et al., 2016), cultural learning (Chandra
and Loosemore, 2010), cooperative learning (Janz and Prasarnphanich, 2009), and entrepreneurial
learning (Ravasi and Turati, 2005). They all work towards the same definition but use different
terminology. This shows a much broader scope of the concept but lacks a sound theoretical foundation

in this topic.

As a result of the messiness in the field, project-based learning can mean different things to different
researchers. Scarbrough et al. (2004) defined project-based learning by conceptualizing both the creation
and acquisition of knowledge within projects and the consequential transfer of this knowledge to the
broader organization and other projects. Bartsch et al. (2013) defined learning in project-based
organizations as the process of integrating project knowledge, recognizing many learning opportunities

through the projects they conduct with other partners.

Besides, learning is frequently mentioned in the literature on topics such as innovation. Innovation is
very often modeled as a function of experience. The point is that the past offers little guarantees for the
future. As increasingly exploratory projects focus on knowledge creation and learning (Lenfle, 2008),

incremental innovation's cumulative power appears in project studies (Berggren, 2019). Projects can be
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improved through learning to implement innovations by the “recombination” and “replication” of

elements in the project system (Davies et al., 2009).

3.5.2 Learning in organizations and projects

Much research has been done into learning in organizations, mostly at the firm level. Plenty of theories
deal with types of knowledge in organizations, how knowledge in organizations can develop and how it
can be recorded and shared, how conventional organizations learn from unusual experiences and learn

to respond (Garud et al., 2010; Weick, 1991).

Project-based learning is a subset of the organizational learning theory (Keegan and Turner, 2001). Some
research makes a clear distinction between organizational learning and project-based learning (Chan et
al., 2005; Kaj U Koskinen, 2012; Scarbrough et al., 2004b). The call for linking organizational learning

with project-based learning has been seen several times in our literature review.

Despite the diversity of perspectives, there is no significant difference in learning mechanisms in the
project and other types of organizations. Prencipe and Tell (2001) provided a clear framework
distinguishing three learning processes: experience accumulation, knowledge articulation, and
knowledge codification both at the project and organizational levels. Brady & Davies (2004) combined
learning at the project and organizational levels. In the early exploratory projects, there is mainly
learning within and between the projects. In later projects, the interaction between projects and
organizations is playing a role. There are differences in the focus of the process. In the early phase,
exploration of new activities is the focus, and later the focus turns to knowledge sharing and transfer
between organizations. This is the path for the current design and construction firms to carry out project-
driven learning and business-driven learning. Swan et al. (2010) also analyzed the influence of different
organizational structures on experience accumulation and learning. Influential functional organizations
generally rely on individuals and groups to accumulate experience and learn from projects due to
undertaking multi-projects learning. The project centered organizations have a better accumulation of

experience (Bayer and Gann, 2007) though also relying on individual and team experience.

The term project-based learning is used inclusively to encompass knowledge sharing within projects
(Ayas and Zeniuk, 2001) and knowledge transfer to other projects and wider organizations (Bakker et
al., 2011; DeFillippi and Arthur, 1998; Scarbrough et al., 2004b). Organizational learning in project-
based organizations refers explicitly to the process of making newly created project-level knowledge
available to the organization as a whole by sharing, transferring, and reusing it (Bartsch et al., 2013;

Prencipe and Tell, 2001).

Brady and Davies (2004) have an interesting point of view on project-based learning. They believed that

project-based learning could be analyzed and understood to build project capability over time. In this

Chapter 3 Mind the Gap! Understanding the Unique Characteristics of Project-based Learning: a Literature Review 43



sense, project capability refers to the specific knowledge and experience required to engage with

customers, set up, and implement projects.

3.6 Current role of project-based learning

3.6.1 Project learning paradox

The concept of the learning paradox of projects was introduced by Bakker et al. (2011) when observing
the transferability of knowledge between projects. They emphasized the fact that on the one hand,
compared with operation centered corporation management, projects are temporary and fluid (Gann and
Salter, 2000; Grabher, 2004a; Hobday, 2000), thus making them suitable for stimulating and generating
knowledge. However, on the other hand, projects are discontinuous and often relatively short-lived,
restricting the assimilation of this generated knowledge to other projects. In this case, knowledge lies
with people themselves and will be assimilated through them to other projects. Corporations may be
slow in creating new knowledge, but it is easier for them to sediment and transfer knowledge. The
learning paradox concept refers to this dilemma between the ease of knowledge creation and the

difficulty of knowledge dissemination.

Projects are viewed as a temporary endeavor to deliver unique work (Project Management Institute,
2017). According to Ayas & Zeniuk (2001), a significant amount of learning may occur within a project.
On the one hand, projects are very suitable for creating new and fast knowledge in the transient and
inter-disciplinary context (Braun et al., 2012; Gann and Salter, 2000; Grabher, 2004b; Hobday, 2000;
Scarbrough et al., 2004b). On the other hand, the temporary and unique nature of projects also restricts
storing knowledge, because as soon as the project team is dissolved and participants move on, the created
knowledge is likely to be gone (Braun et al., 2012; Cacciatori, 2008; DeFillippi and Arthur, 1998;
Grabher, 2004b; Ibert, 2004). If specific knowledge and experience are not directly managed in the
project, organizational amnesia begins (Schindler and Eppler, 2003). Learning is now seen as something
extra but is not an integral part of the whole project. Therefore, more interests are attracted to projects'
presupposed inabilities to sediment project knowledge because of their uniqueness and temporality

(Bakker et al., 2011; Prencipe and Tell, 2001).

3.6.2 Knowledge management and learning

The concept of learning is directly related to knowledge management (Zollo and Winter, 2002). There
are parallels between the literature on knowledge management and project-based learning. In our
literature review, studies use the concept of learning in the project setting to describe the process of
creating, sharing, transferring, and reusing project knowledge (Prencipe and Tell, 2001; Scarbrough et

al., 2004b). Knowledge management can be seen as a managed learning.

In the project environment, knowledge enables project teams to make decisions, apply them to actions,
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and solve problems. The integration of knowledge from successful and unsuccessful projects into the
current project management processes has become necessary for staying profitable and competitive.
These areas are generally referred to as encompassing two traditional knowledge management processes:
capturing essential knowledge within project ventures and making effective use of it for a broader
environment (Davenport and Vdlpel, 2001). However, the literature on project-based learning typically
focuses on establishing approaches for creating and storing project knowledge and less on reflecting and
reusing project knowledge in subsequent tasks and future projects. The majority of research has been
carried out on knowledge capture (Tan et al., 2006; Udeaja et al., 2008). Therefore, although project
knowledge has been created and stored, it is barely perceived and reviewed (M. von Zedtwitz and von
Zedtwitz, 2003; Newell, 2004). When moving from project to project, the challenges of using project
knowledge have yet to be adequately addressed systematically (Cooper et al., 2002; Newell, 2004).
There is a call for a more systematic distribution of learning within and from projects. More empirical

support is encouraged for the emerging theories of project-based learning.

3.7 Levels of project-based learning

3.7.1 Intra- and inter-project learning

Knowledge is moving within organizations, but also across boundaries between organizations. Project-
based learning may occur in two main directions: Intra-project learning and inter-project learning (Swan

et al., 2010).

Intra-project learning is creating and sharing knowledge and experience on tasks within the single (same)
project (Gieskes and Ten Broeke, 2000). It contributes to delivering a successful project by selecting
solutions and solving problems during the process (Kotnour, 2000). It occurs during learning from the
tasks at hand, interacting with other actors on a project, and reusing the existing knowledge in the
organization, which may lead to creating and sharing new knowledge (Chronéer and Backlund, 2015).
This perspective may encourage practitioners to understand the necessity for project-based learning to

make sense of their activities and develop their competencies (Love et al., 2014).

On the other hand, inter-project learning refers to the transfer of knowledge and experience (e.g.,
efficient ways of undertaking existing activities) from one project to other projects and into the broader
organization (Prencipe and Tell, 2001). It involves the sharing and transferring of best practices and
lessons learned by information technology tools and community of practices across projects to apply
and develop new knowledge (Kotnour, 2000). It is still challenging to implement inter-project
knowledge transfer (Swan et al., 2010). When it comes to learning between projects, we see much of
Plan, Do, Reinvent history, File, and forget instead of Deming’s Plan, Do Check, Act. There is an
increasing call for leveraging learning and reusing knowledge across projects (Duffield and Whitty, 2014;

McClory et al., 2017). Duffield and Whitty (2014) proposed an adaptation of the Swiss Cheese Model
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to help organizations conceptualize how to learn from project experiences and disseminate them

throughout the organization.

Figure 3.2 describes the two main categories of project-based learning. A-E in the ellipse and the circle
represent project-based organizations and their sub-organization in the projects (expressed as the
rectangles). The dotted lines between circles within the rectangles refer to intra-project learning, while
the solid lines linking the ellipse C and circles (C1 and C2) refer to inter-project learning and learning
from projects to the broader organization (A, B, D, E). Inter- and intra-project learning cannot be
separated. Failure to learn within a project will restrict sharing useful insights for future projects or the
organization at large, thus reducing the value of inter-project learning. Conversely, adequate intra-
project learning requires access to insights, knowledge, and experiences gained from previous projects

in order to create a fertile learning environment for individuals and teams in the focal project.

oG D
G 0

Figure 3.2 Intra- project learning and inter-project learning

3.7.2 Codification and personalization

The knowledge in projects can be embodied in the people in the organization and in the data stored in
the organization's information systems, i.e., codification and personalization (Hansen, 1999). It can be
transferred on the one hand via face-to-face interactions and, on the other hand, via documentation and
database. The former requires productive social interaction and participants' engagement in practice and
defines learning as emerging from informal and open interactions within social processes in networked
environments (Ellison et al., 2015; Van den Hooff and Huysman, 2009). While the latter requires a
formal data analytics approach to turn data into useful knowledge that is input for significant business
decisions, fostered by information technology and computing power growth (Huysman and De Wit,
2004; Van den Hooff and Huysman, 2009). This apparently comes from the distinction between explicit
and tacit knowledge (Nonaka and Takeuchi, 1995) and the technology side and human side of knowledge

management (Alvesson and Kérreman, 2001; Gloet and Berrell, 2003). The configuration or the set-up
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of the two different strategies within one organization has long been discussed among researchers in our
literature review. The two strategies are dealt with as different yet complementary dimensions of

knowledge management.

Earlier studies focused on tools and systems design of capturing knowledge for reuse in the future (Tan
et al., 2006; Udeaja et al., 2008). They have mainly been associated with developing and applying expert
systems (Alkass and Harris, 1988; Hanna et al., 1992; Russell and Al-Hammad, 1993). However, it
encountered slow scientific progress due to the limited information technology capabilities and the main
focus on managing easily handled knowledge by neglecting potentially more useful tacit knowledge
(Easterby-Smith and Prieto, 2008) after the boom at the beginning of this century. The use of these
expert systems only emphasized supporting intra-organization groups rather than a broader project

network. There was a need to outline specific problems, describe best practices and lessons learned, etc.

Garrick and Clegg (2001) stressed the role of reflection and personal experience in project-based
learning. Although it has been acknowledged that every project is unique, there are always some reusable
processes (Carrillo, 2005). Hartmann & Doree (2015) argued that it is simplistic to have a more
traditional sender/receiver perspective on learning. The sender/receiver perspective assumes knowledge
as a transferable commodity and learning to transmit knowledge between the sender and the receiver in
projects. They suggested observing progress and social interactions as a tool in understanding and
enhancing project learning activities. The broader organizational vision is recognized to emphasize

acquiring and processing of information and knowledge through social processes.

3.7.3 Exploration and exploitation

In the organizational learning literature, exploration (creating new knowledge) and exploitation (using
existing knowledge) are typically distinguished (Crossan et al., 1999), which is presented as the lens of
ambidexterity (Gibson and Birkinshaw, 2004). Exploitation and exploration can bring the benefits of
increased efficiency and innovation separately (Easterby-Smith and Prieto, 2008). Ambidexterity is
claimed to be beneficial at the organizational level, but little is known about how it is achieved in projects.
Now it is more often discussed in the project context (Eriksson and Leiringer, 2015) since it requires

exploitation (controlled processes) together with exploration (problem-solving) (Huemann, 2013).

Research on ambidexterity in projects has pointed out that ambidexterity might occur in single projects,
which underscores the significance that project management not only centers on exploiting old
knowledge but also can foster more innovative and exploratory activities (Turner et al., 2013). Eriksson
etal. (2017) identified three critical exploitative learning themes: processes as incremental development,
knowledge sharing, and innovation diffusion. Projects benefit from exploitative inter-project learning to
efficiently use limited project resources (Eriksson and Leiringer, 2015). Davies et al. (2016) link

uncertainty to the exploration side. Exploration was found to be a useful strategy in studies (Browning
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and Ramasesh, 2015; Ramasesh and Browning, 2014) on reducing unknown unknowns in projects. As
exploration and exploitation need different organizational structures, processes, strategies, capabilities,
and cultures, more research is needed to study how exploration and exploitation are traded-off and

managed at the project level (Turner et al., 2015).

3.8 The nature of project-based learning

In the organizational learning perspective, the organization is seen as a medium to store and reuse
knowledge. This perspective has limitations in the project setting. The temporary organization is not
adequately supported to accumulate knowledge in the multi-discipline practices. This is particularly
critical where knowledge is "sticky" (Szulanski, 2000) and tacit in the context of non-repetitive project
work (Duryan and Smyth, 2019). The project-based learning perspective emphasizes hybrid
methodologies to integrate internal and external competencies; however, the environment is rapidly

changing, making it more challenging to set a particular strategic direction.

Summarizing literature around "project" and "learning," project-based learning covers both the theory
and practice on the use of project setting for effective action learning on real problems to achieve tasks
and performance objectives (DeFillippi, 2001; Smith and Dodds, 2017). Project-based learning, which
is mainly "ad hoc," requires commitment and continuous investment of time and resources, yet it is often
neglected (Davies and Brady, 2000; Williams, 2008). Another perspective with implications for project-
based learning argues that learning occurs naturally through social participation in the community of

practice tradition (Brown and Duguid, 1991; DeFillippi, 2001).

Project-based learning practice can be defined as a set of actions that the project participants use to share
knowledge within the project (intra-project), transfer knowledge across projects (inter-project), and
ultimately reuse the knowledge (Kotnour and Kurstedt, 2000). Zollo and Winter (2002) developed three
learning mechanisms: the experience accumulation (learning by doing), knowledge articulation
(learning by discussing), and knowledge codification (learning by formalizing) while Prencipe and Tell

(2001) tailored the mechanism in the project setting as explorer, navigator, and exploiter.

Projects combine multiple participants in collaborative teams and inter-organizational structures to
create new knowledge (Edmondson, 2012). Project-based learning has been very challenging to achieve
due to projects’ temporary and unique nature. It is less likely to simply copy and paste the organizational
learning theory developed from other routine-based industries to the project context (Bresnen and
Marshall, 2001). The evolution of project-based learning theories in the infrastructure projects may be
thought of as a progression from the broad organizational learning theory to more specific theories in

project studies.
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3.9 Discussion and conclusions

The research has reviewed the literature on learning from a project perspective. Project-based learning
has been studied from diverse perspectives. The review demonstrated some of the major themes in the
extensive literature, such as knowledge management, organizational learning, codification and
personalization, exploration, and exploitation. Learning is the central mechanism to link all the above
concepts together. Synthesizing insights from the general trend and several vital studies are framed in
Figure 3.3. The framework can provide a bird’s eye view of the state of the art of theoretical

development on project-based learning and sets the direction for later chapters as follows:

1, Although there has been a large body of studies published on organizational learning and knowledge
management, we call for more contributions in examining learning in and through projects (Intra- project

learning and inter-project learning), especially in the development of large infrastructure.

2, The learning paradox is generally agreed that there is a dilemma between the ease of knowledge
creation and the difficulty of knowledge dissemination in the project setting. We need to figure out
mechanisms to guide future actions to better facilitate project-based learning processes. The social side

of learning has long been acknowledged but perhaps less emphasized in project studies.

3, There have been many construction project management studies and experiments to develop a
knowledge management model, framework, or database that have largely proven to be futile. It is
suggested to observe social interactions and processes to understand and enhance project learning

activities.

4, Two hands of learning, exploration and exploitation, need different organizational structures,
processes, strategies, capabilities, and cultures. More research is needed to study how exploration and

exploitation are managed at the project level separately.

The next chapter on the project case bases discusses the limited value of codification and calls for more
social learning. Chapter 5-7 will carry out three case studies on intra-project learning and inter-project
learning, explorative learning, and exploitative learning separately in project-based settings. The main
argument is that project-based learning is essential and that more work should be done on it, which begs

the question of “so what.”
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Figure 3.3 Project-based learning literature finding structure

Global Project Opportunities and the Complexity and Uncertainty are features of projects and their
environment (Sakhrani et al., 2017). The frameworks and models of learning developed for formal
organizations (Duffield and Whitty, 2014) may not apply to projects as temporary organizations
(projects). Further research is needed to address this gap in extant literature (Sergeeva and Roehrich,
2018). The traditional view of learning is becoming problematic with the increase in globalization,

changes in technologies, and an increased reliance on projects.

One most important finding is that much of the literature on learning in the project domain is still in a
fragmented state, lacking a universally accepted research concept and a clear boundary. The
development of project-based learning theory is adopted from and vigorously mixed with organizational
learning, but the link between them may be far from seamless (Swan et al., 2010). Research on project
management is under-represented in the leading general management and organization journals
(Bredillet, 2008; Kloppenborg and Opfer, 2002). The project learning paradox is commonly agreed upon
by project scholars. There is a significant overlapping between knowledge management and learning.
Learning is a metaphorical term characterized by the mental representation of improvement. The concept

of project-based learning still requires more definitional clarity to move forward.

It implies different project-based learning mechanisms. This research provided two dimensions:
exploration and exploitation, codification and personalization. The existing research is more focused on
the knowledge transfer within the project team. Inter-organizational knowledge management is still less
explored. As construction projects rely much on inter-organizational relations, more consideration needs
to be given to the multi-party cross-project knowledge transfer process, which is the unavoidable part

of project-based learning.

The literature on project-based learning suffers from two significant shortcomings. Firstly, it is unclear
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under which conditions the learning processes become effective. Applying the knowledge acquired
during one project in a subsequent project is not easy and will not automatically be achieved. The
effectiveness of codification and personalization processes is argued to be influenced by factors such as
environmental conditions, organizational characteristics, and task features. However, empirical research
on these conditions is scarce. Secondly, the learning mechanisms often are discussed in an intra-
organizational instead of an inter-organizational context. Learning across inter-organizational projects
can be assumed more challenging because of the involvement of multiple organizations with incongruent

goals, overlapping areas of responsibility, and unequal expertise levels.

In comparison to intra-organizational projects, inter-organizational projects are significantly
understudied. Project-based learning seems to be a subject, which is still full of many unanswered
questions and requires the configuration of a range of learning mechanisms to be effective (Swan et al.,

2010). There would need to be a sharper positioning to make it a worthwhile contribution.

The literature review chapter confirms the research question, and motivates case studies in an in-depth
way. The further work will be on the theoretical underpinnings in the literature and to establish a
framework for project-based learning that considers the temporary organization's project characteristics.
It is suggested to conduct further research on project-based learning so that project knowledge is shared
and transferred to the relevant project team members at the right time, the right place using the right

medium. As a consequence, the project can be managed more effectively.

However, there are some limitations to the review. Instead of databases such as Scopus, Web of Science,

or Google Scholar, the search from selective journals might have missed some relevant articles.

Appendix 3.A Quick scan of research projects on knowledge

management in construction

Table 3.1 Quick scan of research projects on knowledge management in construction

Name Full name Time Funded by Lead
Building a  Higher Value - EPSRC and DETR  London School of
B-Hive Construction Environment: Cross- Economics and Leeds
organizational Learning Approach Metropolitan University
(COLA)
Knowledge and Learning In 1999-  EPSRC University of Salford
KLICON CONstruction (IT in knowledge 2000

management and organisational
learning for construction projects)

Cross-sectoral LEarning in the 1999-  EPSRC Loughbourough

LEVER
CLEV Virtual entERprise 2001 University
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Knowledge Management for 2000-  EPSRC Loughborough University
Improved Business Performance: 2003
KnowBiz Improving Management
Performance through Knowledge
Transformation (IMPARKT)
Creating, Sustaining and 2001-  EPSRC Loughbourough
C-SanD Disseminating Knowledge for 2004 University, the London
Sustainable Construction: Tools, School of Economics and
Methods and Architecture Salford University
Methodology, tools, and 2001- ECFPS CSTB and University of
architectures ~ for  electronic 2003 Salford
«.COGNOS consistent kt.lowledge
management across projects and
between enterprises in the
construction domain
. 2003-  EPSRC Loughborough University
Captu d R f P t
CAPRIKON apture andfeuse OF TIOJECt 5505 and  University  of
Knowledge in Construction
Newcastle
A knowledge transfer approach to  2003- Loughbourough
2004 University
continuous improvement on PFI
projects
An Approach to Knowledge 2003-  DTI Glasgow Caledonian
Management for SMEs 2005 University
. 2003- Vaasa University
PROLAB-
OLAB-project 2005 (Finland)
the NETwork for the 2006- ECFP6 AT OSBORNE
dissemination of knowledge on 2008
NETLIPSE the management and organisation
of Large Infrastructure ProjectS in
Europe
2009- h E iversi f
the Leonardo da Vinci Common Learning Outcomes for 009 the .. uropean - Warsaw  University o
. 2011 Commission, DG Technology (Poland)
Programme CLOEMC European Managers n .
. Education, and
I Construction
Culture
The effective design and delivery 2011-  COST University of Leeds
MEGAPROJECT of megaprojects in the European 2015

Union

Appendix 3.B Source from journals

Table 3.2 Covered articles from PM journals

Journals

Covered articles

International Journal of Project Management

89
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2 International Journal of Managing Projects in Business 22

3 Project Management Journal 13

total 124

Table 3.3 Covered articles from CM journals

No. Journals Covered articles
1 Journal of Construction Engineering and Management 24
2 Construction Management and Economics 19
3 Journal of Management in Engineering 15
4 Engineering Construction and Architectural Management 14
5 IEEE Transactions on Engineering Management 11
6 Automation in Construction 9
7 Building Research and Information 9
8 Journal of Civil Engineering and Management 2
total 103

Table 3.4 Covered articles from KM journals

No. Journals Covered articles
1 Expert Systems with Applications 8
2 Journal of Knowledge Management 6
3 Management Learning 6
4 Knowledge Management Research & Practice 3
5 Knowledge Organization 0
total 23

Table 3.5 Covered articles from general management journals

No. Financial Times Top 50 journals Covered articles

1 Academy of Management Journal 0
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2 Academy of Management Review

3 Accounting, Organizations and Society
4 Administrative Science Quarterly

5 American Economic Review

6 Contemporary Accounting Research

7 Econometrica

8 Entrepreneurship Theory and Practice
9 Harvard Business Review

10 Human Relations

11 Human Resource Management

12 Information Systems Research

13 Journal of Accounting and Economics
14 Journal of Accounting Research

15 Journal of Applied Psychology

16 Journal of Business Ethics

17 Journal of Business Venturing

18 Journal of Consumer Psychology

19 Journal of Consumer Research

20 Journal of Finance

21 Journal of Financial and Quantitative Analysis
22 Journal of Financial Economics

23 Journal of International Business Studies
24 Journal of Management

25 Journal of Management Information Systems
26 Journal of Management Studies

27 Journal of Marketing

28 Journal of Marketing Research

29 Journal of Operations Management
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30 Journal of Political Economy 0
31 Journal of the Academy of Marketing Science 0
32 Management Science 10
33 Manufacturing and Service Operations Management 0
34 Marketing Science 0
35 MIS Quarterly 2
36 MIT Sloan Management Review 0
37 Operations Research 0
38 Organization Science 1
39 Organization Studies 6
40 Organizational Behavior and Human Decision Processes 0
41 Production and Operations Management 0
42 Quarterly Journal of Economics 0
43 Research Policy 11
44 Review of Accounting Studies 0
45 Review of Economic Studies 0
46 Review of Finance 0
47 Strategic Entrepreneurship Journal 0
48 Strategic Management Journal 1
49 The Accounting Review 0
50 The Review of Financial Studies 0
No. UT Dallas top 24 leading business journals Covered articles
1 Academy of Management Journal 0
2 Academy of Management Review 0
3 Administrative Science Quarterly 0
4 Information Systems Research 1
5 Journal of Accounting and Economics 0
6 Journal of Accounting Research 0
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7 Journal of Consumer Research 0
8 Journal of Finance 0
9 Journal of Financial Economics 0
10 Journal of International Business Studies 0
11 Journal of Marketing 1
12 Journal of Marketing Research 0
13 Journal of Operations Management 3
14 Journal on Computing 0
15 Management Science 10
16 Manufacturing and Service Operations Management 0
17 Marketing Science 0
18 MIS Quarterly 2
19 Operations Research 0
20 Organization Science 1
21 Production and Operations Management 0
22 Strategic Management Journal 1
23 The Accounting Review 0
24 The Review of Financial Studies 0
Total 47

Appendix 3.C List of primary authors

Table 3.6 List of primary authors

No. Authors Organizations Number of articles
1 Andrew J. Sense University of Wollongong 8
2 Mike Bresnen University of Warwick* 7
3 Patricia M. Carrillo Loughborough University 6
4 Peter S.P. Wong RMIT 6
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5 Peter E. D. Love Curtin University

6 Hamzah Abdul-Rahman International University of Malaya-Wales*

7 Jacky Swan University of Warwick

8 Harry Scarbrough University of Warwick

9 Terence Ahern Dublin City University

10 Catherine P. Killen University of Technology Sydney

11 Derek H.T. Walker RMIT

12 Terry Williams University of Hull

13 P.J. Byrne Dublin City University

14 Sai On Cheung City University of Hong Kong

15 Linda Edelman Bentley University

16 Brian Leavy Dublin City University

17 Sue Newell Bentley University & Warwick Business School

18 Bill Bordass Usable Buildings Trust

19 Per Erik Eriksson Lulea University of Technology

20 Christophe Midler Ecole Polytechnique

21 Universiti Tunku Abdul Rahman & International
Jeftrey Boon Hui Yap University of Malaya—Wales

22 David Arditi Illinois Institute of Technology

23 Tim Brady University of Brighton

24 David J. Edwards Birmingham City University

25 Robert A. Hunt Macquarie University

26 Per-Erik Josephson Chalmers University of Technology

27 John E. Taylor Georgia Institute of Technology

28 S. Jonathan Whitty University of Southern Queensland

29 Stephen Duffield University of Southern Queensland

30 René M. Bakker Tilburg University*

31 Chantal M.J.H. Savelsbergh Open University of the Netherlands* 2

*when the article was published
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Chapter 4 Efforts on Explicating Knowledge in the
Project-based Setting: an Overview of the

Facilitating Role of the Project Case Base

Abstract

Learning in large infrastructure projects is partly and often based on ex-post evaluations of past projects.
However, many lessons from past projects have been lost, and it is vital to find a way to share insights.
There has been no systematic overview of project case bases in practice to date, raising the question of
what is the current status? Using the method of fieldwork and content analysis, this study offers a
comprehensive overview of seven main project case bases set up by the academia or the market. It is
found that the popularity of project case bases is increasing, with a majority emanating from Europe and
North America. Besides, some emerging issues mainly related to operation types, adopted methods, the
scope of data collection and analysis, and limited access to project data, are identified. The research then
discusses the limited value of current project case bases. This study helps provide construction and
project management academics and practitioners with a more comprehensive overview of the

development and application of project case bases and implications for future studies.

Keywords: Project case base; knowledge management; project management; codification
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4.1 Introduction

Major projects can be understood as temporary endeavors with predefined tasks and end dates that need
to bring together a changing cast of multiple participants capable of delivering the outputs, outcomes,
and resulting benefits over lengthy periods. The actions required to process information to deliver project
tasks are always situated in a specific context, characterized by varying degrees of complexity and high

levels of interdependency amongst project participants.

The ability to exploit existing knowledge is crucial to this process. Projects have access to static explicit
knowledge captured in knowledge management systems, databases, and large volumes of tacit know-
how knowledge of all the individuals and organizations brought together to deliver the project. Due to
the uncertain nature of major projects and the need to enhance the value to be created, they are often
required to explore new knowledge from other successful and unsuccessful projects as the project
progresses through the life cycle. The project needs to convert explicit and implicit knowledge into
repeatable and recognizable patterns of interdependent action by multiple participants to embed it in

organizational processes and routines to become capable overtime in that particular situation.

Until now, there is a path dependence that when construction managers establish a plan, they refer to
historical data first mainly by reacting on data mostly built up from incidents. And then, they adjust
somewhat by their own experiences. It is particularly attractive to capture the success stories from
project-based work and to adapt them to the appropriate context in other projects and the broader
organization (Kerzner, 2018). These best practices can significantly refine existing methods and offer

new and flexible solutions to solve problems and complete tasks.

Finding better ways of accessing project knowledge about infrastructure development is proved to be
necessary and urgent. Business case study research has been mostly carried out (Dul and Hak, 2007;
Farquhar, 2012), but the methodology of using the international infrastructure project case base is given
less importance. Williams (2003) found that project review processes were rarely used to analyze project
success and failure in practice. Consequently, the significant challenge is how to effectively manage the

"database" and extract useful knowledge and information flexibly and accurately.

The problem can be twofold: a) the codification of knowledge is not done properly or not done at all; b)
there is knowledge stored one way or another. However, the project teams cannot use this knowledge in
the right way for their next projects because the project manager puts forward his own subjective
experience. Therefore, we ask: what is the current status quo of project case bases in practice? Sub-
questions can help further break down the overarching question into manageable parts that will be
addressed in order to unravel the problem. What proper lessons learned systems are currently available?
What kinds of methods do they use? How large are the areas covered? What is the impact of the work?

Once we obtain enough high-quality data of projects, can we predict a new project’s performance? And
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SO on.

In this research, we present a comprehensive overview of previous and current seven project case bases
in storing, mining, and disseminating best practices and lessons learned in large projects and investigate

the effectiveness of this approach.

4.2 Related work

4.2.1 Knowledge codification

Learning gained from working together in the project can be identified to back up our decisions and
solutions to solve problems effectively. It can occur in a codification way through decontextualizing
knowledge so that knowledge can be represented and communicated explicitly (Ruggles, 1997). It was
predominantly done by producing learning documents at the end of the project, which could be used as
starting documents for the next project teams. The codification way emphasizes collecting knowledge
and saving it in books, manuals, and an electronic database, so that knowledge can be in everyone’s
reach (Gammelgaard and Ritter, 2005). Individuals can learn from the codified best practices and lessons
learned from a broader IT system source without having to rely on their personal or shared experiences
(Newell, 2009). From the transfer of content, some explicit knowledge about both previous project
decisions and solutions, and their outcomes and project performance are diffused through post-project
appraisal, after-action review, micro-articles, learning histories, and other forms of solidification for

other projects (Schindler and Eppler, 2003).

Project teams often use their historical documentation or best practices as a template, so they do not
have to start from scratch (Zhang et al., 2015). The most common approach used in the large
infrastructure projects to capture, store, and disseminate the learning from projects is a database for
others to access (Newell et al., 2006). Project histories are repositories/databases that contain useful
information and knowledge from previous projects. This is usually conducted individually by project
parties. With the IT development, explicit knowledge can be easily managed by implementing those
technologies, which push forward the codification strategy of the knowledge. The codification of
knowledge is a mechanism for the creation of explicit knowledge. There are lines of research focusing
on developing methodologies to capture and reuse the knowledge created and lessons learned in projects

(Buttler, 2016; Kivrak et al., 2008).

Similar projects lead to similar approaches to their delivery. The codification of projects describes
project management as a standard set of processes and knowledge areas, such as procurement
management, time management, cost management, and risk management. The knowledge codification
in projects implies that projects are similar to some degree and have a certain level of similarity in the

processes. So, the information from the codification is relevant to most projects, most of the time.
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However, more and more literature and practices argue that project management is embedded within an
ever-increasing range of unique contexts (Fernie et al., 2003). Understanding contexts becomes central

to the knowledge sharing and transfer processes.

4.2.2 Project case and business case

Many cases, rather than the single one, strengthen the results significantly and manifold. The project
database tries to involve gathering a large set of data from cases so that statistical analyses can be
performed on the variables, helping to mobilize previously dormant case study knowledge to foster in-
depth thoughts. We argue that the database can facilitate the cross-case analysis and arrange the

knowledge systematically.

Many business schools like Harvard Business School, Ivey Business School, and INSEAD have been
devoted to developing and utilizing case studies on the business contents. However, project cases are
different from enterprise business cases. Gathering the project-specific data is essential to be able to use

the project case for benchmarking, comparisons, learning, and training, consultancy, and case studies.

The project-specific data can be related to two levels of results: the project output and project outcome.
The project output refers to the new asset delivered from a project and may consist of multiple
deliverables. These deliverables are usually tangible, and their production can be controlled and
guaranteed. On the other hand, project outcomes refer to the target benefits the operation of that asset
gives. As compared with project outputs, project outcomes are usually intangible, and their realization
cannot be guaranteed. This means that a project's target outcomes will typically be realized sometime
after project outputs are delivered. The output is evaluated as the project management efficiency and
success (Al-Tmeemy et al., 2011; Roger and Atkinson, 1999). The project outcome creates the business
sense and pays attention to the impact on the client, stakeholders, and business success (Mir and
Pinnington, 2014). Compared with the business cases driven by the customer's outcomes in the business
school, project case bases focus more on the outputs of the project process. Interpreted from earlier work,

infrastructure project cases regarding project management have the following three characteristics:

1, Intangible nature of deliverables. The ideas and intentions carried in the drawings and project
management plans are intangible. Its quality evaluation is difficult to measure with objective indicators

(such as numerical values), compared to evaluating the quality of the physical asset.

2, Professional, and highly intelligent process. The process of project management uses intellectual

knowledge, and there will be some creativity, which is different from factory production.

3, Being customized for the owner. The project management service is customized for the owner and

requires the full participation of the owner.
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From the essential characteristics, there are some difficulties in project management:

1. Supervision difficulties. The ideal control requires that outcomes can be objectively measured,
behaviors can be observed, the link between effort and outcome is established, and the owner has the
relevant knowledge to control the relationship. However, it is challenging to monitor project

management.

2, Joint-working. Since project management is the result of the joint efforts of the owner and the project
team, the efforts of the project team do not necessarily mean good project management results. This

means that the link between the project team contribution and the project quality might be rather vague.

The project output is available immediately after the project is executed, and there is a delay in project
outcome after the execution of the project (Zwikael and Smyrk, 2012). The current project case bases
almost all collect the information from project output. It is necessary to consider project performance
over time: project management success but deliverable failure, and project management failure but

deliverable success (Ika, 2009).

4.3 Research methods

A number of characteristics of post-project reviews have been identified, but no previous study has
consolidated our understanding. There are earlier efforts in creating a project database. The following
section provides an overview of several databases with a short description of each of them. There are
other still on-going databases such as CII (Construction Industry Institute) Knowledge Base, the Major
Projects Knowledge Hub, ICCPM (International Centre for Complex Project Management) and the
Stanford Global Projects Center (GPC), and inactive ones such as GIPRN (Global Infrastructure Project
Research Network). They are not taken into account because of limited access to their in-depth data and

lack of public information.

Information about the following project case bases was collected mainly from their official websites and
public reports. The data were collected by buying and reading carefully leading publications written by
projects case bases staff (Flyvbjerg and Hertie School of Governance), carrying out exploratory
interviews with representative informants (NETLIPSE, Cost Action Megaproject, and MPCSC),
attending the workshops held, and participated by project case bases (NETLIPSE and COST Action
Megaproject), and visiting some of their offices (OMEGA Centre and MPCSC).

4.4 Debriefing project case base in the overview

4.4.1 IPA
IPA (Independent Project Analysis) is a private international benchmarking, research, and consulting
corporation headquartered in the US and was founded by Edward Merrow in 1987.
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IPA has a structured and extensive database of capital projects and consisting of more than 21000
benchmarked projects, and over 600 tracked annually distributed around the world with the project size
ranging from about $100 thousand to approximately $40 billion (Merrow, 2011). However, the data from

these projects are not publicly available.

The research from IPA as a company resulted in three books: "Industrial Megaprojects: Concepts,
Strategies, and Practices for Success," "Capital Projects: What Every Executive Needs to Know to Avoid
Costly Mistakes and Make Major Investments Pay Off" and "Leading Complex Projects: A Data-Driven
Approach to Mastering the Human Side of Project Management."

More information can be found on the website: https://www.ipaglobal.com/

4.4.2 NETLIPSE

NETLIPSE (the NETwork for the dissemination of knowledge on the management and organization of
Large Infrastructure ProjectS in Europe) started as a two-year research program (2006.5-2008.5)
supported by the European Commission Sixth Framework Programme (FP6) to make a comparative
analysis between different sizeable European infrastructure projects. Fifteen large infrastructure projects
throughout Europe were investigated, culminating in publications such as “Managing Large
Infrastructure Projects: Research on Best Practices and Lessons Learnt in Large Infrastructure Projects
in Europe.” Afterward, the European Commission TEN-T (Trans European Transport Network)
Executive Agency provided funding to continue and expand the NETLIPSE initiative (2008.6-2010.12).
The “Infrastructure Project Assessment Tool” (IPAT) was developed. Since 2014 the network has
decided to continue as an informal network financed by several public organizations with formal
agreements on cooperation between participating organizations. The system's focus remains knowledge
exchange and development, which is supported by network meetings, research initiatives, project leaders’
seminars, training, and IPAT assessments. It is currently the only client-based network. Project managers

and directors share knowledge informally and formally in the non-profit but engaging community.

More information can be found on the website: http://www.netlipse.eu/

4.4.3 OMEGA Centre

The OMEGA Centre for Mega Projects in Transport and Development is based at the Bartlett School of
Planning at University College London (UCL). It was set up funded by the Volvo Research & Education
Foundations (VREF) in 2005 for five years and engaged in various aspects of the planning, appraisal,
and delivery of mega transport projects (MTPs) worldwide. The research is done by currently making
available publications such as the Routledge-OMEGA Book series on Mega Infrastructure Projects. The

OMEGA Centre is still organizing many workshops and seminars on different topics.
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More information can be found on the website: http://www.omegacentre.bartlett.ucl.ac.uk/

4.4.4 COST Action MEGAPROJECT

MEGAPROJECT (the Effective Design and Delivery of Megaprojects in the European Union) is a
network of over 80 researchers from 25 countries (2011.5-2015.5) that were working together to
improve the design and delivery of megaprojects across sectors in Europe funded by COST (European

Cooperation in Science and Technology) Action.

COST Action MEGAPROIJECT has collected over 50 European megaprojects' experiences and worked
on seeking patterns from excellent or lousy delivery performance. They gathered together a group of 30
cross-sectoral cases into the MEGAPROJECT Portfolio. This is an open-source, freely available group
of examples accessible on the official website in a standardized format. Users can search results with
keywords on sectors, country of location, ownership (public/private/mixed), prime contractor, size, start
date, and performance (schedule and cost). This openness can promote a learning effect on megaproject

performance and benchmark for European megaprojects.

More information can be found on the website: http://www.mega-project.eu/

4.4.5 Flyvbjerg’s database

Professor Bent Flyvbjerg and his colleagues developed a project database consisting of 258
transportation infrastructure projects distributed over 20 countries, including both developed and
developing nations and regions (Flyvbjerg et al., 2003). After that they have enlarged the original
international database to 806 projects (Cantarelli et al., 2012). The main objective of developing this
database is to propose a method for increasing the accuracy of project cost estimation. Flyvbjerg
introduced a new technique called RCF (reference class forecasting) for achieving the accuracy of cost
estimates based on the actual performance in a reference class of comparable projects (Flyvbjerg et al.,
2005). Based on his database, Flyvbjerg concluded that there are two potential explanations regarding
the inaccuracy in cost estimations and corresponding cost overruns in infrastructural projects, namely

optimism bias and strategic misrepresentation (Flyvbjerg, 2008).

4.4.6 Hertie School of Governance

Professor Genia Kostka and Professor Jobst Fiedler from Hertie School of Governance in Germany
investigated 170 large public infrastructure projects in Germany, including the building, transportation,
defense, energy, and ICT sectors. Projects are analyzed on their scale, patterns, and causes of cost
overruns. Among these projects, 119 were finished between 1960 and 2014, and 51 are currently still
under construction. Three detailed case studies on the Berlin Airport BER, the Elb Philharmonic, and
Offshore Wind Parks are picked up for detailed investigation (Kostka and Fiedler, 2016). The research

published the book “Large infrastructure projects in Germany: Between ambition and realities.”
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More information can be found on the website: https://www.hertie-school.org/en/infrastructure/

4.4.7T MPCSC

MPCSC (Mega Projects Case Study and Data Center) is the case database developed by the Research
Institute of Complex Engineering and Management at Tongji University China in 2014. The center
collected case data on 67 skyscrapers, 11 stadiums, 12 bridges, 8 energy bases, 51 power plants, 5
airports, 41 high-speed railways, 6 highways, 5 ports, 2 tunnels, 39 transportation hubs, and 146 metro
lines (accessed on April 30, 2020). It is funded by Tongji University and National Natural Science

Foundation of China.

More information can be found on the website: http://www.mpcsc.org/

4.5 Emerging issues of project case bases

4.5.1 Operation types

Table 4.1 shows several characteristics of the above project case bases. They exist in diverse forms and
for various reasons. More than half are initiated with public funding, for example, COST Action
Megaproject funded by the EU Framework Programme and MPCSC funded by National Natural Science
Foundation of China. OMEGA Centre was established with support from the private sector but later run
by the university. IPA has been operated as a business company all the time. It provided the highest level
of access to benchmarking of both large and site-based systems to more than 80 member industrial
companies in its industry benchmarking consortium (IBC) established in 1992. NETLIPSE is now led

by the industry client partners and run in the form of a community.

Table 4.1 Characteristic of the project case base

No. Project case sponsors location leader Existing ~ Number publicly
base period of available
projects
1 IPA IPA the US Edward Merrow  1987- 20000+ No
now
2 NETLIPSE Firstly EC FP6 and then Europe Marcel Hertogh, 2006- 17 Yes
client organizations Eddy now (shown in
mainly in North-West Westerveld