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FOREWORD

It has been twenty years since the ARCOM Conference took place in Cambridge, at

Kingds College in 1997. We return in 2017 wit

Construction, inspired in part lilge venue Fitzwilliam College. Fitzwilliam began in

1869 as a nonollegiate institution, providing Cambridge education to undergraduates
unable to afford membership of a college. Fitzwilliam College received its Royal Charter
in 1966, 3 years after mow into its new premises on its present Huntingdon Road site.
The College has been decorated with several architectural awards, including the two
buildings used for the ARCOM 2017 Conferefidéitzwilliam Hall and Central Building
(designed by British Brtalist Architect, Sir Denys Lasdun, and built 198863) and the
auditorium (built in 2004).

This yeards conference attracted 345 submissio

rounds of doubkblind peefreview, a total of 113 papers were eventually aczfur
presentation at the conference. In a field that is now saturated with so many international
conferences, this success rate demonstrates the rigour applied to the ARCO&ipeer
process. Of course, this cannot be achieved without the supfdd® oéviewers drawn

from across the world, including 21 ARCOM Committee members and 89 members of the
extended Scientific Committee. Thank you to all involved in the-pmeew process.

This is the second year in which the ARCOM Conference is themeste Were also 10
thematic tracks proposed for the conference, covering a range of issues from service
innovation to novel research methods for studying innovation in construction. There were
also a number of tracks relating to the social aspects of itionyancluding corporate

social responsibility and social procurement in construction. These thematic tracks now
form an important part of shaping the papers received and accepted and, we hope, of
steering the conversations at the conference. As exbecéeconference on innovation,

we received a number of papers on the development and use of technology. Digitisation
of the construction industry continues to be a significant theme, with several authors
examining how information modelling is transfongithe people, professions and

practices in construction. Anot her significan

on environmental sustainability, with authors addressing questions around low energy and
low carbon construction.

It is also encouragg to see authors becoming more explicit about and experimental with
the theories informing their studies of innovation in construction. Social network theory,
actornetworktheory, institutional logics and institutional work, and even critical
discourseanalysis inspired by a smattering of Marxist thinking are some of the lenses

used by authors to study the innovations that are radically transforming and disrupting the
construction industry. Construction management researchers can be seen to mature from
a relatively atheoretical field to one that is actively trying to put theory to work. Itis
therefore appropriate that the first keynote speaker is by Professor Chris Ivory from the
Lord Ashcroft International Business School in Anglia Ruskin Univer€igmbridge;

Chris will be provoking us to think about the role of theory in innovation in construction.

There is also a mixture of different epistemological positions found in the papers accepted
for this year 6s conf er e nseacheprachtiomers,ratdétis o f
good to see such engaged forms of scholarship as action research featured in some of the
papers. Innovation is also a collaborative endeavour, often involving actors across the
value chain from supply networks to clieatsd eneusers. It was not so long ago that
collaboration was seen in the construction industry as an innovation itself, and while there
is still much room for improvement, it is also interesting to see so many papers refer to
collaboration as a source iohovation. To this end, we have scheduled four ezatger
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researchers (incidentally, all women) to be featured in the Langford Spotlight. This
spotlight scheduled for the morning of Wednesday 6 September seeks to showcase
research on collaboration thrgh different theoretical lenses.

In such an applied field as construction management, collaboration between academic
researchers and industry practitioners seems appropriate. We are delighted therefore to
have a second keynote led by the programme tieatading Nicolas Caille, David

Coulet and Simon Evans, who are delivering brutal innovation within the New Safe
Confinement Project at Chernobyl. This is a 36;@the structure that is due to

complete by the end of 2017 to cover the accident sitdq@m©byl. For more

information about this project, please see http://www.ebrd.com/wéat
do/sectors/nucleagafety/chernobyhewsafeconfinement.html. This second keynote

will also be followed by an Industry Panel Discussion on Disruptive Innovation in
construction.

ARCOM continues to attract an international audience, and we have delegates joining us
this year from inter alia Europe (with colleagues from the Netherlands and across
Scandinavia), the United States of America, South Africa, Sri Lanka, I6tina,

Malaysia, Australia and New Zealand. It is good to welcome colleagues from both
developed and emerging economies alike. In times of rising nationalism, there is a need
to ensure that knowledge benefits many and not just a few elites. Bmthiwe will also
organise a Knowledge Café to discuss how construction management and built
environment researchers can contribute to the production of knowledge around the pursuit
of the Sustainable Development Goals. This Knowledge Café will be cahwvene

Tuesday afternoon, 5 September, by Alex Opoku from UCL and Christian Thuesen from
the Technical University in Denmark.

Foll owing the successful OMeet the Editor st
session again at the ARCOM 2017 ConferencetoEsdfrom the ASCE Journal of

Management in Engineering, Building Research and Information, Construction

Management and Economics, and the International Journal of Building Pathology and
Adaptation will discuss what constitutes novelty in the field of tongon management

research. In a world dominated by performance metrics, it is hoped that the editors will

discuss how various publication metrics are helping (or hindering) progress made in

finding the novel in the field.

Whether loved or loathed, thuse of publication metrics is likely to intensify.

Nevertheless, this should not distract researchers from doingybalhy studies.

ARCOM has always been intended as a forum for supporting and developing researchers.
To this end, we introduced twopgs of papers for the ARCOM 2017 Conference: the
working paper and the published paper. Although working papers and published papers
go through the same rigorous peeview process, working papers are not indexed in the
ARCOM and Scopus databases. Tdliews authors of working papers to extend their

paper into a journal publication without diluting their publication metrics.

Last, but not the least, | also wish to show my sincere appreciation to a number of key
individuals for their support and help oube past year, including the ARCOM
Committee, Cath O6Connell, Al an Pease, all/l
Conference (including Anita Macdonald, Emma Hilditch and Laura Webb), and of course,

our everpatient and increasingly overworked ConfereSeeretary, Chris Neilson.

Enjoy the ARCOM 2017 Conference.
Paul W Chan

Chair, ARCOM 2017

August
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BUILDING INFORMATION MODELLING



THE INFLUENCE OF LEA DERSHIP, RESOURCES AND
ORGANISATIONAL STRUC TURE ON BIM ADOPTION

Ajibade Aibinu ! and Eleni Papadonikolaki

IFaculty ofArchitecture Building and Planning, University of Melbourne, Masson Road, Parkville,
Victoria 3010, Australia.

2The Bartlett School of Construction and Project Managentdmitersity College London,-19
Torrington Place, London WC1E 6BUK

Building Information Modelling (BIM) affects the construction processes and at the
forefront of digital innovation BIM allegedly carries benefits for better collaboration and
less cost BIM attracts the attention of numerous large and small firms that update their
strategies to embrace this digital shiffowever, construction firms face challenges to

BIM adoption There is a close relationship between BIM adoption efficiency and
enterprise strategy, which is a key BIM adoption drivéfter studying three Dutchral

one Finnish firms to understand their BIM adoption history and strategies; enablers and
barriers for business model innovation due to BIM were obseeawing upon

empirical data and organisational, and innovation theories, this paper discussefopoint
BIM business model innovatiorfirst, leadership commitment was decisive for attaining
BIM adoption goals Second, small firms did better than large firms in BIM adoption, as
they met their financial goals and growth with less.rigkird, flexible organisational
structures were resilient to meeting BIM chang€ke study outlines implications for
policy-makers and enterprises who have or plan to adopt BIM and adds to the knowledge
base of BIM innovation adoption.

Keywords: BIM adoptioninnovation stratey, leadershipbusiness models

INTRODUCTION

While there is no universally acceptable definition of Buildimigrmation Modelling, it
can be dfined astools, processes, and technologies that are facilitated by digital,
machinereadable, documegiton about a building, its performance, its planning, its
construction, and later its operati(ffastmaret al, 200§. BIM has been considered a
solution toconstruction industryrigmentationinefficiencies,poor project coordination
and information management proble(gsstmaret al, 2008) In a BIM-based project
delivery,input from the various design disciplinesntractor, suppliers and
subcontractors can be sought early in the design prodssalisecandthe potential
coordination problems could be detected semblved This processequires close and
continuous collaboration among project actoree pomiseof BIM and its assoctad
technologies and processissthat itcanintegrate the team aridcilitate high-quality

work. Despite the acclaimed benefits, the level and rate of adoption of BIM by
construction actors vary across professional dis@plend countries. Generally, the
implementation of any technolodgrgely depends on issussch as change management
within the organisations adopting(ithonget al, 1994) In this regardJ ornatzkyand
Fleischer(1990)suggested that enterprise managernelated issues, e.g. organisation
issues such as leadership, human resources management, corporate vision etc., would

1 aaibinu@unimelb.edu.au

This paper was presented as a working paper at the ARCOM 2017 Conference, Cambridge,
UK, 4-6 September 2017. Please contact the authors before citing



BIM Adoption

impact technology adoption rate and success by companies and the impact would be
differentfor largeand smalmediumsized (SME)rganizationgPranantcet al, 2003)
Kimberly (1976)argued that availability of specific resources is a better way of
understanding adoption decision and progress instead of organizationalls&zextent

to which firm sze would impact the capabilities to innovate has also been a subject of
discussion in both construction managen{®atinty et al, 2017)and diffusion of
innovation literatur¢Rogers, 2003, Barrett al, 2008)

In their critical review, Daintyt al (2017)suggested that BIM uptake'igely to be

more problematic for smaller firms without the resources and capacity to invest in the
technology' Arayici et al.,(2011)argue that SMEs have little to gain from BIM. For
Jaradaband Sextor{2016)constuction management research has favoured BIM adoption
in large practiceandmegarojects. It appears that BIM is only suitable for large
organisations. However, there is little empirical evidence to support this. Meanwhile, the
role of SMEs in diffusig BIM innovation is crucial for the integration of the supply

chain and productivity across the industry as they are involved in every stage of facility
life cycle including operations and maintenance. Given that SMEs account for a large
proportion of theconstruction firms in many countries, the need to consider SME's
perspective in BIM policy effort has been advanced by researairgty et al, 2017)

From technology adoption theory, innovation diffusion theory and economics
perspective, the role ofME in innovation is complex and needs further exploration
especially in relation to BIM. This study will contribute to the debate in this area by
examining enterprise management and organisational issues influencing widespread and
best practice adoptiomd implementation of BIM, beyond organisational size. At the
same time, the influence of the external environment on the enterprise management will
be highlighted to provide context.

THEORETICAL FRAMEWOR K

Adoption Trends of BIM as an Innovation

BIM is aninnovation for construction industfArayici et al, 2011)and various scholars

are problematizing around its diffusion across countkésnget al, 2010, Daintyet al,

2017) There is anecdotal evidence tlBaM adoptionis still rather patchy despite the
growing public sector mandate in many countriBamiloand Embi(2014)identified
technological, financial, organizational, governmental, psychological and process barriers
to BIM-related innovation in firms. AlthougBIM brings a promise of a new way of

doing things effectively, it could expose the firms adopting it to risk of business failure,

as they would need to change thmincessesRamiloand Embi, 2014). Throughis
process of «c¢hangsearechalienged andtendtdo bedbagwvabi | i ti e
expectations. Apparently, BIM adoption would mmamediately translate into more
businesgKhemlani, 2004) In the absence of large enough immediate gains, adoption
attitude and investment would depend on long tesmarate strategy and vision, which
could in turn influence commitment, and investmentimd development e8IM

capabilities. BIM visions may entail BIM use to achieve automational, informational or
transformational effect§~ox and Hietanen, 2007)Automational effect is the

substitution of digital technology for labour to improve productivity, whereas

informational effect is the capacity of BIM to collect, store, process and transmit
information (Ibid.). Transformational effect is strategic andhésuse of BIM to innovate

and transform business and the supply chain to gain competitive advantage (Ibid.). For
the reasonabove, BIMadoption decisiommay vary between large and small firms

13
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Scholardinked the differences betwe&IM adoption bylarge and SMEs to the notion of
‘digital divide'in which Information Technology (IT) implementation is seen to be

hindered by motivation, material access to technology, lack of skills, and lack of usage
access in terms of getting opportunity to work with tachnology and these are seen to

be creating a gap in adoption rate between the SMEs and large firms (Dainty et al., 2017)
The gap can also be explained by resoinased theory which suggests that when
compared to large firms, small firms are consiediby resources to innovate but this

could be compensated for by the agility and flexibility of small firms which promotes
innovation due to the ability to identify and meet customer needs in a difficult business
environmen{Chen and Chen, 2013)

However if such innovation is incrementathat is througtsmall improvements

(Abernathy and Clark, 1985)t may not give SMEs any competitive advantage and may
be costly, inefficient and short lived. Using current firm resources may be risky and lead
to failure. Nevertheles€hen and Che(R013)discovered that small firms that
continuously utilize and invest in innovation resourcesgaincompetitive advantage

and in turn secure further external resources (investment) to mobilise next into
differentiatng their product or services. In the context of BIM, it would appear that only
a strategic and transformational BIM agenda can benefit small firms on the long run and
may be a determinant of significant investment in BIM. HoweAeay et al, (2005)
concluded that attitude towards IT is not different between large and small construction
firms because IT is often not considered as strategic. For these reasons, it is likely that
BIM adoption would be influenced by interaction between leadership, atioov

resources, and organisational structure.

Drivers of Innovation Adoption

Diffusion of Innovation (DOIltheory(Rogers, 2003and TechnologyOrganization
Environment (TOEYramework(Tornatzky and Fleischer, 1998je two relevant and
developed for gxaining the drivers and dynamics of innovation at the organisational
level. Rogerg(2003)DOI theoryidentified four elements of innovatio(t) the

innovation itself (2) communication channgl (3)time, and(4) social system
Consideringnnovation & an idea, practice, or project that is perceived aso¢he
organisatiorthere is need for knowledge and persuasion about the innovation before it
can be adoptedDiffusionis the process by which an innovation is communicated
through certain channetser time among the members of a social sygiRagers,

2003)

When looking at BIM as innovation, communication channels within and across firms
andorganizational structure would influenite adoption The DOltheoryfurther

identified five forces that influence the rateimfiovationadoption(1) relative advantage

(2) compatibility (3) complexity (4) trial ability (5)bservability During diffusion

process these forces decrease uncertainty about the innoviaéilaiveadvantage is the

extent to which an dédinnovation is seen as be
Complexity is 6the degree to which an innova
under st andommalt iulsieldéi t y i s danmmovationis gerceivedyr ee t o
as consistent with the existing values, past experiences, and needs of adapters

examplethe compatibility of a firmd existingand innovativesoftwareandBIM software

may influence BIM adoption decisionsandrafgiala bi | i ty i s the &édegree
i nnovation may be exper.iRowexngefirmsthat h on a | i n
implement BIM ompilot projects learnover timeandBIM adoptionrate increasesThe

14
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trials may also lead to reinvention or modificatmfrorganisational processes and
technology.

The TechnologyOrganizatioREnvironment (TOE)Tornatzkyand Fleischer1 990)
identifies threecontextualaspects that could affect technology adoption process and
decisionmaking technology, organization, andwronment Technoloy entailsinternal
and external technologies available to the firfechnology itself is merely a physical
tool, humas have to interact witlt to know the purpose of using it, how to operate the
tool, and the impact of using(#rpaciet al, 2012)

Internal technologis already natural tahe firm, while external technology available in

the market Technology availability as well as the features of the technology themselves
can influencats innovationadoption processExternal technology could provide the
organization a vision about what is possible and could impact the adoption process
There may be external technological innovations that could produce incremental or
disruptive changegTushman and Nadler, 198@h)cremetal innovationgsmall
improvementsare least risky as they present little change fofithe For examplethe
change from papérased designing to AutoCABas incremental as it did not disrupt the
existing processes. With BIM, adapting to both neMBdols and workflows is needed.

Disruptive changéeads to fundamental change in the organizatiormlgsses, workflow

and cultugani zdhieowal 6 context of TOE fr ame
resources and descriptive measures of aanzgtion such as firm size, organizational

structure (complexity of managerial structure of the top management), the quality of its

human resources, and the amount of slack resaulicaiso includes informal decision

making and communication processvieen employeesFormal and informal

mechanisms that link units within an organization would facilitate the communication and
knowledge sharing about nemnovation.

It is reasonable to expect that smaller organization may find it easier to adapt ® chang
process when compared to larger organizati@fscourse they may be constrained by

other factors such as lack of resourckearger organizations would require more formal
links to facilitate the communication and knowledgarsig about the new techiogy. It

is also likely that organic and decentralized organizational structure (with least hierarchy)
would progress more quickly in the adoption progessn, 2011) asthere is lateral
communication across sufihms. This means that the role of tapanagement in

creating an organizational context to support adoption is critical for success

Top managemetitas to support change; communicate the need for change as well as
motivate the entire organization forthé o chan
change They need to make resources available for implementing change including the
building executive team to support the change at all lewelthe literature, there is

inconclusive evidence to suggest that organizational size and avgilabgiack

resources (unutilized resources) influence adoptagérs 2003) Kimberly (1976)

argued that availability of specific resources is a better way of understanding adoption
decision and progressstead of organizational siz&dhe externaE'6 e nvi r onment 06
context of TOE framework assumes that to adopt a new technology an organization needs
to interact with other external elements including business partners, clients, the industry,
competitors, regulations, and relationships with the govertinigrawing upon the afore
described forces for diffusion of BIM innovation and the TOE framework, this study used
empirical data from firms engaging in BIM innovation to respond the questmm:do

enterprise management aspects, such as leadershipcess@nd organisational structure
influence BIM adoption by firms?
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METHOD

The study followed amterpretiveapproach to understand how firms adopt BIM. The

line of reasoning was inductive, by gathering and analysing a number of data sources to
make serss of the relation between enterprise management and BIM adoption. Primary
data were obtained from fate-face interviews of eight individuals from four firms in

the Netherlands and Finlaathout BIM adoption history and experience. Secondary data
wereo|l | ected about the firmsdéd history and ide
of twenty construction industry firms in Northest Europe, recruited from a snowballing
technique, which were studied for the same objectives. Thus, the case sealastion
purposeful and these four cases were selected for having a push approach towards
innovation, and for evidencing various elementkeatlership, resources, and
organisational structureThese firms (cases) were diverse in size, services offered, and
context. Table 1 shows their key features and research settings:

Tablel: Firm characteristics, interviewees, and context of the study

Firm A Firm B Firm C Firm D
Country Finland The Netherlands ~ The Netherlands The Netherlands
Type of services  Architectural Contractor firm BIM Consultants  Lifecycle Consultants
Size of firm SME - 15 staff  Large SME - 50 staff SME - 50 staff
Age of firm 10 years 230 years 9 years 23 years
Interviewee 1 Founder BIM Specialist BIM Architect Director/owner
Interviewee 2 Founder BIM Manager - BIM Consultant

The primary data were collected through semi structured interviews d2®@ninutes,

which were later transcribed vetim. The interview questions were about the identity of

the firms, their history, challenges and strategy of BIM adoption, progress and future

vision for Bl M. The secondary data included
firm policy documents, @mpany websites, press, and slides by the companies. The

analysis of the interviews was based on thematic analysis (coding) of the transcripts. The

content of the interviews was examined for meaning and themes were identified through
interaction betweedata and theoretical framework.

FINDINGS

Corporate Vision and Strategy

The four firms had varying visions and strategies for BIM adoptiérm A was an

architectural SME, established in 2007, only working in BIMI projects are in BIM

whether or noit is required by the clientAlthough the founders have worked in other

firms using 2D, they envisioned BIM as the future of design tool and pro€egkem,

BIM does not change the time for completing a project but changes the way the time is

used orvarious activities over project lifecycldc cor ding t o the founder
our company and made BIM part of how we woHRor us we wanted to make sure that

we take into account future of design as process and tool and our objective is also to

improv e our. Bpercoacuesses &t hey wer e proactive of cl i e
be characterised as transformational, informational and automatkinal B, a large

company with 25 subsidiaries, specialising in various projects, had a visioa BiM®n

only large and especially integrated proje@&s subcontracting had become an important

aspect of their projects, they envisioned that information management would become

their core businesdn their vision statement BIM is an objemtientedcommunication
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and information platformThe BI M speci ali st stated: Awe \
information sharingo, which relateBmto i nf
B focused on small and incremental changes enabled by IT with nficsighchange to

existing interorganisational roles.

Firm C, an Architectural and Structural design SME, started using BIM by accident while
helping another firm to prepare drawings for a projddteir client (another architectural
firm) demanded fortiand during the exploration process they discovered the benefit and
made BIM their mainstream practicA BIM vision was articulated and written down

They used BIM to capture information from the client and throughout the project
lifecycle. Theywanted BIM to improve the design quality delivered to clients and they
had an unintentional and transformational BIM vision.

Firm D, a lifecycle consultant SME, envisioned BIM as an approach for transforming the
building process and their busine§hey wanted to make a difference by using BIM for

integrating their modelling with their cost management experfige intention was to

develop a more efficient building process and get ahead of other players in the market

They envisioned the use of BIMcalb or at i on t o satisfy client@
business The have trialled a new business model withBIMh e Di rect or sai d:
wanted to do things differently and be ahe¥de wanted to marry our modelling

knowledge and cost knowledge togethérfe wanted to share knowledge through 3D

model s instead t.Hhisowagahtrangfermgidna, dihformatienal dnal
automational BIM vision.

Leadership commitment

The two foundersf Firm A startedusing BIMin late 1990s and early 2000¢/hile the
company was not built around BIM, thegmmitted to using BIM as the only way of
working right from the outset of the new firm. BIM knowledge is the major criterion for
all new recruits. The founder stated:

éwe empl oy only t hos engaghthoseawheha us€d itroe @ojegts We e
and it paid off. Although, we have a few who have not used it a lot but we put them in the

mi dst of | arge number of people who are very pro
worry

The BIM vision of Firm B wasvritten by the Board of Directordespite being hit by
recession; they were committed to making BIM a culture among 2500 empldyees
Board set up a BIM Centrehe only initiative within the company centrally funded by
the board Firm B also estaidhed a steering group with directors from the 25
subsidiaries The group develops yearly plans, then consolidated in one by the BIM
Centre Prior to that, BIM implementation was decentralised across 5 locations, which
was proven inefficient.

For Firm C,although BIM use was unintentional, in 2007/2008, they committed to its full
adoption Disregarding staff resistance, a top down approach was adopted whereby all
employees were required to use BIM within 3 montldpon realising this was utopic,

the mamagement focused on those that are willing to work (10%) with BIM and
progressively expandd8iM adoption to other employees.

The director and owner of Firm D has been working in construction for 45 years as cost
manager Originally, the core business dfd firm was cost estimation and management

In 2006, to differentiate their business, 3D modelling expertise was added to its core
business which is then used to exti@eantities for cost estimation.
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Investment in innovation resources

The firms had vaing approaches to investing in BIMFirm A only hired employees

with BIM experience in realvorld projects They did not charge clients extra fees for
BIM use on projectsThey were also proactive in green building certificationbey
partnered with @other firm, collocated in the same building, on virtual reality to enable
concurrent design and communicate it to the clients via 3D glasses

Firm B invested 0650, 000 yearly on -their
wide. With 8 staff, the centriocused on R&D, methods, manuals, guidelines,

developing information exchange protocols, and discussions about information structure
such as standardization compamigle, and staff training across her 25 subsidiarigsey

also invested in laptopsandeoer ct i ng al | si.tTeeBIMtCentrdis r mo s
involved in national and international BIM initiative$hey have collaborated with major
software developers to drive the development of new BIM applicatibney led 40

other firms (private andyblic) to work on object library together with industry and

public government.

Firm C replaced their existing software and invested in BIM tobley invested in

research and training of staff using external trainers for design anestsgly/cost

estimation An innovation team of 5 people was established to drive the BIM vigibn

the outset of BIM adoption, temps were employed on contract basis to work on traditional
projects, while permanent staff were working on BIM Firm D, an innovatiomanager
eased the adoption procegs in-house BIM manager was hired to manage the BIM
process They also developed and now sell their own online tool for linking 3D models to
cost to other BIM authoring software in a less complex.wagst librariesand databases

as well as methodologies for modelling and work requirements were develBiadil

were trained irhouse To facilitate the subcontracting process, an integrated online
platform was created so that each-sohtractor can upload theirodels online Because

of their vison to transform the building process free workshops were organised to train
clients and business partners about BlMhe firm leads industry initiatives on BIM.

Organisational structure for innovation diffusion and Informal Aspects

Firm A consciously retained a small firm size, as they believed that it facilitates BIM
adoption It was easy for them as an SME to find knowledgeable staff to train others
Firm B has 25 subsidiaries in various locatioiecentralising BV adoption into five
branches was found to be inefficiefthereafter, a centralized approach was adopted by
establishing the BIM Centre to cater for the BIM adoption needs of all subsidignies
C unsuccessfully adopted a top down BIM adoption sirecat the outsetThen, they
adopted a flexible and organic approach whereby staff are first trained in BIM and then
embedded within the firmThe BIM Architect stated:

I f management does not suppo

don

and staff donot want it
to use it

do it

,wadti n 6t
t You must

t it
t do i
Prior to BIM era, Firm D had a top down management structure and while introducing
BIM, they introduced a lean organizational structufe them,BIM adoption work best
with a flat structure that inspires proactive behaviour.

The influence of context

Firm A is situated in Finland while firms B, C, and D are located in the Netherlands.
Finland has a deeply entrenched collaborative culture as apfmbketherlands which is
both collaborative and competitive because of the financial crisis. While BIM has been
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largely mandated by the public sector in the Finland with a lot of BIM development and
crossorganisational knowledge exchange initiativedylBhandate in Netherlands is not

as forceful. Organisations in Netherlands actively seek BIM knowledge exchange beyond
their firm (Firm B and D). In Finland, knowledge exchange became cultural because of
their collaborative culture and the aggressive meatd the governmental BIM mandate.

The Dutch building agency responsible for managing government assets has mandated
BIM but in a slow, measured and naggressive fashion when compared with the

Finnish authority which actively promotes and coordindtBi\ll adoption efforts across

the industry. The downturn in the Netherlands had mixed effects on BIM adoption
depending on firmsé views, corporate Vvisio
vision by Firm D is purposely to stay ahead, transform tlildibhg production process

and offer clients new way of producing better buildings, cheaper and faster in the face of
the downturn whereas BIM was not conceived by Firm B and C as a means of navigating
the downturn.

BIM Implementation outcomes

Firm A is raher successful with BIM, as all projects are now done with it, but at various
levels depending on clients' needs and requirements. Firm B has not been so successful,
despite the leadership commitment and funding available for BIM adoption company
wide. The firm size appeared to have hindered adoption effort. Although Firm B has
some characteristics that should enableanse learning of integrated BIM and to
transform the industry they only managed incremental and small change with BIM
despite their fiancial commitment to it perhaps because of their large size, rigid
organisational structure and deeply entrenched organisational culture. Meanwhile, Firm
B became insolvent and was restructured. Firm C nowRIs&®n all projects but at
different levels They have been transformed to a BIM consultancy. They have seen
failure cost reduced by 1020% and aheadf-time project completion because of BIM.
Firm D now works with BIM on all projects. With their current BIM capability tested on
projects, theyoresee a future where they will be able to manage projects with a limited
contractor role. They have developed a new commercially available BIM methodology
and online software tool.

DISCUSSION

Leadership It appears that BIM vision and strategy haveediimpact on the success of
BIM adoption depending on other issuédthough firms with no clear vision for BIM
appear to struggle (Firm C), leadership and commitment rectifies the lack of clear vision
Firms with a transformational vision exhibit stgam leadership and commitment (Firm

D) than those who see BIM only as an information exchange tool (Firm B), which is in
accordance with (Fox artdietanen 2007) Firms with transformational vison tended to
be proactive in investing in loAgrm BIM prosgcts rather than just immediate gains
(Firm A and D) They seek new services to meet clients' needs (Firm A and D) and are
committed to redefining construction business (Firm Baving a transformational
strategy is compatible with informational andauational strategiesOthers appear to

be more focused only on-tmouse development of BIM rather than seeking new offerings
to clients (Firm B and C).

Resources Whereas firm size can influence the ability to invest in innovation resources
(Firm B), it might also be a liability Large firms face the dilemma of choosing between
top-down and bottorup as well as centralised and decentralised approaches to adopt
BIM (Lam, 2011) While a decentralised approach can facilitate organisational culture
change l(am, 2011), it makes change effort cumbersome and inefficient (Firr®B)

19



Aibinu and Papadonikolaki

the other hand, centralised approach is counterproductive when seeking change in
organisational culture; it is slow and rarely compange. The findings confound some
existing cacern about BIM adoption and small firms (Acar et al., 2005, Dainty et al.,
2017) It appears that the difficulties faced and success of BIM adoption by small firms
depends on corporate vision, leadership support, and commitment rather than limitations
of resources After all, the risk and impact of failure of BIM adoption is less for smaller
than large firms The adoption history and the outcomes of BIM implementation across
the 4 firms perhaps show that disruption and new business models to changetons
production process might come from SMEs with transformational vision and leadership
commitment (e.gFirm D). After all, SMEs are generally more competitive in the supply
chain and able to utilize their resources in an agile markign D conthued to invest in
BIM innovation and the firm commitment has yielded new innovation (a softwark firm

Structure- Large firms with established clientele may resist change especially when BIM
is not required While they have the slack resources to implenodange, they may have
inflexible organisational structure to maintain their market position amidst disruptive
change and are exposed to risk (Chen and Chen,.28h8)gains from disruptive

change are not immediate to offset the initial investmerargelfirms When BIM is not
required, firms can implement change in a-d@ruptive fashion to improve internally

(Firm B). Small and flexible firms require less slack resources to implement change and
subsequently carry lessk than large firms.

Firms with flexible structures can later upscale rather quickly and in turn induce greater
change With transformational BIM vision and continuous investment in BIM resources,
the likelihood of SMEs, statips, and flexible firms disrupting the industry degieon

their ability to find large clients who are attractive to their newly discovered business
model (Firm A and D) They may be able to implement BIM with great success on the
long run when compared with large and established firms (Firm B an@/€)xpect the
interaction between size, resources and leadership to be similar in industries such as
manufacturing However, there might be some differences depending project type
specialisation Firms specialising in prefabricated buildings might be able to implement
BIM quickly with greater success since the supply chain is standardised, whereas those
specialising in unique projects might find it challenging because of the ever changing
nature otthe supply chain they have to engageoss projects.

CONCLUSIONS

This study examined how organisational management aspects influence the adoption of
BIM innovation. Drawing upon empirical data from four construction firms in North
western Europe and iomation and organisation theories, several key aspects were
identified, namely leadership, resources and organisational structure were found critical
for successful BIM innovation adoption. The study adds to research and knowledge base
on BIM adoption fron an intraorganisational perspective and offers new insights into the
discourse about which firm size better supports BIM adoption. The data and the
reflection of these four firms who adopted BIM a few years back should be of interest to
practitioners wb have or plan to adopt BIM and transform their practices. The paper
outlines implications for policynakers as numerous features apart from firm size might
influence BIM adoption. Correspondingly, varying incentives schemes could support
BIM adoption anl macroscopically its diffusion in the industry. Future research will

revisit the study of these firms (and the larger sample) in a longitudinal study to reflect on
the strengths of leadership, resource availability and organisational structures for
succeasful BIM innovation adoption.
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THE POTENTIAL COMMUN [ICATION AND
COOPERATION BETWEEN CHINA AND U K BASED ON
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Taikang East Road, Ningbo, 315100, China

Since the publ 26%Dbeveppmerit Guiddlihed the2cOntruction

industry digitalizationo by the&uaMOHURD ( Mi ni str
Devel opment) of the Peoplebdbs Republic of China |
Information Modelling) has been officially established by the Chinese govetrand

quickly became one of the trendiest words in Chinese construction induisieygoal of

this research is to analyse the current situation of BIM development and application, in

terms of application situation, barriers and the market in ChMeo, various wider

potential opportunities of communication and cooperation can be provided in the Chinses

market through comparative study between China and UK, which is regarded as one of

the fastest developed countries in implementing BlWle methods uskin this research

is via questionnaire and interview with leading professors, managers and engineers from

colleges and AEC (Architecture, Engineering and Construction) industry from Ningbo,

Shanghai and Chengdu, respectivelne results indicate thatete is still a large gap on

the development and application of BIM between UK and China, which is still in its

preliminary stage Some communication and cooperation strategies are presented in the

educational, normative and commercial aspects.

Keywords:BIM, Chinese marketommunicationcooperation AEC industry

INTRODUCTION

In recent years, Building Information Modelling (BIMyhich represents one of the most
promising technologies in the global architectural, engineering and construction (AEC)
industry, is pushing worldwide AEC firms to implement an innovative revolution for the
conventional industry. BIM not only brings tetcal breakthroughs in multiimensional
visualization and regime synchronization, but also realizes mdisciplinary

collaboration and comprehensive management for a building project lifecycle, which
consists of several main phases including plamrdeesign, construction, operation and
maintenance (Eastma al, 2011). As one of the fastest BIM adoption and development
in Europe, the UK government and industry associations are playing positive roles during
the process of native BIM developmenaieet al, 2013). They state, that BIM can
improve the overall efficiency and bring other benefits across the project lifecycle.

Compared with the UK, China, the largest AEC market in the world, is currently

undergoing a number of development of BIM application. Due to the outdated structural
system and | ack of BIM experience, Chinabs
BIM proficiency (Jin and Tang 2015). In 2012, a market survey by the China

Construction Industry Association (CCIA) indicated that less than 15% of in total 388
Chinese contractors c¢claimed that they have

1 Zihao.YE@nottingham.edu.cn

This paper was presented as a working paper at the ARCOM 2017 Conference, Cambridge,
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survey in 12 from Shenzhen Exploration & Design Association also indicated that over
90% of design firms had heard of BIM, 54% of them claimed that their BIM applications
still stayed in the experimental stage for srsée projects (SZEDA 2013). Like the UK
gove nment, Chinads central government also ha
standards to support the development of BIM application during the past 12{\idave

Plan period (201-2015) (Jin and Tang 2015), such as the 22015 Development

Guideline forthe Construction Industry Digitalization, the Announcement of Publishing
the 2012 Engineering and Construction Standards, Request for Proposal on BIM
Application in the Construction Industry, Proposals on Enhancing the Development and
Improvement in the Gustruction Industry, etc. (Jin and Tang 2015). In the nextyfas
period (13th FiveYear Plan, 2012020), BIM is also a key to promote the development

of digitalization and upgrading of industrial structure (MOHURD 2016). A guideline by
the Chinese Mistry of Housing and UrbaRural Development (MOHURD) stated that

by the end of 2020, the BIM usage in projects of large and mesized buildings needs

to meet 90% target (MOHURD 2016). It can be predicted that the future demand for
BIM application isenormous in Chinese market.

In this research, the current situations of BIM development and application in China are
analysed and discussed by using a scientific research methodology, which is based on
empirical and comparative study. The analysis resu$o indirectly reflect the

differences between China and UK. This paper aims to propose some potential
communication and cooperation between China and UK in the future.

METHODOLOGY

E‘ E

L Respondents’ selection ][ Interviewees’ selection J ﬂ

[ Questionnaire ] [ Interview ] :

[ Data analysis Empirical study ] [ Comparative study :|

(o ) )

Conclusion

Figure 1 Methodology flowchart

As the Figure 1 shows thgtiestionnaire and interview are two main methods applied in
this research and the literature review is for comparing differences of BIM development
and application between the UK and China. In general, respondents and interviewees
were selected from thre®=C industrial conferences held by@Ti Lab? in Ningbo,

2 D-CiTI Lab: Digital City Infrastructure and Technology Innovation Laboratory, a multi
million-pound living lab that integrates research and innovation on Btvcamart City
development located in the University of Nottingham Ningbo China.
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Shanghai and Chengdu, respectively. BIM contemporarily develop and apply in these
three typical <cities, can be considered

The questionnaire if®cused on the investigation of application BIM in China. Over 390
attendees who work in AEC companies, governments and universities were asked to
complete the questionnaire. To make sure that the results only reflect the situation of
China, responsesdm overseas companies should be neglected. After adjustment, 283
valid responses have been collected in total.

The interview is to verify and improve the results that come from the questionnaire.
Questions in the interview are based on the questioraaitéhe background for each

interviewee. Ten guests who have more than ten years working or research experience in

AEC industry were invited as the interviewees. It is believed that their opinions can
represent the understanding of Chinese BIM pion€éérs. pr ot ect i nter vi
individual privacy, their names and profession details would not be shown in this paper

and they are marked from | etter OA to Jo

multi-career background, seven background factorbsteel in Table 1 and the specific
background for each interviewee are shown in Table 2.

Table 1: Profession background factors Table2: Interviewee’s background
Background Factors No. Interviewee Backgrounds
Project manager 1 A 2,3.5,6,7
Engineer 2 B 2,56
Local government consultant 3 C 1,2,5,6
University professor 4 D 1,2,5
Company general manager 5 E 1,2,3,5,6,7
International institute member 6 F 14
Regional president/chairman of international institute 7 G 3,6.8
Chairman of Chinese industrial institute 8 H 1.5.6

I 1,5,6
J 7

The valid opinions were extracted from the summary of collected interview content
Each of these valid opinions has been indicated or agreed by at least #maeviges
Finally, through the combination of the results from questionnaire and interview and the
comparison between the application and development situation in UK, multiple
communication and cooperation methods between China and UK are suggested in
Discussion

According to the data, 55% of respondents have not applied BIM in their current or
previous projects. Rest of them, as the Figure 2 shows that are more focused on the
design phase and construction phase. However, there are limit applicatpesation

and maintenance phase, project management and collaboration phase. Based on the
further investigation, although the results show that the most widely application of BIM is
in design phase, the real number of the application in design phase lsbdess due to

the limited understanding of BIM for some of the respondents and they believe that the
changing of 2D drawing to 3D model is the full application of BIM in design phase.
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RESULT AND ANALYSIS
The Situation of BIM Application in China

The percentage of the
application in each process (%)

60
50
40
30
20
10

0
Project Design phase  Construction  Operation &  Collaboration
management phase maintenance between each
phase phase

Figure 2:The gplication of BIM in each working process

In terms of the situation in the UK, according to the National BIM report, 54% of
respondents are using BIM in 2016 and the percentage in 2017 is 62% (NBS 2017). With
respect to respondents in thisearch who have experience in BIM application, 45% of
them have very lower application rate which is less than 25% of their total projects in the
past year. Only 15% of them got quite frequent application and the application rate is
more than 75%. Howevgaccording to the National BIM report in 2017, 18% of their
respondents in UK use BIM in every project and 29% of them apply BIM in 75% of their
projects (NBS 2017). According to the statistics, 55% of respondents in this research
who have experience BIM application indicated that there are just beginners in BIM.

Only 10% of them believe that their master at applying BIM. However, 55% of
respondents in UK are confident in their knowledge and skill in BIM while only 23% of
them are not confident. €Hdifference between China and UK is obvious. However,
interviewees indicated that the BIM applications are relatively better in somgefirst

cities such as Beijing, Shanghai and Shenzhen and there are several typical case studies
including Shanghai Twer, Disneyland and CITIC Tower. In general, even though there
are various outstanding projects of BIM application, it is undeniable that the application
of BIM in China still in the stage of beginning comparing with the situation in UK.

The Barrier of Development and Application of BIM in China

For 54% of those respondents who have not applied BIM before, they believe that lack of
understanding in BIM is the severest barrier to apply BIM in their projd@%o of them
believe that the excessive costapplying BIM including the hardware cost, software

cost and training cost are the severest barrier to apply Bl of them believe that the
severest barrier for them is the limited demand for BIM and they indicate that the
traditional pattern and techlogies have already satisfied their requiremdRest of them

have different opinions of barriers such as lack of BIM standard, long training period of
BIM and lack of guidance from the local or central governm&atveral interviewees

have some simildout deeper understand in barriers of BIM application and development

Lack of BIMunderstanding
Four of interviewees believe that insufficient of BIM capability including the
understanding and technical skills is the one of most significant barriers ia Ghamy
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managers or engineers even treat BIM as a tool for 3D visualiz&oor capability

inhibits the deeper application and development of BIM and it can lead the superficial
application of BIM Some interviewees indicate that to fulfil the biddreguirements of

the owner, many companies only create 3D models by using BIM software independently
and follow the traditional work pattern to complete their projebighese companies

view, BIM become independent encumbrance.

Lack of BIMstandard

Thesuperficial application of these companies can also reflect the imperfect standard
system of BIM in each procesbntil 1st July 2017, the first BIM national guiding

standard named Unified Standard for Building Information Modelling Application is
publisked by MOHURD In terms of UK, in order to promote the native BIM
development, relevant policies and mandates have been announced in the UK since 2007,
such as User Guide by Construction Project Information Committee (CPIC), British
Standard BS 1192 by Bish Standards Institution (BSI), Publicly Available

Specifications (PAS) 1192 sponsored by Construction Industry Council (CIC) and other
BIM technology protocols by AEC (UK) teanfs the interviewees indicated that the

clear and detailed standard or pglis of importance for everyone in the indust8ome

of the experts also believe that for the Chinese companies, apart from the Chinese local
standard, they should also understand some international standard in order to improve
their competitivenessinterviewees pointed out that several domestic companies have
failed overseas bidding because they cannot fulfil the requirement of standards in the
country.

Return onnvestment

In questionnaire survey, most respondents who have BIM experience did net #rsw
guestion about the investment retuthis speculated that the investment return has not
been evaluated by thentowever, interviewees state that the benefit of BIM can be
embodied through the whole lifecycle of the building but the investmeheibeginning
usually much higher than old pattern and therefore the return period will be extended
The actual profit for the company is hard to evaluate therefore many companies are still
on the fence The delayed investment return is another batti&IM development and
application.

Organisation barrier

Organisation barrier referring to the traditional organization culture and structure that is
not suitable for BIM working flow Interviewees believe that BIM is more than a
technology and iinteracts with organization culture and structufesuccessful BIM
adoption needs the support from the aspects of management and organization culture
Interviewees indicated that Chinese AEC industry prefer to solve problem or increase
productivity thraugh utilization of massive man power, instead of applying innovative
technologies or increase efficiency of current resour¢égy also believe that those
phenomena mainly caused by the cost of Chinese labour force is relatively lower and
more attainableompared with innovative technologieBesides, Traditional Chinese
managers are proficient in manage manpower instead of modern technolwgteshe
increasing further application of BIM in management, the change would be gradually
imbedded in the dture and structure.

Animated market in China

Although the situation of BIM application in China is unsatisfactory and there are many
barriers of BIM development, the benefits of BIM and positive prospect of BIM are still

accepted by most of respondentgcording to the statistics, 70% of respondents believe
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that BIM will have very positive effect on Chinese AEC industry and 80% of respondents
who have not applied BIM before will prepare to apply BIM in the future. Meanwhile,
40% of the respondents indied that they obtained the BIM knowledge from-saifly,

46% of the respondents obtained from indusitignted training and only 14% of
respondents learnt BIM from school education. It can show the strong willing of Chinese
AEC industry to adopt BIM ahmeanwhile reflect a huge demand on BIM education.

Interviewees indicated that the direction of the market follow the policies from central
government. Since April 2016, centrally procured construction projects in UK are
required to achieve BIM Level NBS 2016). That means all project and asset
information, documentation and data should be electronic and integrated into a
collaborative 3D model. This policy strongly pushes the development of BIM in UK and
the i mportance of BthByear ahaoi omealti phaddi byo
MOHURD. Therefore, the willing and demand for the BIM will increase rapidly in the
next few years. With the rapidly development of Chinese AEC industry, the market will
not only focus on the firdier cities of China.The larger market will open with

increasing need of accommodation, entertainment and consumption in the second or
third-tier cities.

DISCUSSION

Based on the results and analysis, the communication and cooperation opportunities
between the UK and China bdsen the application of BIM can focus on three aspects as
followings:

Educational Aspect

Education is the fundamental for an industry especially for those that are experiencing the
innovation and reformation (Stadler, 2012). Without strong reserve ofgaad

promotion of knowledge for BIM, the speed of development will remain sluggish. As the
interview and questionnaire indicated, the cognition and basic skills of BIM for
respondents were limited. In recent years, some of the top universities Jumiyps
University, Tsinghua University and the University of Nottingham Ningbo China started

to set BIM courses in related majors. However, comparing with British colleges, the
curriculum system still needs improve. Many Chinese and British collegesahaady

had a series of communication and cooperation patterns such as summer schoal, student
exchange program, united training program and-neign cooperative University etc.
(Hancock, Tang, Jin, and Ligt 2017). Based on those patterns, moreoBpdration can

be developed to fix the blank of the BIM knowledge in many courses of Chinese
universities and colleges.

Also, various international competitions which are related to BIM can be hold by
government or enterprise for collegiate students sat¢heaSolar Decathlon competition
which is held by China National Energy Administration and the Department of Energy
(DOE, USA). ltis a good platform that not only can improve the BIM skill for students
but also convenient for communication between egalernment, enterprise and school
in UK and China based on the BIM education.

Meanwhile, there is also a huge market on industignted training. According to the
results, nearly half of respondents have industignted training experience. Different
from the school education, industyiented training is provided for different professions
and some of requirements such as the brief period and practicality should be satisfied.
The incomplete training system can lead unilateral cognition. Many pieeateBIM as

a software because most of industnented training in China only focus on the software
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operation. The design for curriculum system should be comprehensive and it is a good
opportunity for both Chinese and British AEC industry, universitied profession
training institutions to develop a systematic social BIM training base on Chinese market.

Normative Aspect

Chinese government plays an essential role on guiding and accelerating the BIM
development by releasing guiding policies and leathegormulation of standard.

In the 13th Fiveyear Plan, BIM is considered as a fundamental technology in the
development of informatization and digitalization of AEC industry. However, this
document still stays on the guidance level and lack the spewindate. Meanwhile, the
first BIM standard of China will be applied after 1st July and the Chinese BIM standard
system will be extended and improved in the future.

Comparing with China, UK have approximately complete standard system based on BS
and PASand it provide the foundation for British AEC companies to follow the mandate
of UK government which is the requirement for the application of BIM Level 2 in all
centrallyprocured government projects since April 2016 (Bew 2016). The UK
government set aopd example in using government power to make BIM happened (BIS
2012).

Considering the communication and cooperation between Chinese and British

government at all levels, the bilateral forum is an available and efficient method. Depend

on research resultthe forum can be focused on several topics for example, how to drive

BIM application in companies and how to improve the standard system etc. It is expected

that the experience and knowledge sharing will benefit for both British and Chinese

participants For the Chinese government, it is an opportunity that can provide multiple
perspectives for several departments in Chinese government to enhance the understanding

of the BIM development in the further. For the UK government, it is a good opportunity

to cooperate with Chinese government and provide more favourable polices for British

AEC companies under O60One Belt One Road6 de:

Commercial Aspect

The commercial corporation and communication between each company in UK and
China can be cordered in the aspects of management and project. Managers in Chinese
AEC companies should be clear that the trend towards BIM application is irreversible and
the investment is indispensable. As many British companies in the AEC industry have
extensive egerience in BIM application, the understanding of the investment,
management, organization culture and structure based on BIM can be improved through
the communication with British companies. For the Chinese companies, various
problems can be avoided asalved.

Meanwhile, with the popularisation of BIM, the demand for high quality BIM consulting
and projects will increase rapidly. Due to the limited cognition and skill of Chinses AEC
companies on BIM, a gap between demand and supply in Chinese mavkstnsling.

It is an opportunity for UK BIM companies to eliminate the gap with the corporation with
local companies and government. Currently, there are many participations for foreign
company in several projects of landmark building such as Shanghar Bod

Disneyland.

In addition, currently foreign companies mainly focus on the market irtigrstities of
China. However, the opportunities in middle and western part of China are neglected.
For example, Wuhan and Zhengzhou which are located imithdle part of China aim to
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become national centre cities with the authorized by National development and Reform
Commission. Guangxi province, which locate in the Southwest of China, is one of the
first batch of province that announce to facilitate BIMelepment. The BIM adoption

rate in the governmetftinded projects is required to achieve 90%. All the evidences
announce that there is huge market in the middle and western part of China. Various
commercial opportunities are waiting for explore throtlghfurther communication
between Chines and British companies.

CONCLUSIONS

The investigation is based on the three Heglel conferences in Ningbo, Shanghai and
Chengdu respectivelyThe current situation of BIM development and application in

China carbe reflected from educational, normative and commercial aspegeneral,

the BIM development and application in China are in the preliminary stage compared
with the situation in UK According to the result analysis, the Chinese BIM market is
animatedand many communication and cooperation opportunities between China and UK
are presented in terms of the BIM education, company cooperation and standard setting
In the future, more related industrial surveys will be carried on in more Chinese cities to
further investigate the Chinese BIM situation and set strategy and vision for the mutual
market growth for both China and UK
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LEARNING ECOLOGY FOR DIGITAL
TRANSFORMATION IN CO NSTRUCTION PROJECTS
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Industries are going through digital transformation journey, and construction is no
exception. Building Information Modelling (BIM) is a technological innovation in the
construction industry that can bsad to deal with the digital world to resolve complex
problems through multidisciplinary solutions. Digitalisation is not just a process, but
deals with decisions related to people. Therefore, making connections is vital for a
successful digitalisatiomowever, identifying and creating a suitable learning ecology
through these connections is challenging, especially in prbgexsd industries such as
construction. Learning ecology emerges from a unique configuration of activities,
materials, resourcegglationships and integrations. The aim of this study is to examine
the aspects of learning ecology in BIM construction projects. Data has been collected
from two case studies on educational BIM construction projects which fall in thEGEB0
million bracket. The study explores how learning is taking place differently than earlier in
BIM construction projects by demonstrating how tasks are completed. The findings
suggest that to cope with digitalisation, construction projects need to be transformed into
self-adaptive systems to enable the connection between people which will improve the
way in which they align with project goals and to configure the right workflow.

Keywords: Building Information Modelling (BIM)digital transformationlearning
ecology

INTRODUCTION

Digitalisation is a step change in the move towards technological innovations which help
to reduce the demands for routine and manual tasks (OECD, 2017). Many industries are
already benefiting through the adaptation of digital technologies; however, the
construction industry is slow in adopting these technologies and embracing new
opportunities in order to improve operations in construction projects. According to the
Construction Industry Council (2014), intelligent apparatus and systems are stilf at thei
initial stage of development in the construction industry. However, the ongoing
technological evolution in construction is expected to improve productivity, building
quality, safe working conditions, environmental compatibility and reduce project delays
(Geno and Clay, 2016). On the other hand, technological innovations are challenging for
construction when they lead to skills deficiencies due to underdeveloped technologies
(Lee, 2010), to an overall decline in employment due to automated techno@BED (

2017) and the introduction of new job roles (Berger and Frey, 2016). In contrast, critics
argue that the industry as a whole is unlikely to be automated due to the variability of the
tasks within each process (Autor and Handel, 2013). Neverthiédessserall aim of
technological innovation in the construction industry is for it to evolve from its traditional
analoguebased artefacts and processes to a new and more connected digital state.

1 Sivagayinee.Gangatheepan@bcu.ac.uk
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In recent years, the construction industry has startesttesfon Building Information
Modelling (BIM), which is a new technology to integrate processes throughout the
project lifecycle (Aouad and Arayici, 2010). BIM can be described as a congdést
modelling technology for managing and generating buildwfigrmation, with the related
processes of producing, communicating, and analysing building information models
(Eastmaret al, 2008). The fundamental concept behind BIM is to store the relevant data
connected to a project in a single Federated modelhemdapply the relevant details into
the digital environment when needed. Data involved in this centralised BIM model are
used to increase productivity, efficiency, quality and to achieve competitive advantages in
the global market to attain their set tetgy A number of BIM benefits are explored in
construction studies (Eastmanal, 2008; Arayiciet al, 2011); however, there are also
barriers and hindrances to adopting BIM for construction projects due to a lack of skills
and learning (Succar and $h2014; Abdirad and Dossick, 2016; Chae and Kang, 2015).
Therefore, to deal with this issue construction project teams should develop a
comprehensive digital learning strategy. To achieve this we should explore the learning
that happens in BIM construeh projects from a different perspective in order to help the
team members to achieve their full potential.

LEARNING IN CONSTRUC TION PROJECTS

Learning in construction projects and organisations is gradually becoming more complex
compared to previous ap@ches due to the rapidly changing technologigss

increased complexity not only affects interpersonal relations, informationdoaation

and learning in projects, but also causes project failures and low success rates

The learning that takes placdthwn projects has been explored by several reseatchers
Organisational learning (OL) in the project environment generally occurs through past
experience, experience from others, thinking, knowledge recombination and
experimentation (Sethi and Farooq, 2D10L motivates and provides inputs for

learning, but knowledge sharing, innovation, competitive advantages and lack of business
confidence are some of the challenges related to it (Tennant, ZBitligtional learning,

on the other hand, is an instrnactal approach which motivates people to learn by

actively participating in the learning experience (Lave and Wenger, .18@@ever,

providing authentic contexts, authentic activities, access to expert performance and
opportunities to investigate multgloles and perspectives are drawbacks to this learning
approach (Herrington and Olive, 199%}onstructivism is another learning approach,
which is based on a | ear nlathisdsituatox, pverr i ence al
though knowledge is persdnkearners construct their knowledge by interacting with the
physical world, and by collaborating in social settings and in a cultural and linguistic
environment Critics consider that constructivism is subjective, fails to break away from

a traditionalempiricist view and does not accurately portray the practice of science
(Osborne, 1996)0n the contrary, the theory of social constructionism suggests that

| earning happens through the social contex:
processes of kndedge constructionHowever, criticism levelled against social
constructionism argues that it only concerns epistemological claims and neglects
ontological ones (Andrew, 2012).

In these approaches there has been very limited consideration for the cormast
relationships between entities within the learning environment, which are crucial for the
information world Learning is interactional and is constantly changing, so there is a
need for systematic and structured learning to connect the entidi¢kedr interactions
within the project environment to achieve successful project outcodmes of the ways

33



Gangatheepa Thurairajah and Lees

to improve learning within projects is to generate a suitable learning environment that
allows a connection between the project entities andititenactions An ecological

view of learning describes the nature of interactions that occur in leaffimthermore,

it suggests that learners have access to a suite of facts, concepts, tools, practices and
people distributed across time and spaceckvprovide the context (Jackson, 2Q13)
Therefore, embracing a learning ecology lens would allow people to access and connect
with all the entities in a project environment.

LEARNING ECOLOGY

Learning ecology is a relational concept which refers to howdnydpeople are learning,

and their complex and comprehensive set of relationships with the environment the
entities connected (Jackson, 2013). The Learning Ecology concept has been applied in
various contexts, and some of the viewpoints explored byashate shown in Table 1.
Generally, people use learning ecology to construct, organise and interact with the
content; nevertheless, peopleds | earning and
introduction of new technologies. This has altered tivirenment in which they learn,

which has become networked and has expanded beyond the physical walls with the use of
technologies. There is hence a need for effective learning ecologies in this digital world.
This study proposes a learning ecology vesna potential approach for the modern
information world to address complex and dynamic issues in a scalable and efficient way.

Collectively from the above perspectives and aspects, learning ecology is a vast and
intricate network of systems, which is faethas a result of the interactions with the world

to achieve certain goals. However, it includes different tools, understandings and
relationships, which change according to the process of imagining, designing,
constructing and implementing certain gaala particular situation. Therefore, framing

a learning ecology is important in order to understand how the world works and to help
connect the relationships with other people, including the physical, emotional and
cognitive behaviours which occur inaon to specific environmental contexts and
situations. Since the components are connected within the ecology, a change in one part
affects all of the other components. The construction industry has recently seen the
introduction of various technologdi.e. BIM) in order to attain its tirm@and costelated

goals. Therefore, the concept of learning ecology needs to be understood by the project
team members to work with these new technologies.

RESEARCH APPROACH

Two BIM construction projects were examid to explore the learning ecology in which

project team members were engaged. According to Flyvbjerg (2001), case studies are a
versatile way of examining human learning which is open to public scrutiny. These case
studies were selected as the researafas allowed to access the design meetings in BIM
construction projects in 6dnatural settingsé6.
extension to a previous building built in 2015. This is a £31 million project which caters

for over 3,000 students dmembers of staff and features more than 650 rooms, a student
hub and lecture theatres, a new library, and teaching and IT spaces. THechigh

university project has used Level 2 BIM for its delivery and detailed planning and
completion is anticipateith September 2017, in time for the new academic year. Case

study two is a £57 million project featuring a 9,000 square foot design for media and art
students, with the purpose of teaching, rehearsals and state of the art performance spaces.
This building includes excellent facilities, such as a jazz club, a 500 seat conference hall,

an intimate 150 seat recital hall, a 100 seat practice and rehearsal hall, an organ studio and
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complete AV digital interconnection. This project has also adopted Level 2aBdMvill
also be completed in September 2017.

Table 1: Different perspectives of Learning Ecology

Authors Perspectives Aspects
Bronfenbrenner Learning Ecology is viewed as a whole  Relationships and communication with
(1994) system that comprises different people, and their interaction with the
components to interpret human immediate environment and
development. nstitutional patterns of culture such as
economy, customs and bodies of
knowledge.
Germain and Learming ecology 1s viewed from a Space mvolves people's physical, social
Gitterman (1994)  human ecological perspective, which and virtual environments; in particular,
involves people in their physical, social  cultural and historical contexts.
and virtual environments as a unitary
system living within a particular culture
and historical context.
Brown (2000) Learning ecology is viewed as an open,  Open, complex adaptive system;
complex adaptive system comprising dynamic and interdependent.
elements that are dynamic and
interdependent.
Zimmerman Learning Ecology 1s viewed as the Self-regulation; a continuous process
(2000) process of creating and handling that starts with imagination, planning
situations that emerge over time and and decision making,
need to be self-regulated. action/performance and self-reflection
on action/performance.
Barab and Roth Learning ecology is viewed from an Connection in terms of facts, concepts,
(20086) affordance network perspective, which  tools, methods, practices, commitments
extends the time and space and and people, people’s mtention and
comprize perceptual and cognitive capabilities.
affordance that collectively form the
network for particular goal sets.
Barron (2006) Learning ecology 1s viewed from a Connections, relationships and

Siemens (2007)

Eraut (2009)

positivist point of view and defines it as
a combination of a unique configuration
of activities, material resources,
relationships, and the interactions that
emerge from them.

Learning ecology is viewed as the space
in which learning occurs.

Learning ecology is viewed from a
capabilities point of view, which 1s
mediated by judging the
appropriateness of what is been done,
how well 1t has been done and
effectiveness in achieving goals.

interactions between activities and
material resources.

Adaptive, dynamic and responsive,
chaotic, self-organising and
individually directed, alive, diverse,
structured informality and emerging
space.

Capabilities comprise complex sets of
skills, qualities and attitudes, forming
new relationships and resources.

In both educational buildings, level 2 BIM has been used from the beginning of the
project for coordination, collaboration, clash detection and clear sluhgdThe cases

were chosen because of their compliance with level 2 BIM requirements and the access to

day to day activities and tasks, decision making meetings, individual interviews and
project documentsThe data within the case studies were obththeough observations,
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semistructured interviews and project documents between August 2016 and March
2017.The formal interviews were conducted with the project members who were using

BIM in their projects The interview protocol focused on the intervew s 6 r ol e and
understanding of BIM, issues faced while working with BIM and their learning

experience in BIM construction projecthis allows the researcher to explore the key

aspects related to learning ecolo@ihe following section outlines the fimdys on the

aspects of the learning ecology in BIM construction projects.

FINDINGS AND DISCUSSION

It is crucial to maintain connections between entities within the project to ensure
successful implementation of BIM. This study has therefore used an ieabkgproach

to understand the holistic view of the connections in these selected BIM construction
projects. The following five features identified in BIM learning environments show the
aspects of learning ecology within the projects. The findings $anning within these
BIM projects are mainly driven by digital technologies.

Common space for learning

BIM implementation in both the case studies has created a common space for people to

learn and engage within the construction projects. Thisisiming h Si emends (200G
learning ecology view, where space for learning is considered as the main concept.

Supporting this, Barab and Roth (2006), from an affordance network perspective, also

agree that learning ecology is an extension of time and spaiod, wbludes perceptual

and cognitive affordance collectively to achieve the set goals. Data collected from the

case studies indicate that the common space created in the BIM construction projects is

centred on the federated BIM model which is accessd@ypyproject team members.

For example, in case study one cable trays coming down from the acoustic panels were
identified as an issue in the BIM model. In response to this problem, the BIM coordinator
identified all the team members involved in the issné invited them to a design

meeting. In the meeting all the related issues, such as the materials used for the cable
trays and the way they were constructed, were discussed with the use of federated model.
After the discussion, the architect decidedhange the cable tray design and add boxing

to it to avoid clashes with other building elements. Even though people learned in this
project through sharing their experience and interacting with each other, the federated
BIM model motivated the BIM projeédeam to learn within a common space, in this case

the design meeting, to resolve the problem. Similarly, in case study two pipes running
behind the toilet cubicles went directly through the wall, which created a clash between
the wall and pipeline, whitwas identified in the BIM model. To solve this problem, a

team including the contractor, M&E consultant, BIM coordinator and architect arranged

an informal meeting to discuss alternative ways of positioning the pipelines. In this
situation, active padipation with the use of the federated BIM model allowed team
members to interact and learn in the projects. Overall, these observations show adaptive
and responsive features of learning ecology through the connected common space. These
observations shwo that a connected common space created through the use of BIM has
acted as a platform for learning to be delivered, applied, created, communicated and used
for decision making.

Seltadaptive and selbrganised learning network

Observations and interviewrs the case studies indicated that-salaptive and self
organised learning networks within the projects helped to handle continual changes and
newness. BIM construction projects are typically complex and dynamic due to the
changing BIM model, unpredicdlecomponents and diverse stakeholders. According to
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Salehie and Tahvildari (2012),selffd apt i ve systems are about e
behaviour and changing performance when the evaluation indicates that it is not

achieving what the software is intendedlo, or when better functionality is possible.

On the other hand, satirganisation is @rocess where a system reproduces with its own

logic and components. Brown (200@)mmerman (2000) and Siemens (2007) believe

that selfadaptation and setfrganisation are key aspects of learning ecology which create

and manage unpredicted situationsthiese projects, the nature of satfaptive and self

organised learning is obsex in the structural relationships and search for alternative
approaches, and through feedback loops, management of unplanned activities and

interaction between the project participants regarding decision making.

For example, in case study one the prajsetd Naviswork for clash detection and then
selfadopted the BIM 360 field because the collaborative project team believed it was
more accurate and beneficial in terms of maintaining the level of detail compared to
Naviswork. This situation shows that tlearning environment itself, by identifying
alternative ways of working, has selflopted a suitable tool to maintain a high level of
detail which is not usual in traditional construction projects. In another situation, in case
study two, design conflidietween a column and duct pipe was identified by the BIM
coordinator in the clash detection process. In this situation the column was close to the
steelwork, therefore the project team, after-seffanising their learning through feedback
from project eam members and referring to several alternative ways in the BIM model,
decided to remove the insulation. These findings from the case studies reveal-that self
adaptive and selfrganised learning networks in BIM construction projects are initiated
and eacouraged through digital technologies to connect people and allow them to evolve
and adapt to constantly changing environments.

Open mineset

In general, project team members remain in silos within construction projects and only

focus on the work allocated to them. In contrast, several situations observed in BIM
construction projects show that project team members are ready to accept and learn

changes within the projects. Siemen (2007) concurs with this structure of allowing an
ongoing diversity of openness with minimum
informalityo. For example, in case study
with blinding according to the architectural model. However, other members who

attended the design meeting after analysing the centralised BIM model indicated that

using separate blinding does not make any difference. The quantity surveyor from the
contatct or 6s team al so supported this thei ew an
client to install the window without blinding. The effect of changes was visually

explained to other team members in the BIM modei.open discussion then

unanimouslyled to the decision to install the windows without blinding. These aspects of
diversity and openness in structured formalhty8IM construction projects are
encouraged t hr ou gsetam & thgy are developepaadcnurtarech d

through individials having trust in the feedback they receive from other team members.

This aspect is crucial for managing multiple viewpoints and contradictory views from

different people involved in the construction project.

Conversely, irsome situations, due to ddffent individual viewpoints and considering
several factors at a time, people resist t
structured informality view, to solve issues in BIM projects. For example, a large duct
underneath the stair core which vggsng out to the canal side was identified in the BIM

model. After arguing about different views, such as changing cable trays, creating

additional route for the pipes and shifting the cable trays, the project team members
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ultimately created confusion the decision making process. Therefore, rather than
considering alternative ways, the project team immediately agreed with the change
suggested by the BIM coordinator, which was to shift a cable tray to the right by 431mm.
This situation illustrates #t even though project team members are open minded about
considering open and diverse options to resolve identified problems in BIM models, it is
sometimes challenging to manage complex situations.

Imposed multdisciplinary learning

Germain and Gittermaf1994) and Barab and Roth (2006) emphasise that the
participation of people is one of the key features of learning ecology. Both projects
selected for this study support this view, being formed of multidisciplinary teams with a
group of the client's pregt team and the supply team members, consultants and specialist
suppliers. It has been noticed that BIM construction projects have created opportunities
for multidisciplinary | earning, in which
themselves froneach other to perform the task better than before. Moreover, early
involvement of this multdisciplinary team, which is different from traditional

construction projects, was beneficial to resolve the problems collectively and to share the
risks, especity when a team member has not come across a similar issue or worked in a
particular manner.

In case study one, the project team members were trying to make a room larger by using a
panel with the different material. This situation in this BIM project hasdled by

gathering together all the project team members related to the problem to finalise the
decision. During the meeting, team members discussed about suitable materials,
dimensions and the maintenance of different panels, with the aid of a Blkel.n¥siter

actively communicating and learning from each other, the team consulted a professional
expert to make the final decision. Similarly, in case study two, low duct work below the
ceiling was identified in the model at the design stage, so diffeptions were discussed

by the architect. On the other hand, alternative designs were also proposed by the
structural engineer and the M&E consultant during the discussion. At the end, the team,

after |l earning and undewayst agmeeatl withthedesignh ot her 0

proposed by the structural engineer. Finally, the architect was instructed to remodel it.
From these situations it is clear that the BIM technology adopted by the entire project
team fostered mukHilisciplinary learning to élp complete each task successfully by

making efficient decisions. This multidisciplinary learning imposed from the early stages
of the project has helped to tackle the dynamic nature of the project through
communicating with people and connecting withestcomponents in the project,

including maintaining trust and openness between the project team members.

Infoxication

One of the major challenges faced in both the case studies is that the people involved in
the BIM construction projects were overloadathvinformation. According to Eraut

(2009) and Barab and Roth (2006), learning ecology is about capabilities and affordance.
They believe that what individuals/organisations bring into the project allows them to
think, interact and perform. Thereforefarmation should not exceed needs.

Observations from these projects indicate that information is overloaded into people
through the volume of emails, models and project documents. Due to this, project team
participants struggled to understand what weeded for the project and make effective
decisions at the right time.

In case study one, information about floor boxes was shared with relevant project team
members through a number of emails and project documents. However, these email
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conversations andoduments contained more information than was needed. This is
evident from the building servi wearemathager 0.
sure about whatoéoéonfoBmmtianl yo useéase st u
specification kept on @nging. Therefore, each time specification changes were made,

project team members were loaded with information via emails and models. This caused
confusion among the relevant team members regarding use of the correct information.
Compared to traditiom@onstruction projects, BIM models include a high level of details

and visualisation facilities, which allow people to think and analyse problems in depth. In

many situations this has provided unwanted information to other team members. This

shows the lsaotic characteristic of BIM construction projects and emphases that BIM is

not always an easy solution as portrayed by several software vendors.

CONCLUSIONS

The construction industry has started to realise the importance of digitalisation and is

going though a technologled revolution in its move towards a new digital age. The

findings from this study show the embedded aspects of learning ecology in BIM

construction projects such as common spaces for learningdsgitive and self

organised learningetworks, open mindets, imposed multidisciplinary learning and

infoxication. The new digitalisation is mainly enabling connection between project

entities. Common spaces for learning in BIM construction projects allow the people,

resources and toolsvalved in the project to maintain connectivity between them. On

the other hand, sedaptive and selbrganised learning networks in BIM projects enable

the project team members to evolve and to be adaptive and responsive to the constantly
changingenvo n me nt . The structured informality
sets in the BIM environment has promoted continuous learning and improved

performance. On the other hand, connecting people and other entities in the project

through imposed mukdisciplinary learning has helped to tackle the dynamic nature of

the project. Therefore, to work in this new digital age with these new technologies, it is
essential to embrace a learning ecological perspective. This transforms the learning
environment inta connectedsei dapti ve system which coul d
understanding of the project and improve the way people align with project goals.
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ORGANIZING FOR DIGIT IZATION IN FIRMS: A
MULTIPLE LEVEL PERSP ECTIVE
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The Bartlett School of Construction and Project Managenémiversity College London,-19 Torrington
Place, London WC1E 6BUK

This paper explores how an established organization in the AEC industry is responding to
radical, potentially diruptive, digital technologiesAs the pace of digitization

accelerates, so the ability of firms to adopt technologies effectively is becoming
increasingly importantEvidence from other industries shows that radical technologies

can create significantigtuption in industry structures, institutions, and organizations

This paper draws on a multiple level, longitudinal analysis of the process followed by one
incumbent firm in developing digital capabilitieBata covers a 15 year period and charts
the mplementation of BIM at institutional, organizational and user leveisdings

suggest that organizing for digitization in firms is a process involving these multiple

levels and that alignment between them enables the adoption of technologies.

Keywords:digital technology disruptive innovationtechnological chang@&IM

INTRODUCTION

The AEC industry has experienced substantial technological change in the last 50 years

(Gann, 2000).As a number of recent reports have emphasised, the pace of technological
change influencing the industry is accelerating substantially and coming from sediver

set of interdependent technologies (see for example ICE, 2017; Farmer, 2016; HM

Government, 2015). While many other industries have also experienced rapid
digitization, the AEC industrydés | ow profit
fordigt i zati ond (McKinsey, 2015). The process
transformation of:

€ existing societechnical structureghat weré previously mediated by neuligital
artefacts or relationships into ones that are mediatetigitized artefacts analaionships
with newly embedded dital capabilitiegYoo, Lyytinen, Boland, and Berente, 2010: 7).

Experience from other more highly digitized industries shows that established high
performing firms often fail in the face of radical technologies, ssdhase being

adopted in the AEC industry (Christensen, 1997). Radical technologies can give rise to
disruptive digital innovations that change existing industry architectbiessderson and

Clark, 1990) In the face of accelerating technological change that threatens to disrupt the
AEC industry, how then are firms responding? The capability to use and implement
technologies effectively is becoming a key competitive differentiator between firms and
will determine whether technologies disrupt or sustain organizations and industry
architecturegChristensen and Overdorf, 2000)

Scholars of technology and organizations have moved away from technologically
deterministic views to place emphasis on the corgeuse(Orlikowski, 1996)
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recognising that the individual user is central in enacting technological change in
organizationgOrlikowski, 1992) Recent studies adopting this perspective in the AEC
industry find that the diffusion of digital innovationsfirms is nonlinear, influenced by
changes in the innovation and firm contStibeika and Harty, 2015)The interplay
between institutional actors, the socio cognitive environment, and the market and
production environment all influence the adoptiod ase of ICTgJacobsson, Linderoth,
and Rowlinson, 2017)While these studies shed light on the critical issue of why firms
are often unable to realise the benefits of technological change (Gann, 2000), the nature
of the relationship between the factorBuencing technological adoption in firms
operating in the AEC industry remains unexplored, despite the growing importance of
organizations developing such capabilities.

This paper addresses this gap by providing a multiptev el vi ew otstoone fir
adopt a new technology. It does so throug!
adoption between 20e@0150f Building Information Modelling. This data is presented at
multiple, embedded levetsat institutional, firm and user levelsn order to explore the

relationship between them. It contributes to a growing body of studies looking at the
implementation of BIM in organizatior{r example Jacobsson and Linderoth, 2010;

Jacobsson, Linderoth, and Rowlinson, 2017; Linderoth, 20Ifispaper proceeds as

follows. It reviews digitization in the AEC industry, and the application adoption of these
technologies or how they are used in context. It then presents the case study and

discusses the findings from this case. The findings add Huppstudies showing the

importance of the institutional environment in influencing technological implementation

in firms. It extends these studies by unpacking the nature of this relationship, suggesting

that mutually constitutive relationship existdween institution, firm and users whereby

they change and are changed by each other.

Digitization of the AEC industry

The products and produah of the built environment hawexperienced extensive

technological change since the riil00s (Gann, 2000)Onone hand, technology has
extended the art of the possible: "from Sul
century, made realisable because of the availability of steel frames and elevator

technology, to the complex infrastructure and building foofrthe present day. On the

other, the production of the built environment has also experienced a transition along the
innovation spectrum, from incremental to more radical digital innovations, a term used in
this paper foll owi raginnSvatmruag the applicatoon alaenew ni t i o |
idea(1998)

From the transition in the 1980s from papesed drawing to Computer Aided Drafting
(CAD) to create visual representations3@ CAD applicationgGann, 200 to the
ongoing adoption of BIM technaifes, like other industries and consumers the AEC
industry has experienced substantial technological change in the last 50Tyeag.the
industry is moving towards radical, and potentially disruptive digital technologies. This
is reflected in a numbef industry reports published in recent years which identify
additivemanufacturingatificial intelligence and robotics, automation of knowledge
work, advanced materiaJ@advanced manufacturing, Internet of Things; big data and
complexanalytics virtual and augmented realitydaanced applications of BIMmobile
devices energy storage and renewable energy and Blockchain as digital technologies
driving the process of digitization.

Building Information Modeling (BIM) is the latest group of technolog@ebe introduced
to the construction industry. Drawing on parametric modelling techniques widely used in

43



Morgan

other industries, the use of these technologies enablascurate digitahodelto be
developed. rformation is embedddd every object in the motehus the digital models
is commonl y dhmme rwibteld dikiacammog sadel forms a
knowledge repositgror manual of the built assahdcanbe usedor its entire life cycle,
after maintenance for operation purposes.

Technologiesin use

While the consequences of digitization in the AEC are not only positive, indeed the recent

move to adopt Bl M h aDaviesand Haey, 20ndcurent 6dar k si d
debates abound around cyber security risks presented in the digitehvininment, the

accelerating rate of digitization appears inevitable. Positively the emergence of novel

digital technologies present opportunities to create digital innovations, created through

the application of technologies (Slaughter, 1998pweverthe application of these

technologies has often proved a challenge for the AEC industry and its firms, and to

realize the promised benefits of technological change. Early research notes that the

outcome of firmsdé effort s framdhe bemglits e ment | CTs
envisaged (Salter and Gann, 2003). A comparative study between the adoption of CAD
and virtual reality technologies found that

implementation processes hinders take up (Whyte and Bouchlagh@?), 20ore recent

studies of BIM adoption develop these findinggl M i s vi ewed as an Aunb
i nnovationo requiring coll aboration between
successfu(Harty, 2005) its use demands, rather than creates, greater a@tain

between its users (Daingt al, 2017).

In an industry that continues to struggle with collaborative working, this is a key

chall enge in using BI'M and a major contribut
adoption. Institutional and industry stg is vital in considering BIM use (Jacobssin
a. , 2017) . Actorsd sensemaking is central t

influenced by the institutional environment (Linderoth, 201R&cent theoretical papers
have argued that the admpt and use of ICT in the industry is a result of the interplay of
related factors including the soaognitive environment, institutional actors and the
market and production environment, suggesting that the outcomes of the interplay
between these factran be aligned or misaligned with the ICT (Jacobssaih, 2017).

This paper provides an empirical study of this theory; study the adoption of a potentially
disruptive technology by an incumbent organization in the AEC at multiple levels.

METHOD

In keeping with the aim of this paper, the data presented is drawn fsimglg

embeddedase studysuitable fordevelopng a detailedunderstanding of a process of
change (Van De Ven and Poole, 1995). Through this research niiethddi ¢ k

d e s cr i(Bdetz, d9394)\ere generated, strengthening the transferalaitity

reliability of this studythus addressing a potential weakness of single case study designs
(Lincoln and Guba, 1985)The selection of the case was crucial and driven by the ability

t o fesnhpeidr i c al ' ight about theoret.Thel concep
case study firm presented in this paper, referred to henceforth by the pseudonym Design
Partnership, is a large and mature multidisciplinary design consultdihcy leadersip

position is apparent in the considerable size of the firm and the breatstiwofk.

Because of this, the firm has significant influence across the construction industry and its
supply chain
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Design Partnership has a strong reputation for creatishtgh is apparent in its

innovative approach to using digital technologiesrganiséional and project level (see

for exampleCriscuolo, Salter, and Sheehan, 2007). This studydeesloped in

collaboration with DesigPartnershipneaningdata were co#icted through deep access

to the firm Theauthor was able to collect data on the process of BIM implementation at

Design Partnershipver al5-month period, between July 2013 and September.2014

During this time, shevas embedded in trerganiséion asa researcher, spending one or

t wo days per week i n Des.inprder®éuldaner shi pés |
longitudinal view of the process of BIM implementation at Design Partnership over time,

she collected contemporaneous and retrospective datalldating retrospective data,

she maintained a critical awareness of the validity and accuracy of the data gathered. The
recollections of informants regarding BIM implementation gathered during semi
structured interviews,nfwasmpratrtictadauld ycyad
Killworth, Kronenfeld and Sailor, 1984).

Such informant inaccuracy potentially has significant detrimental effects on the quality of
data collected (Bernamt al, 1984).In order to minimize the impact of potential

inaccuray , she collected data from a number of
conducting longitudinal studies using retrospective data (1990). Thus she achieved data
triangulation and increased the credibility of the case (Lincoln and Guba, 1988).

were collected using qualitative research techniques and drawn from a number of sources
including interviews, archived information, internal meetings seminatrsegularly

updated field notessashown in Tabld. Smistructured interviews form the mieal

source of data collectioninterviewees were purposefully drawn from a variety of

professional disciplines. They came from a range of roles and seniority levels in the firm.
Additional external data wer e ingpkrentaton ed t o
process with external events. The sources of this data included semi structured interviews
with 9 external individuals instrumental in setting institutional policy, and regulatory
standards for BIM implementation, external media, webaitesrelevant conferences.

Number of  Meetings / seminars Archived Other
interviews information
Design 34 Launch of BIM Background reports Regular field notes
Partnership strategy in UK DP journal Externalreports
sltﬂtre;gggst;;nlilM Others and academic papet
Industry 9 Conferences
External media and
website
Websites
Other firms 11 Internal documents

Table 1: Data sources

RESULTS

Founded 70 years agogesign Partnershipmploys some 11000 staff working from 38
countries Itis a multidisciplinary professional services firm, employing staff from

various backgrounds whose work involves high levels of collaboration across disciplines,
professions andrganis#éions. It is sufficiently flexible to meet the demands of dynami
environments and has the capabilities needed to create complex products. It developed
these capabilities through its highly skilled and innovative workfofdee institutional
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and organizationatontext for considering BINmplementatiorat Design Pantership is
illustrated in Figure 1 This presents an overview t&chnology implementation as a
long-termprocess at Design Partnership, from 20861 2015 Three temporal stages in
the impementation process are evident which were identified thraggiisant events
that serve as temporal breakpointie time period of the longitudinal study covers a
significant periodhe implementationf BIM across théJK and globalkonstruction
industry

Phase 1: Islands of automation

The first phase identifeéin this study starts in 2000 aagtendgo 2005 It marks the
initial adoption of BIM in the built environment industry andoasignPartnership
Externally awareness in the potential of BIM was emerglng2000, BIM was being
used on real world pyects(Grilo and JardirGoncalves, 2010)Government funded
research projecexploredthe use of collaborativeigital technologies in live projects.
These research projecdemonstrated the potential thatMBheld for improving the
efficiency of work and quality of output in théK built environment industry However
they dso hinted atthe scaleof the disruptiorthat BIM-enabled working would bring to
the industry.As well as learning to use new and commeftware, behavia, cultures,
standards and processesuld need changing.

Phase I: Phase 2: Phase 3:
Islands of Learning to Infrastructure
automation implement of support
Skills network 3D Current BIM
DESIGN established Documentation Strategy
PARTNERSHIP Transition: Best BEM Let’s get serious
practicereport  MEP Task about our

:> published Force digital future
Project Media

Evolving BEM Project

technological ::ite University :;Qjec't
change periment
2000 2005 2007-9 2010-12 2013 2015
>
2008 2010 2016

BIM starts being
INDUSTRY used in “real

world” projects
BIM Task Group

30
GCS: Mandate 53¢
established BIM £9
Collaborative IT RIBA a3
action research plan of o) ‘i

projects: . works =]

recession
agenda Chevell BIMG PASIIA2: 2-5 4

Figure 1: Three phases of implementation of BIM at Design Partnership and industry

Before 2000, Design Partnership had adopted new technoleigfesiinimal
organizational intevention. For example, the transition frgraper based to digital
drafting,using Computer Aided Drawingvas achieved through evolutionary methods.
Basedon this past experience, tham initially took a similarlyhandsoff strategy to
implementing BIM It employeda bottom upapproach that foresaw individual BIM
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enthusiastslriving BIM implementation across Design Partnership. As a member of the
current BIM implementation team recalls:

We had an evolution about 10 years ago to 3D drawing but istiasnly physical objects

that we were looking atSo it was a relatively easy transition and one born out of necessity:
if you were doing something really complicated it made sense to do it.i&Dthought

that the evolution to BIM was going to biendar.

During this period, use of BIM in the firmemainedesolutelythe domain othe

technological enthusiasts’he dominant perception of BIM in Design Partnership was

that BIM is an irrelevance: as one senior business leader at the firm explamed s t

people felt that BIM was not hi n®uringghisdo wi t |
initial phase, a lack of engagement amongst leaders and practiroDesign

Partnership led to minimal progress in implementing BIM. Without the organiahtion

and institutional structures in place, the isolated innovations of technological enthusiasts
working in islands of automation were unable to advance technological implementation.
Thehands offapproach adopted by leadership proved insufficient to psesgr

implementation of BIM.

Phase 2:Learning to implement

During Phase 2 (2068013) implementation of BIM in Design Partnership remained

pat chy, pockets of peapletio couléisee the lighi- a growing goup of
practitionersvho begarusing BIM in their everydy work. During this timeBIM

attracted significant institutional attention as policy makers, business and industry leaders
realized its potential but also the challenges that adoption presented and the scale of
change needecEarly in this phaséhe industry experiencetie impact of a major

economic recessionUnderstandab\BIM implementatiortook a backseat during this

time, but attracted attention once again withthepublat i on of Gover nment
construction gsategy In it, Government uses its position as procurer and client of 40% of
the Built Environment industry to drive through BIM adoption by mandating its use on
public sector projects from 201 also draws attention to the cost and time savings that
could ke generated through the use of BllM an industry struggling with profitability

and efficiency, this was an attractive propositidrhe effects of this mandate can be seen

at institutional level.

At DesignPartnershiptechnology was permeating almoBtaspects of work. Interest

grew in the use of new technologies and their potential to aid design processes and
outputs. Designers at the firm were seeing opportunities to begin using BIM in their
work. External studies provide a detailed accountseo6D gn Par t ner shi pés
of an electronic knowledge management system, or an expee | | o ({Crigt@lg,e s 6
Salter and Sheehan, 200Dodgsoret alb s  sthte useé gf simulation technologies in
Design Partnership, and show how these techna@agie foster innovation in inter
organizational project®odgsonret al, 2007) The proliferation of technology at work

made the challenges of adopting BIM more apparent. It was clear it remared

deliberate organizational intervention thamevioustechnological change and involved
changes reaching far beyond the IT department. As a Director in Design Partnership
explained, the magnitude of the change and level of disruption to the organization meant
that:

Almost every member aftaffneedstobectl d what it [ Bl M] means and t ha
change thie job description it is thatdisruptive.
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Phase 3infrastructure of support

The third phasef BIM implementation at Design Partnersloipcurs between 2013 and
2015 During this time, BIM implementation at the firm aligned with institutional
changes. Th&overnment mandateas laid out in th&CS report in 2010 Institutions
began publishing policies and standatds were formed during Phase 2, facilitatihg

use of BIM Standards were introduced with the publications of documents such as PAS
11922 thatlaid out the specific requirements for achieving Level 2 Blvhe

professional institutions aligned their routines with the use of BIM: for example, in 2013
the Royal Institute of British Architects published a new Plan of Wharlaccommodate
BIM-workingin its project stages; the Construction Industry Couadsid published

similar guidancen 2013.

Reflecting this, a step change occurreBesign Partnership in its approach to
implementingBIM. ItsChairman launched its current strategydte f i r,més AGM
indicating clearly that thenplementatiorof BIM had become a key strategssue for

the business Theobjectiveof the strategys tostandardize BIM across Design

Partnership witkall work beingroutinelyundertaken in &BIM fashiondo by 2014 This

strategic shift indicated that BIM was no longer the domain of a few technical enthusiasts
but involved every member of staff in the orgation. A range of mechanisms provided

this infrastructure of support.

For exampleuserswere provided withnformationand guidance, explaining the

abundant terminology that surrounds BIM and detailing guidance in using BIbis&®d
trainingwasdelivered that caters for different disciplines and levels of senioE#sting
organizational routinesere adaptetb incorporate BIM working, for examplartual

design reviews aradded intcstandard project reviewsxtensive guidelines are available

on producingBIM execution planss part of the briefing process.elbkurable targets and
being establishethatlink to individual and business performance and rewaatgets
includethe number ofprojects with BIM execution plans andtual design reviess, and

rates of staff training. A survey has been developed, based on the BIM Project Execution
Planning Guideleveloped byenrsylvaniaState Universitg s Comput er | ntegr at
Construction Research Group, which measures various dimensions of BIM use on
projects. Human Resources are developing individual performance measures of BIM
relating to different job functiongroduction management and leadership, which will be
used for future recruitment and performances reviews.

DISCUSSION

This study presentsdetailed view of how an established firm in the AEC industry
responds to technological change and implements new technologies in its everyday work.
Three phases show the mutually constitutive relationship between users, the firm, and
institutions operatig in the AEC industryThis finding builds upon past research that
establishes that diffusion of innovation in firms is influenced by changes in the innovation
and firm contex{ShibeikaandHarty, 2015)y demonstrating how the relationship

between instutional, firm and users influences implementation effotdse of

technology is enabled by alignment between these levels, and constrained when they are
misaligned Forexample, during Phase 1 a few technological enthusiasts in Design
Partnership were using BIM. The firm invested limited resources in implementation,
opting instead to take a haraf§ approach and rely on evolutionary change to effect
implementation.
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During this time use of BIM is isolated, confinedindividual BIM enthusiasts. Phase 2

is a transitory stage, during which time Design Partnership learns about BIM. During
Phase 3, alignment is created between institutions, the firm and users of Blgign De
Partnership. Amnfrastructure of supporits created which affords widespread use of BIM
technologies in the firm. In this phase, adoption of BIM igwlkusiness issuer

Design Partnership, as shown by strong senior leadership support, investichen
strategic direction. The firm acts as a filter between users of BIM and the wider ecology,
influencing and responding to changes at both levels. It achieves this by offegeipd
trainingthatacknowledgs thevarety of users, by diffusing imkmation and by

increasing involvement with industry and institutional bodies. Attempts are made by
Design Partnership to open discussions between producers of BIM software and its
practitioners. During Phase 3 users of BIM are becoming increasinghyaitivedand
confident in using BIM. Their skills in using BIM are growing, both technically and with
regards to the organizational routines needed to use it in everyday work. Learning is
cyclical and often extends beyond organizational boundaries.

An impatantlimitation of this study relates fits research desigriwhile the single case

study used here was suitable for the study
have limited generalizability (Yin 2009)This isaddressetly playingclose atentionon

increasing the transferability of the study by generating thick descriptions (Lincoln and

Guba, 1985) and through careful selection of the.cHssvever this limitation does raise

a number of possibilities for futuresearch. For example, halwes a smaller, less

influential firm organize for digitization?

Whyte argues that the peripheral position of SMEs disadvantages them in the adoption
procesg 2013) Similarly, Dainty and colleagues argue in their recent paper that existing
SMEs have ben disadvantaged in the recent adoption of BIM as they do not have the
resources to dedicate to technological change (2017). As this study shows that the
process of adopting new technologies involves firms responding to and affecting external
change andupport internal practices, large incumbents have the resources and often the
influence to affect wider institutional change and are able to devote considerable
management resources to internal implementation efforts. Is this situation changed as
digitization brings more radical technologies? Are SMEs better placed to respond to
future technological change?
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RECONSTRUCTING THE RATIONALE BEHIND A
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Public Procurement for Innovation (PPI) is expected to leverage desidadhnovation

in sectors such as transport and infrastructttewever, to make that happen, public

clients must be willing to apply PPHow does a public client of the construction

industry come to choose for, develop and apply particular PPI procurement approaches?
To explore the rationale for PPI from a pulidlent's perspective, the reasoning behind a
client's first application of a PHike procurement system is reconstructed in a case .study
Assuming that the particular features of this system ultimately are related to overall
strategy, two major concepaise used to guide this reconstruction: strategic alignment and
procedural rationality The results show how in this case PPl is triggered by, and across
multiple levels of strategy is aligned with, ministerial strategp additional gain of this
studyis that it suggests how strategic alignment between a particular procurement system
and overall organizational strategy could be achieved in a deliberate mdimeeclient is
commonly viewed as an important driver for innovati@bserving that constrtion
management literature on PPl is limited, the creation of @eth insight in a public

client's rationale for PPI contributes to the further understanding of the client's role in
innovation.

Keywords: procedural rationalitpublic procurement for innovati, strategic alignment

INTRODUCTION

According to public policy literature, Public Procurement for Innovation (PPI) is expected
to leverage demasside innovation in sectors such as transport and infrastry&drer

and Georghiou, 2007)However, while the European Commission has longedieen
stimulating the use of innovation procurement by a range of supporting policy initiatives
(seeEuropearCommission (2014fpor an overview), it still observes a deficiency of
innovation procurement applications. This seems to go for the constrinciicatry as

well. This study aims to create an understanding of how public clients in the construction
industry come to apply PPI. Whereas literature sums up public policy rationales for
applying PCP, such as economic growth, new employment, new feths;tion of

market failures and increase of quality of public servigggby 2016) an indepth

insight in the client's rationale is lacking.

Arguably, innovation is not a goal in itself for these clients. Instead, PPI must fit with the
client's procurment strategy and higher level strategieber€&fore, application of PPI
presupposes thatclientin a given situatiom) recognizes PPl ag@evantprocurement
option, b) prefers PPI over other options, c) generates a tender file to operationalize the
PPI concepinto a readyfor-use procurement system. Smahdoes a public client of the
construction industry come to choose for, develop and apply a particular form of PPI?

I henrico.plantinga@prorail.nl

This paper was presented as a working paper at the ARCOM 2017 Conference, Cambridge,
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This paper reports on an exploratory case study performed at ProRail, alreajarfc

the construction industry in the Netherlands. Recently, ProRail has challenged the market
to come up with innovative solutions that increase the safety level of passively protected
level crossings.

It is ProRail's first application of a PiRke procurement system. The study reconstructs

the clientébés rationale for applying PPI. Th
theoretical concepts of strategic alignm@uier, Hartmann, and Moser, 20G8)d

procedural rationalitySimon 1978) Assuming that in this case PPI did fit with higher

level strategies, reconstruction of strategic alignment across multiple levels of strategy is
expectedtoyieldanidept h i nsight into the clientds r at
brought in to acount for the possibility that some of this rationale may be difficult to

uncover.

Both in construction management and public policy literature, it has been observed that
the client is an important driver of innovati@Bygballe and Ingemansson, 2014 the

case of PPI, evidently the public client is a crucial actor, since application of PPI is
dependent on action by the client. However, whereas construction management literature
on PPl is scarce, a public construction client's perspective on PP| demyathar absent.
Therefore, the insights presented in this paper are expected to contribute to filling this
gap. Also, the mderstandingf why a clientof the construction industmyould choose to

apply PPl is expected to help practitioners considsraption more deliberately in

future.

Since the case study concerns a particular form of PPI, which can be identified as pre
commercial procurement (PCP), the next section first shortly explains how PPl and PCP
are understood here. The paper then momds the conceptual framework and research
methodology as applied in this study. Next, the case is shortly described and followed up
by case analyses and results. The discussion and conclusion sections shortly highlight the
theoretical and practical imphtions of this study.

PPl AND PCP

In general, PPI is contrasted with 'regular procurement' where public sector organisations
place orders for 'efhe-shelf' products PPI has been associated with instances where
public agencies act to purchase a prodigctice, good or system that does not exist at

the time but could be developed within a reasonable penidde sense that it requires
innovative work(Uyarraet al, 2014) Therefore, in this paper PPl is used as an umbrella
termto refer to an arrayf@rocuremensystems targeted at innovation.

However, confusingly, PPl may also be used to denote a particular procurement system.
In that sense, PPl is distinguished frBmecommercial Procurement (PCPyVhile both

target innovative products and sees for which further R&D needs to be dofer PCP
thecommercial development phase is out of scope (EdidGeorghioy 2007) The
procurement system of this case can be identified as a PCP.

According to literature, in general PCP practices are mariaghcke stepgEdquist and
Zabalalturriagagoitia, 2015; Europed@ommission 2007)

1. Solution exploration phaseglection of offers from competing suppliers)
2. Prototyping phase (simultaneous solution development by the selected suppliers)
3. Testing phasésolution validation through field testa\t least two suppliers

remain to ensure future competition)
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If a PCP is followed up by a regular procurement procedure, then the combination of the
two overlaps with the phasestbe generaPPlprocess.Also, if further development is
required, PCP may be followed by a PPI procedure instead of regular procur&aent
these reasons, in this paper PCP is considesedform of PRI

CONCEPTUAL FRAMEWORK

To achieve an understanding of a single client's ragcfoalPPI, this study creates a

reconstruction of the reasoning that apparently has taken place. This reconstruction is

guided by two major theoretical concepts: strategic alignment and procedural rationality.

In addition, two minor concepts areintroéud t o descri be the publ ic
context: the procurement system selection and development processes.

Strategic Alignment

Literatureholdsthat alignment between strategic goals and procurement practices is vital
for achieving performano@aieret al, 2008; Zimmermann and Foerstl, 2014)

Alignment has been describedthsdegree to whiclpriorities onstrategic stances are
consistent across different organizational leyAlsdrewset al, 2012) Studies on

alignment have mainly been ofjaantitative nature, assessing alignment as a fit between
particular constructé.g Baieret al, 2008)

Instead, this studgssumethat strategic alignment can be articulated in the form of
meansandends relationgust like a causal map may represastrategic plafBrysonet

al, 2004) Literature suggests to expect procurement strategies on multiple organisational
levels(HespingandSchiele, 2015)

Thereforethe rationale behind thegpplication ofany procurement systeimexpected to

berelatedto higher level procurement strategies, functional strategies, the public client's
strategic goals and, ultimately, governmental policygoals Thi s i mpl i es t ha
rationale can be viewed as a chain of reasons across multiple level of drategie

Strategic alignmendlsoincludes decision making with regards to competigikierities
These are managerial objectives, such as cost and quality that may be set on multiple
organisational levels and for which simultaneous pursuit inherently imph&sg trade
offs (Baieret al, 2008) In this paper, competitive priorities are interpreastrade off
decisions based on certain reasons.

Procedural Rationality

It is widely held in the literature that procedural rationality improves decision making
guality (Kaufmannet al, 2012) Procedural rationality is defined as the extent to which
the decision process involves the collection of information relevant to this decision and
the reliance upon analysis of this information in making the ci{Biean andsharfman,
1996) In this study, it is assumed that the explication of reasoning in strategy formation
processes increases the level of procedural rationality.

Selection and Development Process

According to construction management literatafignts runselection processes tha

result in the application gfarticular procurement systerfLove et al, 2012) Theterm
Oprocurement syst e mod Tompetatjonalize thercenseptintoga a ¢ o n.
readyfor-useprocurement system, public cliemsedto compose a set of tender

documents Moreover, to execute the procurement process, seudm)stems, methods

and tools are used, such as prequalification systems, contract award evaluation methods

and past performance measurement tools
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For as far as #sesubsystems, methods and toale selected out of a client's current

portfolio (i.e. the set of procurement components released for use), the procurement
system ionly composed, not developeliowever, if clients create new or bespoke
procurement coponents, then a development process has been carriagl antadjunct

to the selection process. The distinction between systems, methods and tools implies that

this devel opment process i s nolArgyreeanke ssarily
Mayer, 2007)only.
Inconclusion,z | i ent 6 s f i apwocurem@npslysiesuggesis ohat the dlient

has run both the selection process (conclusion: no appropriate procurement system
available in the portfolio) and the development process (result: new docyumettieds
andor systems created)The reconstruction of a chain efasoning should also account
for these processes. However, sind@otars point out that, in practidbeseprocesses
may be run intuitively and subjective{BallesterosPérezet al, 2015; Loveet al, 2008)

it may be expected that parts of this cham ot explicated (i.e. have remained at a low
level of procedural rationality).

In conclusion, strategic alignment is interpreted here as the degree to which reasoning

across multiple levels of strategy forms a coherent chain of choices in the foreheof tra

offs. This chain ultimately relates strategic goals to procurement system design. Similar

to causal mapping, alignment i mpl {Bgnthat on
et al, 2004 66) the hierarchy of reasons.

RESEARCH APPROACH

The exploréory character of the research question implies applying a case study approach
(Yin 2014) It was assumed that a fitsine application of PP1 would require the public

client to consider its rationale deliberately. If so, this would increase the cludnces
achieving a reconstruction. Therefore, a case was selected in which PPI is an innovation
to the client's procurement practices.

Sources of Information

The client's reasoning is reconstructed by researching documentation, attending

presentations on th@oject and interviewing key players in the project team (e.g. tender

manager). The documentation included internal documents like the project plan, the

contracting plan and the tender file, but also external documents (e.g. minister's report to

the parlament) and websites reporting on the case (e.g. ministry's procurement expertise

centre, national media). Data is identified as 'reasoning' if it explains why certain choices

are made. For instance, where the PCP design involves an information sdxs®),(c

t he argument that this O0session wil!./ i ncreas
needs6 is viewed as reasoning.

Observing Implicit and Explicit Reasoning

It was expected upfront that not all reasoning would be retrieved from docurnénts

Also, the retrieved reasoning would probably not automatically constitute a logically
complete chain of reasons. Therefore, reasoning is labelled explicit if the reasoning is
documented and logically connects a lower level of strategy to a heyle{tompleted
reasoning, written out in project documents). Implicit reasoning is identified by the
researcher by filling the gaps of the conceptual framework. This is done by checking the
chain of meansndends on missing links (neslocumented or irmmplete reasoning,
retrieved by interviews or researcher's deduction).
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CASE DESCRIPTION

Level crossing safety is a crucial issue for railway operators and infrastructure managers
Each year hundreds of fatal accidents at level crossings occur across, Ehimb

accounts for one third of all rail fatalities and 1.2% of all road d€d@#nget al, 2011) In
general, level crossings are either protected by active or passive syAieivs

crossings are protected by automated warning systems (flasthhgoligm barrier etc.)
Passive crossingmly provide a stationary sign, requiring people to stop and look left

and right for train traffic

In 2016theN e t h e rMinsstry @fdnfrastructure and Environment started a program

to target the passive ciiags accident rateThe ministry formulated a twold strategy

Firstly, the number of passive crossiriggo be further reducedaly removal or

substitution by active crossings or overpass junctiéecondly, bcause of budget
restraints, innovativeotutions to increase the safety of extant passive crossigde
stimulated.Based on the philosophy that testing of concepts speeds up innovation (‘from
talking to testing'), the ministry defined a time frame for the testing of concepts

The ministrycommissioned ProRail, the public agency responsible for the railway

infrastructure in the Netherlands, to carry o@flhogram AlthoughProRail maintains a

broad portfolio of procurement systentsvas decided not to make use of any of these,

but to cevelop a new system insteatihe development process resulted in a three stage
procedure called 'Proeftuin Nabo', which translates as 'experimental field for passive
crossingssThe goal of this pr effeetideuinnevatiwveg S t 0 C 0 me
solui ons that increase safety of present pas:

When writing this paper, the testing phase was not completely finalized yet. However,
the procedure waareadyevaluated positively bigs participantsProRailand
stakeholderandreceivedbothgovernmendl and national media attention.

CASE ANALYSIS

According to the conceptual framework, the reconstruction of the rationale should result
in the presentation of one integral hierarchy of reasons. However, because of page size
limitations, this seabn presents the result in two parts: the rationale for 1) choosing to
develop a new procurement system and 2) the design of that system. The first part
represents the hierarchy of top level strategy down to the selection process. The second
part represets the development process.

1. PCP Choice Rationale

Table 1 presents a summary of the reconstructed rationale. The reasoning (first column)
illustrates the relationships between separate rows. The columns 'source' and
‘organisation’ indicate the primyadocument in which a specific part of reasoning was

found and the level at which it has been formulated respectively. The elements marked *
in the table are added by the researchers in order to fill up the gaps revealed by applying
the conceptual framewk.

2. PCP Design Rationale

Table 2 summarizes the rationale behind the PCP design in terms of the major design
choices (first column), and the corresponding reasoning (second column) araoffsade
(third column).
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Table 1: Rationale for PCP

Reconstructed reasoning Source Organisation ~ Trade-off in competitive priorities
(* marks implicit reasoning) (resource allocation)
Railway safety (including level Ministry Ministry *Other strategic goals in transport
crossing safety) is a strategic goal policy sector
While in many respects safety levels Ministry Ministry *PC safety issues vs other railway
are increasing, passive crossing (PC) program, safety issues
safety is lagging behind. Create contract
programme to target this problem. plan
Given that programme budget is Ministry Ministry Conventional PC reduction vs
insufficient for applying conventional program, chance of coming to new cost
solutions at all PC's, it is worthwhile to contract effective PC safety measures
allocate part of budget for innovative plan
supply side solutions.
Commission ProRail to carry out Contract Ministry *ProRail assignment vs
innovation program with a 'from plan other options
talking to testing philosophy’
*Railway safety is a strategic goal ProRail ProRail *Other strategic goals (reliable,
strategy punctual and sustainable railways)
PC safety is too complex and risks are Contract ProRail Risks related to single tender vs
too high to tender for innovations plan  sourcing team multiple tenders
directly. Apply a step-by-step market
approach instead:
- testing phase
- direct tendering phase
*Develop a new procurement system, (research) ProRail *Development process risks vs
since no alternative in the current sourcing team chance of creating successful
portfolio is appropriate approach
*Design procurement system by (research) ProRail *Start from scratch vs
discussing PR of three procurement sourcing team select and customize model
models developed elsewhere
DISCUSSION
This study started off by questioning how a public client of the construction industry
comes to choose for, develop and apply PPI
application of PPI can be tracednuimpck to the

passive crossing reduction while also allocating part of budget to innovation. The
ministry did not dictate how to achieve innovation. However, its basic philosophy of
going 'From talking to testing' seems to have been a decisive factor. Actaldbe
retrieved, it was this philosophy that led the sourcing team to the conclusion that
developing a new procurement system targeted at gathering, developing and testing
innovative conceptsand to stop there for the momentould be the best wawp tcarry

out the assignment.

Il nterestingly, it appears that the European
reinforcement measuréguropearCommission, 2014have had no (direct) influence.

Considering that the ministry had not assigned ProRailria PCP either, this case
gualifies as an example of the 6autonomous b
ot-dpwn age n(Rigby 2006) ldowéver, this qualification remains disputable.

One the one hand, the results show that this PEWitih the client's strategic goals. One

the other, the budget and philosophy for innovation came from the ministry.
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Table 2: Rationale behind PCP design

PCP design

Reconstructed reasoning
(* marks implicit reasoning)

Competitive priorities

Perform marketing research (desk research,
consultation of similar public clients, market

consultation, concept design)

Narrow down innovation area (search for

solutions based on proven technology in two

categories: 1. Alert road users to PC, 2.
Alert road users to approaching train and
include physical barrier)

*Develop concise and easy-to-understand
PCP tender documentation

Run PCP phase 1: concept selection

a. Attract attention in multiple ways
(Next to TED also other forms of
communication)

b. Information session

c. Select 2 X 6 innovative concepts
(two page concept descriptions; award

criteria: cost, innovation, safety, impact)

Run PCP phase 2: prototype development

a. Close PCP-contract and pay fixed

compensation for prototype development

b. Select 2 x 3 prototypes for testing
(same award criteria as in lc)

Run PCP phase 3: prototype testing

a. Provide test facilities

b. Pay fixed compensation for
participant expenses

c¢. Determine feasibility of
solutions and (if applicable) develop
requirements specifications

1. To enable better formulation of the
demand, 2. To identify potential
suppliers, 3. To inspire and quickly
inform the PCP participants on relevant
current state-of-art-technology

Category 1 innovations are expected to
be cheaper, quicker to test and
implement.

*Make PCP procedure accessible to
non-experienced tender participants

Increase market attention beyond the
'usual suspects’

Increase participants' understanding of
client's needs

1. Create a set of solutions, since no
single solution will suffice for all PC's.
2. Select multiple participants to
maintain post-PCP competition

1. Secure legal aspects.
2. Reward participant efforts.

(Same as for PCP phase lc.)

1. Reduce uncertainties regarding
solution feasibility, safety issues and
stakeholder acceptance 2. Provide the
supply side with client and stakeholder
feedback on prototypes

Reward participant efforts.

Gain valuable knowledge on why what
works (or not) for potential future
requirement specifications

*Staff resources vs
expected level of
PCP effectivity and
risks

Solution feasibility vs
scope of innovation
opportunities

*Staff resources vs
PCP effectivity/risks

*Staff resources vs
level of publicity

*Staff resources vs
PCP effectivity/risks

*Staff and budget
resources vs PCP
effectivity & future
opportunities

*budget resources vs
PCP eftectivity

(Same as for 1c.)

*Staff resources vs
PCP effectivity

*Budget resources vs
PCP effectivity

*Staff resources vs
PCP effectivity

Now that the rationale has been reconstructed, does it satisfactorily explain why this
client cameto apply PPI? Perhaps not. Potentially interesting additional insights may be
generated by a) taking an innovation diffusion perspe¢fibbeahamson 19919r b)
interpreting the client's strategy in terms of exploration and exploitétlarch 1991)
Thefirst seems logical because a client's first application of PPI can be seen as an
innovation to the clientds procurement
idea reach the sourcing team?). The latter seems sensible since a client'styatesygl
may be to first explore how such procur eme]|
setting, before exploiting these on a greater scale. The presence (or absence) of such a
general strategy may influence the extent to which experimentthgrmmovations in

procurement systems is stimulated.

pr a
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The conceptual framework of this study has merits that go beyond the topic of PPI.

Firstly, in purchasing and supply management literature the link between procurement
practice and overall performancashbeen studied intensivglimmermann and Foerstl,

2014) However, while strategic alignment is central in those studies, to our knowledge,

as yet it has been studied by using theoretical constructs, not by composing chains of
empirical reasoning. Theiore, this paper presents one of the first detailed examples of

links between high level strategy and detailed procurement system design.
Secondly, this studyds approach to investiga
procurement system deviatiesm construction management literature on the selection
procesgLoveet al, 2012) While many procurement system selection methods have

been proposed, as yet strategic alignment has not been used as a central concept. Since it
is such a key concept ltoin strategic management and purchasing and supply

management literature, it could serve as a fruitful perspective for reviewing current
selection process methods.

Thirdly, the conceptual framework distinguishes a development process from the
selectionppcess within the clientédés organisation.
choices made in this process may be equally relevant for success as those in the selection
process. Therefore, this study suggests that the development process should ki regarde

as a process in its own right.

Two managerial implications follow from this study. Firstly, since the case shows how
PPI can fit with a public client's higher level goals, practitioners are encouraged to
consider the added value of PPI to their curpamtfolio of procurement systems.

Secondly, the conceptual framework may help to deliberately create or assess strategic
alignment in practice. While literature claims that creating strategic alignment is vital for
performancé&Baieret al, 2008) how itis created exactly remains unclear. This case
provides a detailed example of how it could be done for procurement systems in a
structured and explicated manner. In this vein, it strikes that the study unveils much non
explicated reasoning for the aspettompetitive priorities. This may indicate that it is
easier to create a reasonably related set of choices than to explicate the corresponding
tradeoffs on potentially relevant alternatives per choice. However, based on the concept
of procedural ratinality, doing both deliberately will enhance the quality of the selection
and design process, and thus, ultimately, may positively contribute to a client's overall
performance.

CONCLUSION

Innovation is not a goal in itself for public clients in the camgion industry. Public
policy rationales for applying PPl may not be in the client's main interest either.
However, this study shows that applying PPI can fit with the client's strategic goals.
Therefore, public construction clients are encourageelibatately consider the
potential added value of PPI to their current portfolio of procurement systems.

Observing that literature is unclear in detailing out how to create strategic alignment, an
extra gain from this study is that it presents a detadedele of how creation of

strategic alignment between procurement systems and strategic goals could be achieved.
It also suggests that explicit consideration of competitive priorities may help to achieve
strategic alignment in a more deliberate manner.
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INNOVATION REALIZED? CLIENT'S CHALLENGES OF
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The important role of thelient in contributing to productivity in the construction sector

by, for example, enforcing procurement strategies to support sufgali@mnovation has

been acknowledged by researchers; it is also now in the mission assigned to public clients

in Sweden Many have also highlighted the fact that projeased constructiealient

organi zations need to manage both exploration (.
bett¥atd)l ittle research has addressed how 6t he r
implemented and successfully managed in practi€ae conventional project

management approach tends to emphasize the use of reductionist techniques, especially

objectivity and control, which tends to stifle innovation; project managers might thus find
themselveghallenged to stimulate innovatioihis paper presents the first step in a

longitudinal case study addressing a Swedish public construction client with the explicit

mission and strategy of supporting productivity and innovation in the construction

indudry. Based on interviews with three project managers and a study of internal

documents, the paper describes challenges that limit efforts to stimulate slgaplier

innovation It concludes that in the pursuit of stimulating innovation client organization

need to rethink current project management practices.

Keywords:client, innovation infrastructure project managemenprojectlevel

INTRODUCTION

The important role of the client in creating the right conditions for innovation has been
acknowledged by Loosemore (2015) and Ozorhon (2012) and yet other researchers have
highlighted for example the impact of contradEsiksson 2013, project specifications
(Blayse and Manley 2004), and project evaluation crittxa@gemore and Richard 2015
on supplieded innovation Ozorhon and Oral (2016) studied drivers of construction
innovation where they distinguish between prejdatm- and industryrelated factors,

and their findings suggest that projeelated factors are the major driver of innovation
However, most research in this field has adopted an indastdyorganizationdevel
perspective (e.dBygballe and Ingemason 2014; Ivory 2005; Loosemore 2015) while
limited attention is given to clientgttive role in supporting innovation at the project
level. In a literature review of construction innovation, Xatel, (2014) suggest that
more research is needed omhm manage innovation from a project level.

Researchers such Bsksson (2013have also highlighted the fact that projbessed

constructiorc | i ent organi zations need to manage b
expl oitat i onAtthé siawitimedt is Buggedteel thdt gonventional project
management in construction may fail to sufficiently support, or even be in conflict with,

the manamg and implementingf innovation ¢f. Keegan and Turner 2002¢oleet al,
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2013. At the project levetlients' project managers have the operative responsibility of

realizing innovation as well as to manage the project from a clspective; they make

decisionsthey supervise projects, and they integrate the work from different suppliers

Yetlittler esear ch has explicitly addressed client
inventived i s actually i mplemented and succe

This paper presents the initial findings from an ongoing longitudinal case study
addressing a large SwsH public construction client having the explicit mission of
adopting the role necessary for stimulating keeignm productivity and innovation in the
industry. The purpose of the research is to increase our understanding of how client
organizations mana&gprojects in order to stimulate supplied innovation More
specifically, the aim in the first step of this research is to assess strategic efforts
undertaken by the client organization to open up for suplgiteinnovation and to
illustrate and discss the challenges that potentially limit efforts to stimulate suplelcer
innovation throughout the project lifgycle, as described from the perspective of three
client project managers.

HOW TO OPEN UP FOR INNOVATION i SOME SUGGESTIONS
FROM PREVIOUS RESEARCH

At an industry level, it has been suggested that the fragmentation and-pegedtnature
of construction creates challenges to implementing innové&tioann and Salter 2000)
Onepractical way of overcoming the fragmentation of the industdyssimulating
collaboration is through using various contracting methdde use of DesigBuild

(DB) contracts has become popular among public cli@htstromet al, 2016).

Theoretically, DB contracts enable innovation by reducing the fragmentatibe wélue
chain through integrating the design and construction phases of constriion
contracts are also supposedly advantageous for innovation by allowing contractors the
freedom to propose different solutiomswever Nystromet al, (2016)(who studied the
same public clienas this case studglggest that thetudiedclient made no systematic
difference in the degrees of freedom between DB and DBB contracts

Likewise, Szentes and Eriksson (2015) found in their study that public construction
clients still exert considerable control in DB contracdme potential pitfall of DB

contracts procured based on competitive tendering is the evaluation of lowest price
Eriksson (2013) suggests that if price is the only evaluation criteria, the contrastoo
incentives to spend time antbney on explorationLoosemore and Richard (2015)

conclude that lowest price selection has the merit of competition, but might not always be
equal to good value; instead, encouraging collaboration and integratiteadan

innovation and morealue.

Furthermore, it has been suggested thahts can promote innovation by adopting
performancebased specifications that allow contractors to explore new solutibns (
Blayse and Manley 2004.0osemore and Richard 2015The rationale of using
performancebased specifications is to make use of contractor's technical competence by
allowing a contractor to apphl.g.new methods or material®ut Rose and Manley

(2012) who studied innovation adoption in Australian roadstruction projectsuggest

that the use of performant@ased specifications is affected by clients’ capacity to develop
appropriate performance measures for the intendechndeare further limited by how
trustworthy contractors are perceived to belgnts The use of performandeased
specificationsmplies the use of a contracwskill to deliver and the clierst'capability to
evaluate the performancét also implies that clients need to have the capacity to
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recognize, assess and assimildternative options proposed by contractdsit time
pressure and limited resouraging the tender stagan limit the assessment of
alternative solutions, leading to risk aversion and a reluctance to look beyond
convent i-iomnad v adtniog@dse and Manleyi2@il ).

The nature of the construction industry, the-offgorojects and the (to some degree)
uniqueness of each project create a market structure where clients often have an active
role in the design and production phaskas some resarchers suggestéht innovation

in construction needs to be marked (e.g.Loosemore and Richard 2015However

Ivory (2005) suggests that the cligotused nature of the industry and the inability of
clients to value innovation have created an stiduwhere development in construction
projects does not extend beyond reducing time, risks and.sBople Loosemore and
Richard (2015) and Bygballe and Ingemansson (2014) found that construction
professionals viewed clients as overly fixated on prideclwLoosemore and Richard
(2015) tentatively suggest is the result of internal governance constraints and a lack of
tools to value innovatianGambatese and Hallowell (2011) concluded from studigng
construction projects the USthat measuring andecking innovations wergeen as
important to the organizationisutthe organizations acknowledged that their
organization's ability to measure and track innovation was lova study consisting of

58 interviews with leaders in the Australian constautindustry, Loosemore (2015)

found that contractors viewed clients as risk avekdestressed the importance of clients
creating a market for innovation and suggested that construction firms do not rely on
clients for innovating, but are dependent centh

From a client perspective, Rose and Manley (2012) found that clients expressed a concern
about opportunistic contractors, potentially leading to clients becoming cynical about a
contractor s abi | ietgyo,onlyiproposercasavingideasrthédt | nt egr |
jeopardize the quality ofaproject hes e o6 conf | i c-verseglientande ws o f
opportunistic contractor might be the result of the fragmemétare of the construction

industry Thus, collaboration and trust are commonly timred in research as essential

to overcoming barriers to innovate in construction @zorhon 2012; Xuet al, 2014)
Kulatungaetal,( 2011) analysed the O6championingd cl
construction, i.ether role in fostering innovatin. They identified several characteristics
(e.g.proactive involvement, early contractor involvement, effective communication and

being a team player) which clients can adopt to minimize the fragmentation of

stakeholders and positively influence innovatactivities in construction projects

Likewise Loosemore and Richard (2015) who conducted interviews with 46 business

leaders and policy makers in Australia provide several recommendations for how clients

can facilitate more innovation in the industeyd.being less prescriptive in dictating

solutions up front, develop better skills and methods of measure and value innovation,

reduce emphasis on price, thinking long term about their procurement decisions).

IMPACT OF CONVENTION AL PROJECT MANAGEMEN T
PRACTICES ON INNOVATION

Construction projects can be described as having multiple layers of management
originating from both the client and suppliers, whereas the client project manager has the
operative responsibility to realize the use of measures suppasggigrting supplieted
innovation €.g.procurement methods, performasizsed specifications). tA first

glance projects do appear as the ideal environment for leading, testing out and
implementing innovation; they are unique, flat and flexibiwever, due to its novelty
innovation is inherently a source of uncertainty, and the-organizational environment
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adds further complexity in construction projec®hereas innovation requires flexibility

to cope with unforeseen changes (Gann an@S2t00), projet management tertd

manage uncertainty by favouring control and planning (Keegan and Turner 2002) which

has been understood as hampering innovatioiKédgan and Turner 2002; Toaeal,

2013) The conventional projeghanagement rainale is described by Pollack (2007) as

a O0harddé paradigm that emphasizes. reducti oni
|l nnovation, or o6doing newb6, iIimplies uncertai
falling back on planning and contrgideeganand Turner 2002)

Goal clarity is seen as fundamental for success in project management (Pollack 2007)

Butthe traditional measures set in time, cost
triangl ed, have been crititomanageinnbvation not pr ov
(Keegan and Turner 20Q2Dzorhon (2012) suggests that innovation performance should

be measured based on innovation objectives in order to support innovation at the project

level, but as previous research has suggested, clientthiad¢&ols to value innovation

(e.g.Loosemore and Richard 2015yet a more nuanced view of project success beyond

6t he iron tr i an gdrogeé managenmehtaraduretAaeadon farthisisn t he
suggested by Keegan and Turner (2002), elaon that it is because of the

institutionalization of projeetmanagement knowledgénd Tooleet al, (2013) conclude

that the very strengt hsmaocafgement praetines arawhat cont r a
make them inept at being innovativhlam andratum (1997) studied ten construction

projects and suggested that clients' technical competence and active participation in the

project lower the barriers to innovation acceptance, thus facilitating innovation. They

also suggest that the innovative prégestudied were dependent on key individuals,
6championsdé6, for innovation to be realized;
combination of experience, technical knowledge and power to allocate resources

METHOD

The research was conducted atalarge pgbicn st r uct i on «cHilliorent , i nve s
euros annually on infrastructur&he empirical material in this ongoing research was

collected from explorative serstructured interviews with three experienced project

managers The project managers have tlgponsibility to manage the construct of the

tender documents, to supervise the progress of suppliers' work according to the contract

and to deliver the internally ordered project within set measures of time, cost and scope.

The interviewees came fromrée different functional areas, and thus provided

perspectives from managing different types of infrastructure projects (see Table 1)

The respondents were asked questions about their views on exploration in construction,
project management, challengesg@aevhen interacting with contractors and exploring

new solutions, and their role in construction innovatiénchival data was also extracted
from the organizatida internal networks where guidelines, regulations and documents
were used as both a complemh and contrast to the interviewsterviews were recorded

and the recordings were later reviewed while taking nodesummarized transcript of

each interview was sent back to the respondents for their review of interpretations made
from the interviewdata Each respondent then sent back their review of the transcript that
was later use to report the data collected.

STRATEGIC EFFORTS TOWARDS STIMULATING SUPPLIER -
LED INNOVATION

The studied organization has wodognedt with and
friendl yobfoupyearsjineorér 8 stimulate supplied innovation and
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productivity in the construction industryrhis is a response to the directives the

organization has received from the government to stimulate productivity amhtion

in the Swedish construction industty he or gani zati on introduced
friendlyd guidelines in 2016, which consi s
conducting projects that are supposed to stimulate supgdi@rnovation.

Table 1: Interviewees

Respondent Interview length Experience Area

Project Manager A 90 mirs 19 yeas in construction Road facilities
6 yeas PM at the organization

Project Manager B 70 mirs 26 yeas PM at the organization Railways

ProjectManager C 120 mirs 28 years irconstruction Bridges

5 years PM at the organization

The organization has also implemented internal measures towards supporting innovation
in the industry Reviewing the guidelines, it should be noted that all acgoggested are

to be done before the contract is signed, although some of the actions, such as an
innovation bonus, have implications for after the project is finaliZde interviewees
expressed their views on exploration as an ongoing process, a oostsearch for new
solutions and better methods to conduct construction projéxts interviewee stated:

| have always acted in a mannerasoto stimulate exploration in projects, the [development
of] technology moves forward armee need to adapt and ke use of the creativity that can
be found both internalland externally in the markgProject Manager B)

ENABLING FOR SUPPLIE RS TO PROPOSE INNOVATIONS

In relation to innovation and explorationi . e .  d pail of the idtarveewees)

elaborated orhe significance and impacts of contraelated aspects, including issues
relating to DBB vs DB During recent years contracting procedures have changed
radically accordingly to one project manager, from mostly DBB contracts to an equal use
of DBB and DBcontracts:

Today there is no prestige in using either DBB or DB contraesuse whatever we feel is
most suitable for the situatio(Project Manager A)

Whereas DB contracts were commonly wunder st
opportunities for innovatin (i.e provide better support for expioig new solutionsind

creativity) some challenges were also highlight&ae challenge was to find where they

could make use of performanbased specifications, rather than detailed design
specifications, wheplanning the projectThe rationale is to make use of a contrdstor
creativity by leaving the design phase open; however, one project manager suggested that
some DB contracts can be so restricted by regulations that the possibilities for contractors
to come up with new solutions are basically reastent One concern expressed with

regard to the use of DB contracts was that contractors might come up with ineffective
solutions One interviewee, for example, shared an experience where all bids were
consderably higher than expected since all bidders presented more expensive solutions

The project managers generally described their role in construction innovation as that of
providing the possibilities for contractors to come up with new solutions bygsetitn
performancebased specifications, rather than design specificatiSnbsequently, the
project managers perceived t hienovatoma® wer t o
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being most prominent during the planning phasewitere decisions are matte

construct performaneeased specifications or to use design specifications according to
current practices; but to some extent this restricts a conteaftexibility by defining and
controlling the process and the work to be performed by specifidetaited technical
specifications:

If the goal isfit 100 % defined, this opens {the chance] for the contractors to be

innovativeé but at the same time, as a project man

specify everything and do as"ve always dne. (Project Manager B)

El aborating on project planning and how

supplierled innovation, regulations were also highlighted as a challenge by the
interviewees Some of the organizati@operations, especialhailways, are heavily
regulated by standards which were perceived to potentially restrain innovation
significantly At t he same ti me, standards were
reduce risk/uncertainty by promoting, even prescribing,-esdiblished materials or
methods:

Standards do exist for a reason; it provides us with the security of getting what we want
(Project Manager B)

In collaboration with the purchaser, project managers do decide the specifications of a
project, what contradorm is to be used and what criteria are to be evaluated when
procuring But, in the end one interviewee concludéshe lowest bid is what wins the
contracts when tenders are compar€hde interviewee refers this fact to directives from
the managemensawell as difficulties of conducting other evaluation criteria in the
tender documentsMoreover, if an innovative idea is procured it is not assessed until
after the contract is signed during the first cli@ointractor starip meeting The project
process is followed regardless of the type of projant project managers exprestwat

to O

al so

after completing a project with the intentio

specific evalwuation is made whemasher or
developed:

not a

Wedonotevaluata O de v eflroipenmmednity 8 project any differently t

we try a new technological solution weake a note in the project file. (Project Manager A)

CHALLENGES IN THE PR OJECT SETTING

Whereas the project magersdo get internal organizational directives on what each
project is supposed to deliver, it is generally within their power to decide on how to
execute the project, while stdcknowledging applicable regulations and specific project
goals Thus, repondents highlighted the impact of individual project managers on the
extent of O6i nnovat i Onmeintervidweerstdtedithatehe experignce
of project managerg.g.knowing the project process well and being confident in what
resuls to expect, might have an impact on their actions in response to the uncertainty
related to exploring new solutiondunior project managers, the interviewee suggested,
might tend to stick more frequently to conventional solutions and emphasize stricter
control of project process than reagxperienced project managers:

With more experience you are more confident with regard to the project process and dare to

open up for contractors to come up with their own solutithese is always a certain
uncertaintyrelated to handing over r@snsibility to the contractorgéProject Manager B)

According to the interviewees-frpraudbryds

where the contracted supplier introduces f#tewhe-client construction methods or
techical solutions, are not generally managed any differently during the production
phase than other projects:
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We try to manage all of our projects in a similar way; the prajgmtagement process is the
same (Project Manager C)

One of the interviewees highlighted that project meetings during the productiorapbase
typically time pressured with many things to tick off according to the control documents
Subsequently, the interviewee concluded that time is seldom availabéetssisuch

things as innovation:

There is barely enough time to get through the topics of the scheduled meeting; time for
discussing exploration or development activities does not éRisiject Manager C)

Time-related challenges were also attributechtolength of the@roject In fact, one of
the interviewees identified this as the single most important factor in enabling any
explorationactivitiesto take place in projects (or not):

| think the most important factor that opens up exploration to haippepoject is the
length of it.(Project Manager B)

In addition to the importance of the length of the project, interviewees suggested that time
scheduling is more critical in some projects than in oth€h& more the project impacts

on the current ifmastructure functions the more critical itilsenabling the reliable

planning of the production phase and keeping to the planned schedule during execution
Time slots for undertaking work impacting on regular train traffic are, for example,
typically scheduledependent with narrow and specific time framksprojects such as

these, the interviewees stated that yetiven and previously triedndtested methods

and technical solutions are pret=trover the new and innovative:

In a timepressured si@tion, where the risk of timeverruns impacts society, it is easier

and more comfortable to rely on wglioven methods that we know wolRroject Manager

A)
The interviewees expresstt view that to some extent there is always the possibility to
be ceative, find areas of improvement and even provide entirely new solutions in every
project It was furthermore suggested that in order to stimulate exploration the project
manager needs to be responsive and intellectually curious about new solatitmes
same time, one interviewee stressed, this needs to be balanced with some caution
Testing out new solutions is inherently associated with uncertainty, interviewees
concluded, which might drive defensive behaviour by them as clients.

DISCUSSIONT INNOV ATION REALIZED?

The review of archival data frothe organization's internal networkgluding

guidelines, regulations and documesuggests that strategic effohias been made
towards stimulating supplided innovation. Specificallya guideline of etivities to be
performed in projects to stimulate innovation has kmérnogether The guideline
contains actions in accordance to suggestions made by previous research, supgorting
DB-contracts (Nystronet al, 2016),performancebased specificains in the tender
documentgBlayse and Manley ZB) and early contractor involvemehtulatungaet al.,
2011). The orgamation has also created targeted goaklcoordance with the

guidelines. However, from the interviews it seems that the three project masidgsos
view their projectmanagement practices when working with innovation to be different to
any other projecthey also expressed challenges fasbén trying to realize measures
taken to stimulate suppliéed innovation.

The use of DBcontracts by public construction clients as a potential enabler for supplier
led innovation has been recognized in previous literature (Nysté@i 2016), althouly
it has been criticized that procuring EEBntracts based on competitive tendering might
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not equal to value and innovation (Loosemore and Richard 2015). WhitobtBacts

might allow contractors to come up with innovative solutiassuggested by Nyéin et

al., (2016) the interviewees expressed a concern regarding regulations and standards that
do exist and limit the degree of freedom they can give a contractor. In the current use of
DB-contracts the interviewees tdlsht solutions are not assessedil after the contract

is signeclthey also used price as the final criterion for evaluation (after assuring that the
time plan and the scope is fulfilled)nnovative angbotentiallylong-term beneficial
solutionsmight subsequently be overlooked, wsde¢he innovative solution lower the

price presented by the contractor in the tendering document.

The use operformancebased specifications in the tender documbatsbeen suggested
as a means to facilitate innovatidsigyse and Manley ZB; Loosemor@and Richard
2015). Performanebased specifications allow contractors to make use of their own
methods and materials, thus opening up for potential innovative solutions. Hdvzeseer
and Manley (2012) suggeiatclients'lack ofability to clearly defie adequate measures
might lead to inflexible product specificatiotigt do not work as intendedhe
interviewees viewed their rola supporting supplieled innovatiora s bei ng to O6ope.l
the possibility of contractors exploring and proposing intiggasolutions, mainly by
applying performancéased specificationdHowever, the project managessemed to

find it challenging to come up with performargased specifications that are flexible
enough for contractors to explore new solutions

Furthermoe, previous research has suggested that clients lack the ability to value
innovation (e.g. Gambatese and Hallowell 2011; Loosemore and Richard 2015),
supposedly hampering innovation since contractors are dependent on clients creating a
market for innovatio (Loosemore and Richard 2015The interviews highligled some
difficulties that client project managers might experience in deviating from an evaluation
criterion based solely on pric&he client project rmnagers stated that they do not
evaluate innoations (per se) proposedylrontractors during tendering evaluate
innovations during implementation (or afteThus, it seems that the interviewees find it
challengingo value innovation beyond the traditional project success measures of cost,
time and the scope set in the planning phasene and scope was by the project
managers vVviewedcanstarbdvgd/ nbi miting the poten
only costsaving innovations. Interestingly Rose and Manley (2012) found that clients
tend to be cynical about contractors intentions when proposingsegsig ideas,

assuming that contractors' new ideas might jeopardize the quality of the .project

The projectimanagement rationale has been understood to hamper innovation due to its
strong emphasis on planning and control (Keegan and Turner 2002). Innovation tend to
be viewed as a risky endeavour, which Taalal, (2013) suggest that project maaeg)

avoid due to perceiving the risk of failure outweighing the rewards; implementing
traditional methods to ensure that project goals are reached. The interviewees highlighted
challenges experienced from pressured {irames that limit their efforts ttvy exploring

or devel oping s omet hTheresultdfromehe diteraieawehlsoi nnovati ve
indicate that when trying to stimulate innovatitire interviewed project managénsd it
challenging tadeviate from their routines and make any chandkemroject process.

However, he interviewees said that experienced project managers may be more
comfortable in the project process and thus have an easier time making decisions that
entail greater uncertainty during both the planning and productioegHhasgvas thus

argued by the interviewees that experienced project managers are more prone to conduct
exploration activities and stimulate innovatidhis indicates that the individual

importance of the client project managers might have a cruciaordieemphasize
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planning and control that have been understood to hamper innovation. In a similar vein,
Nam and Tatum (1997) suggests that individuals supporting innovation, so called
6championsd, should have a c¢ onreandpoweon o°f
to allocate resources. Nam and Tatum (1997) also suggest that clients technical
competence create a better understanding of technical matters, thus clients can make more
timely approval of innovative ideas in a project settifiggether the, this raises broad
guestions of how both institutional and individual competence and experience facilitate

and support supplided innovation, and particularly how the project management

process can be developed to lower the perceived barriers of @no@eind experience

among client project managers

CONCLUSIONS

The purposeof thisresearchs to explore how cliembrganizations manage construction
projects in the pursuit of stimulating supplier-iedovation; more specifically, the
challenges of achving this are addressed from the perspective of a client project
manager The empirical data indicate that in accordance with the findings of previous
research the client organization imaade efforts o strategidevel to support

construction innovabin. Despite these efforts, however, our datapresenting, of

course, the perspectives of only three project managers from a single client organization
show that challenges persist to realizing measures taken to stimulate sepplier
innovation Although the data from this study are limited, the perspectives of our
interviewees have thrown into sharp relief the difficulties they face, difficulties that have
up to now been paid limited attention in the construction innovation litera@lients
havebeen suggested as an important player for innovation adoption in construction, yet
the precise role dheir project managers is still imperfectly understo@ur paper is a

start in rectifying this gap in the literature: for future studies it wouldf ligterest to

increase our knowledge of how organizational measures to stimulate innovation of client
organizations can be successfully implemented at the project levttle next step of

this study, the views and understandings of client project mesagebe further

addressed, and the views of suppliers will also be considered.
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THE COLLABORATIVE JO URNEY: RIDING THE BU MPS
OF THE INSTITUTIONAL LANDSCAPE

Eloise Grové', Andrew Dainty, Derek Thomsonand Tony Thorpe
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Managing multiple intreorganisational inputs for the delivery of highways maintenance is
a complex endeavour, especially given tindtifaceted nature of the provision required
While collaboration in construction projects has formed a major research focus in recent
years, attention orientates toward an application of a collaborative approach and in doing
so conceptualises collabadat as an exceptional evertonstruction management

research faces criticism for its failure to consider institutional theory, a perspective
dominant in business management reseafdtis working paper sets out a
reconceptualization of collaboration @s ongoing accomplishment which requires both

an understanding of the miepractices to reveal its egoing nature, and to reveal the
institutional logics that shape collaborative practiEecus groups identified activities
undertaken during project detry according to the collaborative behaviour exhihited
Findings uncovered tensions between the regulatory and cognitive institutions governing
project delivery This research encourages practitioners to consider the underlying
institutional forces dung the reconstitution of working relationshipEhis paper has
synergy with 6organisational becomingd and contri
collaboration within construction management literature.

Keywords: collaborationinstitutional theory highway mantenanceorganisational
change

INTRODUCTION

Despite the quantity of research attending to collaborative working mra¢kellowsand

Liu 2012; Mignoneet al, 2016; Supraptet al, 2015; Donateet al, 2015), we still do

not know enough about emergent mipractices (MP) of collaborative behaviour and

the implications for the delivery of complex infrastructure progna® In delivering
throughtlife services such as the management, maintenance and renewal of the UK's
highway infrastructure assets, supplier organisations must coordinate their multifaceted
service provision Such suppliers typically possess the resainedhouse to provide
expertise in a range of engineering disciplines including pavement, structural,
environmental, geotechnical and hydrological servidesaddition, such organisations
have capability in support services such as project managemanizéi commercial and
legal Previous research attention has predominantly been orientated towards formalised
and established methodologies of collaborative working (BadladT ommelein 2012),
oftenapplied and facilitated by external consultants (Bagtcal., 2012), These normative
accounts fail to provide a rich picture of how and why collaboration evolMesddress

this we attempt to uncover the-Riof collaboration and understand it as an ongoing
accomplishment (Marshall 2014frurthermore thigxploration will help to reveal the

! eloise.grove@gmail.com
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institutions that shape the-M and in doing so identify tensions between collaborative
working rhetoric and collaborative practice.

LITERATURE REVIEW

Construction management research (CMR) is home to a wealth of resgtolting the
benefits of a collaborative approach to project delivery, particularly in projects
characterised by complexity (BallaahdTommelein 2012) Past research provides us
with helpful accounts of the prerequisites necessary €ail, 2014;Dewulf and

Kadefors 2012; RahmandKumaraswamy 2005) and the tools and techniques
mobilised to facilitate such an approach (BolstadEndsley 2003; HawkinandLittle
2011) The research described here is fixated on formalised and implementablefstyles
collaborative working and consequently, fails to include the collaborations arising from
everyday routines and mundane interactidevious work by the authors has shown
collaborative behaviour that emerges in an informal and pervasive mannerrganitte

it serious implications for project performance (Greval, 2017) Institutional theory,

an infrequently utilised perspective in CMR (Bresnen 2017) provides a useful lens
through which to explore the IR of collaboration as an ongoiagcomplishment and to
inform an appreciation of the influencing forces at play.

The Institutional Landscape

Scott (2008) sets out three institutional pillars that can be used to rationalise human
behaviour: regulatory, cognitive and normatiRegulatoryinstitutions are formally
governed and enforced via commercial and financial incentives/sancGogsitive and
normative institutions are concerned with the socially shared and accepted behaviours
that, when violated, are sanctioned with ridicule, isoaand ostracism (Henist al,

2012) Without explicit links to institutional theory, CMR has attended to the regulatory
institutions that govern collaborative working arrangements, in particular through the
examination of relational contracting stergtes (Gil 2009; RahmamdKumaraswamy

2005; Zouet al, 2014) Whilst important, these are only part of the stdfjnancial
incentives and sanctions can enhance regulatory governance but they can never fully
subsume the sociological perspectives (Beei al, 2012).A reconceptualization of
collaboration as an ongoing accomplishment would encourage greater consideration of
the underlying institutional landscape, or "rules of the gamese{dig 2017)

Recognition of the importance of instituteand institutionalisation in CMR is not new
(Kadefors 1995), but prompted by Bresnen's (2017) criticism of the failure to consider
institutional theory, we explore here how institutionalism can be used to explore the
behaviours associated with collabooati Theory tells us that institutions are created
when people formally and informally organise their time and space into regular patterns
that impact their activities (Jit al, 2017) Furthermore, individuals and organisations
are said to automaticglleproduce the institutions they inhabitheoretically, this
deterministic assertion presents a tricky dilemma; how are routines altered and new ones
created if the institutional force is so great individuals automatically conform to it?

Seo and Creeff002) suggest that this question is partially answered by incorporating
theory of agency, but doing so contradicts the central assertion of institutional theory
which is that actors themselves are institutionally constructedai@#0reed 2002) This
paadox is interesting in the context of collaboration when we consider the propensity for
informal and emergent collaborative action, governed by cognitive and normative
institutions, to subversively alter organisational routines that the regulatorytinsstu
govern As we transplant institutional theory into the context of collaborative working,
the question arises: how can actors change the collaborative environment if their
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collaborative actions are conditioned by the very institution they wish tggef2arhis
suggests multiple and conflicting institutional logics, something not considered in the
extant literature regarding collaborative working within constructMMino decides which
institutional forces should be altered? Is this even possible theeexaggerated ability
afforded to actors to create and transform institutions (Lounstmd@rumley 2007)

Seo and Creed (2002) discuss how human praxis, triggered by tension, transforms
socially embedded, unresponsive actors into conscious changs, ayesmte that their
interests are unmetVanting and needing to do a good job but constrained by ineffective
contractual arrangements (regulatory institutions) creates significant tensions for project
teams and can lead to staff developing their owntisdlsolutions which can be

disastrous (Balthazaet al, 2006) Such internal fragmentation may allow competing
institutional logics to exist within the same institutional field (Lounsbury 20@#en
tensions develop, deepen and permeate actors' sgpeiience continually and

collectively, change agents are said to be mobilised 48éGreed 2002) The problem

for management is when change occurs unofficially and results tnaropliant action

that defies the regulatory institutiod reconceptulization of collaboration as ongoing
which encourages sympathetic consideration of the underlying institutions and their effect
on behaviour would help our understanding of th® Mf collaboration as emerging and
pervasive

Collaboration Is Not Exceptiond

The discourse dominant in CMR treats collaborative working as an applicable
methodology that can be transplanted into any situation and yield positive results (Choo
et al, 2004), reducing what is a complex set of interconnected relational issues td a se
tools and techniques (HawkiasdLittle 2011) Whilst such accounts provide

practitioners with insightful accounts of how collaboration can be applied and the positive
and negative effects of the implemented initiative, attention is diverted awayttie

detailed actions and interactions of peoples' activifigention to the normative and

cognitive dimensions of institutions is the major feature ofinstitutionalism and to

take a sociological perspective toward the understanding of govelsaeperted to

have the strongest purchase in mileeel studies (Heniset al, 2012) For example,
Tello-Rozaset al, (2015) takes M-P approach to describe the social movement
phenomenon in South America and trace how actors organise and collaborate to address
important issues that political authorities seem unable or disinclined to adoiréissir

study attention istowardthetdeai | ed acti ons and interactions
boxo to reveal that where numerous coll abor a
prevails over formal and that such informal authority emerges dynamicallydifferent
meetings and eventé/hilst dominant in organisational and management theory,
institutional theory continues to be largely absent in CNResearchers forego

opportunities to cross fertilise ideas from business management research (Bresnen 2017)
where recent work emphasises thdagenous pressures that create change in
organisations and the belief systems and associated practices that condition how
organisations respond to endogenously created change (Tsmakakia 2002) In the

same way TsoukamndChia call for a reversal antological priority accorded to
organisational change, we call for collaboration within CMR to be understood as a
phenomena created from within and not as episodically enacted events.

A Renegotiation of the Terms

The dominant conceptualisation of colladkion as something that can be applied
prioritises stability and assumes that whilst collaborative working is applied, all other
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factors remain constanConsidering again the theory of organisational becoming
(TsoukasandChia 2002) whereby attemptsritanage change create additional change
we begin to appreciate the dynamic nature of collaborative working arrangements
Interpreting collaboration as ongoing permits an appreciation that the way people
collaborate is a result of the immediate tensiongegpced as well as previous
experiences, interactions, collaborations and disputes, all of which were influenced by the
institutions that governedust as an application of technology cannot increase or
decrease productivity or performance (OrlikowsB0@), collaboration will not simply
occur through the colocation of peopk view of collaboration as ongoing encourages a
focus on the MP of actionWe have discussed the idea that tensions have the power to
create change agent§ensions may arise \eh a need to collaborate to "get the job

done" is not supported by the governing regulatory institutions that reinforce a senior
management approach prioritising financial and commercial fachesstutional theory

can help us to understand the belyftems underpinning the activated institutions as a
whole (Jiaet al, 2017) The concept of institutional logic helps our understanding of
how these incompati ble domains (be coll abo
together to shape behaviour andyglome rules are obeyed and others avoidea(dh,
2017) In the context of this research this approach could aid our understanding of why
collaborative behaviour is enacted in some situations but not in others or during certain
periods but not forear. In an attempt to understand why initiatives do not result in the
desired behaviours, J& al, (2017) suggest the weak link is rooted in various systemic
contexts such as incentives constraints, values and beliefs which affect individuals'
decisionmaking

METHODOLOGY

To understand the N? of collaboration and the influence of underlying institutional
forces, data was gathered via interactive focus groups, supplemented by participant
observation and one to one intervievillow up focus groups wereld to further
investigate the themes that emerged where a root cause analysis approach was adopted to
unearth the underlying issueBocus groups are an infrequently mentioned data

collection technique but have been found to be an effective toolyarkcto those

studying work environments and associated behaviours éfcdyontana 1991)A

structured schedule was employed to administer the first round of focus group sessions,
participants were asked to list the key activities pertaining tojtitenole on a sheet of
paper The list of activities then became the bars on a cHdntoughout the session, this
base chart was layered with information regarding the identified activity's success,
criticality, experienced feelings, levels of collakdara, and the significance of financial

and commercial issue$-ollowing the focus group sessions, the 196 separate activities
were identified and analyse®articipants were asked to list the activities they complete
as a part of their job in chorologilcorder thereby producing an indicative timelidter
normalising the timescale, it was possible to represent the level of collaboration
experienced for each activity relative to its position in a timeline and identify a trend.

Fourteen participants igroups of between two and six took part in the first round of
focus groups Thirty two participants took part in five follow up sessioRarticipants

across all groups consisted of office and-based operatives, engineers, project
managers and commugal managersThe groups comprised individuals known to one
another and they shared a common frame of referencth@yeworked for the same
organisation) The sessions were held at the participants' workplace in private meeting
rooms The primary notivation for employing a focus group technique was to gather data
from multiple participants in one sitting he data was captured via the pabpased
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materials completed by each participaBecondary insights were provided by group
discussions and obsrations, giving additional depth to the experiences captured on
paper Here, benefit was drawn from the stimulation and opinion elaboration that the
group dynamics permitted (Frey and Fontana, 198iktening to what people say in
addition to what thegwrite was important; how people talk has profound implications for
how they think and act (Orlikowski 20Q0Focus groups bring analytical challenges and
can attract methodological and epistemological objectiany confusion of group
conformity withindividual opinion (Sim 1998) was mitigated as participants provided
data specific to them on their individual charésccordingly, the data associated with
each activity was of an individual mattekll sessions were facilitated by the same
researcher hich allowed for internal consistency and equivalence (lidParshall
2000).

FINDINGS AND DISCUSSION

Following analysis of the data from the focus groups, interviews and observations,
connections betwedwl-P of collaboration and institutional forces wegvident in three
ways Firstly, M-P of collaboration revealed multiple institutions competing within the
same operational spac8econdly, collaborative practice not processualised as
"collaborative" is not recognised as having val@i@irdly, as a kock on effect of

findings one and two, thd-P observed suggest that informal collaborations are allowed
to evolve, causing severe problems for service delivery

Competing Logics of Collaboration

For the case study organisation, the adoption of a codiberapproach to service

delivery is a core business value and features prominently on the organisation's website,
marketing literature and visual displays in the workplace revealing an institutional logic
that recognises a benefit to working collaboriyy Focus group data suggested people
start out with a desire and ability to take a collaborative approach, but levels of
collaboration are perceived to diminish over the life of proj@iscussions during follow

up interviews suggested that intenti@ishe outset of a project to adopt a collaborative
approach are felt to be easy to achieve when all other factorpr@ygmme,

commercial and financial issues) are positiBait when financial disagreements occur,
tensions were reported to arise &mel motivation to be open and collaborative was felt to
be relegated in favour of efforts to maximise profit, One participant said "collaboration
may work very wel/l at | ocal l evel but it
come in and oweule”. This suggests an alternative institutional logic to that of
collaboration that prioritises profit maximisation and encourages an adversarial approach

It quickly became evident that the strategic level rhetoric to be collaborative is not
supportedy the regulatory institutions of lump sum transactional contracts, enforceable
by financial penaltiesMany participants expressed the view that the contract was to
blame and prevented a joined up, collaborative approach to service delitergontrat

is described as "too complicated”, as having "unrealistic targets" and "unachievable
obligations" But as Heniset al, (2012) states, contracts are only one part of the. .story
From the outside looking in it is easier to view the contract as thaniatnobject it is

What our investigation aimed to uncover was the specifics of the regulatory institution
that were able to grasp hold of people and allow what is essentially only pieces of paper
to drive uncollaborative behaviours.

Prioritising cost wer collaboration (Grovet al, 2016) diven by regulatory institutions
delivers conflicting signals to staffFindings from the focus groups tell us people want,
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need and enjoy collaboratin§Vhen asked to assign emotions to their daily activities,
those activities relating to meetings and communications were consistently associated
with positive feelings such as enthusiasm suggesting people enjoy the opportunity to
interact with others.This chimes with the organisational strategic priority to be
cdlaborative Operationally, however, its importance became less prominent leading to
competing logics within the same institutional field (Lounsbury 2007) a situation
increasingly recognised in management research (Beshad®mith 2014) What

therefoe are the consequences when logics that both value and devalue collaboration are
in existence? Other studies suggest that competing logics do not automatically lead to
organisational demise and for organisational change to occur, one dominant
organisatioal logic need not be replaced with another (RaayHinings 2009)

While an organisation might attempt to fix a definition (&g are collaborative) it does

not have total definitional control because the definition is being supplemented, eroded,
modified and interpreted by individuals in unpredictable ways (Tscahk@€hia 2002)

A close relationship, such as that observed between project staff, motivates people to
develop ways of enacting multiple (otherwise conflicting) logics (Beshamd@mith

2014) as they deviate from the formal logic to their "home" logimdings here suggest

that if we are to become collaborative in an ongoing manner (rather than simply carryout
collaboration) we must be conscious of the likelihood that multiple logicexaahand
appreciating how their dominance can alter is importaiilst popular discussions of
collaboration elsewhere in the CMR tend to agree that greater management support and
leadership is required for more successful change initiatives, theyfdorsthe

perspective that certain critical ingredients are missing from the mix and could potentially
be added We make an alternative assertion that for a collaborative approach to be
successfully ongoing, those in a position of influence must leappreciate the

institutional landscape in which they reside and modify their support accordingly

Objectification of Collaboration

Findings of the focus groups revealed that as projects progressed, the levels of
collaboration associated with tparticipants daily activities was felt to decrease over
time. When asked during follow up interviews why the levels of collaboration were felt
to wane during project delivery, responses suggested that during the early stages of
contract delivery collabot@mn required conscious effort whereas in the later stages,
working collaboratively had become normalisétbr example: "after a while

[ coll aboration] becomes business as usual é
collaborative because its normal" and "thality of collaboration that takes place
i mproves, but it perhaps becomes | ess freq

becomes more natural and streamlined/hat people consider collaboration to be is
important here Whilst true collaboration is inextricably linked with behavioural drivers
(Lloyd-walkeret al, 2014), our findings suggest that collaboration has been

institutionalised as a process rather than a behaviour and people have been conditioned to
recognise cdhdborative working only when it is presented to them in its formal.state

Until prompted, the participants tended not to appreciate collaborative behaviour it in its
unauthorised formLegitimising only formally organised collaborative interventions
onceagain demonstrates how attention paid to thRB Bf collaboration can help us to

reveal and begin to understand the dominance of regulatory institutional forces over the
cognitive

Whilst the findings of the focus groups show what people recognise abarallive
working decreases overtime, observations show informal collaboration is ever present
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The failure on the part of individuals to recognise collaboration in its informal state forces
it to operate unofficially The very fact that people best rgogse collaboration

objectively suggests inherently-aollaborative behaviourThe industry's drive towards

a commaodification of working together to overcome the challenges of what is a
complicated service provision has served to undermine the innbtg abihave as

humans to interact positivel\Continual efforts to quantify and formulise what is
essentially a relational outcome is eroding our ability to recognise or value any
interactions that do not form part of a proceBgspite a lack of recogion, informal
collaboration has been observed to be the method by which project staff manage the
multiplicity of logics at play (ReagndHinings 2009) As an unrecognised and
unacknowledged activity, the cognitively governed institution of informalsotation

goes on unseen (and crucially) unchecked by managekhough they do not label it

as such, the MP of the participants of this observational study engaged in collaboration
to find solutions to problems they encountered and in doing sactmyually alter
organisational routinesPractically, the findings indicate that informal collaboration is
enacted as people navigate the conflicting regulatory and cognitive institubons

findings show that cognitively governed institutions thggort informal collaborative
practice do ceexist dynamically alongside more dominant logics of profit maximisation

as behaviour fluctuates between perceived, desired and achievable levels of collaboration
Furthermore, our findings reveal how this cesgproblems for service delivery.

Local Optimisation

If we revisit our working definition of collaboration, it is the process through which

parties who see different aspects of a problem can constructively explore their differences
and search for solutiontbat go beyond their own limited vision of what is possible (Gray
1989) The M-P observed tell us that the dominance of regulatory institutions act as a
barrier preventing sub teams from exploring solutions beyond their limited vi&ion
reoccurring maifestation was observed in the planning of highway maintenance works
which are carried out by sub teams segregated by disciptimeinstance, street lighting,
drainage, inspections and lifecycle, plan their ownptimal work programs driven by

its own contractual obligationsNot only was this MP of silo working observed to be a

lost opportunity to capitalise on available resources (for example the sharing of traffic
management), it was felt to often hinder the objectives of other tddegmative mpacts
included issues such as abortive works and conflicting communications to the public

The silo approach to delivery was felt by focus groups to stem from the failure of decision
makers at contract mobilisation stage to appreciate the operatiamétaitce of the
contractual documentatiorA rushed mobilisation phase does not allow for learning
cycles or recognition of new risks that may
2017) Regulatory institutions prioritising corporate growth and profitximisation at

group level were identified to be the driving force behind decisions made at contract level
that reward achievements based on annual performance and therefore encouraged short
termism A full understanding of long term contract obligascend how these would be

met operationally was overlooked resulting in-stimal at best and frequently absent
collaborative practice.

Local optimisation of collaborative practice was seen to have a negative impact on project
performance but also carrigsplications for theory Earlier discussion highlighted

theory that says change agents are created and organisational change initiated following
internal fragmentation (SeemdCreed 2002) Our findings tell us is that fragmentation

alone was not enougnd isolated pockets of contradictory collaboration (as experienced
by different disciplines within the same contract) failed to change the prevailing
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regulatory institution that has its roots in profit maximisati@ther literature states a

wider recogition of the irregularities is first needetf irregularities are not

problematized, extant theory will not be changed and "rogue activities will wane or
persist in a marginalised fashion" (LounsbandCrumley 2007 1005) Where a

problem like the $0 approach to collaboration is not collectively recognised as an
anomaly and therefore not negotiated on or incorporated into extant practice (Lounsbury
andCrumley 2007) the subptimal solutions occur in isolation, are not collectively
recognised and ka little chance of spreading up the managerial chain to affect
meaningful change or alter the balance of dominance in terms of institutions

CONCLUSIONS

Management of the UK's complex highway infrastructure requires project staff to respond
to often contadictory institutions governing collaboratioithrough a lens of
institutionalisation we have seen how regulatory institutions that implicitly and explicitly
encourage profit maximisation tend to dominate over the cognitive institutional forces
that suppd people's desire to enact collaborative workitgline with other studies, we

have seen that multiple institutions can and dexst and are managed by informal
collaborative relationships (ReapdHinings 2009) Practically, understanding how

multiple institutions operate with an organisation are critical for understanding the
possible outcomes (BesharandSmith 2014) A reconceptualization of collaboration as

an ongoing and dynamic accomplishment highlights a need to adapt the support afforded
to collaborative working whilst accounting for potential conflicting institutional logics

The aim of management need not be to replace the dominant institutions at play
Concentrating on the institutional dynamics that affect theé df collaboration, this

study has highlighted the importance of recognising howxtsting institutions can be
balanced and addresses the criticism levelled at institutional analysis fartimggle

internal organisational processes (LounstangCrumley 2007).

Theoretically, a reconceptualization of collaboration as ongoing would prompt research to
turn away from the practical, such as formalised collaboration initiatives, toward refection
(TsoukasandChia 2002) whilst seeking a renewed understanding of the dynamic
institutional processes (Bresnen 2Q1Reconceptualising collaboration as ongoing,

whilst attempting to understand the institutions at play would encourage researchers to
recognie potential sources of tension, and identify where future research attention should
be directed The interesting finding to consider is not that multiple logics surrounding
collaboration ceexist but the way in which the multiple logics either blend ortrealict

and the impact this has on the performance of an organisdti@intention here was not

to develop additional techniques for the application of collaborative working, but to
provide guidance to management who wish to reconstitute their sybpastking

relationships by encouraging them to see the value in appreciating the institutional
context within which project delivery operates and in doing so this paper contributes to
the institutional theory debate in CMR
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COLLABORATION IN EAR LY DESIGN: AN ACTION
RESEARCH APPROACH TO COLLECTIVE THINKING
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The urgency for increased sustainability in the built environment address the need for
improved collaboration and communicatiamong design team membanshe early
design phase. Bthe use otollaborative methodslifferentperspectives ahideas can be
expressed, shared and developedesign meetingg=indings are based on an action
researckproject at a large architecture firm in Scandinavia aiming at developing methods
to facilitate collaboration and communication and support probentification and
problem solving in teams i@arly designThe findings show how collaborative methods
can support collaboration between disciplines and create open communication within
design teams and enhance collective thinkifigdings have implic&ns forthe
development of collaborative methods for meustainale and innovate solutionand

also for enhancintgarningand trustwithin design teams. Findings contribute to the
growing stream of research on the development of architectural practice

Keywords:collaboration designteams sustainable developmentollective thinking

INTRODUCTION

There is an urgent need for reannovate and sustainable solutions in the built
environment andustainabilityneeds to be integratéato built environmenbperations
and processes (Hannon and Callaghari 20poku and Ahmed 20).3 By sustainability

is meanteconomic, social and emenmental factors (Velazquez al, 2011) that it will
ensure longerm economic viabilittandmaintan an environmental balance and
commitment to socially desirable practices (Miller 2010he arly designs important
when striving for longerm sustinability and creativity in the built environme(iling
2006) Hencecollaboration and communication éarlydesign teamss essentiafor
integrating sustainability in problem identification and problem sol(@telbourret al,
2007)and new and mercollaborative practices have to be developed (Walker and
Jacobsson 2014)Vhile much research has focused on collaboration and communication
in construction projects and constructimojectteams for exampleDainty et al., 2006),
less focus has been on methods for collaboration and communication in early design
teams.

New practices are currently emerging within architectural practicestpgiors team
performance, problem solving and how to work creative and innovataveoatiaborative
environment Thesenewpractices often consist of complex set$iadllaborative
constellations  ( Ni | s s othatce&telaBd shade®yledge and methods through
cooperatioramongdisciplines In these constellationssues of comommication and
inter-subjectivityareof importance and crucial for further developmg@titsson 2013).

1 Grosse@kth.se
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Collaboration in Early Design

Design thinking is commonly seen as an approach within architectural ptadiiee

creative and innovateBrown (2009) challenged the design commutotyhink beyond

the omnipotent designer and the production of products by suggesting that design

thinking should be used for social innovatiorhis way design may be seen as a

collaborative effort where the design process is performed by participatorg and
competencesBr own (2009) suggests that i1ideas hav
and exploredhandson early in the design process in ways characterized by human
centeredness, empathy and optimism.

The aimhereis to contribute to the devetment ofmethodgo facilitatecollaboration

and communication in early desigg an action research approach. In focus here is

collaboration and communication within design teams at a large Scandinavian

architecture firm. Based on an example from coptaary architectural practice and the

ideas of Mercer (20hbipfDonbaAacollee®B8)vent it h
b r a, findings show how collaborative methods can support collaboration between

disciplines in early design, and how open commuianawithin design teams can

enhance collective thinking. Findings have implications for architectural practice in the
development towards more a more sustainable and innovate built environment and

contribute to research on the development of architeqitaatice.

COLLABORATION AND COLLECTIVE THINKING IN THE BUILT
ENVIRONMENT

Research on collaboration in the built environment is extensive and has been performed
from a variety of perspectives, for example construction project procurament
partnering(eg. Nystrom 2005Eriksson 201Q) This research shows that collaboration is
challenging due to, for example, lack of trust in contractual relationships. There is also
research omterdisciplinary communication and the development and use of design
conceps (eg. Emmittand Gorse 2007, Daingt al, 2006)that show communication
challenges within design teams, for example the different perspectives and the interplay
between informal and formal communicatiomformation technologyesearch with the
purpose teenhancing collaboration by integrated visual models and tools has also been
extensive (Negendahl 2015, Waettal, 2013)and there is atream of research that
acknowledgester- and intraorganizational challenges of implemting new

information technologyn the built environmenfBoschSijtsemaet al., 2017, Linderoth

2010) This research explores challenges of adoptew technologyor collaboration
(e.g.Vass and Karrbom Gustavsson 201Zpmbining competences andfessionals

also includes challenges of interdisciplinary and Hpr@fessional engagement and
communication (Keyst al, 2016) and the development of team roles (Senaratne and
Gunawardan2013)and findings shovhat design team members tend to congiaer
functional roles rather thaheir team roles.

Collective Thinking

How peoplan groupsthink is studiedn the fields ofsocial psychology, evolutionary

science and social cognitive neuroscienthbe concepit he soci al braino (
was aiginally developed in evolutionary science ahdescrbes human ability to think

and solve problems in group$he concept has been usém examplejn psychology

and education to explain what social factors affect intelligence and language and how

human thoughts are shape8tudies showhat equal participation and diverse

perspectives and knowledge backgrounds will have effect on group performance

(Woolleyet al, 2015) Otherstudies(e.g Isaacs 2008) claim that the complexity of

t o dsanoldens requiregproblem solvingoeyond the individualHence, complex
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situations require a multitude of perspectives and knowledge backgrounds that can work

together However, working together and understanding each other is not easy. There are

multiple dilanmas to be avoided, for example "grethmk" (Janis, 1971). Methods to

meet those challenges has been studied withthe is€&af o up Sup p(@E8S) Sy st ems
(Briggs and de Vreede 199Where digital technique offers methodsattonymous

contribution of thoughts that atieenvisualizedin the group in an equal way. The

conceptic ol | e ct i \nasalsbheen ndedn adgcation and pedagogic research
(Mercer2013loaddr ess the ability to dtvemando and unde
create shared frameworks (Pennington 2008)wever, ollective thinking requires

facilitators that are capable of orchestrating both environmentsitnections

(Pennington 2008).

METHOD

The approach is action reseaf@R) combinedwitht he ar chi t eapprdash ex p !l or |
andofbeingdr ef | ect i ve prl@8d.ln dactiororesearc, théo shofldn

be grounded in local problems and knowledge should be created from problem isolving
real life situations (Lewirl946) This issupported by Schon (1984), who see

architectural practice as education for refleclimpractice. The epistemological stance

for an AR approach is that knowledge does not derive from a single person but is created
together in interaction between actorsa setting.Feedback given by colleagues and
participantsn an interventiorcontributes to the eproduction of knowledgé_ewin

1946) Here, the interventions areal life situatios of early design meetings at a large
Scandinavian architecture firnThe exploratory and reflective work includes

interventions with teams in early design meetings where the researcher takes part in the
role as facilitator. These interventions are combined @b#dervation®f the actions of

the group members during ntiegs, reflections on responses from design team
participants and feedback from colleagues at the architectural firm. The understanding
have then been challenged and supportecbbgepts from literature

The empirical setting covers a period of 1.5 yedbdaring this timetheresearchewas
working half time at the architectural firm facilitatibgjinterventionswith the purpose to
improve collaboration and communication aiming at kergn sustainability.
Reflectionsin-action were ongoing "in the form of a repertoire, making use of past
experiences, without reducing the new situation to features that conform to a set of
familiar rules" (Schon 1984:5). An inductive proctsgether with piersduringthe act
of plannng, acting and evaluating the interacteupported met&arning by reflecting
on implementations of the action research cycles (Coghlan and Brannick 2014).

To include otherds perspectives, the researc
one pesentation together with colleagues at the architectural firm. Both the seminar and

the presentation were based on the researche
team meetings. Inspired by literature on GSS the researcher used a digitadtttdod

colleagues could access through their smart phones. The colleagues were asked to

individually answer questions on their smart phone such as: What shortcomings and

problems have you experienced in meetings with different actors and competences?

When do you think this type of method should be applied to achieve sustainability in the

built environment? Results were immediately displayed on a large screen through a

projector and the researcher followed up with at short reflection and participaats wer

invited to make comments. This way, approximately 40 practitioners at the architectural

firm gave feedback on the relevance of the research into the AR cycle oleftsve

planact. After those sessions, the use of the digital tool became more chnuseah in
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meetings, forums, conferences and dialogue situations at the architectural firm. After
four months, more than 40 practitioners had already subscribed.

The Intervention in Focus

The intervention in focusSkdletead€ul sucal Heds @
It is an example of an intervention where an expanded collaborative method for a
mandatory projeetoutine document where used. This expanded collaborative method
challenged traditional norms and behaviours, which had previouslydrach

collaboration and communicatidm the design team. The researcher was facilitating,
reflectingin-action and receiving feedback in dialogue with the design team patrticipants.
The facilitator also conducted four interviews with participants otidsgn team eight

months after the intervention. The respondents were the projecting architect, the ordering
client and two sustainability eordinators. The interviews were based on questions on
project roles, project progress and on experiences amcteffom the workshop. The
interviews were semrrstructured and aimed at creating a dialog between the researcher
and the respondent. The researcher finally performed a reflective analysis, which
included comparing interview notes with notes and docusrfenmin the workshop before
summing it up in a paper.

FINDINGS

Hallbarhetsanalysen Skellefted Culture House

Estallishing a collaborative culture

Thedesign teanbeganthe workshogsitting in a hafmoon shape performing a cheick
exercise that included pentaneous haliinute rélection from each team participant on

his or herexpectations The seating and democratic way dfitey turnstalkingwas

initiated by the facilitator and aimed ¢altivate inclusiontrustanda feeling of

participatingin the groupon equal termsThe facilitatorcontinued the workshop with
addressing the urgency of sustainability in the built environment and then continued to
address the complexity of sustainability by showamideoo f chi | drends vi ew
change. The video served to creatactions and reflections relatinglife cycle

assessments (LCA) amesponsibility on global anldcal scale Then followed an

exercise where participants were asked to take position according to what they were most
afraid of by standing onrmimagined diagonah the room. This aimed to visualize

ethical dilemmas imbedded in sustainability projedise video and the exerciserved

to createa common point of departure for ttemm in sense of responsibility for thext
generation due to climate changeheTparticipantsvere also encouraged to raise

different perspectivesn climate changm a nonjudgmental format By activating

emotions through exercises, and display the differences of personal perspectiegs/stor
without judgment, the members of the team were able to open up for spontaneous
communication.

Collaboration in practice

The largedesign teamvaslaterdivided irto smaller groups Each group were asked to
doafast pace competition associatiexerciseso support creativity. This aimed to
generate a multitude of ideas in a short timeframe. Individual ideas were written on Post
i t 6 <lusterdd The ideas were latexrformulated and process of prototyping a
suggestion followed The exerise aimed adctivaing creativity and sharing of ideas,
peerto-peer collaboration and a free flowing dialoguguring the exercise, team
participants were intensely talking to each other, they were movingtpdsick and forth

and they were writingalvn their suggestions. Whenommaizing whateach grougad
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developedn terms of solutions participants totknsin presenting ideas for
sustainability and pinning them onto a chart on the wall. The chart had two axes
spanning from difficukeasy andow-large value. Finally, there was twenty minutes of
team reflection on the outcome of the chart facilitated by the researcher in which all
participants of the design team took active part. After the reflectiquettieipants
returned to théalf-moon seating andhey were asked to docaeckout exerciseGoing
around the haifmoon circle everyonewas asked texpress her or his opinion time
workshop format (best and worst) antlat should be the next step in the procddse
final exercises served Enhancdeam spirit, learningnd thecollectivecortribution to
the knowledge framewoiik an organized and time optimized manner.

Feedback

The design team participantds feedback was ¢
workshop, asvell as expected potential effects and perceived effects (i.e. perceived

effects eight months later). While some patrticipants were general in their feedback,

providing feedback suchadtn t er e st i n g oa hwdis ilnpmesspd by then g 0
commitmenttiwas really engagingandamazing ot her s commented on t
and timepressure, which were seen as stressful and hectic, and at the same time felt

necessary in order to respond spontaneously.

There were also participants commenting on the caldbe exercises and how the

collaborative methods supported the creation of trust and commitment. One participant

c o mme nt ¢hdforimdt mised fany thoughts and created commitmerda nd it was
al so sai d i wournelationrwithsHYACowasot gheat fat thét time, something

which changed during the worksholly relationship with them is now based on trust, |

feel they are doing what they can, they have the same challenge as the rest of us with time
pressure etcand we are now going in tleame directioa

Feedback also showed that the inclusion of different perspectives was perceived as
positivesincdot her peopl ebs iné®rEeeti mtaemrea otutwi temep
different backgrounds and perspectives was highly appreciateaktioutar to meet and
interact with the me mbseheneficialovas the membemfiomi ci pal i
the municipalityé and for me to see her cont
could contribute . The i nteract i odiscipliaes supperted gopnomres pect i
coll aborate and | earning climate éiwe the desi
learn from each other and we also developed a better relationship since it was weak

before the workshap. The col | ab o rperdeived as canfributmgtb e was al
engagement from ahlbugattibiapaetveyr ybne was en
t he toans &lsb éade all participants feel included at the workshop and in the

p r o j leenember fihat everyone’s perspective wasegband it has characterized the

time | wor ked on atnide thgwoakjhas bden charagteriaeg Bya

great opennetss to | earningté

There were also participants commenting on expected and potential outcomes from the
workshop and on future Baboration possibilities. One participant said that it Wais

to get others perspectisand it feels hopeful for good collaborations in the futuaad

also thaffit makes a difference when we invest in the séciaé can more easily contact
each other.andin the space between private and professional we can engage in other
conversations 0

However, there was also perceptions that the design team was not collaborating as much
as needed to integrate all dimensiofsustainabilityfi may be i nternally | th
coll aboration is not 100 % integrating the s
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create a more integrated approdch It was however perceived
positive effect on the integration sfistainability in the project and one respondent said
t h & ts important to listen to different perspectives frdifferent experts.

Overall, concerning the issue of integrating sustainability in problem identification and
problem solving, participantaid thatherewasno common goalvithin the teanbefore

the workshop, and that the participants had different ideas and thénoghthe

beginning A respondent said thathile someone thought material was the most
importantfactor, another thought ergy was most important. Teajordifference

before and after the workshop was, according to the respofiddiitg common goals

Before the workshop | washit stressed that we would do this a whole.dathought to

mysel f O6éwe ddtidedeGrad ere aRlyi | di ng Silver 6, but it wa!
enlightened 0 The r espolndheand tchoontg mtuewe woul d fuzz and
remember we walked around and stood in different places in the ndadid not know

each other then but now it's easietatk toeach other You get help getting started when

you workthis way.

Learning was also mentioned as a positive outcome of the workshop. A respondent said
that coll aborative weam&nsrmaugysfronmemdhethiep ar tTihei p
respondent c¢ ont weshoald haveyhis kirad pfiwarkshop maaetoften, it

is necessary in many areas to take time and discuss thoroughly, because you get to know
each other angouget a better understanding.

DISCUSSION

Collaboration in edy design is found to be vital for the integration of sustainability in

problem initiation and problem solvir{§helbourret al, 2007). However, collaboration

in early design is not easily accomplished and requires development of new collaborative
method and practices (Walker and Jacobsson 20B4dged in theoncept of the social

brain (Dunbar 1998), this study explores hmaliective thinking(Mercer 2013 can be

supported by collaborative methods. To enhance collective thinkintpa.ability to

l earn and understand ot éddrameegorkp(Penrsngtenct i ves
2008), findings indicate that there are many aspects to consider when developing

collaborative methods for collaborative thinking. For example, there is a need to work

with structure and content as well as expectations and effects.

One of the aspects indicated in the findings is the creation of trust. Trust is often lacking

in projects in the built environment (compare with Nystrém 2005, Eriksson 2010), which

was the situadn also within the design team in the Hallbarhetsanalysen Skelleftea

Culture House. There was an initial lack of trust between participants from different

disciplines, which the interactive exercises and open communication that took place

during the workhop changed. Findings indicate that it was the building of relationships

during the workshop that supported this change. When participants got to know each

ot her better, and when understanding each
developed.This insight thata socialand relationatollaborative culture is important for
collaborationhas also been acknowledged by research on partneringNgsigom 2005)

Another aspect indicated in the findings is the potential in learning. Collaborative

methods support more interaction, which creates opportunities to learn from each other.
When seeing new perspectives in action, such as the contribution by the representative

from the municipality, challenged the traditional thinking and created shérache of

reference (Pennington 2008). When patrticipants get to know each other better, they can
take each otherds perspective into account
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The main purpose of using an extended collaborative method was to support innovation
andthe integration of sustainability. While the collaborative methods used in the
workshop were generally perceived as positive and contributing to improving the
collaboration and collective thinking, there was still a concern about the integration of
sustanability. Findings indicate that the integration still needs development. The
collaborative method supported the development of a shared goal but it is in need of
further development to support the integration of sustainability, or as the respondent say
fi éwe can improve and create a more integrated approach

This study also has its limitations. The study only focuses on one intervention and more
interventions are needed in order to be able to generalise the findings. Still, this study
contributes wth tentative analytical concepts and generalisations that can support future
studies of early design teams and of the development of architectural practice.

CONCLUSIONS

The need for increasedstainabilityand innovationn the built environment can be
addressed with an action research approach based in architectural practice, more
specifically atinterventiongn early design work whedifferent actors, disciplines and
perspectivesome togetheto identify and solve problems. Findings based on an
intervention at a major Scandinavian architectural findicate that it is possible to

facilitate early design meetings by extended collaborative methods order to support the
integration of sustainability by enhanciogllective thinking. Findings alsandicate that
extended collaborative methods support the creation of trust and learning in early design
teams. Still, more research needed in order to develop methods that fully integrate
sustainability in early design.

Findings have implications on eadgsign team methods and practices in the

development towards increased sustainability and innovation in the built environment and
they contribute to the growing stream of research on architectural practice and its
development (Nilsson, 2013).
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MOBILIZING AN ACTION RESEARCH PROGRAMME | N
A LIVE CONSTRUCTION PROJECT SETTING

William Collinge! and John Connaughton

1 School of ConstructioManagement and Engineeringniversity of ReadingVhiteknightsReadingRG6
6DF, UK

Building on previous work addressing Action Research (AR) in the construction
management field, this paper examittes application of AR methods and techniques on

a project pioneering a new form of project insurance: IPI (Integrated Project Insurance)
The practicalities of mobilizing a sustained AR programme on a live construction project
are explored as the relationship between innovations (IP1), professional pradtice a
academic research enquiry are juxtaposeie methodological challenges and perceived
values of AR are revaluated in the light of practitioner opinion and industry desire to
learn and improve practices across the sectbe empirical insights fadiate a re
assessment of AR in a construction project context in 4 distinct ways: the nature of the
AR learning loop is clarified for a construction project context; the role of project
participants in the AR proceswenmntrieorex@®@ mme d;
explored and the rationale and philosophical assumptions underlying an AR programme
in a construction management domain arasgessedThe informative insights will

assist researchers considering an AR programme whilst the supportiveitieaoof
professionals highlights how AR is a potentially valuable approach for industry and
academia to work together to create knowledge and refine practamecatively.

Keywords:Action Researchoollaboration innovation research methods

INTRODUCTION

As a research method, Action Research (AR) acknowledges the role of the researcher as

an active participant in the project or process peixamined; its focus beirgn doing
research with and for the Aproject acto
andBradbury, 2007)AR i s as an alternative to fAdi
(Reason, 2003) where the researcher istaathed observer and examiner of the subject
under studyAR is often proposed as a research method that improves practices,
generates knowledge and brings about change in specific contextsafittidunxham,

1996; Parkin, 2009)Whilst AR studies have pveusly been conducted in the
construction project domain (c@€onnaughtormandWeller, 2013), such work has often
failed to inform or assist other researchers considering an AR approach for their own
projects Moreover, the unique ways in which ARfluences the dynamics of a live
construction project have often been overloolgtidiscussion of the theoretical and
philosophical basis of AR as a research methodology has been riihisgaper begins

to address such issues by exploring the appicatf AR on a construction project
pioneering the use of Integrated Project Insurance (IPI) to facilitate greater collaborative
working amongst construction project partnefsie paper provides a continuation of the
work reported by ConnaughtamdWeller (2013),andexamiresthe application of AR
techniques om construction project called 'Advance II' for Dudley College in the UK.

L will.collinge@reading.ac.uk
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Thepaper aims to enhance scholarly understanding of the application of AR in the

construction management domain. It exptosome of thenethodological issues of

mobilizing AR in a live construction project settiragd examines and critiquése role

of participants and the nature ol AR Ainteryv
particular, it examines the implicationtadoptingthe AR'learning stage loop

(Baskerville, 1999)n a construction contextFurther, themplications for AR

researchers of working in the commercial environment of construction are also examined.

The paper begingith an overview ofAR as a esearch method amxplains the rationale
for its adoption on thA&dvance |l project The Advance |l projecind its novel features
relating to the adoption of Integrated Project InsurancéharedescribedThe specific
methods of mobilizing AR are theletailed andissues and problems experienced by the
researcher embedded in the construction project are desciihedliscussion explores
the methodological basis of AR, the role of participants and the nature of the AR

Al nt er wetheprojeaesdmgwith a reappraisal of the ARearning stage lodp
The theoretical and philosophical assumptions underlying an AR stutheare-
considered for a construction project context where commerethbhcademic worlds
meet and intertwine

ACTION RE SEARCH

Action research (ARith its strong pedigree of social justice and community action

(Reason, 2003y fundamentally different to other research methods as it actively and

intentionally endeavours to effect a change in a (social) system (Lewin, 1946

typically aims to bring about change in specific contexts (Parkin, 2009egnaesi t h e

active participation of the researcher in the process under study, in order to identify,
promote and evaluate probl eamdiiu200821p ot ent i al
AR has a dual goal of improvement and of generating knowledge @edittuxham,

1996) but is also heavily context dependent, being neither standardised nor permanent
Therefore, AR is reliant on the project context and the knowledgespignss and

subjectivities of persons involved (including the researcher, who should be actively

contributing to the project itself)The origins and development of AR as a research

method are outlined by ConnaughtmdWeller (2013) in a paper that alseviewed the

history of AR in the construction managementdom&u ndament al t o AR i s
rather than theoretical positioning, and the
AR method is to work at all; such actidmsingplanned in advarecaspart of a distinct

research processcycl@he emphasis upon fAactiond has res
d o 0 . PoRexample, ABalushiet al, (2004) and Azhaet al., (2010) argued that AR

could beunderstood as a&ep process, as in figure 1 below.

Figure 1: the5 step Action Research process (based eBaMlishiet al, 2004 and Azhaet al,
2010)

The study reported in this paper follows suchsep procesgndalso follows the

recommendabn of Baskerville (1999), ArgyriandSchon (1978) and Greenwoadd

Levin (2007) in using specific Alearning sta
workings The AR learning stage loop cycle is depicted in figues@ explained further

uncer 'Planning an AR Programme' below.
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The AR learning stage loop is essentially an enhancement of the 5 step AR process: each
of the 5 steps being present in the AR learning stage loop minus-tiadgR®sis stage

and the raterative cycle indiation. This paper adsimore detail regarding how the AR
learning stage loop model works in actuality when mobilized in a live construction

project settingas the role of participants and the nature of AR interventions are also
examined.

Re- Action <= Initial
diagnosis Planning

Diagnosis

Observing
&
Reflecting

Action
Taking

Figure 2:an Action Reseatltlearning stage loop (based on Baskerville, 1999)
The Advance Il project

Dudley College, a further education institute in thé€ West Midlandsvasactively

seeking to procure a new faciliggdvance Il)to deliver their vocational training
programmes.Integrated Project Insuran{l), a new approach to construction project
insurance developed by Integrated Project Initiatives Ltd, a consultaasyconsidered

by the College for itpotential tosupport improvedaollaborative workingamong design
andconstruction team members and thereby enhance project outcGargentional
insurancearrangements require each construction designer and constructor to insure for
their individual liabilities, and are believedpoomote risk avoidance by team members
and inhibit effective collaboration betweg¢hem (Cabinet Office, 2012)PI insures alll

t he major project participants collectivel
intended to promote improved collaborative working in the design andrectisn team
leading to the development of caftective, shared solutions to design challenges
(Integrated Project Initiatives Ltd, 2014).

Dudley College, supported by Integrated Project Initiatives Ltd, appointed a design and
construction team early @015 to trial these new IP| arrangements on its Advance |l

facility. The project was included in the UK Cabinet Office 'Trial Projects' programme

for monitoring new models of construction procurement (Cabinet Office, 2012hand t
University of ReadinUoR) wasappointed as academic partnerasrinnovate UK

(IUK) -supportedesearclproject to examine the performance of ¢l Advance Il. A
researcher was appointed, being embedded into project activities as much as possible (i.e
attendingprojectmeetings; receivingroject correspondencaccessing thproject

Common Data Environment (CDE)

This trial project represents the first formal adoption of IPI in UK construction. As such,
the project parties required an opportunity to learn and imghoeagh a managed cycle

of research activities as the project progressed through key sragédk programme
wastherefore considered appropriate an@otentiallyhelpful methodology,with the
projectresearcher actively engaging, contributing anceotithg on the workings of the
project with the actors themselvds doing so, the researcher would integrate with the
team as much as possible (whilst endeavouring not to impede or disrupt their work),
creating a field for discussion and interpretatibprocesses and events (Felloavsl

Liu, 2003) involving researcher and participants
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Planning an AR Programme

A participant/practical approach was adopted for the Advance Il psgebit
diagnosing and action planningpuld beexecuted in collaborationith theproject
players (Cheiret al, 1948) such actiongvolving the active participation and-co
operation of practitioners (Zub&kerritt, 1996) This approachs in line with the
‘Northern tradition' of AR (Brown 1993), concerned mainly with grptoblem solving
for a practical outcome within a commerciadlsiented organisational context. More
specifically, it is intended tmaximize learning and give the project team further
assistance with their work although any learning activitessdto be carefully managed
so as to not interfere with project worn Advance II, the AR programme was
conducted concurrently by 2 parties:

1 The UoR researcher repedto UK whilst assising the team.
1 The IPI Independent Facilitators guided the téasnmentes), continually
reflecting on how IPI was working on the trial project.

Theacademigesearcher was primarily responsible dbserving and recordingroject
practices, events and performameadelp understand the operation of the IPI approach
whilst the Facilitatorswere focused upon assisting and guiding the project team with their
tasks Ther ef ore, al t hoiungpho sAeRd rceij setca rsc ea ffirscerh ft h e
(Dash, 1999479), the researcher on this project did periodically need to destamself

from activitiesin order toreflectively review progress and performance. An important
element of the approach to AR on this project therefore wdsdh@ng stage loop

(figure 2)with its strong focus on eycle oflearning and improvemeattivities helped

by boththe academicesearcher and Independent Facilitatatiseit in different ways and

for different purposes. Thepproactwas adopted asfarmal element of the research
design on this projecin contrast to some of the mdreplicit approaches to AR adopted

in less specific ways (e.dMiller and Doree, 2008; Chan and Moehler, 200he
effectiveness and practicalities of the AR learning stagedoegeviewed later in the

paper.

MOBILIZING AR ON ADV ANCE I

Introduction aml obtaining consent

An essentiastarting poinfor the study was to introduce the AR research programme and
obtainpractitionerconsent This is a necessary activity for all research studies (not just
AR), but was particularly delicate on Advance Il las project washe first livetrial of

IPI'in the UK, and a UK Cabinet Office 'triptoject, likely to generate significant

outside interestAlthough the usual obstacles and problems of negotiating access to a
project (LaryeaandHughes, 2011) were nehcountered (the UoR being part of I K-
supported researaonsortium that includeaitegratedProject InitiativesLtd, who were

also the Advance Il project facilitatgr®btaining the active eoperation of the Alliance
partners was an important issumeriting targeted activityA formal approach was made

to the Dudley College client and the Alliance Bo@ebsponsible for project delivery).

The project partners recognized the academic merit of the study and were comfortable
with the research apprdato be adoptedThe researcher was then invited to join the
project provided that angpmmercially sensitive data would be safeguarded and data
anonymized and protected

Diagnosis and action planning
With the formation of the Alliancéessentially the geernance body for the integrated
design and construction teaand signing of an Alliance Contraicir Advance || a
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multitude of issues quickly demanded attention and actiondesign development; cost
planning; procurement strategy; opportunity/riskmragement; people resource costs)
Following the AR learning stage loop (figure 2), diagnosis and action planning were
initially executed separately by the researcher and Independent Facilifters
researcher atteedboth Alliance Board anthore detded teammeetingson design
developmentrom the beginning of the project, sittiagpngside other team members
directly at theboard tableéitself (i.e not being inconspicuous, at the rear of the room),
commenting and contributing to discussions whaprapriate These verbal

contributions were managed very carefully aedsitivelyby the researcher for several
reasons Firstly, too many verbal interventioesuld be seen as disruptitige

practitioners' worksecondly, time was a valuable resourmeafl members othe project
team;and thirdly, the researcher had limited knowledge of stettenicalissues
discussedan ill-informed comment or questionay have been viewed as 'slowing down'
the work of Alliance partners by requiring them to explagiters). e researcher
continually observed and reflected upon the work of the Adéahrough meeting
attendance anldecmming more known to team members as time progredsedtheir

part, the Facilitators were integral participants at Board meetogsributingmore

vocally at meetings than the researciedadvising and guiding the team on best
practices when working in an IPl ways project work progressed, certain issues became
more problematic for the Alliance than othesach as agreeingaverall procurement
strategy, establishing a collective understanding of risk and opportunity management and
re-stating behavioural expectations for project participantsees@& provided the main
focus of the facilitated interventions (tlaetion takingof the AR learning stage loop,
figure 2)

Action Taking: Facilitated Interventions

Integral to action taking were the facilitated interventions undertakémetiydependent
Facilitatorsand, to a different degree, the researcHAérese interventions we designed
to assist project partners with their work and generatetadialp understand the
operation of the IPI approacfi.he Independent Facilitators made many interventions
during the course of the project, designed explicitlyrtprovethe operaion and
effectiveness of the IPI modeln addition to their verbal and written contributions (at
meetings; via email; telephone/skype calls), there weneeroud-acilitatorled
interventionsincluding the following

1 Planin a Day & Build in a Day workeps facilitated focused Alliance discussion
around an evolving 3D building model

1 IPI trainingsessions: targeted assistance with workings of thegth/pain
share"; Alliance Contract ternamdideal procuremenstrategy

1 Refresher coachingovering theprinciples underlying the 1Pl approach and the
behaviours expected of project participants.

Whilst undertaking these interventions, both Facilitators and researcher observed and
reflected upon their use with the Allianc€his led to a sharing of idea$ how they

could be done differentlpor subsequent interventiofise. the rediagnosis in the AR

learning loop) As a resul, several were done differently for the next iterati&or

example, the format and attendance list forBuwgld in a Dayworkshops were revised

2nd and 3rd time arourtd maximize supplier inputollaborative working principles

were more forcibly communicated raffresher coaching sessiondater phasesf the

project These are exampdeds loda mddamdhdvie(2@7)e e n wo
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those that explicitly acknowledge the context of use within which interventions are
mobilized in order to improve their effectiveness.

It is also appropriate, in the context of AR, to consider some actions undertaken by the
researcheasinterventions Thesewvere aimed aassisting project partnets identify
learningthat could suppotheadoption of IPI. Sucimterventiongncluded

1 Board presentations: to provide an independent view of project performance
1 Lessons Learnediscussionsenabling team members to reflect collectively on
working practices and overall performance
1 Reflective Opportunities: individual interviews; small group interviewd
guestionnaire dissemination provided the researcher with data whilst also enabling
project players to reflect and-oensider issues themselves, leading to potential
changes on the project
1 Specific suggestions: the researcher contributed verbally atngeetith ideas
(e.g. suggesting explanation of calculations of the Commercial Alignment should
be included in the Alliance Contract Annex; encouraging partners to apply for
Corporation Tax Relief as part of an R&D project)
These interventions were managedefully. For example, interviews with Alliance
members were scheduled at convenient ttnaascripts were anonymized and returned
to interviewees for reew (and potential retraction)Obtaining and retaining the trust and
confidence of project parérs throughouthis AR programmevasessential, so these
interventions were reviewed by the researcher priéurtber use.

Rediagnosis

The AR learning stage loop (figure 2) is predicated on the assumption that an action can
be repeated (following rdiagnosis and modification) for a better outcon@n Advance

I, there were several examples of this occurring:

1 Work Package development: following Facilitator advice, responsibility for
project work packages was transferred to "Trinities" (smakiZon goups
representing commercial, programming and design interests) to facilitate better
management

1 Procurement: initial informal approaches transformed into more formal
engagements with accompanying letters of intent/modified contract terms.

1 Cost managemeniEacilitator intervention resulted in external reviews of costs by
the wider project team, enhancing collective confidence.

1 Workshop formats: Plan in a Day/Build in a Day workshops formats were refined
iteratively, improving outcomes for all participants.

1 Coaching: group training in IPI philosophy transformed into individual coaching
to help some team members to work in a collaborative project environment.

1 Look Ahead review meetings: format changed following Facilitator advice to
include key site supervisarsite requirements and latest information.

These examples illustrate the value of the learning stage loop in acttiagr®sis of an

issue resulting in refinement and better execution. Howevsmadt always pssible or
desirable to repeat an amifor a better outcome in a construction project context. For
example, the bidding and selection process cannot be repeated and numerous site
activities (e.g. pipework installation; steel frame erection) should ideally only be executed
once.
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DISCUSSION

The mobilization of an AR programme on Advanceribbles 4lifferent aspects of AR
to be reevaluatedthe nature of the AR learning lodie role ofprojectparticipantsthe
working of AR interventions and the theoretical assumptions underlying an AR
programme.

The AR Learning Loop

The nature of the AR learning loop has been clarified for a construction project context.
AR action planning shoulshcludecareful consideration of how the researcher will
become methodologically engaged in project w@:k somesite activitieswill be

difficult to examine). Subsequent action taking should be appropriate and considered
carefully (e.g. the number of facilitated discussions held could be cquaiguctive). In

this paper, we consider researcher verbatgessions as interventions and a form of "re
diagnosis" or "action planning” (see Figure 2) with the potential to affect further action
taking by the project participants. Such contributions distinguish an Action Researcher
from a passive observer.

OnAdvancelb,he use of AR Al ear njthargsedrchenlpemigd pr ov e c
directly engaged with project participants to gather their thoughts and opiwitimghe

work of the researcher and Facilitatbesngdistinct but complementaryin this waythe

AR approach resulted in a combined-fm@duction” of knowledge, action and outcomes

(Harty and Leiringer, 20Qetween researcher and Facilitators.

Role ofProjectParticipants

Some scholarsuch as Azhaet al, (2010), make compelling cases fhetvalue of AR

to improve construction industry practices, but dodistusshe social issues that
inevitably arise when aandsuggests shandeEvidpnaer t y 0 e |
from Advance Il suggests this is not an insignificant isgtiestly, there isa distinction

between obtaining consetat participate in resear@nd obtaininghe agreement of the

participants to the more active participation in their endeavour of the resedteher.

Advance lIl,for exampleyesearcher requests fofermation or assistance were
sometime®verlooked as the team maintained a focus on their activities.

Moreover, the opinions/knowledge of the researcher were rarely soudiyt thet

Alliance partners who believed themselves to be competent in relevianicedanatters.
Ideallyan AR researcher should be acknowledgechasctive @rticipant in the process

being studied While on Advance II, therpject partners recognized the R&D (research

and development) potential thfe project and did eoperatewith the researcher, they did

not always seek the researcher’s views to the same extent as those of the IPI Facilitators.

On construction projects, @R researcher must expect to introduce themselves
repeatedly to new people on the projedio enter atifferent phases of activityWhilst
there may be initial suspiciabout the researcher's presence and intentioisscan be
allayed via preprepared information sheets and through continual meetingsfast
moving project context, new faces wilequentlyappear at meetings and the researcher
must keep track of personnel changes and introduce themselves at appropriate times
Further clarifications may be needed of what the researcher is trying to achieve

Seymouret al, (1997)explored the notionf objectivity in research and how researchers
were often faced with a dilemma of whether or not to be seen as organisational
"outsiders". On Advance ll, the distinction between the interventions of the Facilitators
and those of the researcher help &atheir respective roles and positions; the Facilitator
interventions being oriented towards the practical, project issues and the researcher
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interventions providing Alliance personnel with opportunities to reflect upon and change
practice. However, theistinction highlights a dilemma a researcher faces in being both
an outside observer and an active project participant at the same time. On Advance I,
differences in participant outlook towards the interventions of the researcher and
Facilitators sugges thatthis dilemma wasot entirely resolvedwith the researcher

being seen as essentially a project "outsider".

Workingof AR Interventions

Theresearcher's experience of AR on Advancadigns with arguments of Henry (2000)

that 3 primary requiremesimust exist for AR to work in practical terms: a trogsed
relationshipbetweerparties; negotiatedccess tinformationandinterpretatiorof data

an openrendedresearch project plarOn Advance Il, the Facilitator's role was focused

upon coachingrad guiding participants on conducting the construction project work in an

| Pl way: t hey -swdrvee rtshoe trhparto bpleeonrpl e of ten | ool
issues aroseThe researcheby contrastyvas mor e of a fAdbsewikggr ound f
project pogress whilst contributing periodicalya comments, presentations and

providing opportunities for reflection.

Theoretical assumptions of AR

Azharet al, (2010) state that AR is not a specific method of research, but rather an
approach to doing research can be understood as an interpretivist method for
understanding human behaviolbiavinga distinct emphasis on reaching an empathetic
comprehension of human acti@ndaiming to understand human behaviour rather than
explaning it (BrymanandBell, 2003). There are also assumptions about an AR
programme that need to be highlight&thilst an AR researcher may be welcomed into
the project fold, it is impossible for the researcher to be privy to all conversations and
interactions occurringparticulaly in a dynamic and fasnoving projeciandit may be
inadvisable to repeatedly contact individuals for information and assistance
Additionally, keeping track of projeeictivitiesmay be difficult due to the intensity of
work occurring, especially oneesite is fully operational, though the insights reported
hererelatemainly to design phaseork, where activity was ofkite (i.e in meetings and
discussion groups)

The underlying rationale of AR posits that knowledge may be increased and performance
enhancedby working closely with prticipants sothaa fcooducti ono of knowl
can take place (Harty and Leiringer, 200Rowever, mechanisms need to be in place to

facilitate this interactionMoreover, an AR approach is likely to produceaentially

more rich and nuanced understanding of the social realities of construction work than

either a purely quantitative or qualitative analysis of the same intergaoadditional

strength of ARbeingits™ in-built reflexivity (embodied in theglarning loop cycle) that

encourages a critical reflection of methods used in the domain under &indddvance

I, the reflections led tamprovements to multiple issues, including procurement work

and work package management.

SUMMARY

The paper hagrovided a detailed account AR work undertaken on the Advance I

project The use of "learning stage loops" (Baskerville, 1999), has extended the
application of AR techniques in the construction management domain, whilst the account
of activities andesearcher experiences adds to scholarly understanding of mobilizing AR
in a live construction project setting. Additionally, by detailingrttethodological
practicalities oemployingan ARapproach anthe role of participants and AR

Al nt er wveantime, ® mose@ophisticated account of AR has been provided that
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builds upon simpler definitions (e.g. Fellows and Liu, 2003)e paper findings indicate
the AR learning loogs a potentiallyeffective approach for improving practices and
generating knwledge, although the issues surrounding its” mobilization are significant,
including obtaining the active assistance of practitioners, careful consideration of
executing interventions in a live project setting and providing time for reflection and re
diagrosis. These insights indicate the value of the AR method for construction project
management research as well as its” practical challenges.
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