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FOREWORD

Welcome to ARCOM 2018t Queenods University Belfast.

Ireland is such a wonderful place and it feels so reassuring to bring ARCOM back to
Belfast. As we step once again on Irish soll, | feel a sense of pride, as we come
together, embracing the debate and further strengthening the supportive nature of our
research community.

As the incoming Chair, |l wanted a venue t
engaging people. Most importantly, | wanted somewhere devoid 6ftha k e 6 and,
without trying, we will trump the o6fake n

Belfast everyone gave so much to make ARCOM a success and, although the city was
not long out of troubled times, there was a spirit of openness and inclusibiie, W

the divisions of Northern Ireland are often highlighted in the press, the reporters fail to
mention the resolve of the people, their ability to confront adversity and their passion
and determined spirto succeed and enjoy life.

Far from the hard pitical attitudes conveyed through our media, the people of
Northern Ireland are friendly and engaging. The difference in the political image and
the reality is somewhat akin to construction. The industry, while described as
fragmented and perceived fzerd, offers a place where people come together form
different communities, share good hard working times before moving to the next
project. Some of my most favourite memories are from times on sites, bracing against
the weather, working with a diverse rire of people and pushing forward as a team

to get the job done. The industry, its culture, the language of the people and attitude
to work has always been colourful and enjoyable

It is diverse, in so many ways and remains one of the largest and brasit vi
employment sectors in the world. The industry suits those able to deal with change,
being prepared to travel or able to work on different projects. For many of the
positions within construction there are few restrictions to entry resulting irdastig

that is accessible, rich in difference, regardless of colour and gender. The nature of
the work, the quality of the people and the diversity that the industry brings is
something to embrace and explore. There are issues that we need to addasss, but
scholars, with a mind on efficiency and productivity, we should be careful to consider
the positive qualities of culture that make construction a wholesome, worthwhile and
rewarding experience. The future is both uncertain and exciting, we are going t
experience considerable change within the industry and we should be careful how we
shape the future.

This yeardés conference attracted 310 submn
rounds of doubldlind peefreview, a total of 131 papers were evetiyuaccepted for
presentation at the conferencehe depth and diversity of papers submitted has at

times been overwhelming and quite a challenge to manage. The process for those
submitting and reviewing is a difficult one. It is reassuring that acageamgc

prepared to extend their effort, going above and beyond, to ensure that the quality of
contributions and reviews maintains the high ARCOM standard.

The single quality that sets ARCOM aside from other academic conferences is a spirit
of community, wheh is friendly, warm and supportive. ARCOM researchers are also
resilient. Our papers are double blind reviewed, with two out of three submissions not
making publication. Those papers that are accepted come with critical comments,



where the authors mindfy respond, attempting to retain their preferred direction

whil e respecting the reviewersodo comments. H
require a visa to join the conference. The barriers that face us and the high standards

that ARCOM continu¢o uphold have been overcome and now we are here, we

should be proud and must embrace everything that our community and Belfast has to

offer.

With Queen University Belfastoés Riddel Hal |
evening events at the main campus @nedTitanic Belfast, we are set for a packed and

cultured conference. This year we are graced with Neill Ryan, CEO of VRM

Technology and Professor Graham Ferrier, University of Hull, who are providing our

keynote address on Monday. Together they offeight on how they, industry and

academic partners, have actively engaged with the built environment to develop new

innovative products through research.

Going beyond our UK boundary, we wanted to explore international research through

ourrich paneldebatee nef i tting from Professor George O
productive relationship is not just demonstrated in our main sessions, but with evening
entertainment provided by our own Michael Curran and friends, providing a taste of

Irish music and dare. At the gala dinner our longstanding Admiral of the Fleet, Dr

Joe Gunning is gracing our after dinner spee
conferences set to be a titanic event.

|l 6m | ooking forwards to meeti magengaging our past
in the hard enjoyable work that is ARCOM. Let us keep the enjoyable supportive
nature of ARCOM strong and embrace the music.

A warm welcome to all, and please enjoy the ARCOM 2018 Conference.

(@ /{”
( C—
—

Chris Gorse
Conference Chair, ARCOM 2018

August
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A SPECIAL THANK YOU FROM CHRIS GORSE

As Conference Chair, and on behalf of the ARCOM Committee, | would particularly like

to thank this yearés Track Convenors who h.
and stimulating track proposals, but who subsequéiathe been so willing to spend time

reviewing and evaluating the papers submitted to their tracks.

Track 1: Failure and Learning from Failure
Convenor: Simon Smith, University of Edinburgh

Track 2: Theoretically Informed Research on Digitalization in Gargdion

Convenors: Henrik Linderoth, J6nkdping University; Mattias Jacobsson, J6nkdping
University; Christoph Merschbrok, Jonkoping University; Amany Elbanna, Royal
Holloway University London; Martin Lowstedt, Chalmers University

Track 3: Reconceiving Muldisciplinary Collaboration for Managing Design in
Construction: Moving Forward from the Fragmentatintegration Dichotomy

Convenor s: Mustafa ¢édeék, London South Ban!
City University; Vedran Zerjav, University Colleg®ndon

Track 4: Integration and Collaboration for a Sustainable Built Environment
Convenor: Esra Kurul, Oxford Brookes University

Track 5: Keeping Up with the Digital Age: How Construction Companies Use Digital
Communication Tools to Build Up Managemenoédsses

Convenors: Tugce Ercan, Yildiz Technical University; Fusun Cizmeci, Yildiz Technical
University

Track 6: Mental Health, Stress and Wellbeing in the Construction Industry
Convenor: Dingayo Mzyece
Track 7: Institutionalising Construction Managemerdgdearch?

Convenors: Paul W Chan, The University of Manchester; Sonja Drage{Dinvieira,
University of West of England

Track 8: Infrastructure Investment through Pubfdvate Partnerships

Convenors: Sharon McClements, Ulster University; AndkeiErlane, Ulster University;
Des McKibbon, Northern Ireland Assembly

Track 9: Procurement for Sustainable Innovation in the Built Environment

Convenors: Professor Pernilla Gluch, Chalmers University of Technology; Professor
Anna Kadefors, KTH Royal Instite of Technology; Associate Professor Leentje Volker,
TU Delft.

Track 10: Walking the Talk: Moving beyond words to create productive communication
between academia and industry

Convenors: Professor Christine Raisanen, Chalmers University of Technolog§guDr.
W Chan, The University of Manchester
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LEARNING FROM FAILUR E: PROCESSES AND
ATTITUDES IN THE CON STRUCTION INDUSTRY

Henrietta Baker!, Simon D Smith Milena Velikova, Gordon Masterton and Bill
Hewlett

1,2,3&4 School of Engineering, University of Edinburgmds$ Buildings, West Mains Road, Edinburgh,
EH9 3JL, UK

5 Costain Group PLC, Vanwall Business Park, Costain House, Maidenhead, SL6 4UB, UK

Learning from failure is an instinctive part of
however, translating thisto a corporate or industrial environment is problematic. While,
on some |l evel, failure is encountered on an al mi

connotes intense negative feelings and discussing mistakes feels taboo in many areas of
business. Ithe construction industry, where failure can have significant repercussions
such as loss of life, it is critical that learning from failure is effective and best mobilised as
part of everyday operations on both individual and organisational levels. Pegebn
understanding of the underlying processes, both engineering and social, behind 'learning
from failure' will allow industry leaders to more effectively exploit these learning
opportunities and advance industwde learning. To better understandreing from

failure in practice, 19 sersitructured interviews were held with members of the
construction community across various levels and aspects of the business. The aim was to
explore the processes currently employed by the construction industapttae,

understand and extract learning from these events. This is supplemented by an
exploration of the perceived attitudes towards failure, and if such attitudes are barriers or
aids to effective learning in practice. Findings show that differenstgpé&ilure within

the construction industry, e.g. time, safety, quality, manifest as separate and individually
developed learning cycles. Thematic analysis also revealed that attitudes towards failure
impact the learning process. In particular, the pais of attitude stimuli were discussed:
Ownership and Blame; Acceptance and Leadership.

Keywords: failure learning Health and Safefyorganisational culturédlame

INTRODUCTION

~

ANo one wants to | earn by mistak

This quote, from Henry Petroski's 6To Engi
the construction industry today as it was over 30 years ago. Whiténigdrom failure

is almost universally exhorted as a 'good idea’, the practice of implementing systematic
learning from failure within organisations is problematic (Cannon and Edmondson 2005).

On an instinctive level, learning from past experiences ghweihatural. This type of
experiential learning is observed throughout the learning cycle of children and adults
alike and, as noted by Kolb (2015), is defined as lessons extracted from the ordinary
course of life. However, converting this learning mooaganisation or industry is

notoriously difficult and learning has been historically limited to large public civil
engineering failures, such as that of the Tacoma Narrows Bridge or Hyatt Regency Hotel

151679725@sms.ed.ac.uk

This paper was presented as a working paper at the ARCOBIQf@iference, Bedfst,
UK, 3-5 September 2018. Please contact the authors before citing.
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walkway. This difficulty can be attributed to a doimation of the technical complexity
with implementing continuous learning in an organisational context coupled with
negative social and psychological reactions which most people exhibit when faced with
the reality of failure (Cannon and Edmondson 20@)idence of the difficulties of

learning from failure, even large failures, can be observed in the recurrence of similar
failure types.

By developing a deep understanding of established learning processes and attitudes
towards learning from failure, the mstruction industry can begin to pick apart individual
barriers and address them to facilitate learning on both individual and organisational
levels. The research presented here explores, usaepih semstructured interview

with members of the consittion industry, the different processes currently employed by
the construction industry to feedback learning from failure and investigates the perceived
attitudes towards learning from failure.

PREVIOUS WORK

Research, such as Drupsteen and Guldenmund (2014) and&tain(2018), has

shown limited implementation of learning from failure within industry where failure can
be described as undesirable or unintended outcomes. This learning relies on individuals
identifying what they believe to be significant cases of failure on their project, either for
their general applicability or potential consequences, and then disseminating this
information to a wider audience. Communication of this failure often take®iim of

an alert or storytelling, either to an individual via IT or by forums such as SCOSS, the
Standing Committee for Structural Safety (Soane 2015). Laet@é| (2009) dub this
learning about failure rather than learning from failure, which higldi a key distinction

in the level of engagement involved.

Silva and Lima (2005) also identified two further intervention strategies used to
implement learning, in addition to diffusion and discussion highlighted above. Training
referstotheuse ofimtie nt i nf or mati on to I mprove or
while change describes the adjustment of a procedure or standard in response to an
incident. These are both talpwn approaches instigated by leadership.

From information aggregated by Drupstesnd Guldenmund (2014), a generic stepwise
learning cycle can be defined. This typical siFigiep learning cycle is identical to the
one described by Argyris and Schon (1996), illustrated in Figure 1. This focuses on
correction of procedure or actiottsprevent recurrence but does not examine the
underlying values. Argyris and Schon use the example of adjusting the temperature
instruction given to a thermostat to correct the failing of a cold room. The instruction is
corrected to prevent failure; hewer, the values and culture behind the process are not
guestioned, e.g. they did not ask if donning a jacket would achieve the same job more
efficiently. If this extra loop is included, Argyris and Schon refer to this as déndgbe
learning (Figure 2).Doubleloop learning is often referred to as a superior method; with
Stemnet al, (2018) suggesting that classification of whether an implemented learning
system included and/or encouraged dodddgp learning could help define the
effectiveness and maity of the cycle.

Identification of barriers to learning from failure, either in general organisations or
engineering projects, has been the subject of multiple investigations (e.g. Cannon and
Edmondson 2005, Drupsteen and Guldenmund 2014, Sieain2018).

12
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Detect or Identify
Failure
Disseminate Report/Record
Lessons or Adjust pF ailure
Procedure

h Investigate,
[ Identify Lessons ] [.L‘mal}-‘se, E.\'aluate]

Figure 1: SingleLoop Learning Cycle by Argyris and Schén (1996)

- Detect or Identify

\ Failure
Rev@v procedur_e D1ss?mqat¢ Report/Record
considering required Lessons or Adjust Failure
aim and values Procedure

_
] [ Ivestigat, ]

L Identify Lessons

Analyse, Evaluate

Figure 2: DoubleLoop Learning Cycle by Argyris and Schon (1996)

However, while identification of barriers to learning from failure has taken place in wider
context, specifi@xamination of the construction setting is lacking, especially in regards

to how established processes interact with the attitudes of employees. Therefore, the
intention of this paper is to reveal the learning processes which stem from different failure
types in the construction industry including an examination of any attitudes the
interviewees present towards these processes.

METHOD

What systematic processes for learning from failure exist in the construction industry?
Are there identifiable attitudesisounding learning from failure?

In response to these research questions,-dapth examination of the features behind
learning processes from failure and associated attitudes was required. -k&rgetmied
interviews were conducted with memberslad tonstruction industry across several
infrastructure sectors at different levels of business. Sauomtured interviews allow a

fluid format to the discussions including clarifying questions meanwhile ensuring the
relevant topic areas are covered (ldaeldet al, 2016). The interviewees were

approached through mutual professional acquaintances and Table 1 shows a demographic
summary of the interviewees.

The role of the researcher is often discussed in relation to his or her impact on the
research beigg carried out, and is especially poignant in qualitative research (Silverman
2007). In designing the research and interview prompts, neutral language was aimed at to
avoid bias or leading questions. A downfall is that the interviewers' preconception of

what is and isn't important/relevant will have encouraged the conversation on certain
routes of enquiry and possibly neglected others. In order to avoid unconscious bias in this

13
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area, close examination of the literature was withheld until after comptdtioe
interviews themselves. However, it is impossible to eliminate bias from any interview

situation.
Table 1: Interviewees

Interviewee Time in Age Gender Sector Title
Number Industry

1 26 45-55 Male  General Infrastructure Technieal Director of Infrastructure
2 28 45-55 Male Rail Programme Director
3 7 25-35 Male Rail Head of Programme Management
4 15 35-45 Male Rail Senior Project Engineer
5 30 45-55 Male Rail Senior Design Manager
6 20 35-45 Male General Infrastructure Group Learning Manager
7 20 45-55 Male  General Infrastructure H&S Advisor
8 50 55+ Male Renewables H&S Manager
9 25 45-55 Male  General Infrastructure Exec Corporate Development
10 27 45-55 Male Rail Programme Manager
11 31 45-55 Male Rail Quality and Reliability Manager
12 10 45-55 Female General Infrastructure  Environmental and Sustainability Manager
13 3 <25 Male Rail Graduate Business Improvement Engineer
14 13 25-35 Male Renewables Site Manager
15 34 55+ Female  General Infrastructure Commereial Services Director
16% 35 55+ Male Renewables Client Representative
17* 15 35-45 Male Renewables Client Representative
18 19 35-45 Male Structural Design Technical Director
19 25 45-55 Male Structural Design Commercial Director

*No transcript of interview

Data were acquired from the interviews via thematic analysis, aided by NVivo software,
of both interview notes and transcripighich were typed verbatim but did not include
indication of pauses and intonations. Thematic analysis is a standard method used by
social scientists for qualitative research and is an iterative method used to draw out
underlying themes (Silverman 200AVhen properly implemented, it can be powerful at
identifying key factors within context, and correlations which aid the formation of
hypothesises. It should be noted that analysis in this way cannot prove causality, which
would be better shown in a maggperimental or action research method. For the
research question posited here, namely what processes and attitudes exist and identifying
suspected interplay, thematic analysis is a suitable method of analysis. Analysis was
initially developed by examing the data for key priglentifiable theme areas, such as
failure type, and developed further as new themes emerged. Manipulation using NVivo
also shows coccurrence of themes which were then examined to form hypothesises of
causality.

THE NARRATIVE AND DISCUSSION
Process Identification

To open the discussion, interviewees were asked what would constitute a failure either to
them or their colleagues at work and how this would then be dealt with.

This resulted in the identification of several project ‘failure modes' which form the inputs
to the learning process. Three core modes, consistently identified in discussion were:
time, money and H&S. Other commonly cited failure modes, such as qumlity a
problems with setting out requirements, were-categories of these as one interviewee
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said, 'the others all feed into these three'. The only mode, identified by two separate
interviewees, which does not directly feed to one of the 'top’ three I&'palception’.
These identified failure modes are all well documented consequences of risk in
engineering project management (Munier 2014).

For each of these failure modes, it became clear that there were defined stages of learning
from an individual fdure which matched the generic stepwise learning cycle set out by
Drupsteen and Guldenmund (2014). This siigép learning cycle was characterised by

an initial information gathering phase following an incident followed by a period of initial
remedialaction and alerts. Some of these incidents then progressed totarong

change or formal learning implementation.

Additionally, while the different learning processes identified in this analysis were
consistent across different companies and enginegpiegjalities, the maturity of some
aspects varied depending on sector. For example, Interviewee 2 noted that working in
rail, he expected engagement with reporting NCRs to be less than the nuclear industry,
but ahead of general building construction.

Safety

Safety was the most mentioned failure with all the interviewees, except the two client
representatives, stating that it was a potential form of failure within the industry.
Moreover, 12 of the 19 interviewees identified H&S failures, such as insiderdlving
injury, as the focal form of failure in the construction industry.

Of the identified failure modes, interviewees recognised safety as mature in respect to the
paperwork and formal process. One interviewee stated that:

Safety legislationisthee , [ €] | think for me dealing wi
it's a state of mind and it's a culture

This was reinforced by other interviewees who were pleased by the current system and
referred to the process as industry standard, although seslenaldedged that there

were still steps to be made to improve the uptake and personal btigertain learning
stages. Additionally, there is a wide belief that more needs to be done to drive these
processes down to contractors and SMEs.

Overall, the stety learning cycle was presented as a closed;stetidardised singleop
learning cycle where information is collected, analysed, distributed and then stored.
Interviewees tended to be content with this learning cycle for larger incidents; however,
felt that it was insufficient for smaller events as there was a weak link in the learning
cycle which would fail. For example, the small incident was not recorded or it would
prove too costly in terms of time and/or resources to investigate it.

The buzzwordn people's lips seems to be behavioural science or developing a positive
safety culture which was mentioned explicitly by 7/19 interviewees. The inclusion of
values and culture into the learning cycle marks the migration from doapeto double
looplearning. This type of learning could tackle underlying issues which are currently
inhibiting learning. However, Byet al., (2015) note that the attention given to culture
could be a 'tweedged sword' as the use of '‘poor safety culture' as a reasoaidents

might lead to premature closure of an investigation into root causes which are key to
efficiently reducing reoccurring failures (Haslatal, 2005).
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Quality

Non-compliance and poor build quality was identified by half the interviewees as a
speific failure. While the initial learning process presented by interviewees is extremely
similar to that in place for H&S, there were more concerns over uegerting, lack of
analysis and inadequate feedback. Several interviewees were keen to pibiat there

were systematic quality checks in place to avoid-campliance reports (NCRS)

including managerial reviews requisite under ISO 9001. Interviewee 10 stated

Generally quality is quite welhanaged, we use quite tight process to ensure wiaeise
correct products and the correct stuff and that

However, this active management generally refers to managing quality prior to failures or
implementing remedial action to ensure the quality of thepeaduct, not implementing
systenatic learning from failure. The majority of interviewees were pleased with the

level of immediate response of an investigation and remedial action; however, they found
that longterm trends and learning opportunity lost into the blame game. The general
message was that NCRs were used actively on projects for firefighting and remedial
action; however, there was far less engagement with analysis than H&S. Interviewee 1, a
technical director, stated that they probably do nothing with the reports, acknmgledg

that there should be some kind of statistical analysis to identify trends similar to H&S
data.

Reporting engineering necompliance (NCRs) was referred to as a little bit scary and it

was indicated several times that people were more willing to @umtag or improvement

reports as the personal consequences were seen as less severe. The exception to this rule
was when the potential safety consequences were judged to be seriouthoedifening.
Discussion of new technology for reporting presentetheeresting conflicting view

where a younger interviewee remarked that it made reporting quicker and easier to store,
while an older interviewee stated that it made reporting more opaque and less assessable
to those on site.

In comparison to safety, thedore, quality had a far less complete siFgiep learning

cycle as, while information is captured, very little analysis and extremely sparse
distribution occurs. Equally, while the information is generally electronically stored, this
tends to be siloely project, rather than in a central data repository, and access is limited
both by permissions and opaque search tools. Nevertheless, it should be noted that
interviewees gave good examples of informal feedback and team discussion to analyse or
learn fran serious examples of these events. These unformatted lessons learnt exercises
were occasionally captured for future learning but interviewees were very sceptical as to
their worth.

Time and Money

Time and money were also identified as key factors imuhef project failure; however,
learning from incidents of overrun or exceeding budget were less well defined and varied
greatly between levels of the business. These failure modes refer to more commercially
sensitive root causes and are not as easilyiczgh

Tacit learning was, therefore, the only identified method gbbriearning along with

some mention of generic formal training courses. Consequently, innovations within this
section of business are kept within a very small community. Executwpgor small
communities tend to share their internal learning using discussion such as informal
lessons learnt sessions. Interviewees working in these areas did not feel it inhibited their
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individual learning on project as the teams are small; howthayr,acknowledged that
staff turnover and lack of formal capture restricted learning outside each project.

While accounting records and schedules should record changes and why these events
occurred, there is no systematic cyclic assessment and feedhtaibkrtiis of

information within (or outside) the business. Although 'notice to delay' exists, its use is
misconstrued and therefore not used properly. The lack of systems approach for cost
overrun has been explored by Ahiaagbuiet al, (2016), howewveno robust methods
have been suggested for improving capture and analysis of this failure type.

Attitudes to Failure

An attitude is an enduring pattern of evaluative responses towards an issue (Colman
2008). While failure as a whole could be taken asrpet here, there are several
separate issues that stem from failure which were found to drive certain behavioural
responses. These are subsequently referred to as attitude stimuli.

During analysis of the interview data, key attitude stimuli were idedtifith their
corresponding responses. Two pairs of these stimuli will be discussed here: blame and
ownership; leadership and acceptance.

Ownership and Blame

A theme which emerged was reluctance to take ownership of the failure. Multiple
interviewees dlided to this with a few citing reasons such as: not good for your CV, if |
knew my job wasn't on the line and it's very painful, it's embarrassing. One interviewee
pointed out that directly employed members of staff or those employed by the main
contracor were more likely to raise an issue as he put it they feel ownership because they
are part of a larger group. There was also mention that by specifically referring to job
security and the length of work during inductions, the site workers tended toree m

involved in the job, rather than just carrying out the assigned task. This concurs with
recent emphasis in research, such as Sanne (2008), on increasing employee ownership to
cultivate a productive reporting procedure.

On the other hand, for failureghere there existed an overwhelming sense of moral
obligation to take ownership, interviewees expressed increased satisfaction at the learning
process. For example, H&S failures have a moral imperative to help preserve life and
quality of life to others.This was expressed by one interviewee succinctly:

Everyone is very opeminded about sharing lessons learnt from safety incidents because of
the overarching moral obligations

Perhaps due to the different amount of perceived moral obligation, different failure modes
seemed to elicit different levels of personal or company ownership. In comparison to
H&S as already outlined, discussion on quality failures led more to blamegaid |
consequences, for example contractual conflicts. Additionally, if quality processes can be
improved by a certain action, it is in the interest of the company to keep it undisclosed as
a Unigue Selling Point. Such reasoning overlooks the interdepenaleire of quality

and safety in construction where investigations have indicated mutual causality, where
each performance type positively impacts the other (Wardiealy 2013, Loveet al,

2015). Given this, the industry should ask itself, "is itafy justified to keep back

significant quality information?"

Reluctance to take ownership had significanbcourrence with the theme of personal
blame or consequences. Some of the many quotes on the subject were:

We live in a world of blame culturéVhether you like it or not.

17



Baker, Smith, Velikova, Masterton and Hewlett

People always worried about being the one at fault

You got your battle lines drawn very quickly

This discourse of blame and fault is at odds with recent research and policy to foster a no
blame culture, especially within H&S, tmt only address learning but also encourage
collaboration and innovation (for example, LleWalkeret al, 2014).

An interesting finding was the role interviewees perceived HSE to take in regards to H&S
learning within industry. Several times, it wasthd that inclusion of an independent

body within the learning cycle shifted the internal focus from blame and personal

culpability to learning and fair distribution of information. The legal obligations also

gave professionals within the H&S industryextiernal scapegoat to avoid internal

conflict as Interviewee 7, a H&S advisor, noted he was able to say to site staff in relation

to enforcing H&S that itds not just me once
any time.

Acceptance and Leadership

Acceptance of failure, or rather the lack of acceptance, emerged as an important attitude
stimulus within the discussions with interviewees.

They go: [é¢] "1t wildl never happened to me"”
People [é] think "oh, web6d never do that on our pr

I woul dnhadanydadluyes w e

This topic ceoccurred with discussion of the role of leadership aneitmpn incentives
for encouraging learning from failure. It was explicitly stated that increasing incentives
and the acceptance of failure will aid prevention ofifaii

| think people should be incentivised to produce these things and to accept the fact that
wedve got something wrong. Because, if you dono
somet hing wrong, youbre never going to prevent t

t
h o
It was ndicated by several interviewees that learning from failure is not incentivised.

Several interviewees noted that leadership are often given financial incentives for

productivity or profit which is in direct conflict with the acceptance of failure. Atsa o

personal level, one interviewee notes that a project which was considered a failure is bad

on your job record. However, projects are an amalgamation of the work and effort of a
(sometimes huge) number of people and the overall success or failyseofc rarely

reflects on the specific value you brought to the job or the valuable learning gained from

this. This observation can also be scaled up to the company as, when bidding for work,
successes are emphasised, and failures unheeded. Onevireriglained the

situation nicely:

When you tender for work, clients will ask you what you got right, never ask you what
you got wrong and what you |l earn from it. [
ignoring it basically.

CONCLUSIONS

Having dentified the perceived failure modes in construction projects, the research
presented here explored the different systematic learning processes undertaken in the
construction industry and the attitudes towards learning from failure.

Analysis of the intenew data showed different stages of maturity in the learning cycle
applied to different failure modes within a construction project. While safety showed
mature singldoop systematic learning and some migration towards ddabfethinking,
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quality preseted an undeveloped singl@op process. Meanwhile, time and money
failures gave no indication of any systematic learning process; nevertheless, there was
strong evidence of informal learning and discussion.

Given these different stages of maturity, depelent of learning from failure in the
construction industry cannot be tackled by a singular approach, but rather by developing
different aspects of the process for each failure mode.

Within discussion of attitude to failure, two pairs of attitude stimeliexdiscussed:
Ownership and Blame; Acceptance and Leadership.

Discussion on ownership and blame highlighted three outcomes:

1 Blame suppresses learning;

1 Increased ownership of failure cultivates a learning environment;

1 Inclusion of an independentganisation within cycle aids failure analysis and
distribution i.e. HSE for safety failure.

Meanwhile, dialogue on acceptance and leadership revealed the need for introducing
incentives for learning from failure and emphasised the impact of individdati@mpany
leadership on acceptance of failure as a possible concept.

The messages delivered here can help focus future work on developing specific methods
for learning from failure in construction that address the individual barriers identified by
interviewees and wider literature.
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The notion of O6di ghatofgodi esm @ p & n dienpvawidelyo v alt a oih p
used by researchers as well as management practitianérghe construction industry is
being described as 'ripe for disriget. By comparing this industry to healthcare (another
massive, societally important industry also considered ripe for disruption), this paper
appliesthe lens of disruption theotg analysehe current and anticipatethtusof the
construction indusyt. To do so, we ask and answvtleree central questions: Why should
construction be ripe for disruption? When will digtion potentially occur? How will
disruptionlikely manifes? We find that both industrieshare a number of challenges,
including a frgmented stakeholder network, complex incentive structures seasapf
being in a deadlock that makes change difficEHtrthermore, we find that in both
industries the term 'ripe for disruption’' describes a process rather than prescribe when
disruptionwill occur. By applying central notions from disruptigheory(disruptive
technologies, lowenddisruption newmarket disrufion, and a focus on value creation)
we identifyseveral potential disruptors tife constructiorindustry. To conclude, we
discuss the benefits and limitations of applying disruption theory to the construction
industry.

Keywords:disruption theorydisruptive innovationhealthcargindustry comparison

INTRODUCTION

ADiI s-rouptbe di sruptedo has becamManagersand mmon c at
scholars alike seek to understand the nature and potential impact of disruptive innovation

In 2003, Charitou and Markid€2003)identified 14 examples of industries having

experienced disruptive strategic innovatioii$e list included industries as diverse as the

steel industry, the airline industry and the life insurance industngl sincehen, more

industries could arguably qualify for the list

Observing how disruptive innovation has upended competition in other industries, the
notion of disruption has also reached the construction induistmgcent years, two
comprehensive analysisparts have described the construction industry as being ripe for
disruption(World Economic Forum, 2016; McKinsey Global Institute, 201Similar
conclusions are found in other recent grey literature such as F¢Finek, 2016and
DisruptorDaily (Rards, 2017) both listing construction as one of three to six industries
which soon will be disruptedArguably, disruption has become a popular buzzword that
attracts the attention of businesanagers. However, the term also formlibsis of
scholarly heory(Christensen, 1997; Christensen and Raynor, 2003his paper, we
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will take the point of departure in the theory of disruption while seeking to answer the
main research question: Is the construction industry indeed ripe for disruption?

Previousresearch has compared the construction industry's development, innovation and
productivity to thabf the manufacturing industry, #ss industry has accomplished to
benefit from several transformations during the last 100 y&tasghter, 1998; Winch,

2003). However this comparison is limited due the distnctive features of
constructionjncluding a comprehensive regulatory environmtére need for ofsite
assemblyand long lifeexpectancyequiringlong-time testing Slaughter, 1998).
Consequently, Winch (2003) suggests learning from other industries that similarly to
construction has a complex system production maael,Concepto-Order (CtO) or
Designto-Order (DtO) production strategies

The U.S healthcare sectis an example of such an industry. As we will show, this sector
shares a number of characteristics with the construction industluding a recent label

of being 'ripe for disruptior{Christensen, Waldeck and Fogg, 2018%geking to

understand wéther construction is indeed ripe for disruption, we compare the two
industries. The industry comparison is guided by threegsigistions:

1 What maksus believe an industry is ripe for disruptioand in particular, why
should construction be ripe foisduption?

1 When will disruption potentially occur?

1 How will disruptionlikely manifes®
We beginby reviewing the most important aspects of disruption theory. Next, we present
the two industries and describe our method. The main body of the papeyad blyahe
three questions above. For each question, we describe the status of the two industries
separately, andlentify similarities, differences and opportunities for learnikgnally,
we discusshow disruption theory may contribute to constructimial to which exterthe
construction industry can be characterised as ripe for disruption

DISRUPTION THEORY

The notion of disruption has intrigued business managers and scholars, since it was

coined by Bower and Christensen in 19@5sruption occursas ew I nnovations
to market a very different value propositi
(Christensen, 1997, xwhiereby changing the bases of competitroa marke{Danneels,

2004) The theory on disruption is based on multiple casdesuaf technological

development ire.g.the disk drive industry and the steel mill markkt these cases,

disruption occurred because walanagedestablisheddompanies failed to recognise the

disruptive characteristics of new technologies before $ twa late Dealing with

disruptive technologies, the theory thus damizes the importance of firsiover

advantage and recommends incumbent to invest in disruptive technologies while they are

still relatively immaturgChristensen, 1997)Christensenrad Raynor(2003)

differentiate between lovend and newnarket disruption Low-end disruption happen

when a lowcost and lowperformancalisruptive offering enteran existing meket, and

eventually overtake mainstream customer segments, as the perferofdine disrupve

offering improves.Opposed to this, newarket disruption targets current Aon
consumersindcreates a new valugetwork.

Reviewing disruption theory, Danneé)04)and Markideg2006)emphasied the lack

of a clearcut definition ofdisruptive technology and disruptive innovatemdquestion

the theory's abily to make exante predictions. Nonetheless, the notion of disruption has
been used increasingly often in the last few decé@diesstensen, Raynor and McDonald,
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2015) leadingto a rather diluted understanding of the ter@orrespondingly, mrch
research has investigated how disruption should be defined, and if and how disruption
may be predicte¢e.g.Danneels, 2004; Markides, 2006; Yu and Hang, 2010)

The term "ripe for disnotion™" isnot as often found in research literature. However,
according to Yu and Han@010) Schmidt (2004) proposed that a market is ripe for
disruption if it is characterised by customers that are overserved according to traditional
attributes, and werserved according to secondary attribut&salysing theU.S
healthcaresector, Christensest al., (2017, 4)state that "High costs and uneven levels of
access are typical hallmarks for an industry that is ripe for disruptidahsequentlywe
arguethatto predict disruptionve need to analyse the current status of an industry.
Rather than focusing on specific technologiea oompany settingve will here apply

the disrupibn lens in an industry context.

METHODOLOGY

The construction and healthcane of course two very different industriebhe main
offerings of the healthcare system includegnosing and treating patientfhereaghe

main offering of construction areentred on designing and constructing physical
structures Where the primaroutcome of healthcare is healthy people, the primary
outcomeof construction is a built environmenbDespite their vast differences in

offerings, the healttare and construction industrissare a number of characteristics
Both are quite large induggs, given that each constitutd® % of EUO6s gross d
product(European Commission, 2016; Eurostat, 2018)e industries are of societal
importancedepend orpublic investment, and have a complex ecosystem of actors with
different roles, agendashd mandatesAnd perhaps most importantly, although both
industries have been proclaimed ripe for disruption, both struggle witlennenting
disruptive changes #te same speed as other industfi¢srld Economic Forum, 2016;
Christensen, Waldeck amabgg, 2017) The healthcare sector and the construction
industry bothscore among the lowest when comparing the degree of digitalisation to
other industrie¢Gandhi, Khanna and Ramaswamy, 2Q1icating that they experience
a need for embracing tlogpportunities provided by new technologies and digital
innovations

We base the description of healthcare disruption on research material from the
Christensen InstitutéChristensen, Bohmer and Kenagy, 2000; Christensen, Waldeck and
Fogg, 2017pas well aother academic articles on anticipated disruptive changes in the
healthcare sectde.g.Patou and Maier, 2017)The Christensen Institute analyses how
disruption is happening in various industries with a special focus di.$bealthcare

sector We will keep in mind that healthcare, like construction, is a very diverse industry
on a global scaleand all the inherent mechanisms of th& healthcarsector may not

be present ir.g.European equivalents

The description oconstruction disruption isased on two rather recent industry analysis
reports from McKinsey Global Institute (2017) and World Economic Forum (2016), and
supplemented by academic articles on anticipated disruption of construction and
construction innovatior{e.g.Winch, 1998; Bock2015) We will consider construction

as a global industry although we acknowledge that there are very large regional
differences We recognise that consultancy reports may be biased since consultancies
arguably may benefit from claiming that an indussryipe for disruption However, the
comprehensiveness of the analysis behind the reports as well as the anticipation of
construction disruption from other, purely academic soyegsBock, 2015) make us
include the reports as relevant sources
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Why Should Construction Be Ripe for Disruption ?

Already in 2000, Christensast al., proclaimed that th&).S healthcarsector was ripe for
disruption This conclusion is based on a description of the sector as highly expensive,
resistant to innovation, compeq fiercely on price and delivering loxquality offerings
Further describing the challenges of healthcare, Christetsdn(2017)emphasizd the
high cost and uneven access to offerings as key reasons for why disruption should be

anticipated.

McKinsey Global Institut€2017)describes construction as ripe for disruption based on a
global analysis of the challenges and productivity of the indugtaged on studies of
productivity in more than 30 industries, they argue that the productivagradtruction is
"remarkably poor" and could be improved by &b percent World Ecanomic Forum

(2016) arguehat the large societal, economic and environmental impact of the
construction industry makes the potential of digitally transforming the industry
significant They both point towards the opportunitiesig.standardizing processes,
rethinking contractual structures, changing regulations and adopting new technologies

Although both industriebawe identified the need for changbgey aredescribedas in a

sort of deadlock that makes change difficult both industries, Erge barrier to change
stems from the complex network of actaih different objectives Moreover, fiere
competition makes it challengirigr a single actoto break the deflock - at least not
without close coordination with other§he challenges that are used to characterise the
industries as ripe for disruptioneasummarized in Table 1.

Table 1: Challenges used to characterise construction and healthcare as riperfiptidis

Construction U.S healthcare
Stakeholder Industry opaque and Powerful stakeholders interested in
network highly fragmented. maintaining status-quo.

Incentive
structures

Tenders or invoices according to time
spent. Contractual structures and
incentives misaligned.

Market Fierce competition, slim margins.
dynamics Informality and potential for corruption.
Sub-optimal owner requirements.
Quality of  Poor project management and execution.
offerings Megaprojects surpass time and budget.

Skills vs.
tasks

Low skill-level of workers. Need for
training workers to use the latest
equipment and digital tools.

Investment Low degree of investment in

digitalization and innovation.

Fee-for-service model.
Difficult to calculate profitability per
procedure. Focus on utilisation of assets.

Fierce competition between old
institutions on price and accessibility.
Uneven access to healthcare.

Reduced quality due to time pressure.
This is dissatisfying to patients.

High skill-level of doctors surpass most
patients' needs.

Investments focus on treating difficult
high-end diseases.

Although disruption theory does not provide specific parameters for assessing whether an
industry & ripe for disruption, ouromparison suggests six parameters that may
characterise an industagripe for disruption Moreover, it is shown thiaonstruction

and healthcare experience quite similar challenges accdadmgst parametersThe

only major difference is the skilevel of professionals, which is claimed to be too low in

construction and too high in healthcare

Besideshavingsimilar challenges, both industries report that they experience that other
industries have succeeded in benefiting more from a digital transformation, than they
have(World Economic Forum, 2016; Christensen, Waldeck and Fogg, 2017; McKinsey
Global Institute, 207). Thus,disruption is anticipated due to an experience of missed
opportunities rather thamecause curremhallenges constitute a burning platform
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When Will Disruption Potentially Occur?

The proclamation of a need for change in the construttaustry is not newAlready in

the late 1930s, Schumpeter argtieat prefabricated housing would briagp g al e o f
creative destructiono to the construction in
changed other industri€¢g/inch, 1998) Winch (1998 argues that Shumpeter was

wrong andhat the industry has not yet experienced the cost reduction and quality

improvements seen in other industries in last 100 yeawsvhy should disruption occur

in the construction industry just now?

A similar question is asked in thealthcaresector where 17 years have passed since the
sector was first described as ripe for disrupti@hristenseret al., (2017 suggest that
characteristics df).S healthcare mak#e sectormpervious to change:rigkusers ice.
patients) lack controlfdhe design anbuying decisios, new competitors experience

high barriers to entryand theee-for-service reimbursement systdails to consider the
guality of the care Despite these forces repelling disruptidreyt persist in concluding

that healthcare will be disrupted, although slower than initially expected

In theow, disruption occursit that exact point in time when the performance of a
disruptive innovatiorsurpassethe performance of mainstream offerir{@hristensen,
1997) Thus, by mapping the performance trajectory of an expected disruptive innovation
as well as mainstream offerings, one should be able to anticipate when disruption will
occur. Inpractice however,t is challenging to determintaedisruption point before
disruption hasctuallyoccurredDanneels, 2004)One reason for this is that
performance may be measured according to many different parareershat

choosing the right parameter is not trivial. For example, for a grooypstdmers in the
construction industry the most importgr@rformancearametecould be "time from idea
to finished building" or "lifetime cost" or (most likelysomething else. Even if one has
identified the most important performance parameter fonsti@am customers today,
one should keep in mind that disruption may imply that this parameter is not the most
important for customers tomorrow.

Thus, seeking to predict when disruption will occur in construction and healthcare is
challenging. However, aaming that disruption will occur at some point, the challenge
may be worth undertaking for construction companies to avoid being surprised by
disruptors. Acknowledging the limitations of predicting the future, we believe companies
in the construction ingstry may benefit from using e.g. foresight methods to identify
potential disruptors. In the following, we identify some of the potentially disruptive
technologies and innovations that should be analysed to be able to estimate when
disruption could occun construction.

How Will Disruption Likely Manifest?

To understand how disruption may be anticipated in construction, we will take point of
departure in four recommendations found in disruption theory:

Disruptive technlmgies: Invest early as a firstover advantage is essential
Low-end disruption: Identify overserved customers

New-market disruption: Identify current naonsumers

Focus on creating value for the customer

E g
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Disruptive technologies: Invest early as a finsbver advantage is essential
Tecmologicalprogresss often brought forward as a reason to anticipate disruption
However, in the analyses of healthcare disruption, new technologies are merely
mentioned as an enabler of disruption, alongside with new innovative business models
and a changed value netwdf&hristensen, Waldeck and Fogg, 2017)

According to McKinseyGlobal Instituteg(2017) the largest potential for productivity
improvement of the construction industry stem from the implementation of new
technologies Especially the anticipated disruptive potential of Building Information
Modelling (BIM) has long beestudied by construction research@.g.Morgan, 2017)

World Economic Forun2016)conducted a survey about the perceived potential of
construction technologies among industry experts, and here integrated BIM was rated as
extremely likely and anticigadto have an extremely high impad@IM is arguably a

critical driver of disruption in construction since digitalisation of data makes several other
new value propositions possibl&nother important group of potentially disruptive
technologies is fouwhin automated construction technologies such as 3D printing and
construction robats (Bock, 2015) Bock (2015)argueghat automated construction
technologies will speedp construction process change the way buildings are

designed, and eventuallympasive roboticsd.g.service robots) will be an integrated part

of the built environmentConsideringhese examples of technological progresboth

the virtualandphysical dimensions of constructiome expect disruptive changes to

affect the entirzalue chainof construction

When companies have identified supposedly disrupgigirnologiesthey should,

according to theory, act as first movers in maturing the technologies to avoid being
disrupted. This recommendation, however, contrastddkeiption of constrution and
heathcareasbeing ina deadlockvhere stakeholders need to act simultaneous for change
to occur In construction, for example, multiple companies have invested heavily in BIM
to gain a first mover advantage. However, BIM sg¢ongain grounds through

coordinated efforincluding legislative actiomather tharthrougha strategicfirst move

As disruption theory focuses on the actions of a single company, it does not provide
recommendations for coordinating disruptingiatives across an industry.

Low-end disruption: Identifying oveserved customers

According to disruption theory, incumbent companies may prepare for disruption by
identifying currentcustomers that are currently oxsarved Christensemet al, (2017)

argue that on one hantthe U.S healthcarsystem delivers dissatisfyirsgrvices to

patientsdue to e.g.ilne cnstraints on consultations. @re other hand, the healthcare
offerings overshoot the needs of the majority of patiesisighly educatd doctors

attend allpatients without differentiating between minor and major health isSthass

the recommendations for healthcare include creating a system where the skill level of the
health professional corresponds to the difficulty of the medisak{€hristensen,

Bohmer and Kenagy, 20Q0)

Translating this line of thoughts to construction, we find that construction, like healthcare,
defines its offerings based on professional disciplines rather than complettie

offerings. For exampldargercompanies in the construction industry are typically
differentiated by professior(g.architect or engineer) rather than by tfaure of
assignments (e.g. school building or landscape plapninghis regard, disruption

theory recommends takirtge point of departure ithe customers' jobs to be done and

look for overserved customers. Owserved customers may be customers that currently
buy relatively lowcost offerings (e.g. expansions of an office building) without actually
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needing the higlendofferings that the company is capable of providing (e.g. specialised
knowledge used for designing hospitals).

An example ofa low-end disruptor of constructiaa Altan.dk, a specializecbompany

that delivers customized balconies including customer seinsgllation and lifdime
support(Kudsket al, 2013) Altan.dk has succeeded in identifying a customer group that
needs "only" the services related to designing and establishing balconies on existing
buildings. Although the balconies are customiz#itey are designed using a product
configuration system of standardised components, enabling Altan.dk to deliveccadow
product that is valuable to a specific group of customers

As the case of Altan.dk demonstrates,4emd disruption of constructiatoes happen.
Disruption theory mayhereforecontribute to construction through its emphasis on the
(often overlooked)potential of lowcost, lowperformance offeringthat improve over
time. Correspondingly, construction companies may benefit frontifigiag low
complexity tasks that) could be bundled aslaw-cost offeringand2) may develop to a
high-end product over timas technology improves.

Newmarket disruption: Identifying current nezonsumers

Another type of disruptiorwhich might be anticipated in constructida newmarket
disruption According to theory, this kind of disruption may be found by identifying
current norconsumers An example from healthcare is that of doctors prescribing
patients to change their lifestykeg.exercising more, losing weight and/or eating
healthier to preverg.g.diabetes or depressig@hristensen, Waldeck and Fogg, 2017)
These patients can be seen ascmmsumers since they are expected to make lifestyle
changes between the occasiat@ttor's appointments without the support from health
professionals Identifying this gap in the market, a pilot study in Boston, successfully
introduced norclinically trained health coache3he health coaches meet with the
patients before and aftelirical consultations, act as the patients' advocate and support
the patients in their health journe$ince the focus is on prevention rather than treatment,
the investment in health coaches is shown to pay off.

Correspondingly, we may identify currerdraconsumers in construction to anticipate

how newmarket disruption magnanifest here Although a lot of stakeholders are
generally involved in construction projects, there are also rather significant groups of
stakeholders that are typically not invalvelhis mayfor example include thexpected

users of a new bike patthe neighbours of a new subway statorthe future cleaning
personnel of a new schodNew technologies such as virtual and augmented reality make
it easier to involve users theconstruction design at an early stage of the project
Likewise, rew-market disruption may be expected to empower the usenhaps
crowdfunding platforms can involve users in prioritizing new construction projects, or
allow the future users to vote abhaesignrelated decisions during the project

Today, many construction companies deliver a customized solution for each customer i.e.
they deal with markets of or{&ilmore and Pine, 2000; Thuesen, Jensen and Gottlieb,
2009) In contrast, disruption theppresupposes a mass market where companies target
customer segments with different offerings. This discrepancy between practice and
theory challenges the relevance of speaking ofmanket disruption in construction.
Supposing that a market consist®poe customer, identifying nemarket disruption in
construction would mean identifying just one new customer. Supposing, in contrast, that
construction may be a mass market, mearket disruption entails developing

standardised solutions for construatio
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Focusing on Creating Customer Value

Describing how disruption will occur id.S healthcareChiistenseret al, (2017) argue

for changing thencentive structures from a fder-service to a valubasedsystem.
Healtrcare practitionersould for examp bereimbursed on account of the general health
of their community opposed to on account of number of consultatimghermore, a
valuebased incentive system would entail an increased focus on prevention rather than
treatment Technological progresould support this focus on tipeeventive value of
healthcareas itenables continuous monitoring of peoples' health, behaviour and
environmen{Patou and Maier, 2017)

In construction, focusing on loAgrm value may mean measuring the indoor work
environment and its effect on the usefrghe building, owtilizing measures of lif¢ime
environmental impact in the design of new structulésompanies in the construatio
industry start focusing oprevention rather than "treaent",facility managementay
likely play a bigger role in the design and construction phaseghermore, an increased
focus on value would entail rethinking the contractualcstmes to alignisk and reward
ard forminge.g.strategic collaborations.

In both healthcare and consttion, it is difficult to changécentive structures and value
networlks. Especially because shifting to an incentive system that is based etefong

value typicaly will induce bad financial performanaethe shortun. Christenseret al,

(2017) prescribe that legislators, providers and payers need to coordinate their actions in
order to create sustaining chang@dthough this is highly difficult, the benefitsf

disrupting the industry appear to be worth it

DISCUSSION AND CONCLUDING REMARKS

Comparing healthcare and construction, a number of similar challenges and opportunities
wereidenified. Both industries are characterisedadbgomplex stakeholder network
misaligned incentive structurasyprovement potential in the quality of offeringsd

limited investments in disruptive innovationdssuming that thhealthcaresectoris

indeed ripe for disruption, this comparison would suggest that constructiomilely

ripe for disruption

However, he identified similarities between healthcare and constructiorateagupport
another conclusiorthat the construction industry, just like healthcare, is "impervious to
even the strongest forcesdisruption”(Christensen, Waldeck and Fogg, 2017, @y
perhaps more likelydisruption thery maynotbe the most appropriate theory for
explaining thecomplex industrial dynamics of construction and healthcare

This viewis supported by Geel2018)who has analysetthe transformation of energy
related sectors to lowarbon energy systemsle argues that disruption theory's focus on
single (conquering) innovations and prp&formance competition makes the theless
suitable for studying system transitions, wheig social and political dimensions play a
large role in creating change

Correspondingly, we find that the strengths of disruption theory does not lie in its ability
to predict when disruption will occur, but rather in its recommendations for envisaging
how disrupton could likely manifest. Taking point of departure in four recommendations
from disruption theory, we have shown to which extent the lens of disruption may aid
construction companies in anticipating changes.

As for the question of when disrign might occur, disruption theory falls short of an
answer. Different industries have different trajectories of technologieaktbpment,
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meaning, for exampléhat it took 40 years before mini mills had disrupted the steel
industry(Christensen, Raym@and McDonald, 2015)Arguably, this may deflate the
prescriptive value of speaking of ripeness for disruptidithough the industry is
claimed to be ripe for disruption today, the lack gpacifiedtimeframe makes it
possible that the industry is still (or again) ripe for disruption in 15 years from now

Not knowing when disruption will occur in construction (and assuming that it will),
construction companies may benefit from following both markdttachnology

development closely. Foresight methods may be helpful for imagining possible future,

and technology management methods may aid the companies in identifying and assessing
the potential of new technologies. As a part of our future reseaechimvto combine

the advantages of foresight and technology management and investigate new ways of
assessing the disruptive potential of new technologies.

REFERENCES

Bock, T(2015)The future of construction automation: Technological disruption and the
upooming ubiquity of roboticsAutomation in Constructiqr9,113121

Charitou, CD andMarkides, CC (2003)Responses to disruptive strategic innovatBloan
Management Review4(2), 55-63.

Christensen, ®1 (1997)The Innovators Dilemma: When New Tedbgies Cause Great Firms
to Fail. Boston: Harvard Business Review Press

Christensen, ®1, Bohmer, RandKenagy, J2000)Will Disruptive Innovations Cure Health
Care?Harvard Business Reviedp2112

Christensen, ® andRaynor, ME (2003) The InnovatorsSolution Burlington, MA:Harvard
Business School Press

Christensen, ®1, Raynor, MandMcDonald, R(2015)What is Disruptive Innovationfarvard
Business Review44-53.

Christensen, ONaldeck, AandFogg, R(2017)How Disruptive Innovation Can Finally
Revolutionalize Healthcaréoston MA, USA: The Clayton Christensen Institute.

Danneels, E2004)Disruptive technology reconsideredl critique and research agendaurnal
of Product Innovation Managemegtl(4), 246-258

European Commission (2018he Eiropean Construction Sector: A Global PartnEuropean
CommissionAvailablefrom https://ec.europa.eu/growth/sectors/construction_en
[Accessed 12th July 2018].

Eurostat (2016 he EU in the World 201%U: Luxembourgdoi: 102785/35119

Gandhi, PKhanna, SandRamaswamy, £016)Which industries are the most digital (and
why)?Harvard Business Review. Available frdrtips://hbr.org/2016/04/ehartthat
showswhich-industriesarethe-mostdigital-andwhy [Accessed 11th July 2018].

Geels, PV (2018 Disruption and lowcarbon system transformation: Progress and new
challenges in socitechnical transitions research and the rHaltel perspectiveEnergy
Research and Social Scien8&(October 2017224231

Gilmore, JH andPine, BJ(2000)Marketso f On e. : Cr eUnitue Walue tirought o0 me r
Mass CustomizatiorBurlington, MA:Harvard Business School Press

Kudsk, A, O'Brien Grgnvold, M, Olsen, M H, Hvam, L and Thuese{2013) Stepwise
modularization in the construction industry using a bottgnmapproachThe Open
Construction and Building Technology Journ&|l), 99-107.

30



Is Construction Ripe for Disruption?

Markides, C(2006)Disruptive innovation: In need of better thearydurnal of Product
Innovation Managemén231), 19-25.

McKinsey Global Institute (201 ReinventingConstruction A Route To Higher Productivity
New York: McKinsey QuarterlyFebruary)

Morgan, B(2017)Organizing for Digitalization in FirmsA Multiple Level PerspectivédARCOM
Compendiunof Working Papers 201Available fromhttp://www.arcom.ac.uk/
docs/archive/201- N orking-Papers.pdf 42-51.

Patou, FandMaier, AM (2017)Engineeringvaluee f f ect i ve he aAlsysternsar e sol u
design perspectivén: International Conference on Engineering Design (ICED21)
25" August, Univeristy of British Columbia, Vacouver, Canggiz40.

Rands, K(2017)3 Industries Ripe for Disruption in 201&vailablefrom
https://www.disruptordaily.com/hdustriesripe-for-disruptionin-2017/[Accessed 3
August 2017.

Slaughter, ES (1998)Models ofconstructioninnovation Journal of Construction Engineering
and Managementl24@).

Thuesen, C, Jensen, J S and Gottlieb, S C (2009) Making the long taH refidctions on the
development of the construction industry the past 25yearDainty, A R J (Ed.),
Proceedings 25th Annual ARCOM Conferent@ September 2009, Nottingham, UK.
Association of Researchers in Construction Management, Vol. 2;20011

Tobak, §(2016)5 Industries That Are Actually Ripe for Disruptigxwailablefrom
http://fortune.com/2016/05/13#&dustriesreadyfor-disruption/[Accessed 1A
December 2017

Winch, G(1998)Zephyrs of creative destruction: Understanding the management of innovation
in constructionBuilding Research and InformatipB6(5), 268279,

Winch, GM (2003)Models of manufacturing and the construction process: The genesis of re
engineering constructioBuilding Research and Informatip81(2), 107-118

World Economic Forum (201&haping the Future of Construction A BreakthrougMindset
and TechnologywWorld Economic Forum The Boston Consulting Group.

Yu, D andHang, CC (2010)a reflective review of disruptive innovation theolryternational
Journal of Management Revievi®(4), 435452.

31



THE VALUE OF BIM IN A HEALTHCA RE
CONSTRUCTION PROJECT: A MULTI -ACTOR
PERSPECTIVE

Malena | Havenvid! and Ase Linné

1 Department of Architecture arttle Built Environment, Royal Institute of Technology, 100 44 Stockholm,
Sweden

2 Department of Engineirg Sciences, Uppsala Universimgstromlaboratoriet, Lagerhyddsvéagen 1 Box
534, 751 21Uppsalg Sweden

Construction projects constitute a higlslymplex and fragmented project environment

where a variety of stakeholders are forced to interact and collaborate during the various
phases of the project procesa enhancing collaboration and communication among

project stakeholders Building Informatidviodelling (BIM) has been identified as

important tool, however the implementation and use of BIM as a collaborative tool has
been more difficult and timeonsuming than anticipatedhe aim of the study is to

investigate how various project stakeholdegsceive the value of BIM in a large

construction project by using and applying the Industrial Network Approach (INA)

in-depth case study of a Swedish healthcare project was performed through interviews
with main stakeholders of the projedthe resilts indicate that each stakeholder perceives
the value of BIM from their own perspective and role in the projébe perceived value

of BIM is closely connected to the changes and adjustments that each stakeholder have to
do in order to use BIM; for soenstakeholders BIM causa increased work load, while

for othersé Bl M f ac.i The divergimggerdpdctevesofthevealukk pr ocesses
of BIM and the associated changes among the various project stakeholders provide a
deeper understanding to wihe implementatioand use of BIM is challenging.

Keywords:BIM, projects value multi-actors industrial network approach

INTRODUCTION

During a long period of time the construction sector have been imbued by escalating costs
and low productivity (Egan 1998). In addition to this construction projects are
increasingly complex and challenging to manage. One way of managiegsmgly

complex inefficient construction projects is to use variousti@is. Several scholars

reveal the increased use of Building Information Management (BIM) in the construction
sector and conclude that the use of BIM cause changes of how coostadtivities are
organized and how actors relate to each other (Baaat 2007; Whyte and Levitt

2011; Succaet al, 2009), hence the use of BIM influences existing practices and also the
involved actors. Sebastian (2011) mentions the changingrat#s due to the use of

BIM, while Davies and Harty (2013) emphasize the need for informal relationships
between actors on site when implementing and adopting BIM. Existing studies of using
BIM hence reflect one main characteristic of construction ptej¢he involvement of

various actors with various perspectives of the project or as Hsralj (2015: 985) put

it: "Many stakeholders, individuals, and groups are involved in the provision and delivery

1 havenvid@kth.se
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of construction projects and each has their oo, requirements and objectives".

However this also indicates that different actors may have different opinions on the use of
BIM and its specific benefits and values. Scholars have revealed several benefits due to
the use of BIM, for instance cost tedions can be achieveBdx andHietaren 2007,

Brydeet al, 2013), increased innovation and bett@ordination (Gillian and Krunz

2007). Studies of the use of BIM have been limited to the perspective of one particular
actor, often the contractor or thkent, while few studies include a mu#ctor

perspective. Hence the following paper focus on investigating the value of BIM from a
multi-actor perspective. More specifically the paper aims to answer the following
research questions: How do variousjpct actors perceive the value of BIM? What
different values can be identified? How do the different values relate to the interaction
processes between stakeholders?

The questions are investigated through a case study of a specific construction project
new healthcare facility providing radiation treatment. The case mainly relies on data
retrieved through kdepth interviews witimain stakeholder@he developer, the
construction company, the radiation supplier, the tenant, theiptaooordinator,he
architect etc.). In order to understand the project context and its development the authors
also performed osites visits. The authors only used the project as a study object and
had no influence over the projects' execution. The paper contributes ¢onstruction
management literature by providing a mialtitor perspective on the use of BIM and its
value(s). In the following section a short review of the value of using BIM is presented,
thereafter the characteristics of construction projectstamavolved actors is presented
followed by a presentation of the resource interaction model. Thereafter the case is
described followed by a concluding discussion.

LITERATURE REVIEW
Use of BIM - Benefits and Values

Several scholars have investigated tise of BIM as well as the value and benefits of
BIM. Grilo and JardimGoncalves (2010630 focus on the interoperability of BIM
models and information systems on the organizational &wkthey conclude that: | f
higher levels of interactions between participants emexrgetiirough full 3D BIM
cooperation), companies in buildings projects will likely obtain differentiation value

| evel s, where higher cost benef.WhileGand | es:
and London (2010) focusn understanding thénanges requireith orderto use BIM and
the authors emphasise thapectations on BIMas well as value of BIMiiffers across
disciplines which causes problems when adopting.BBdbastiarf2011) ale focuses on
the changes and-grganizing due to BIM. The author especidiighlights the changing
roles of construction actors as well as the formation of a new professional role in
construction model managersLinderoth(2010) on the other hanmbint out the
possibility to enhance the value of BIM by usthg same actor network for several
construction projectsvhere not only human actors are important but alsenuoman
actors. Linderoth (2010) point out that the use of BH result in both imediate
benefits (such as installation clash analysis) but also related to morefongnd
indirect benefits (in relation to scheduling and plannirigfydeet al., (2013) concludes
that most prominentaluesof BIM are cost reductissandincreaseaontrol through the
project life cycle The sudy also revealed that Blhncreate time savings as well as
communication, coordination improvement amhancedjuality. FoxandHietanen
(2007) conclude that the use of BIM result in different businesesalnd effects
Automational effects refer to BIM as substituting for labresulting in productivity
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improvement and cost reductionsformational effects refers to BIM as a tool to store,
collect and disseminate information which can result in ire@guality and more
efficiently use of resources et@ransformational effeés referto how BIM contribute to
innovation and transformation, such as improved senbaamain and Walters (2013)
focusedon how BIM can be used as a medium for communicatiithin a construction
team The use of BIMresulted in benefits such asre accurate and @émme information
exchange amongonstruction teams. Gillian and Krunz (2007) presesiirvey of how
stakeholders actually perceived value of u@hg. The mgority of users of BIM saw a
value of BIM throughout all phases of design aadstruction. The authors dividalue
into threemainvalue groups: benefits, unintended consequences andtbenefi
impediments. The authors also mentiba use oBIM as apossible to engage project
stakeholders in actually understandihg projects scope.

Construction Projects: A Multi -Actor Constellation

Main activities in the construction sector are performed within-timend projects.

Hence projects play an importgrdrt of the construction sector and projects can be seen

as multiactor constellationKplltveit andGrgnhaug004; Brady and Davies 2011). In

any construction project a number of stakeholders come together to execute a particular
task with a particulafunction to a particular cost (Bakker 2010). However these actors
may have radically different views and perceptions of the project at hand which can cause
conflicts and problems in projects (Ruusktal, 2011). It is also argued that the way

actors nteract and relate to each other influence the outcome of the project (Olander
2007). Winch (2010) divides actors into internal stakeholders including actors
representing the demand side such as the client and its employees and customers and the
supply sde with architects, engineers, suppliers etc. External stakeholders are actors
outside of the project including regulatory agencies, as well as NGOs etc.

Within the Industrial Network Approach (INA) the basic notion is that any company or
organization (beg construction related or not) is dependent on other actors to access
resources and activities in order to develop its business (Hakansson and Snehota 1995).
INA is inspired by Penrose (1959) where the notion of resource heterogeneity is put in the
fore. As a consequence the value of any product (for instance BIM) is not given instead it
is dependent on how it is connected to other resources (Hakansson and Waluszewski
2002). Hence the value of a product is dependent on resource interaction procassed of
network of actors combining resources. This means that resource interaction is a key
process in giving value to a particular product, but it also means that the value can be
rather different depending on what actor perspective you address. Theeesourc
interaction model (Hakansson anthluszewskR002) divides resources into two types of
resources; technical (products and facilities) or organizational (relationships and units).
Products as resources can be goods or services such as componentsenialg,mat

services etc., while facilities refer to equipment or tools used to produce particular
products Organizational units refer to a company, a division within a company, or an
individual which develop skills, knowledge, experiences and routines\atctime
Organizational relationships emerge when two or more organizational units interact and
organizational units mobilize and develop products and facilities through interactive
relationships By using the resource interaction model it is posdiblavestigatehe

value of BIM and how the value of BIM is relatedtb@ network of resources (products,
facilities, organizational units and organizational relationshipreover it is also

possible to identifyvhat value it brings to the focal congttion project and main project
stakeholders in the project network.
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THE CASE: SKANDION CLINIC

The Skandion clinids the first clinic in Northern Europe to provide cancer treatment
using proton therapyThe cost of the new clinic is estimated to arout8$ 104 million;
US$ 52 million for the construction of the clinic, while the remaining US$ 52 million
constitutes the cost for the radiation equipmerite construction of Skanat Clinic was
complex andincertaindue to the challenge to create a 'radrasafe’ environment. XS
main project stakeholders involved in the construction of the Skandion Cdinibe
identified; 1)KommunférbundefAvancerad Stralbehandling (KAS}he maintenant of
the new clinicandresponsibldor thecancer treatment2) Akademiska Hus (AH) the
developer and theainowner of the new clinic3) NCC Construction the construction
company in charge afoordinate the construction of thénic. 4) Link Arkitektur - the
architect firm responsible for developing the dasof the clinic along with coordinating
the BIM-model 5) Sweco- the design and planning coordinator of the design and
planning organization. 8BA - the radation equipmensupplier.

Establishing Skandion as a BIMPilot Project

Akademiska Hus (AHyas appointed to set up and manage the new clinic and AH signed
a partnering agreement with N@@Gncerning its constructionThe choice to engage in
partnering is closely related to the use of BIM in the projé¢t and NCC had both prior
experiences fnim BIM but mainly used is a 3D tool for visualizationkhe partnering
agreement opened up for using BIM on a higher leVike Skandion Clinic project was
decided to be a BIMpilot project for AH with the aim to result in a written BiManual

to be usedor future projects In order to be able to use building information structurally
AH and NCC needed to jointly develop a basic BIM instructioriHferproject It was not
enough tacombineresources from AH and NCC, instead the two parties realizecedte n
to include the architect and theaphing coordinator in specifieinstruction for

Skandion Through a number of BIMneetings and a specifitiM workshop AH, NCC,
Link and Sweco scrutinized the collected BIM documents from prior experiences and
projects in order to define a BIM instruction for Skandidrnis way of jointly setting the
frames of BIM in Skandion was reflected on by the main architect from Link as:

A lot of collaboration was between us and the partnering aclargether we did an
instruction from the beginning on what to use the models to and how to work with the
models So we did an instruction from the very beginning that we have followed

The planning coordinator from Sweco comment on the benefits of the intense work with
AH,NCCand Link as: AFor my work it means t ha
we have reached consensus in what to achieve at an early Bhag)és unique and
something that we have notdone befdfear | y on deci de what t o mc

BIM-toolsin design and planningthe tenantslack of construction knowleddmcomes
obvious

The early design model developed by the architect was the point of departure for the
design angblanning organizationAH has a special requiremesdncerning theoom
functioning software, hencé was important to choose a software based on an open IFC
system, hencthe architect decided to use Solibri as main BIM.tddée of BIM in

design and planningneant that the specialized technical consultsinésildprovide their
information into the model whilthe BIM -coordinatorshouldupdate and synchronize the
information from all consultant groups into one modalspecifically discussing the
BIM-models a new type of meeting area was introduced therBdéting.
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In being ake to do the basic design work Link was dependerihetenant to deliver
necessary informatiosuch asiumber of socketsnaterial on the walls and sizes of
windowsetc Normally tenants have their own organization with constructigesise

such as &uilding unitbut this was not the caseithin KAS as theorganization only
consisted of B individuals with expertise in cancer treatment and efficient patient flow
To handle construction related issues KAS appointed a consultant firm, however with
little experience from large complagralthcare projects. Due tdgtiheother

stakeholders needed to determine the information on behalf of KAIS was reflected

on by the ar chi € ¢etenarddid nothave ah orgahizatdmsteaglt i
is a new established organization and during a long long time it only consisted of two
peopl eéeveryone [Link, Akademiska Hus, NCC]
and deal with the questions but we did not succeed in"tifence he lack of

constriction knowledge at KAS resulted in ththe wronginformation was inserted in the
BIM-model Moreover the lack ofonstructiorknowledge isalsovisible in how KAS
perceives the use of BIM in SkandioKAS had little understanding abdubw cost can

arise due to work with the BIMnodel,the organization could not understand how costs
could be generated before the actual physical production stage. HenanlAS
understood BIM as a visutdol, not a model including informatidmowto set up
constructand manage the building

BIM and the Radiation Equipment Supplier

To perform treatment with proton therapy KAS signed a purchasing agreemetBAvjth
the wotd-leading supplier of cyclotron for proton therapfsthe cyclotron generates
radioactive radiatin IBA have certain requirements on the construction of the building in
order to install the equipmenin the agreement with KAS IBA defined its requirements
on the building through the Integrated Building Documents (IBD})e documents
includemore tha 100 pages and 40 different drawings with detailed information about
how the treatment rooms should be constructed to deliver proton radiatment The
IBD documentsare adapted to the context and timque conditions for every project, for
instarce in Skandion the IBD needed to correspond to the demands of Swedish Radiation
Safety Authority In order to proceed with the physical construction of the treatment area
IBA needed to approve the production document provided bgesign anglanning
organization hence IBA needed to interact with bditie planning organizaticend NCC
The cyclotron and the IBD document affected the work with BIM and it was also clear
that the IBDinformation was difficult to incorporate in the Biwodel, or as the BIM
coordinator describes it:

They [IBA] were not compatible with usSo it [information] came oDVG-files, it was flat

in a way Thereafter the architect and the structural engineer needed to interpret it,
unfortunately It was really a pity

To interpret the information into readable BIM files, the rest of the stakeholders needed to
be engagedTo facilitate the translation Sweco, AH, NCC and Link paid visits to IBA
reference projects in Europe and the U® further facilitatenteraction a sgcial

meeting forum was introduceMAV -meetings in which AH, Sweco, IBA and NCC met
faceto-face

BIM as Facilitating Planning and Production

To use BIM on a high level required limiy and connectinghe planning and production
organizatios. Hence NC(Joined the planning organization with Link and a number of
technical consultants coordinated by Swec€hrough the initial BIM instruction it was
easy to convince the whole planning organization how to use BIM for planiinwgs
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deci ded tsedmodd ngidbncheace the program infor
with low level of details, while the detailed level increased for system drawings and

finally for production drawingsFor each planning meeting the planning consultants

supplied information tt was synchronized by the Bibordinator into one model, all in

all 13 people supplied BIM information to the madel

Even though the planning is characterized
Skandion have required more timee to increaseuhteractionamong planning
stakeholdersompared tdraditional planning A lot of time was put on investigating and
discussing ventilation and energy supply along with installation clashes and collisions

while developing the BIM modelThe increase co# planning by using BIM is

commented on by Sweco as: Alt [using Bl M]
to do the modelling in BIM but we have gained in the fact that there are few faults on

s i tWhde the project leader of AH comments oe tise of a combination of

partnering and BIM as determinants in increased meetings throughout the project by
saying: fAPartnering in itself creates more
more meetingsBut | guess it is the main point of il #hat we together perform at our

best The right house, to the right prices to

Due to a tight time schedule, planning and production took place in parallel
Consequentlyhe planning and the production of the clinic needed to be coordinated
alongside each otheifhe planning was steered the production planning that was
divided sectiorby section through the assistanceBdi¥l, hence NCC decided on what
production drawigs the company needed at what time, which determined planning time
and resources schedule put up by Sweeeen though the planning and design phase was
time consuming it minimized esite adaptations in productioNCC used BIM foremost

as a tool for [anning production activities.e. informing foremen and workers what to

do along with introducing new subcontractors on. diteorder to facilitate the use of

BIM in production the NCC production team got basic BIM training and was equipped
with IPads. All relevant documents, protocols and other BIM information could be
accessed through a system of drop boxes through the software iBuholerover, in
reducing the use of drawings NCC invested in a plotter with the possibility to print
drawings on site NCC also used BIM for purchasing activities by calculating quantities;
whichwas indirectly related to planning the logistics of purchased materials.

CONCLUDING DISCUSSION

It is evident that BIM is affecting the interaction among the main prejakeholders in
various ways. rfl being able to use BIM asrautually shared resour¢c@ew arenas for
interaction among the stakeholders needed to be developesproject.

AH as a client and lonterm owner of the new facility have the most posgipit

actually use the information generated in the project. It was AH as a unit who pushed for
the Skandion project to become a BfMot. In combining resources, i.e. experiences

and knowledges of various stakeholders it was possible to generateesoeavee, a

BIM -manual which could be used on subsequent projects. Hence in being able to
develop the BIMmanual AH relied on the other stakeholders to insert valuable
information into the BIMmanual and also the BHvhodel.

KAS as the tenant did not undend BIM at all as the unit only viewed BIM as a cost

not a resource that could generate increased value such as a better working environment
for the employees, better patient flows or better management and operations of the new
facility. Instead the ldcof understanding of BIM and KAS being an immature tenant
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caused effects on other stakeholders, for instBi@€ needed to make site

adjustments along with the Sweco needed to revise the production documents after the
actual constructionThe interaabn between the resources of KAS and that of the other
stakeholders thus obstructed a more full use of the BIM mddwed lack of knowledge
related to construction and Blkffected the rest of the projemttornetwork in order to
extract value from usinthe model.

NCC saw the benefits of BIM and used BIM for planning the production, procurement
and logistics. Indirectly this also facilitated the work of the design and planning
organization. However in actual production BIM was mainly used for productio
preparation and planning of activities. As NCC signed a partnering agreement with AH
the unit pushed for the use of BIM in production, this also resulted in training of
production employees and-gite IPads to facilitate work on site. Also NCC saw the
value of not printing the design drawings but instead use the digitainBiifels and only
occasionally print out designs on sites when needed.

IBA the radiation equipment supplier influenced the use of BIM in the project, as the
critical IBD documents didiot support BIM information the IBD had to be translated into
new information in the BlMmodel. AH, Sweco, NCC and Link had difficulties in
understanding the IBD and sort out what information needed to be incorporated in the
BIM-model To solve this, inoreased interaction among the stakeholders and IBA was
necessaryncluding onsite visits to othelBA facilities. Through these visits the
stakeholders could ask the right questions to IBA concerning the IBD documents which
facilitated the translation dBD-information into information inserted in the BHvodel

Sweco the design and planning coordinator with extensive experience from BIM saw the
potential of using the BIMnodel while designing and planning the complex project.

Also it is evident that th use of BIM actually resulted in increased interaction among
various stakeholders in the project and hence facilitated the establishment of a joint
'vision' of the project. Also the architect viewed the use of BIM as something valuable in
the project, mah due to that the architect had previous experiences of using BIM on a
high level which also resulted in a new actor role of the-uh# BIM-coordinating role.

The architect also mentions the necessity to actually use BIM in order to be able to
complde the complex project, also the use of BIM forces the design and planning actors
to jointly develop an instruction that facilitated the work.

Due to BIM the project displalgss onrsite adaptationasthe production drawings
contained little faults It is howeveevident that the value of BIM is not always direct
and spread evenly across the proggakeholdersspecified construction actors such as
AH, NCC, Sweco and Link saw different values of using BiWijle stakeholdersuch as
IBA and KAS did notunderstand the value of the information inserted in the-Bidlel.
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DIGITALIZATION AND INNOVATION IN TH E REAL
ESTATE SECTOR
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Recently, digitalization has emerged as a main theme in the industry discourse in the real
estate sector. In this discourse, some influencers foresee that digitalization poses
disruption, even an existential threat, to the traditiontdra, which are expected to make

Aidigital transformationso to remain relevant.

digitalization to drive efficiency, sustainability and servitization of the industry

However, the real estate sector is a mature busaregonment with a low rate of

innovation and limited R&D resources, and it is not evident how this traditional sector
reacts to the multitude of new predictions and propositions. Based on theories of
innovation management, this study investigates reéalees e 0 w nreakisg@nds e ns e
strategizing in this area: how do they seek information and prioritize which initiatives to
take? Which actions are taken? How are structures for innovation management affected,
within firms as well as on the industry levdlfie results are based on sestructured

interviews conducted with Respondents responsible for digital development in large
private and public real estate owners in Sweden, as well as with representatives of
industry associations. Findings include that estate firms and industry associations
emphasize digitalizatiorelated opportunities to improve efficiency and tenant

satisfaction, as well as to create new services and business models. Also, real estate firms
perceive that change is needed to rercaimpetitive, and as a response, they have created
digitalization strategies, formed new organizational units and recruited new people to lead
digitalization efforts. Further, they have established new collaborative relationships to
industry networks andoenpetitors.

Keywords:dynamic capabilitiesdigitalization real estate managemeintnovation

INTRODUCTION

Society of today isnicreasingly challenged by new requirements arising from
urbanization and sustainability. Digitalization is often pictured as a catalyst for
sustainable development, where digital information flows are seen as prerequisites for
efficient use of resourcedn the built environment, digitalization used to be synonymous
with the use of building information models (BIM), but more recently technologies, such
as sensorbased building monitoring has emerged as an important field (Atkin and
Bildsten 2017). Digdlization is further increasingly associated with sharing economy,
tenant relationships and social sustainability and companies with a background in other

fields approach the real estate sector with new offers based on digital technologies (Baum

2017). Abo, in the last couple of years, digitalization has emerged as a main topic in
industry magazines, seminars and reports (e.g. Westargabn2017; Fastighetsagarna
Stockholm 2018; Kairos Future 2018). Thus, digitalization in the real estate sector is
multifaceted phenomenon with potential impact on a wide range of actors and processes.
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Here, property owners are strategic decision makers and gatekeepers (Kwainga
2011).

Real estate owners are generally considered to be slow to take ughealdgy and

new serviceg§Engstrom and Hedgren 201 2)uch due to an absence of competition and
innovation drivers in a sector where traditional business models have delivered
substantial and stable returns for decades (Palm 2015). Due to the development
digitalization, however, they increasingly find themselves exposed to a multitude of
challenging predictions and propositions. Thus, more or lepsaglertyowners have to
decide how to respond to this novel and complex environment.

In thisresearchwe report the result of an interview study primarily targeting large real
estate owners, but algzdustry associations that aag knowledge brokers and change
agentdn the real estate sectoWe investigate the strategies for seeking information, the
actions taken and planned, how these were selected, and the experiences. We further
discuss how digitalization initiatives relate to existing structures and roles for managing
business development and innovation within these companies, and discusstiomglic

for future development.

Frame of Reference

In recent years, both academic and industry discourse on digitalization has shaped the
understanding of this complex phenomenon.
is seen as process, where the use of digital technologies may lead to newrifgsr

and changes in business models. Further, it is suggested that implementation of digital
technologies is fundamentally transforming organizations @ad, 2012) and that

these transformation processes should be guided by digital strategaeadBhjet al.,

2013; Mattet al,, 2015). Several authors have argued that dynamic capabilities view
(Lenkaet al, 2017; Yeowet al, 2018), focusing on the ability of an organization to
purposefully respond to a changing environment, as well as theariasovation

processes (Nambisam al, 2017) would be particularly useful to understand

digitalization in organizations. In the next section, we review the current understanding
of innovation and innovation management in the real estate sector &ed|gebtly relate

it to research in dynamic capabilities.

Research on Innovation in Real Estate Sector

Most research on innovation in the built environment focuses on the construction sector.
In this perspective, construction clients are seen as key emablanovation since their
procurement requirements shape drivers for innovation in projects and supplier
organizations (Kulatunget al, 2011; Gambatese and Hallowell 2011). However, clients
are often criticized for being conservative (Engstrém amndigHan 2012; lvory 2005).

Many firms and organizations in the construction industry are prbgsed, which

generally implies that they are decentralized and that structures for learning between
projects are weak (Dubois and Gadde 2002; Winch 1998).rd@sesirch is partly

relevant also for real estate owners since many of them are engaged in building projects
as well as in refurbishment and maintenance.

Another stream of literature, closely related to real estate owners' perspective, concern
innovation n facility management (FM). It is often argued that innovation is important

for FM organizations (Noor and Pitt 2009), but also in this area innovation seems to be
more of oneshot events than continuous activity (Mudedlal,, 2005; Cardellino and
Finch2006). According to a review by Atkin and Bildsten (2017), current research

debate primarily relates to incremental development on operational issues, while strategic
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management of innovations has received less attention. They also note that most of
digitalization related research deals with intelligent buildings and communications
technology, mainly focusing on BIM, whereas other potentially disruptive technologies,
such as Atrtificial Intelligence or Internet of Things are discussed mainly in the alform
media (Atkin and Bildsten 2017).

Dynamic Capabilities and InnovationProcessof a Firm

Dynamic capabilities are often seen to be embedded in organizational routines and
processes (Eisenhardt and Martin 2000; Winter 2003). While operating routines guide
the dayto-day activities of the organization, dynamic capabilities can be understood as
second order routines designed to continuously assess and update the operating routines
(Nelson and Winter 1982). In particular, an organization's absorptive gamadite

capability to acquire and process new information for developing new product and
services (Cohen and Levinthal 2000; Zahra and George 2002), is considered important.
Sense making processes, where individuals interpret and give meanings tq\&esrks

1995) are central in this perspective.

Much innovation research is focused on organizations active irvieighity markets, but
several authors, such as Eisenhardt and Martin (2000) and E&aStaitinet al,, (2009)

claim that the theory of dynamcapabilities is useful also for studying more traditional
industries as well as the public sector. The real estate sector clearly falls into this
category, and the dynamic capabilities perspectives implies that it is the routines and
resources to managenovation that should be in focus. In accordance with the dynamic
capabilities view, Tidaet al, (2005) further conceptualize the innovation process in a

firm in terms of three phases: search, selection and implementation. They emphasize that
the proess is by no means always rational or linear and can vary from firm to firm as the
context for innovation varies, but also that having a degree of structure and a framework
for behavioural routines can help in making sense about the innovation process.
Important routines in each phase are (Tetdl, 2005):

Search: The firm develops understanding of the search environment and appropriate
search strategies.
Select: The firm prioritizes between the signals from the search phase based on its
existing capaltities and the overall business strategy.
Implement: The firm acquires knowledge resources, executes innovation projects,
launches innovative products or services and sustains the innovation.
In this paper, the framework of Tiad al, (2005) is used toujde the data collection and
research approach.

METHOD

This paper focuses on digitalization in the real estate sector, an area that is currently in
rapid development and high on the agenda in industry discourse. Thus, a phenomenon
basedesearchapproach is used (Von Krogi al, 2012), where the overall purpose is to
establish a deeper understanding of a speatfiten novel phenomenon. In this

approach the selection of research methods and theory is driven by the phenomenon,
which meanshat multiple methods and data sources are often combined (Schwarz and
StensakeR016). The present study is based on interviews, industry press and reports,
and observations and informal conversations at industry seminars.

Interviews were conducted withamagers responsible for digital development in eight
Swedish large private and public real estate owners. Of these, two were private owners of
commercial property such as retail and offices, four were owners of residential buildings
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(three private and orpublic), and two were public owners of community service

buildings. The real estate owners were selected to represent different categories of
property owners in order to gain a holistic overview of the phenomenon. Further, three
representatives of reaktate industry associations were interviewed. These were selected
due to their knowledge and central role in the industry digitalization discourse in Sweden,
and are here labelled as knowledge brokers. The interviews took place in fall 2017 and
spring D18, lasted between 45 minutes and 1 hour 45 minutes, and were recorded and
transcribed.

The interview guidelines were based on themes identified in the theoretical framework to
define a firm's absorptive capacity (Cohen and Levinthal 2000; Zahra andeG892)

and innovation process (Tiad al, 2005): strategies and routines for sems&king and
seeking information, selection of actions taken and planned, and implementation
processes. The interview transcriptions were analysed and classified actottege
categories, and thereafter interpreted by both authors individually and jointly. Previous
research on innovation and innovation management in the real estate and construction
sectors was reviewed, as well as research, industry reports aresarticldustry press

on digitalization in the real estate sector. In order to understand the context in which the
owners operate and the signals they are exposed to, the first author participated in four
industry seminars.

FINDINGS

The findings are prestsd as follows: first, the industry discourse on digitalization is
described. Then, interviewees' views on how digitalization is affecting the real estate
owners' strategies and organizations are presented. This part is organized according to
the three pases of in a firm's innovation process identified by Tidd (2005). Finally, the
opinions of the industry knowledge brokers are presented.

Context: Industry Discourse

In the last year or two, abundant industry seminars and media coverage have had
digitalization in the real estate sector as a main theme, and several industry reports
focusing on this sector have been released (Baum 2017; Westetrgte2017;
Fastighetsagarna Stockholm 2018; Kairos Future 20I@&pics have covered examples
from other indistries, reasons and motivations for digitalization, specific technological
aspects such as the role of big data in the real estate sectthmeats and opportunities
related tanew actors entering the sector. Also, companies with a background in other
fields approach the real estate sector with new service offerings, and the term PropTech
(property technology) has emerged to describe a collection of various smart real estate
technologies and platfodibased sharing solutions (Baum 2017). The new aaters

often technology statip firms and venture capitalists, and sasoetributors to this
discourseclaim thatsuchPropTech firng pose an existential risk to real estate firrsr
example, at one seminar tireetaphor of tsunanwas used by one speakerescribe

how PropTech firms will eventually disrupt the real estate sector value chain, stmilar
how UberandAirBnB havetransformedhe transportatioand hospitality sectors.
Comments made during such seminars include views that most tradiéahestate
managers would be out of business in a few years. Other participants, however, foresee
that the implications for the real estate sector will be slower but nonetheless potentially
substantial. One presenter used a metaphor of a melting ie¢acdbmonstrate how real
estate owners, unless they find ways to innovate, will slowly lose value to technology
firms.
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Innovation Search Strategies

In general, the interviewees were highly aware of the industry discourse on digitalization
and said thattihad influenced their firms and the industry at large and also raised the
sense of urgency in their own work. Since the digitalization agenda is broad and
uncertainty is high, the interviewees reported that much effort was spent only on mapping
the phenmenon. Regarding search strategies (see Table 1), media cover of digitalization
was seen as important, and siXhe intervieweesxplicitly mentioned the role of

industry seminarsin general, interviewees had mainly approached their traditional
netwoks within the real estate sector, such as the industry associations and contacts in
other real estate firmsjhen seeking foguidance and inpuin digitalization, but some

had been in contact with neseurces of information, such BsopTech companies,
consultants and suppliers.

Table 1: Innovation search strategies

Question Examples

Where and how do firms  Seminars: both traditional industry seminars and PropTech seminars

search new information Benchmarking in real estate and other industries

on digitalization? Industry associations and other sectoral actors
Collaboration with consultants, suppliers and PropTech firms
Internal workshops, own employees and parent organizations
Hiring new talent

Based onhis new informatioracquired, the real estate companies had identified various
business opportunities, batervieweeslsosaw risks in digitalizationFor example,

new solutions have high uncertainty dhdre is a risk to invest iiechnologieshatmay
soonbecome obsoleteSimilar concerns were raised in relation to partners, for example
PropTech companies have high risk for bankruptcy in the first years okbasin
Uncertaintyin customer demanidr newservicesvas also mentioned, as well as
uncertainty related tkegal framework. Manyalsoshared concerns about data security
when investing in new information systems or sharing data with third pakiest of the
interviewees however perceived a needdbsomehowmnuch because they expected that
the threat fronexisting competitors or new entramtsuld likely grow over time. One
interviewee said that the new competition nadsobe indirect, agor exanple access to
medical services onamart phone may decrease the need for health care facilities.

Innovation Selection

Despitethatmany interviewees felt that the process of digitalization was only in the
beginning, and that there is much talk and leismall real estate firms haditiated
actionsrelated to digitalizatioifisee Table 2) As interviewees represent different sectors,
there was considerable variation in the types of initiatives taken. This illustrates that
many aspects of digitalizat are highly contingent on type of property and business
context.

Some firms prioritized fairly classic and technical aspects, such as information
technologybased property management systems and investments in smart building
technologies, while others th@eveloped new service offerings to existing and new
customers.Also, two interviewee saidthat the roles had switchedpnocuremenof
telecom servicesas before they had to p&yr the provision of cables, whitedaythey
can chargeéhetelecom preiderfor theaccess to customer3his indicates that firms are
in the process of developing new business models based on their existing customer
relationships.
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However, the implementation of thedigitalizationinitiatives hadhot been without
struggles.Mostinterviewees saithatthey lacked resources or capabilities to work on
digitalization activities and that it wéasrdto find new talergor capable partners to work
with. They also foundt difficult to manage changeithin their organizations, mostly
due toa conservative business environment.

Table2: Innovation selection

Question Examples

‘Which digitalization Smart building technologies (f.e. sensors and energy optimization systems)
initiatives have been ICT-based property management systems

selected? Smart locks and keys (f.e. smart phone key application)

Customer service software (f.e. websites, chatbot, mobile apps)
Virtual reality classes for real estate sales process

e-learning systems

Artificial intelligence-based tenant matchmaking service

New digitalization-enabled service concepts

Customer tracking system in retail stores, e-commerce solutions

Implementation: Impact on Innovation Strategies, Processes and Structures

Further, implementation of new initiatives had required changes ie&hestate
organizations (see table 3 for summary), and all interviewees had recognized some
organizational changes in structures, processes or roles in their firms. Almost everyone
saw new demands and more workload on business development functiomnalizBiigpn

in several cases had led to increased resources for development in the firms. However,
resources are still limited, and consequently the companies can only undertake a small
number of projects in parallel.

Table3: Implementation: Impact of gitalization on real estate firms

Question Examples

How has digitalization Higher workload for IT departments and development functions

impacted firms' New business development roles, teams and functions
structures and Developed digitalization strategies
processes? Increased innovation search activities

Increased training activities
Cross-functional development

Customer orientation (f.e. customer journey)
New roles for property managers
Established a "digital transformation lab"

How has digitalization New collaboration projects with industry actors
impacted firms' Increased collaboration with employees (f.e. workshops)
collaborations? New collaboration projects with existing suppliers and consultants

New collaborations with PropTech startups

New collaboration projects with owners and related stakeholders
Increased collaboration with competitors

Participation in regional development projects

Interest towards academic research collaboration

All interviewees saw that their own role had changed due to higher focus on digitalization
activities, and three of them stated that the IT department had new responsibilities. Some
had chosen a mainstreaming strategyere digitalization was seen as "normal business
development with a twist". Others had established specific units focusing on
digitalization, and some hired new personnel from within and outside of the sector to lead
digitalization activities.

Work on dgitalization in many cases had created new collaborations and relationships.
Digitalization strategies were often developed in cfasstional teams. Many
interviewees reported that technolegyated projects had previously been done in
isolated projets, but that digitalization work had brought new structure to such activities.
One firm had set up a "digital transformation lab" that collaborates with other business
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areas and serves as a joint development platform. In one case, the role of a property
manager had developed into one of a community manager, as the firm had invested in
communication platform, where tenants could interact with each other's and the facility
owner. Several firms had sought for new collaborations with consultants and industry
associations, and one interviewee said that they had never before included customers in
development activities.

Views of Knowledge Brokers

The knowledge brokers from the industry associations perceived the work done on
digitalization in real estate sectiorbe of great importance. At the same time, they had
concerns thateal estate firmsveredoingwork ondigitalization as tick box exercises
without fully committingto development initiativesin their view,some firmgnitiate
digitalization activities without really understanding why and how certain projects would
add valuen their specific context Theysuggestedhat once firms gain maturity in

working on digitalization, they may become better at focusing on the riglatives.
However,they also emphasized thadcess to sufficient resources and capabilitiag

limit opportunities. ltmay be impossible faeal estate companiesitalependently

develop new business models, as only the monetary investment may beeover
budgets.Thus, disruption may come from PropTech stgrffirms or more established
technology companies that have resources and capability to invest in digital technologies,
such as big data platforms.

DISCUSSION

The interviews showed that digitzdition is high on the agenda for all interviewed firms.

The interviewees recognized various opportunities and threats, and all firms had taken
actions in the field of digitalization. The findings clearly show that developing
digitalization strategies ireal estate firms is a seas®king process, and as an outcome
new organizational roles, strategies and structures had been formed. These added
resources for innovation search, selection and implementation activities can lead to better
absorptive capacitgn both firm level and in the real estate and construction industry at
large (Cohen and Levinthal 2000), and that is a key determinant for future development in
this area.

On the other hand, the interviews show that currently most real estate firmgtitea |
resources for business development, and most interviewees have struggled with project
delivery and change management in their digitalization projects. Limited resources may
imply that digitalization initiatives crowd out resources from other tgpeevelopment

work. Also, the interviewed knowledge brokers raise a general concern for the quality of
the digitalization activities, since firms may take initiatives in this area mainly for
marketing and legitimacy reasons and lack commitment to fotipge in development

work. Thus, questions arise whether real estate firms can execute innovative
digitalization projects in this conservative business environment and if they are able to
sustain already launched products and services. Another rigk exibting cognitive

and organizational barriers may lead to innovation search strategies that focus only on
current business contexts and thus lead to stataslecisions (Engstrom and Hedgren
2012; Tiddet al,, 2005), but this said, digitalization hassed the awareness about the

risks of focusing exclusively on the current business models.

Further, the interviewees reported that as a part of their innovation process the real estate
firms had engaged with various information sources and establisheeia¢ionships to
competitors, suppliers and customers. The role of industry knowledge brokers seems
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crucial to complement lack of firm resources and facilitate knowledge sharing in this
field. As questions in digitalization seem to cross departmemtgnizational and
industry sectoral boundaries, digitalization affects the collaborations in the industry at
large. On the other hand, digitalization enables new forms of indirect competition that
may spur from established technology firms and PropTeechup companies.

CONCLUSIONS

Digitalization has recently emerged as a central theme in real estate sector discourse, and
often presented as holding both opportunities and threats to real estate owners. However,

is still unclear how actors in this traidmal industry will act in this new environment.

This research has investigated real estate owners' search strategies and sensemaking in the
field of digitalization, as well as their prioritization of actions and implementation

processes. Based on dynaroapabilities view, the impact on existing routines, resources

and relationships for enabling innovation is discussed.

The findings indicate that development within digitalization has spurred innovation
activities within the real estate sectdnitiatives in digitalization have contributed added
resources in development functions and also better utilization of firm's existing
capabilities through crogsinctional and inteprganizational projects and strategy
development. This development maptgntially have wider implications in raising the
level of absorptive capacity for further learning and innovation in the real estate sector.
Further, digitalization may act as a catalyst for new relationships and networks, which
may potentially have spioffs in many areas.

This research demonstrates that digitalization in the real estate sector has much broader
meaning than previously discussed in literature, which has mostly focused on certain

digital technologies, such as BIM (Atkin and Bildsten 20143.digitalization challenges

both real estate firms and other actors in the sector, we suggest that future research should
take a dynamic ecosystem perspective. For example, the role of knowledge brokers
deserves further attention. Also, any signiftcarganizational and societal change

process motivates longitudinal research.
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As digitalization creates changes in temporal and occupational boundaries, it also
demands greater collaborative working across these boundaries. This paradox creates a
major challenge for the AE@dustry. This paper draws on the role of organizational
routines in creating truces as a promising theoretical perspective in addressing this
paradox. It studies how they enable boundgrgnning work and lessen conflict in the
industry. While empiridestudies have shown that routines can act as truces, enabling
different organizations and occupations to work together (Zbracki and Bergen, 2010),
studies of its application in the AEC industry are limited to Hotiganizational studies
(Cacciatori, 2012 This paper extends this work by drawing on the routines literature to
theorize the critical role that routines play in enabling a broader set of interorganizational
boundaries to be spanned, temporal and occupational, in temporary organizations. It
presents selected field data gathered from two research sites to suggest that organizational
routines are being used to develop truces and enable the collaboration needed in digitally
enabled work. In taking a dynamic view of routines, which sees rousngsnerative in
nature and so a source of both stability and change in organizations, these truces are
viewed as temporary and their adaptation as ongoing in the situated flow of time.

Keywords: digitalizationboundary objectorganizational routinesruces conflict

INTRODUCTION

As the pace of technological change accelerates markedly, so the need to create and adopt
digital innovations across boundaries is growing. This is necessitated in part by the
combinatorial and generative qualities of digital innovations (Yoo, Bolandijrigry, and
Majchrzak, 2012). Technologies recently introduced to the Architecture, Engineering and
Construction (AEC) industry follow this line of thinking. Digital innovations are
increasingly édunboundeddé i n nwithimangd, and t hei
between firms (Harty, 2005). While they have the potential to create wakes of innovation
across construction supply chains, this promise is only realised when traditional
occupational and temporal boundaries are crossed (Betaald 2007). Recent research

argues that, in contrast to early, potityven rhetoric, digital innovations such as BIM

demand, rather than create, greater collaboration (Dainty, Lerringer, Fernie and Harty,
2017). In an industry that continues to struggle to workttogy, despite significant

policy initiatives (Lathan, 1994; Egan, 1998; Wolstenholme, 2009), the organizational
interoperability needed to create and adopt digital innovations effectively may account, in
part, for the slower than expected early rateslopéon of BIM (Bew and Underwood,

2009).

I bethan.morgan@ucl.ac.uk
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However, the introduction of new technologies can also create greater conflict and

tensions as boundaries between occupations, organizations and project stages change, as
reveal ed in Davi esédardk Haaird ey 6csf sBIluMd (00 1t 2h)

noted in management literature in general occupational groups (for eXdiagpiganian,
Orlikowski and Yates, 2031 Barret, Oborn, Orlikowski and Yates, 2012). Itis also an
emerging theme in studies of the AECustty. For example, the changes wrought on
professional roles are particularly notaflaradat, Whyte and Luck, 2013)raditional

borders between the groups have become blurred: there is a different configuration of the
team (Sebastian, 2011). New opational groups are being created as BIM is adopted,
such as information managers and BIM coordinators. Similarly, digital innovations are
changing project processes and their temporal nature (Whyte, Lindkvist and Ibrahim,
2013).

Thus, a paradox is credt by digitalization: on one hand, technologies demand greater
boundaryspanning work; on the other, they are a potential source of conflict. In an
adversarial and fragmented industry such as the AEC industry, this creates a significant
potential barrieto realising the potential benefits of digitalization. We turn to an aspect
of the theory of organizational routines, namely the metaphor of routines as truces, as a
promising theoretical contribution to explore this paradox (Nelson and Winter, 1982).
Limited studies in the AEC industry adopting this theoretical perspective indicate its
value: by drawing on the metaphor of routines as truces in intraorganisational settings,
Cacciatori shows how routines can be used to enable work across disciplinargrizsund
(Cacciatori, 2012). Focusing on temporal boundaries, studies show that practitioners use
routines to create truces that enable timely collaborative working amongst the teams that
comprise temporary organizations (Bechky, 2006). This paper dramrsdogxtends this
literature by suggesting how the motivational aspect of routines as truces can be
operationalised to enable work across boundaries: both occupational and temporal
(related to traditional project processes).

This paper proceeds as followBigitalization in the AEC industry is reviewed and the
increased need for collaboration, particularly within temporary organizations is discussed.
The effects of digitalization on changing boundaries are presented particularly with
regards to occupatiohand temporal boundaries. Routines dynamics and the role of
routines as truces are then discussed. Vignettes from substantial empirical data sets of
temporary organizations are used to generate conceptual insights into how dynamically
changing routineare being used to create the truces needed for digital work.

DIGITALIZATION IN TH E AEC INDUSTRY
In this paper, attention is given to the context of use of technology, thus it focuses on

6digitalizationd as opposedoodlereasdhegi ti zat i

technical process of Aencoding aeta,l ogue
2010). In contrast, digitalization is a more recent term that refers to the wider context into
which digital technologies are applied. This is sigaificin the AEC industry as research
shows that adopting technologies is a complex, Aayered process (Linderoth, 2017).

In the AEC industry, digitalization has been prevalent since the 1950s, apparent in the
application of both process and product tedhgies (Gann, 2000). Its most recent
manifestation can be observed through attempts to adopt BIM, a process that demands
both software and process changes (Bew and Underwood, 2009). BIM is viewed as an

n

Aunbounded i nnovati onweenrrmamytdirmgforisy col | abor a

implementation to be successful (Harty, 2005). The implementation of BIM requires
attention to be paid to the interactions within a range of actors and between actors and
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technological artefacts (Harty, 2005). An emerging bodgséarch in the AEC industry
supports this view of digitalization, finding that the adoption of digital technologies is
heavily influenced by its context of use (Linderoth, 2017; Jacobsson and Linderoth, 2010;
Harty, 2005). Interoperability between orgeations and processes is vital in its use

(Eastmaretal , 2008) . The industryds resistance

focus of a series of policy reports published in the UK (Latham, 1994; Egan, 1998;
Wolstenholme, 1998) and subsequent sulbisigoublic funding was given to implement

t

the resulting 6industry i mprovement agendabo.

continue to struggle to develop the collaborative working practices necessary to realise
the benefits of digitalization, as hlasen evident in ongoing attempts to adopt BIM across
the industry (Bew and Underwood, 2009). Collaboration is particularly important in
temporary organizations that dominate work in the AEC industry (Winch, 2013). These
are commonly established througitar-organizational relationships (Jones and
Lichtenstein, 2008) where delimited time influences the organising problem of
coordination between the multiple participants (Soderlund, 2012).

If digitalization necessitates greater bouneasipgnning work, itlao challenges several
traditional boundaries. Amongst others, these boundaries are temporal and occupational:
they pertain to roles and responsibilities of the team and the processes used within the life
cycle stages of the temporary organization. Tngtiirst to temporal boundaries, the
dominant mode of organizing in the AEC industry is through temporary organizations
(Lundinet al, 2015). Temporary organizations are time limited, meaning they are

created anew and given ex ante defined time limitéekieve a certain task(s) (Lundin

and Soderholm, 1995). However, the efficacy of the time bound nature of this life cycle
model,while not rejected has recently be challenged by suggesting that it potentially
constrains our thinking about the way patgeactually behava/Ninter et al, 2006)

The traditional processes followed by temporary organizations are changing, as reflected
in institutional standards such as the RI
update the standard project processdevi@d in the industry to incorporate a digital
innovation (BIM). As project processes change, so temporary organizations are creating
and adapting their routines within the life cycle model (Zegjaal, 2018) A theory of
temporary organizations showss clearly: a basic concept within the theory is that of
transition’, which can be understood both as the movement, or change, through the
project life cycle itself and as the perception of causal relations by the participants
(Lundin and Sdderholm, $8). This concept of transition offers the opportunity to

explore further the relationship between the temporary and the permanent organization
(Jacobssomet al, 2013), specifically their organizational routines which are said to
influence the capabilities of the project organization (Davies and Hobday, 2005; Davies
and Brady, 2016; Sydoet al, 2004), as well as challenge the ubiquity of the temporal
aspects bthe life cycle modelWinter et al, 2006)

Turning to occupational boundaries, research shows that these are changed as new
technologies are introduced. New technologies disrupt shared frames and power

struggles amongst occupational groups becomeaitxpdrganizational and institutional
scholars have observed this in a range of
seminal study of 1989 shows how the introduction of new scanning technology effects the
occupational boundaries between radiograpinéertechnicians. Conflict and tension

between the two occupations are apparent as they learn to use the new technology:

hi erarchiesdé shift and power struggles ar
industry have found similar boundary changes in pational groups. Current efforts to

adopt BIM is causing and will continue to cause significant changes in the relationship of
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project participants (Eastma al, 2008). Traditional borders between the groups have
become blurred and teams are configuttdferently (Sebastian, 2011). These role

changes are creating conflict between occupational groups who develop different
understandings of deliverables and how they are achieved (Hartmann and Fischer, 2007).
People use new technologies to reassefepsmnal status and differences, and revisit
previous distinctions and divisions (Dossick and Neff, 2010).

Organizational Routines

Organizational routines are a central feature of organizationéo under st and r o
t o under st an decker 2P@8r8)Organizatians aredsaid t@develop their
capabilities through the evolution of routines (Nelson and Winter, 1982) and such an
understanding has been applied to temporary and pimgseid organizations within AEC
industries (Davies and Brgd2016). Routines have become to be understood as

containing three aspects, the ostensive, performative and the artefact, through which they

have been defined as Arepetitive, recogni s
out by multiple acto’s ( Fel dman and Pentland, 2003:95).
di fferent approaches to the study of routi
seeing routines as a Oblack boxd6, with the
the routing(Parmigiani and Howarrenville, 2011). This paper adopts the practice

approach, more recently termed routine 06dy

In emphasising the central role of routines in organizational life, Nelson and Winter argue
that routines have bottognitive and motivational functions (1982). One motivational
function they discuss is the ability of routines to create truces. Recent studies adopting
the dynamic perspective of routines have theorized around this metaphor, showing for
example how cditict is both latent and overt, cycling through these stages as truces are
built and break down (Zbracki and Bergen, 2010). Salvato and Rerup (2018) look at how
regulating actions within single organizational routines are used to achieve conflicting
goals not through removing goal conflict and creating a stable truce, but by
understanding routines as process, and so achieving a dynamic truce where conflicting
goals are achieved. Such an orientation calls for a more distributed agency perspective,
whereindifferent organizational members at different levels of the organization

contribute to the situated action of routine enactment.

The role of artefacts is central to the practice perspective of routines and are attracting
significant researcher attention 0 Adder i o, 2008) . Artefacts |
the ostensive and performative aspect of an organizational routine (Pentland and

Feldman, 2008), either as proxies for the ostensive aspect of the routine or as material

entities such as computensdaphysical space for the performative aspect of the routine
(Parmigiani and Howarrenville, 2011). Types of artefacts, called boundary objects,

have attracted scholarly attention for their ability to work between boundaries (Star and
Griesemer, 1989)Cacci at ori 6s study of change in a r
longitudinal process study where the evolution of a technological artefadExcel
spreadsheetdeveloped to afford the creation of a new routiaebidding process in an

engineering consultay (2012). Cacciatori uses the metaphor of routines as truce

(Nelson &Winter, 1982) to explore the politics and conflicts inherent in problem solving

and the creation of a new routine. She finds that the company was only marginally

successful in restruating its bidding process because of struggles for occupational

dominance (Cacciatori, 2012).
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METHODOLOGY AND METH OD

We draw on selected episodes that demonstrate how routines create truces that enable
collaboration across temporal and occupational boigslar the AEC industry. These
episodes are drawn from substantial data sets collected separately by the authors but that
share sufficient commonalities to allow data analysis. Precedents for pooling data in this
way are found in Harty and Whyte (201@daBechky and Okhuysen (2011). In the

former paper, they combine data collected separately on one construction megaproject
and use their combined data set to identify the hybrid practices evident across the project.
I n the | atter, Biedy df drganizatiordhl sWkises drasvetogétiser s

data from two settings in which duncertainty
and film crews. Our data sets shared a similar commonality. As we worked separately on
our fieldbased research projeggsnd provi ded i nput i nto each ot

developed a theoretical interest in organizational routines and their significance in
enabling boundary work, both occupational and temporal. We discussed extensively how
occupational boundaries werbanging, often due to digitalization, leading to conflict
amongst occupational and professional groups. We observed how digital tools were
changing, and changed by, the nature of temporal boundaries.

The researchers employed similar approaches to aotjetata, both used intensive data
collection methods, and draw on data sets collected at similar times. The researchers also
used the same theoretical perspectitree practice perspective of organizational routines

- to analyse the data. However diffat levels of analysis (firm and temporary

organization) and research sites were used. The first author was embedded (as a
researcher, not employee) in an organization, known as Design Partnership, for 15
months while it was adopting a digital innovatioDuring this time, she collected data

using participant observation methods which drew on semi structured interviews (54 were
conducted in total), archived documents, internal meetings and seminars and extensive
field notes. Similarly, the second autlaso undertook an intensive single case study

(Yin, 2014; Eisenhardt and Graebner, 2007), using organizaomaethnographic

inquiry methods (Parry and Boyle, 2009; Doloriert and Sambrook, 2012) as he-project
managed the stage gate transition of eomajrastructure project, London
Undergrounddés Bank Station Capacity Upgrade
Data collection was undertaken over a3k period commencing in July 2015 and
completed in June 2016. During this time, the authoectdt some 175 hrs of audio
recording of meetings, 79 interviews and an autoethnographic diary which exceeded
170,000 words.

As both researchers theorised their data using the practice perspective of organizational

routines, it became apparent that bottadsets were showing the dynamic process of

adapting organizational routines. In turn these served as ways in which actors could

address the conflict and create truces so boundary-viomth temporal and occupational

- could be addressed. We follow Haand Whyte in our initial data analysis in

presenting 6vignettesd from the data to il lu
illustrate a dynamic process of routine adaptation created truces and addressed latent and

overt conflict.

EMERGING FINDINGS

Selected examples of changing boundaries in both research sites are presented, as
summarised in Table 1. Firstly, one illustrative episode of how digitalization was created
changing occupational boundaries and the temporary truce that was createchiegrese
This example relates to the role of the engineer and technician. Traditionally the
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relationship between engineer and technician is a very hierarchical one: the engineer has a
high status acquired through the virtue of considerable professiomahdyaiThe

technician adopted more of a support role. The engineer would create the design and the
technician would then translate this design (often paper based) into a digital model.

However, this was changing across the organization as modelling ®ecarore highly

valued skill, the technician gained considerable status and sometimes took on more of the
engineero6s rol e. A member of the Project |
previously been a oO0Berlin Wal |ltliatabtegusee en t h
of BIM became more widespread, technicians were increasingly working on design

problems that were previously the domain of engineers:

Now technicians are greatly improving their knowledge of buildiighh e y 6 r e as ki ng
engineering questiorand getting more involved in project management roles.

This tension was evident in the firmdés wor |
time in which all the engineers were required to work directly into a 3D digital model.

Previously this wdt had been performed by technicians. The engineers had relatively

little experience in 3D modelling. Consequently, the engineers became reliant on the
techniciand6s skills and expertise to help
regularly encountang. In this project, substantial initial conflict between the engineer

and technician was temporarily resolved to deliver the demanding time schedule required

by the client through a routine that allowed engineers and technicians to work together.

The outine specified how and when consultation between the two would occur. The
performance of this routine was adapted by the engineer and technician involved and the
project stage requirements. Thus, a temporary truce was created that enabled
collaborationbetween the two occupations.

In the Bank Station Capacity Upgrade project, the time boundariesytfe) for the

project had been established within the corporate governance authorised by the client
organization and so the time bound transition frosigieto construction had

subsequently been encoded in the contract (artefact) between the client and the contractor.
The contract stipulated a single design 6c
paid on the cl i ent O0ssgledesgudulamission.yNecegsary ov al o
design changes emerged that had the potential to create a conflict through a delay to the

full design compliance approval and hence impact thante defined date for transition

into construction and the resulting réagory and commercial alignment that had been set

down in the contract.

The project had implemented a BIM strategy with a central digital model of the design
and associated quality and clash detection processes to build up a 3D model of the
underground stan and its associated asset configuration, supported by a Product
Breakdown Structure (PBS) that aligned with the projects Work and Cost Breakdown
Structures (WBS, CBS). The PBS and centralised digitization of the design process
enabled the team to addphe ongoing routine of a single design compliance submission
into five separate submissions, supported by the realignment of the work and cost profile
of the project in a timely manner. This dynamic and coordinated adaptation of the
routine, in the sitated flow of time, through the adaptation and realignment of artefacts
created a truce by keeping the commercial and regulatory goals of both parties aligned. A
new artefact was producedesign compliance strategyhat acted as a proxy for the
ostensie aspect of the routine during its adaptation through the transition and across the
time boundary, with the ongoing development of the design through the BIM model being
the performative aspect of the routine.
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Boundary type Conlflict and boundary Digital innovation | Routine and truce
changes

Occupational Hierarchical relationship Expertise in 3D A routine was developed

between engineer and digital modelling specifying how and when

technician shifts. Conflict (using BIM engineers and technicians

emerges as power balances | technologies) interacted. The routine was

change between the two. increases. changed in performances between
specific engineer and technician.

Temporal Design changes caused Ability to digitally | The designing routine was

delay and conflict in unpack and adapted during transition to allow
achieving full design repackage design for multiple packages of design
compliance in advance of and associated and create a truce between

fixed date to transition to information meeting regulatory and
construction, having a commercial alignment

regulatory and commercial

impact

Table 1: Vignettes of changing occupatiobalindaries and temporary truces created

DISCUSSION

The main contribution from the data presented here suggests that practitioners in
temporary organizations in the AEC industries are using the adaptation of organizational
routines to overcome conflict drcreate truces that enable bounespgnning work. The
selected vignettes presented suggests that organizational routines have a significant role
in creating a truce that enables the collaboration demanded by novel digital technologies
to take place andffers an opportunity to realise the potential benefits that digital
technologies can offer to enhance collaborative practices (Detiaty 2017). The

boundaries discussed in this paper relate to occupations and time. Occupational
boundaries are chaimg substantially with digitalization and becoming increasingly
prevalent sources of conflict. Roles are developing and professions are changing. In the
pressurised environment of temporary organizations, truces are used to create a
framework within whit practitioners work together to achieve the delimited goals of

their role within the temporary organization. Thus, the predetermined date to transition
from design to construction can be achieved. The digital environment created by BIM
allowed for clariy of data in its separation and repackaging without significantly

disrupting accountabilities for separate packages of the processes associated with
digitisation of design and design management.

Our data supports existing research that finds that in BH® iAdustry, digitalization is

changing occupational and temporal boundaries and is thus a potential source of conflict.
It also supports the view that digital innovations demand increased boundary work and

the development of collaborative working praeidHarty, 2005; Daintgt al, 2017).

The dynamic view of routines suggests that these organizational routines are generative in
nature and so influence both stability and change: routines can create truces at boundaries,
but the potential for conflicsialways present. Like Zbracki and Bergen (2010) we find

that conflict is overt or latent and that routines can act to make overt conflict latent. The
everchanging and complex nature of digitalization means that routines must be adapted

in order to (redreate new truces. This is particularly important in the temporary
organisations that dominate the AEC industry where truces enable predetermined goals to
be achieved.

In addressing this growing issue for the industry, theorising from the organizational

routines perspective, drawing on the motivational aspects of routines as truce, seem a

promising avenue. From an occupational perspective, it offers the opportunity to further
explore the 6network roled of project actors
organizations in AEC industries and ask questions of how, and for what function, actors

are contracted for in these types of organizations (Pryke, 2017). In addition, from a

tempor al perspective, asking quesdptebass about
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they transition across ex ante defined time limits offers the opportunity to explore
alternative images of the project life cycle model (Wieteal., 2006).
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Construction design has largely bg@ctured as a fragmented effort that is prone to
ineffectiveness due to its mullisciplinary and multorganizational natureAs a result,
design management is traditionally considered to be focused on adjusting and integrating
disparate disciplinary edributions with the intention of overcoming consequences of this
fragmentation However, existing empirical work reveals that design in construction does
not develop through such adjustment and integration of separately created discipline
specific partsbut rather as a whole through interdisciplinary interactions which present a
continuous path of unfolding decisions and activiti€his paper will argue that, for the
purposes of design management, multidisciplinary construction design can be viewed as
an organisational endeavour; thus, suggesting a shift away from management centred
upon design outputs to management centred upon design intera@ased on this
argument, interdisciplinary interactions from the practices of a construction desiget proje
are analysed usi ngmakii mMEd gmeri sspae d toinvad wheincshe i s ©
organisational studiesNVhen seen from an organisational semsking perspective, the
problematic issues of disciplinary and organizational fragmentation andaitibegr

become reformulated as issues of sagisig and sensenaking among various design
stakeholders that are part of the same organisational whloléer this perspective
interdisciplinary interactions are not seen as the means for design integnationgly
compromises for disciplinepecific design solutionsRather they are the means for
sensegiving and sensenaking to continuously redefine the organisational direction,
thereby continuously reconfiguring disciplispecific tasks in a consisteantd coherent
manner As a result, an organisational semsaking perspective enables conceiving the
fragmentation in construction design as a productive focdgmately, the paper provides
fresh insights into design collaboration and manageniéobncludes that fragmentation

is not something to be 'resolved' through simplistic measures of integration, such as
design data integration, but it is rather something that needs to be 'cultivated' through
raising an explicit awareness of the means and pseseof sensgiving and sense

making

Keywords: collaboratiordesgn managemenptrganisational analysisensemaking

INTRODUCTION

Design is developed through iterative trials of ideas and potential solutions in the face of
unfolding and unpredictable design challenges. Hence, the direction of design process
depends on design stakeholcesgegardingtheer cept i on
outcomes of these ongoing trials (bBorst 20
ma k i n g Get al, R001 has been used in design research to conceive design as the

result of the perceptions and inferences of design stakebdkieppendorff 1989; Kolko

2010;J o h ans s o net & k01B;dbaneimi 3015). Nevertheless, importantly,

design is an inherently social endeavour (Luck 2012), and the perceptions and inferences
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of design stakehol der s notentyafludnced fomdheih at i s go
individual backgrounds and sensory/cognitive experiences but also from the immediate
and wider organisational environment within which they operate.

For this reason, the present péaspmse will argu
maki ngd | iter at uretal, 2006ai$ grdmisisg patizaldy, for hegger c k
comprehending design collaboration, and thus for improving overall management of
multidisciplinary design in construction, and elsewhere. When seen from an
organisational perspective, semmsaking is an ongoing intersubjective accomplishment,
for which the sense given by the counterparts of interactions become critically
determinant (Gioia and Chittipedti®91) Ultimately, as will be shown in this papereth
notions of organisational seng&ving and sensenaking highlight the productive nature

of multiplicity of disciplines and organizations in construction design, instead of picturing
organizational and disciplinary fragmentation as a problem that nebdsé¢solved

through simplistic measures of integration, such as design data integration.

To this end, this paper considers a construction design project at its detailed design stage.

The project is analysed from an organisational semsdng perspectivéhrough a

consideration of its organisational context as well as two events from its practice that

exemplify how sensegiving and sensenaking are accomplished through

interdisciplinary interactions. The discussion of the findings reveal that an otgarasa
sensemaking perspective sees disciplinary and organizational fragmentation as
something that needs to be O6cultivatedd, as
needs to be 6resol vedo. This provides an al
multidisciplinary design, which suggests focusing on interdisciplinary interactions rather

than design outcomes, hence shifting the attention away from simplistic measures of

integration to strategic organisational management. It is concluded that furth

organisational studies of design must be undertaken to develop pragtteMgnt and

productive understandings of multidisciplinary design and design collaboration in

construction, and elsewhere.

Organisational SenseMaking and Design

As stated byundgrerHe nr i ksson and Kanakingfociseslobthe 20) A s e
individual and collective activities of meaning production, which direct action and

i nt e r .aSihificantrindthis statement is the emphasis on the role of seakimg as

thedet er mi nant of subsequent déaction and inte:
definition of organising According to Weicket al.,, (2005), from a sensmaking
perspective, organising is the response to i
streamiy of experience Iin seartchisft@Wsweosy?Po |
Thisr esponse involves Aturning circumstances i
explicitlyé and that servee®taax05a4083 pri ngboard
Hence according to the authors, in the flux of events, plausible stories animate and gain

their validity from subsequent activity; thus, enacting a sense of continuity and coherence

over time, which makes the essence of an organisation.

Based onthisdefinitt, it can be arguedhakhagdopegapiesalt
is well-aligned with the practice of desigithis is because central to both is the

coherence and consistency achieved in an unknowable environment through an unfolding

series of action dren by a judgement of the plausibility of alternative courses of action
Hatchuelatal( 2018) emphasise the centrality of Our
process claiming that it is the oOounkinowabi /i
Besides, it is welkestablished in design research that designers navigate through
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unknowability by evaluating the plausibility of potential courses of action with the help

of, for example, material design artefacts like drawimgg. EwensteirandWhyte 2009)
and/ or verbal 0 velg8ucciareli 899)c Additiomalysiralineiwdghn s  (
organisational sensmaking perspective, there is a wide agreement in design research
that design process is padkpendent, or in other words, it is comtdusly unfolding and
becoming through a patihependent series of actions and knowledge accumulatign (
DorstandCross 2001; HatchuahdWeil 2009; DossiclandNeff 2011) Consequently,

it can be argued that organisational semsd&ing and the pract of design are

conceptually coherent; and therefore, analysis of design practices from an organisational
sensemaking perspective can yield valuable organisational and managerial insights.

In the case of multidisciplinary design, such an analysis waenéfii from a joint
consideration of the complementary notions of senaking and sensgiving, as the two
notions can be used as an analytical structure to explain interdisciplinary interactions
According to GioiaandChittipeddi (1991), sensgiving refers to the attempts for

Ai nfluencing the sensemaking and meaning cC
redefinition of or. ensanakiagtandsensgivingaremot i t yo ( 4.
distinct domains like two sides of the same coin but ratherimplies the other and

cannot exist without it (Rouleau 2005)herefore, several scholars have pictured sense
giving and sensenaking as the two drivers of a constructive process (Camnd&rown

2003) through which people create and maintain ansimigective world (Baloguand
Johnson 2004)Maitlis and Christianson (2014) emphasise that sgnseg is not

simply a topdown process as the recipients have their own interpretations, and also that
they may be engaging in sers@king processes outsi@ given organisation which in

turn might influence their senseaking in that organisatiorHence, unintended
consequences of sergrring are reported in the literature, for example, in the area of
strategic organisational change (BalogumalJohnson Q05). Nevertheless, no matter
whether it is intended or not, the collectively created organizational warlth(ough
sensegiving and sensenaking) determines the space of meaningful actions and
interactions for those who operate in it, thus enal{igemgouraging) and disabling
(discouraging) certain courses of actions (Weick 19%5% this aspect of organisational
sensemaking perspective that makes it useful for organisational and management
research, as it provides an explanation of how existiggnisational routines and

outcomes are created and maintained as well as what would it take to change them.

METHODOLOGY

The perspective of organisational sensazking (Maitlis 2005; Weiclet al, 2005) can
provide a useful conceptual ground to compreltie process, potential and outcomes of
design collaboration, thus prding an alternative managerial framework for
multidisciplinary design According to this perspective, multidisciplinary design is a
process of (reality) construction by professiop&igmented entities that engage in
sensegiving and sensenaking activities through interdisciplinary design interactions
This implies that the effectiveness of design collaboration relies on the effectiveness of
the means and processes of sagising and sensenaking In return, such an
understanding of design collaboration enables a new perspective for managerial
evaluation and possible managerial interventions, which will be demonstrated through the
analysis of the findings from a construction gesproject.

Empirical data are collected from a construction design project as part of a larger
research The project was in the UK, and it was at its detailed design.sigeauthor
observed 23 meetings (each 1L5 hours long) over a period of teronths including
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design coordination meetings, eo# design coordination workshops as well as clash
detection and information model coordination meetinfysdio and video recordings
were not allowed The observational data were recorded in the fields)@nd the
reflections on these were supported by five sstmictured interviews and several
informal communications with the participants of the observed meetifgsanalysis
aimed to establish the effectiveness of sagigig and sensenaking meanand
processesHence, particular attention is paid to the agreements and disagreements among
multiple design stakeholders during their interactions as well as the unfolding actions
resulted from these agreements and disagreemiali®wing from Cipollaand Reynoso
(2017), two different levels of organising that affect segisegng and sensenaking are
jointly considered for such an analysiBhese are (i) wider organizational context, and
(ii) practicelevel situations of interdisciplinary interaction& joint consideration of
these two levels enhances the rigour of the analysis by including the effects of both
contextual and situational aspects of the observed phenomkaaesults of the analysis
are then discussed to develop insights into mstiglinary design collaboration and
management.

FINDINGS

This section is divided into two parts reflectithg findings related to two levels of
organising in the studied projedtirst part presents an overview of the wider
organizational context in ordéo set the interpretive background of the analySiscond
part presents two events from the practice of interdisciplinary interactions and their
respectivebrief analyses.

Organisational Context of the Project

Thi s wa s-ard-boudi @dukdgoml building project, and thereforlie main
contractor had the main financial and design risks of the prdpegign was first
developed to the level of detail needed for appointing the maia@ubactors with
design responsibilityi.g. the construtton proposals were prepared, and the design was
developed to RIBA Stage Bdesign development) under the coordination of the main
contractor This initial period of design development mainly involved mechanical and
electrical engineering (M&E) consultnhe structural engineering consultant, and the
architect The researcher started to observe the project after M&E@uibactor was
appointed to take over the design and installation of M&E works for the project
However, even after M&E sutontracte was appointed, M&E consultant stayed on
board as a consultant for the client.

The design saw a significant change after RIBA Stage D, during which most of the
fundamental decisions regarding building systems and main areas of the design had
already beemade The client asked to increase the indoor space in the building, and this
had serious implications on the desig&E sub-contractor that was appointed after

initial design struggled to navigate through the existing design to further develop the
M&E design, particularly after this significant design change which required alterations
to the initially established design strategi@éerefore, issues related to the further
development of M&E design occupied a substantial amount of the time during the
observed interdisciplinary design meetingdhese issues were mainly about clarification
requests from M&E subbontractor regarding the thinking behind the initial design as well
as complications that arose due to the late design change, which were etigpéoe

entire design team.
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Event 1:

Duringone of the design coordination meetings (DCM), the representative of the M&E
sub-contractor stated that the revised ventilation calculations, which were based on the
revised design and occupancy rates, revehlkgdon one of the floors few doors needed

to have transfer grilles to satisfy the ventilation requiremenh® representative of the
architect rejected this as soon as it was propoBetlowing the rejection, the

representative of the M&E sedontrador provided the results of the ventilation

calculations together with the story of the changing occupancy rates due to the revised
design After this explanation, the representative of the architect still insisted that having
grilles on the doors in tharea was not an optiomhe representative of the M&E sub
contractor accepted his objection, and stated that they would think about something else
After a short silence, the representative of the architect stated that the wall between those
doors wouldbe painted to the same colour as the doors, and therefore they would not
want to have grey transfer grills on the doofse representative of the architect

concluded that he would have a look at the issue, and think about it until the following
DCM. In the following meeting, the representative of the architect stated that the actual
number of the doors that needed to be equipped with grilles was much more than he
anticipated He stated again that the grilles were not visually good and asked other
membes of the team whether it was possible to omit théne of the alternative ideas
appeared as undercutting the doddsiring the discussion of this option the

representative of the architect stated that they needed to communicate the size of
undercuttingo the manufacturer, and also to make sure that the doors had not been
produced and packaged yéthe representative of the M&E consultant added that the
original intent was not having that many transfer door grilles on the doors at that area as
part ofthe ventilation strategyin parallel with the discussion of undercutting the doors,

the representative of the architect asked the colour range of grilles, and even the option of
painting the grilles on the site was discussed as a potential solbtmvever, the latter
proposition then was found namable thinking about the loagrm maintenance

requirements Finally, the parties decided to have another look at the occupancy rates and
the assumptions that underpin them.

In this event the M&E suloontractor engages in senggving that goes beyond the
statement of problem to the statement of a potential solution: adding transfer grills to
several doors. This whole initial sergiging is constructed on the backdrop of the
increase in the occupancy ratkee to the design change, which has already been known
as causing several disruptions to design development. Arguably it is for this reason that
initially the proposed solution of using transfer grills went unchallenged and the
negotiation revolved arodnminor amendments to the solution proposed by the M&E
sub-contractor. In other words, the reality that has been constructed in the project
suggested that complications are unavoidable due to the design change and design
stakeholders made sense of thestarmal' problems that needed to be accommodated in
a way or other. This determined the organisational dynamics as the sense that was
initially made largely determined further sesggeing by various stakeholders; and thus,
leading the designers to cashasr even reorganising the supply of the doors or grills by
undercutting them or painting them on the site respectively. It is only after substantial
amount of time and negotiations that a wider perspective was adopted and the
underpinning occupancy rate®re decided to be scrutinised.
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Event 2

During a DCMtowards the end of the observation period, one of the representatives of
the M&E subcontractor raised the point that there were no services designed to feed the
video pod in the atrium aredle argud that it was neglected in the initial design that was
handed to them, and that it was not mentioned in the service strategy of the building
which was part of the constructipmoposals He started to ask about the design intent of
this pod and its mecharal and electrical service requirementhe discussion revealed

that the pod was originally designed by the architect to create an interactive experience
for the studentslt was planned to be a small, setintained structure with a large screen

and abench in it Upon this initial information, the representative of the M&E-sub
contractor inferred that it needed to be ventilated and equipped with a power outlet
Nevertheless, the M&E consultant stated that
required a special acoustics performance that needed to be satisfied but she could not
rememberand thereforesheasked for this issue to be included as an agenda item for the
following DCM. In the following DCM, the representative of the M&E consul&tated

that she could not find any information regarding the acoustics needs of the pod, and she
therefore needed to contact the acoustics specialist to ask whether any particular acoustics
requirements were assigned for this pétbwever, it was knownrém previous

experience that the acoustics specialist had completed her job in the project long ago and
was unwilling to devote further effort to this proje€@n the other hand, acoustics
requirements of the pod became an issue mainly because of ilsti@ntequirement

The only way to ventilate the space was to install an independent fan in the pod and this
would cause noiseFurthermore, the opening required to fit the fan would cause the noise
in the atrium to enter the pod\fter a discussionraund acoustics implication of

potential ventilation solutions, it was decided to contact the client to understand what
exactly the pod would be used for to understand whether there were special acoustics
requirements for the podn the following DCM, tle representative of the M&E

consultant stated that she contacted the representatives of the client and learned that the
space was planned to have an interactive space between the educational institution and
students but no specific activities for the pagfevknown at that momenghe further
stated that she proposed to change the name
and this was accepted by the clieBhe stated that changing the name of the space to

6di ary podd s ur eblehighadoustios raqaiteraetts df theespagecasds i
therefore it was fine to proceed with an individual fan for the ventilation of the space.

In this event, the name of a building element (i.e. video pod) played a significant role in
sense making of desigrakeholders, and thus determined the direction of

interdisciplinary interactions. This was partly because the design of the element was
neglected, and there was not much cue to draw upon at the time it was noticed. Based on
the name 'video pod', variousgign stakeholders gave sense regarding the potential
functions and service needs of the element triggering further-seaildgag activities, and
leading to a certain framing of the issue in hand. Interestingly, the resolution is achieved
through a reconderation of the initial cue at hand, the name of the element. According
to the design stakeholders, the new name of the element that is approved by the client
relaxed the functional and service requirements of the element by enabling a novel story
and reéity about the element. Overall, organisation of the work to tackle the issue
reflected the particular framing of the issue, which was constructed gradually through
sensegiving and sensenaking based on the contextual and immediate cues at hand.
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DISCUSSION

Design collaboration is unddéneorised and the term is being used to mean different
things by different studies in construction management research. Additionally, design
management in construction predominantly assumes that organisational andgrafessi
fragmentation in the industry is problematic, and hence, the current focus of
multidisciplinary design management is on integrating various parts of design produced
by different design stakeholders. Nevertheless, the practice of degjgast thatdesign
develops through inextricably intertwined e@yday interdisciplinary interactionsshich
present a continuous path of alifing decisions and activities. Therefore, new
perspectives are required to focus on 'cultivating' the fragmentation, ttedhéresolving'

it, and this requires building design collaboration and management theories upon the
unfolding interactions of design stakeholders.

Organisational sengmaking perspective provides an adequate lens for such an
endeavour, and suggests thatltidisciplinary design collaboration can be seen as
organisational sensgiving and sensenaking through which a joint reality is constructed
among design stakeholders. Hence, in the following, first design collaboration will be
unpacked from an orgasational sensenaking perspective. Then, the implications of
adopting such a perspective for design management and technology will be discussed.

Design collaboration asrganisationalsensemakingand sensgiving

Organisational sengmaking perspectiverpvides a useful vocabulary and lens to
comprehend design as the result of inextricably intertwined interdisciplinary interactions,
thus enabling practically relevant theories of multidisciplinary design and design
collaboration. As the analyses suggesten this perspective is adopted, disagreements
in practice are not understood as competing technical and/or aesthetic priorities or
concerns of various design stakeholders. Rather, they either refer to missing/forgotten
parts in the shared past (i.e. dthstory) of design stakeholders which needs to be
constructed through senge&/ing and sensenaking; or different interpretations of the
previously constructed story of design (i.e. shared past) that needs to be reconstructed,
again through senggving and sensenaking. However, this can be a very challenging
task because the developing (story of) design is fixed in different material forms (i.e.
drawings, calculations) and design decisions (e.g. calling an element 'video pod’) which
limit the subsequérsensegiving and sensenaking activities. Hence, problematic
situations arise when design stakeholders deal with missing or different stories about
certain aspects of the design especially when these are combined with conflicting or
missing sensenakingcues (i.e. in the form of material design objects and/or previous
design decisions made by various design stakeholders).

Overall, adopting an organisational sens&king perspective enables a novel

interpretation of interdisciplinary design interactions that is in line with the practice of
designing. Thus, it enables a novel avenue for building practiedélyant theory o

design collaboration. Different in this perspective is the emphasis on the productive force
of organisational and professional fragmentation inherent in the construction design. As
discussed above, when seen from an organisationals&iseg perspedcte,

disagreements and struggles are not about adversary beliefs and stances strictly held by
design stakeholders but they are rather about the difficulties regardingnsakisg and

the organisational inefficiencies that result from them. Importanigeuthis

perspective, design is not accomplished through creative problem solving of designers.
Rather, it is accomplished through jointly constructing a reality, or in other words a
shared story of design, as well as the ability of navigating in thig gtrough a skilful
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use of various senggving and sensenaking means and processes. Itis in this sense that
this perspective sees organisational and professional fragmentation in construction design
as a productive force. Hence, it suggests mowvaydrom the fragmentation

integration dichotomy, which problematises fragmentation and leads to simplistic
measures of integration in order to enable design collaboration.

Organisational sensenaking perspective for enabling desigamagement

Adopting anorganisational sengeaking perspective has also implications for the
technologies and approaches for facilitating and managing multidisciplinary construction
design. In terms of design management, most importantly, this perspective suggests a
practicebased, interventionist management approach that shifts the focus away from
integrating design outputs to facilitating interdisciplinary design interactions. Although
previous descriptive studies of design similarly suggested a focus on design interactions
for effective management of design, these have fallen short in providing a conceptual
and/or theoretical basis to undertake systematic analyses to build theory on design
management. Organisational senszking perspective can fill this gap by enabling a

new level of granularity to understand the complex and iterative interdisciplinary
interactions, thus enabling comparable analyses of design practices as well as theory
building.

A managerial focus on facilitating interdisciplinary design interactions stifgeshe

inherent fragmentation in the construction industry is not something that needs to be
'resolved’ through measures of integration that tend to be simplistic due to the temporary
nature of construction teams. Rather, it is something that nebdsduoltivated' through
establishing an awareness of (i) design collaboration as an unfolding process-of sense
giving and sensenaking; and (ii) means and process of sagigig and sensenaking.
Therefore, when an organisational semsking perspecte/ is adopted, a major issue in
design management becomes establishing the organisational capability of identifying and
using the adequate sergiging and sensenaking means and processes in addition to
creative problensolving tools and processes. Prex@mpirical and theoretical work on
organisational studies can provide a fruitful starting point to think about how such a
capability can be established at various level of organising including prdieat, and
industrylevels.

Finally, an organisatimal sensenaking perspective on design has also implications for
support technology development for multidisciplinary design. According to this, the
primary concern of these technologies must be facilitating sgpmsgy and sensenaking
processes duringterdisciplinary interactions, rather than supporting creative preblem
solving and/or integrating different parts of design developed by various design
stakeholders. Currently, the focus of design collaboration and management software is
based on the tditional view of design collaboration, and thus, aiming to eliminate the
fragmentation through technological measures, such as digital data integration. However,
previous empirical work revealed that (i) in many cases this alone does not deliver the
expeted benefits; and (ii) in cases where the social aspects of technology implementation
are overlooked, such measures can even be harmful for multidisciplinary design
collaboration (Dossick and Neff 2009;e de&ak, 2017). As this paper exposes,

simplisic integration measures, such as the integration of digital design data and/or
design outputs through digital technologies, are based on inadequate understandings of
fragmentation and collaboration in construction design. Therefore, technology
developerdor construction design must work with construction management researchers
in order to develop technologies that are based on a more praetetailgnt and

productive understanding of fragmentation. Such technologies should primarily help

68



Design Collaboration

cultivating the fragmentation to improve design collaboration rather than resolving it
through simplistic measures of integration.

CONCLUSIONS

Professional and organizational fragmentation in construction design have widely been
pictured as problematic. As a result,joniy of research and practice on design
collaboration and design management focuadjasting and integrating disparate
disciplinary contributions with the intention of overcoming consequences of this
fragmentation However, the practice of design sagts that design is developed through
ongoing interdisciplinary interactions that continuously configure dischsipeeific

work. Therefore, the present paper proposed adopting organisationairseasg
perspective to capture this continuouscomstriction process. Such a perspective
suggests that design collaboration can be seen as organisationajigigrgsand sense
making, and thus, implying that fragmentation is not inherently a negative thing, but can
be seen as a productive force that needi® toultivated' rather than a problem that needs
to be 'resolved’. This shift in the understanding of ‘fragmentation’ introduces a new mind
set and priorities for design management and technology, through which current
challenges of multidisciplinary digm in construction, and elsewhere, can be addressed.
More research should adopt this perspective to develop theory on design collaboration by
theorising the means and processes of sgivieg and sensenaking in multidisciplinary
design. Also, the préice of design collaboration and design management should focus
on cultivating fragmentation as an organisational capability rather than focusing on
resolving it through simplistic technological and/or structural measures.
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The construction industry has increasingly embraced collaboration antelong

relationships (CLR) practices in recent years. Nevertheless, most people have been
trained and accustomed to the traditionalrapphes. There is limited understanding

when it comes to how clients should go about procuring suitable contractors for CLR
despite significant roles contractors play to the success of projects. Since it is not all
contractors that are suitable for CLtRis study empirically investigates the procurement
tactics that clients are employing to select suitable contractors for CLR in the construction
industry focusing on framework contracts. Data was collected througkssemiured
interviews with eight aganizations employing framework contracts in South Africa. The
findings show that the organizations are employing many tactics generally aimed at
vetting contractor's background behaviour and past performance; in addition to getting
closer in meeting anthlking face to face with the potential contractors to observe and
assess their suitability for CLR. Some of the tactics employed to achieve this include:
conducting interviews with potential contractors, conducting training and workshops,
asking for CV'of key participants, top management involvement consideration, and
vetting of potential contractors via a contactable reference of past jobs. Other tactics
include holding competitive negotiation/dialogue process and meetings with potential
contractors.The result of the study provides insight on the procurement tactics to adopt in
selecting suitable contractors for CLR in practice, especially among new adopters of CLR
strategies.

Keywords: collaborationframework contractdongterm relationshipsprocurement

INTRODUCTION

In recent years there has been increasing interest in collaboration astdriong
relationships (CLR) inite construction industry. The influence of the Latham 1994
Aconstructing the teamod and Egan 1998 Arethi
industry reports together with other construction industry reports from Hong Kong, New
Zealand, and Singapore aré&iauted to have influenced the rising trend of CLR practices
in the construction industry (Kamudyariwaal., 2018; Donohoe and Coggins 2016).
Strategies that internalize CLR in construction are partnering, alliance contracting and
framework contractsAyegbaet al, 2018). While partnering and alliance contracting can
also be used for ona#f projectbased strategies, a framework contract is mainly
intended for longerm relationships (Joint Contract Tribunal 2011). Therefore,
framework contracts repsent an excellent strategy to examine with regards CLR.

! buildercally@yahoo.com

This paper was presented as a working paper at the ARCOBIQf@iference, Belfast,
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Selecting Suitable Contractors

The international standard organization (ISO 1084910) defines a framework

agreement as an agreement between an employer and one or more contractors, the
purpose of which is to establish thembsrgoverning contracts to be awarded during a

given period, in particular regarding price and, where appropriate, the quantity envisaged.
Wat ermeyer (2013) in his article dédunpackin
maintenance of infrastructuibmits that construction clients can develop collaborative
procurement relationships with their construction partners and supply chains for long
term gain through framework contracts. Therefore, framework contrasts create an
environment in which clientand contractors can work collaboratively together for a
long-term in delivering several projects, in contrast to the adversarial anetestmort

contracts in traditional approaches. From previous studies, CLR is indicated as a vehicle
to maximize value, kels of quality, service delivery and operational efficiencies
(Khalfanet al, 2014; Meng 2013; Frodell 2011). A central area of concern is the
selection of suitable contractors for CLR. Particularly as it is not all contractors that are
suitable for CIR owing to the level of commitment, teamwork, flexibility, mutual trust,
integration of project team members, and information sharing essential to achieve greater
success in CLR practices. This shows that there is a need for different procurement
tacticsfor selecting contractors for CLR, as the use of traditional approaches is not likely
to yield the expected outcomes. This is because the technical and functional evaluation of
contractors which focuses on hard criteria such as time, quality and prycasonl|
emphasized in traditional approaches will be inappropriate to cover all the issues upon
which to select a suitable contractor for Clkadeforset al, 2007). Procurement tactics

are in effect a tool for identifying a suitable contractor duringehdéer process and

managing risks during the execution of a contract (National Treasury Department 2016).
Such tactics are aimed on the selection of a contractor who is most likely to deliver the
best value through the performance of the contract, lifee @gsts of what is offered, the
availability of spares, operation and maintenance requirements (ibid). Little research has
been done to examine the procurement tactics employed by clients to select suitable
contractors for CLR effectively. Therefore gig the importance of contractor selection

to the success of every project (San Cristobal 2012; Doloi 2009; Singh and Tiong 2005),
this study aims to investigate the procurement tactics clients are employing to select
suitable contractors for CLR in therwiruction industry.

RELATED LITERATURE
Contractor Selection for CLR

Coping with the increasing level of complexity has been a challenge to the construction
industry, as evidenced by reports of construction projects failing to meet clients expected
outcomes which proliferate across the globe. This is due to several factors such as
macroeconomic factors, projespecific factors, as well as factors relating to the
performance of other project team members (Nkado 2010). However, since the success
of construction projects is argued to largely depends on the appropriate selection of
contractors for projects (Palaneeswaran and Kumaraswamy, 2000; Singh and Tiong,
2005), appropriate selection of contractors is seen as a very important factor for achieving
expected project outcomes. This is partly because of contractors responsibility to manage
and utilize project resources (labour and materials) (Kog and Yaman 2014), and also as a
result of the significant role they play in promoting good project manageanen

creating enabling environment for achieving expected project outcomes (Skeggs, 2003).

The dominant criteria such as time, quality and cost; as well as the tactics employed in
evaluating these criteria, particularly for a normal prefded, shotterm contracts are
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well covered in the literature (see for example: Nasab and Ghamsarian 2015; Ebtahimi
al., 2015; San Cristobal 201Eaviéet al, 2007). However, with the increasing adoption

of CLR practices in construction, more knowledge is needdabw the selection of
contractors to accommodate for CLR can be achieved. Some studies suggested that
contractor selection for CLR should consider not only hard criteria and technical
competences but also more subjective attribu¢agéforset al., 2007; OGC, 2003).
Concurring, Laryea and Watermeyer (2016) submit that the selection of experienced and
skilled contractor with capacity and collaborative attitude is the first condition for success
in such contracts.

While criteria such as altruism, coopioa, openness, flexibility, trustworthiness, and
inter-organization relationship are indicated as being necessary for CLR (Agegha

2018; Kadefor®t al, 2007; Skeggs, 2003). The procurement tactics and mechanism for
identifying and evaluating shariteria need to be clearly understood through empirical
studies. Mainly since most construction stakeholders have been trained and accustomed
to traditional approaches.

RESEARCH METHOD

The qualitative research methodology is adopted in this studfyagpl access for in

depth probing questions, allowed in a qualitative study is required to elicit data from
participantdéds narrative experience on the pr
contractors that accommodates for CLR in framework contr&adticipants will be

allowed to provide data in their own words and understanding and meanings will be
informed from their point of view in line with the interpretivist philosophy (Sauneters

al., 2012). More so as there will be varied and multipleestibvje meanings from the
experiences of each participant. The abductive approach is considered appropriate and
adopted in this study, as the findings from the study are not intended to test a theory or
develop a new theory as will be required in a destadnd inductive approach

respectively.

Data for the study was collected via sestiuctured interviews with key informants of
purposively selected organizations employing framework contracts in South Africa, and
documentary analysis of procurement docutsi@hthe organizations. Key informant
interviews involve interviewing people, who are selected for theirtimstd knowledge

about a topic of interest and are likely to provide needed information, ideas, and insights
on the topic of interest (Kumar 1989In addition to already known client organizations
employing framework contract, the identification of other client organizations using
framework contracts was also through several other sources that include enquiring from
construction professionals arelviewing tender information on relevant databases on the
internet such as National Treasury, Department of Public Works, and the cidb databases.

A total of eight organizations involving sixteen key informants with different background
and positions compging of directors, project managers, chairperson and executive
managers participated in this study. The interviews were audio recorded to ensure that all
information was captured during the interviews. In addition brief notes were taken during
the inteviews to capture both verbal and nonverbal signals from the key informants. The
audio record was transcribed verbatim. The organizations also provided the procurement
documents (such as the expressions of interest/the letter of invitation to tendss,tend
framework agreements and tender outcome notification) that were requested for in
advance. The documentary analysis of the procurement documents provided evidence to
ascertain and corroborate the findings from the interviews. The data collectetiédrom

key informant interviews and documentary analysis were analysed with the aid of the
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Nvivo 11 pro qualitative data analysis software for windows and following thematic
gualitative data analysis techniques outlined by Miles, Huberman and Saldana (2014).

FINDINGS AND DISCUSSIONS

In this study, the procurement tactics employed by organizations in selecting suitable
contractors for CLR was empirically investigated. The expectation is that to reduce the
risk of selecting an inappropriate contractor for Ck®yeral cognitive steps and

processes are employed in screening potential contractors for CLR suitability. To get a
sense of the emerging pattern and ideas on the procurement tactics employed in selecting
suitable contractors for collaboration and ldegn relationships across the data from the
eight case organizations investigated, a word frequency query was carried out on the data
using Nvivo 11 pro qualitative data analysis software. By using stem words grouping for
the fifty most frequent display wds with five minimum lengths, the result is presented

in the word cloud shown in Figure 1.
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Figure 1: Word Cloud Depicting Prominence Words on Procurement Tactics for Selecting
Suitable Contractors for Collaboration and Leiigrm Relationships.
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The wordcloud indicates the most frequent words used in the data, which are displayed
larger and bolder in the word cloud as shown in Figure 1. From Figure 1, the most
frequent words includes: Oexperienced, 0i
6commi t meaert srog e H6,e 6di al ogued, and dbdmeet i
and pattern of responses across the data on the procurement tactics employed in selecting
contractors for CLR. The contexts of the highlighted words were also captured for in

depth meaimg and understanding of the individual words and are discussed below in
themes.

Conducting Interviews with Potential Contractors

Virtually all the key informants from the case organizations indicated that conducting
interviews with the potential contracs is one of the tactics they employ in selecting
contractors for CLR. This shows why the
frequent word in Figure 1. In a study on conceptualization of CLR, open communication,
trustworthyness, cooperation asdcial exchange behaviour are reported among the
important requirements for CLR (Ayegbaal, 2018). Due to the intangible nature of

these requirements, it will be difficult to gain assurance that a contractor is suitable for
CLR and will not act oppaunistically or behaves such that will cut short the contract
relationship. Therefore, interviews provide greater opportunities for parties to sit face to
face to probe and sieve down the number of potential contractors further. It also provides
opporturity for clarifications and to test reactions from the contractors. A common
practice alluded to during interview by most of the case organization is to involve all
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relevant parties and departments within the client organizations to take part in the
interviewing. In addition, interviews provide an opportunity for the contractors to express
themselves furthermore on why they are suitable for CLR. As A3 puts it:

That allows us to test that can they produce a program, activities and work with us, te me it i
more like a job interview find the best candidate, price, preference, quality and matching your
objectives of CLRA3
A common concerns in interviewing potential contractors has to do with who is to be
interviewed, number of contractors to interview artht type of questions are to be
asked that will provide evidence that a contractor will be suitable for CLR. The response
from Al well illustrates how these concerns are addressed in an interview:

You interview the people that are going to be on siteremidhe directors and the marketing
team. We tell them who we are and our value system, we ask if they can align with what we
are doing? Can they perform what we are asking of them? That is where we tested the
compatibility. You ask them for their ap@rch paper and skill development plan, what is

the quality of their staff? Are they innovative or are they just doing what they are told to do
without coming up with ideas? Ask them for their varegineering proposition. What

could they do better? Cangyhadapt and are they providing the right people, do they have
the right commitment? Because it takes a lot of effort, energy and cost to participate in that
bidding process and it is ridiculous and unfair to take this huge pool forward. If you want
peopk to participate meaningfully, give them a 1 in 4 or 1 in 3 shot because if you give
them 1 in 10 shot, you will get 1 in 10 quality returAg.

Hence the procurement tactics of conducting interviews with is a good medium of
communication that provides pprtunities gathering and assessing information from the
potential contractors.

Conducting Training and Workshops for Potential Contractors

Conducting training and workshops is another procurement tactics alluded to by 6 out of

the eight organizational cas in the study in selecting suitable contractors for CLR. This
justifies the display of the word 6workshop'
data in Figure 1. The response from A3 well illustrates the context of the practice:

Another thing ve have found successful in running and building framework contracts is
running workshops. We have also run Workshops on the NEC and how target contracts
work because if you want contractors that have used NEC and target contract, you may not
get any tende | regard these workshops as bringing about a culture change, what we do is
to have the contractor and the professionals and client team go through it. The head of the
unit will always come around to watch the reactions and responses and not tq hedr us

then he can figure out how to deal with the contractor and where their strength and
weaknesses areA3.

Since the concept and practice of CLR are not familiar to most contractors and
professionals, mainly as people have been more used to thetrald#pproaches.
Workshops and training provide the opportunity to build the contractors up for CLR. It
also provides the opportunity for clients to observe as part of an evaluation process the
active involvement and commitment characteristics of cotargicwhich are also critical

for successful CLR.

Asking for CVb6s of Key Participants

The keyword Oexperience' was also displayed
the data in Figure 1. Apart from finding out directly during interviews if contractor team
members have the right experience for the job and for CLR, another procutaatient

that was indicated to be used in evaluating the suitability of contractors for CLR was

requesting for CVs of key participants from the contractor's. This tactic was indicated to
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be employed by all the case organizations and was also corroboradbexidwdence
from the procurement documents. The following responses below illustrates further:

..we ask for CV's and indirectly we check through past experiences, looking at say for
instance what type of projects you did in a 10 year period, who wereclients and what
the success raté\3

Asking for CVs of those individual teams enable us to be able to basically tell if they
have the right experiencA?.

€. we ask for CVs for key resources, Over and abo
working with, Not interested in the people that are going to rock up in fancy suits, do not

send me the marketing people. Send me the construction professional. The foreman and the

people below we will assume everything is okay, but the project managers, the cost

controllers those are the people you are going to interact with, you need to work with, and

you need to understand, that is part of the beauty coitést

Therefore, requesting for CVs of key participants from the contractor side provides the
organizatims with information on the previous experience and quality of professional
people in the contractor team. This will obviously have an impact on the quality of
expected outcome and promotion of CLR.

Consideration of Top Management Involvement

Probing furher, a test search query was carried out on the word ‘commitment’ which was
also displayed as one of the most frequent words in Figure 1 with the aid of the Nvivo
software. The context by the references from the probe shows that apart from A5 which
uses lhe word in the context of enquiring about future commitments of contractors to get
information about their availability for CLR, five of the organizations used the word
6commitmentd to indicate consideration of
process as one of the tactics for assessing suitability of contractors for CLR. A3 puts it
this way:
é.commitment of top management, when it comes to
sitting in front of you is the guy intimately involved in the tended ¢he execution, the

director has been actively involved all through the process, he is the decision maker. So the
relationship with them is better, there are no limitations on where you are goingA8.go

The involvement of c¢ omaltthe aetettionrpdcessesngudinga n a g e |
interviews, workshops and competitive negotiations and meetings is considered as a good
attribute for CLR. Such that it may create skewed results against the bigger contractors of
higher grades that may not be maytheir top management representatives in the

selection process. This is partly because such representatives will have limited decisions

to make due to limited authority and their top management are disjointed from the

execution team.

Vetting of Potential Contractors

Observations and interviews may not discover the warranting properties that a contractor
may be suitable for CLR. One cannot see that a contractor will be honest and trustworthy
and it's not uncommon to have contractors being deceptive during intengevesking
contractors to provide contactable references of past clients for vetting purpose is also one
of the tactics employed in selecting contractors for CLR by all the case organizations.
Other vetting concerns as indicated by A8 has to do with amgdkcontractors have not

been found guilty of corruption and other fraudulent practices, andchnes&ing

blacklisted list of tender defaulters with Government agencies. Most of the case
organizations indicated that they usually request for at tleaest references of past jobs.
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In some cases, the request is for yakited jobs references. A7 well illustrates the
significance of asking for contactable references of past clients:
When we crosseference based on the previous job that they demd®nber, all of them

will tell you that they are fit for the job. Take one example, in one instance, somebody lied
and said he developed A, B, C, D for BP but when w

a thing, the per s o nutothatichllyme knovdteavhe lsal@r. But at o . So a
during the interview they will tell you everything, we are transparent, we good
communi cators, everyone wants a job. That 6s why i

the reference they provided from previgols A7

Vetting of contractors by proper due diligence crosschecking of contactable references of

past jJobs provides knowledge on the contract
for CLR which is critical to the solution the contractors can offeeviBus behaviour is a

good indicator of future behaviour following trait laws of "once a K, always a k" which

are invoked when you deal directly with someone and you are reliably informed about the

person (Gambetta and Hamill 2005). This is epitomizesibyy i ngs such as fiyou
good as your last job".

Holding a Competitive Negotiation/Dialogue Process with Potential Contractors

The keyword o6dialogued was also displayed as
data in Figure 1. Probing furtherxsf the case organizations in this study reported

having a competitive dialogue process with contractors as one of the procurement tactics
employed in selecting contractors to accommodate for CLR. The competitive dialogue

process is employed at the firsdhge when the potential contractors must have been

sieved down to two or three as indicated by A6. This involves an open conversation
process, which is used to test contractoros
practice is also employed give feedbacks that will improve the competitiveness of

contractors as illustrated below:

The contractor was asking some awkward questions to the architect. The architect had
never been in a situation where the servant checked the master about hisddsigthe

middle of all of this, the contractor stopped and said look, sir, | am not challenging your
architectural ability, please understand, | need to understand your flexibility in order to price
the job. Therefore, it is a twway street, with camactor sizing up his risks in meeting the
client, testing reaction. We test reactions. For example, when we did the mathematical
jobs, the discussion went around the movement of joints to accommodate better prices in
formwork- A3

An important advantagef having the competitive negotiation/dialogue process is the
feedback contractors provides during the process. Al well illustrates this:

At the west campus where we provided for concrete slab floor that was supposed to be
followed by a screed and thewiayl floor onto the screed. During the competitive

dialogue process, the contractor stepped in and said hang on | can finish my concrete slab at
the level at which you need the vinyl floor. By doing this, we were able to make a saving on
the entire scred we would have needed. So it is this type of input from the contractor that
saves you money, unlike the traditional approach where he will just make money off the
screen without telling yorAl.

Therefore having a competitive negotiation/dialogue proweth potential contractors
gives the organizations greater opportunity to probe and sieve the potential contractors
further and also to extract more information from the contractors in a face to face
encounter.
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Holding Meetings with Potential Contractors

Holding meetings which may be compulsory or stompulsory is another tactic

employed by most of the case organizations in selecting contractors to accommodate for
CLR. This shows why the word Omeeting’ i s
acrosslte data. In some cases, such meetings are termed clarification meetings when it is

to clear any ambiguities on information and to provide more information and

understanding regarding the organizations and projects objectives. Meetings with

contractors &o provide the opportunity to get more information from the contractors and

on their perceivable behaviours. It is also used to evaluate contractor's commitment and
interest in the job, which are good ingredients for CLR.

Use of NEC3 Contract Documents

The form of contracts is amongst others is also a tool used for the effective procurement
process. The standard forms of contracts used in practice in South Africa are the
International Federation of Consulting Engineers (FIDIC), General Conditions of

Contract for Construction Works (GCC), Joint Building Contracts Committee (JBCC)

and the New Engineering Contracts (NEC3). Most of the case organizations reported the
use of the New Engineering Contracts (NEC3) contract documents in procuring
contractors foCLR. Although one of the organization A2 specializing only in building
works and another A5 that only carries out roadworks reported using the JBCC and GCC
contract documents irrespectively. The preference for JBCC and GCC was because
JBCC and GCC deapscifically with their area of specialization, which is building

works, and Engineering works respectively. In the words of A8 below:

We use NEC suite of contracts because it is one that people within our organization
understand better than the FIDIC, GGand JBCC. It is what our people have been trained

on and we, therefore, stick to NEC because at least the legal practitioners understand it
better and we can easily depend on it. Our project managers as well have been trained with
NEC- A8

WatermeyerZ015) describes the NEC embodying collaborative and cooperative
practices as well it facilitates project team integration and early contractor involvement.
It is developed in line with recent approaches to project management including CLR
practices. Thescharacteristics of NEC may be the motivation for its preference by most
of the case organization.

Other procurement tactics indicated from the findings involve the use of open tendering
by publishing an expression of interest as tender invitation peaetnd employing bill of
guantities or activity schedule depending on the size of the contract as pricing strategy.

CONCLUSIONS

In this study, the procurement tactics that influence the actual decision process in
selecting contractors for CLR was empirlgahvestigated. Focusing on framework
contracts which is one of the strategies that is intended for CLR in the construction
industry, eight purposively selected organisations employing framework contracts in
South Africa participated in the study.

The stidy gives the detailed account of the procurement tactics the organizations use in
selecting suitable contractors for CLR. Overall the tactics include: conducting interviews
with potential contractors, conducting training and workshops, asking for Ckéy of
participants, top management involvement consideration, and vetting of potential
contractors via a contactable reference of past jobs. Other tactics include holding
competitive negotiation/dialogue process and meetings with potential contractees. Al
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the use of NEC3 Contract Documents, use of a bill of quantities and activity schedules as
Pricing Strategies and employing open tendering by publishing an expression of interest
in inviting contractors to tender are other tactics adopted in seleaitapls contractors

for CLR.

This implies that the organizations employ many tactics aimed at getting them closer to
meeting and talking face to face with potential contractors. This enables the
organizations to observe, listen and read signs such asssigrs, politeness and other
behavioural properties displayed by contractors in assessing their suitability for CLR so
as to minimize the risk of inappropriate selection for CLR. These procurement tactics are
not intended to be exhaustive but represeange of areas and issues clients should
consider in selecting suitable contractors to accommodate for CLR. Often the final
verdict on the selection of contractors for CLR is the result of taking a cluster of these
procurement tactics into consideration.
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Utilising the invaluable knowledge of subcontractors and incorporating it to improve
performance of construction supply chains is an important topic. Despite this, such
integration in continuous performance programs largely fails. To overcome this weak
subcontractor involvement a case study has been conducted. Its purpose was to
investigate key challenges for weak subcontractor involvement within continuous
improvement and to propose measures which could contribute to overcome the
weaknesses identifiedlhe findings show that traditional structures and practises within
the industry as well as a mismatch of interests and expectations of participants leads to
difficulties. Measures to overcome those challenges and enable a better involvement of
subcontrators are proposed. Finally, rdde data served for the assessment of the
developed measures. This investigation may help practitioners and scientists to better
understand challenges arising for Cl implementation and may help to find solutions for
improving the performance of the entire IHB supply chain.

Keywords: prefabricatigrproductivity, SCM, total quality management

INTRODUCTION

Continuous improvement (CI) is welinown and frequently applied in manufacturing
industries. It contributes to a reduction of reworking due tegurformities and to a
realisation of improvement potential. This method has the potential to increase the
efficiency of working processes within the industrialised housebuilding (IHB) supply
chain (Lessingt al, 2015).

Depending on a compani esO0 pr eaddedactiviteat i on
are performed osite or through supply chaparticipants. An estimation of their

contribution to value generation is probably only useful for each company individually.
For example, in companies utilising modular building systems where most installation
and interior construction is done within lamt, subcontractor services are of little
importance. To the contrary, the significance of subcontractor services within component
manufacture and subassembly is probably more profound. In general, subcontractors
supply specialised services for the ilatient of building production and are an important
source of expert knowledge (Love and Smith 2016).

Despite the importance of Cl for performance enhancements, its implementation is not
extended far beyond operations within the prefabrication plantsinVbleement of
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construction site and supply chain operations in incremental innovation by incorporating
subcontractors and suppliers is largely lacking (Meiéhgl, 2014).

Introducing CI in IHB supply chains and incorporating the expert knowledge of
subcontractors is not without conflict (Love, Ackermaeghal.,, 2015). There are few
examples of successful subcontractor involvement in Cl programs (S6derholm 2010).
Reasons may be found in the usual structures and practices of the constructionasdustry
well as in conflicts of interest between both the IHB companies and their subcontractors,
and between subcontractors themselves. However, the involvement of subcontractors in
continually improving the supply chain performance remains beneficial, apéni@rm
valuable services and can provide a lot of expert knowledge sdeactivities. To

improve business performance of their supply chains IHB companies strive to integrate
subcontractors within product and process improvement initiatives. i@ dior inter

di sciplinary coll aboration to better wuse
innovation programmes are essential (Lessing., 2015).

This paper investigates the reasons for
suggestsame improvements, which have developed during ay®ar case study which
involved an IHB company and its subcontractors. The research sought to answer two
research questions: (1) What are the key challenges for successful implementation of ClI
within an HB supply chain? (2) Which measures contribute to a better adaption of ClI
methodology to overcome identified challenges for subcontractor involvement within
IHB industry?

This paper is organized as follows: The literature review analyses the curremtrsituat
IHB supply chain management (SCM) and provides an overview of relevant Cl work in

general as well as within the IHB literature. The material and method section presents the

applied research process before findings of the case study are showae fifdiags
include a stakeholder analysis, including interests, contribution and expectations of
stakeholders on an incremental improvement program, an analysis of resulting key
challenges, the developed measures and, finallylifealata from the casstudy.
Findings are discussed before finally conclusions are drawn.

LITERATURE REVIEW

Cl by most definitions is a commitment to eliminate waste within systems and processes
to increase the efficiency of an organisation in the long run (Aktll&ket al, 2013). It

is embedded within a culture focusing on sustained performance enhancements through
involving employeesd specific knowl edge
activities (Bessant and Francis 1999).

Clis not a single methodology. A nber of tools, techniques, approaches and
methodologies, dedicated to enable constant performance improvements, are included
within its context. Best known methodologies are lean manufacturing, the balance score
card, six sigma or hybrid methodologieslmbse (Bhuiyan and Baghel 2005).

The difficulty with Cl is that simply transferring it from one organisation to another is not
normally successful, as it cannot be a simple implementation of a tool for waste
reduction. It relies on many soft factors susHearned routines and practices. For the
successful implementation, such routines need to be adjusted to characteristics of a
company and its supply chain (Besseinal, 2001).

Despite the lack of an identical CI program, each CI program shows cbtiesabind key
behaviours which have develop over time. An important observation by Bessant and
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Caffyn (1997) was that CI maturity can be assessed on the base of existing core abilities
and key behaviours. They assigned these to five levels of CI ngatartigher Cilevel

shows more of these core abilities and key behaviours as well as an intensified problem
solving ability.

Enablers such as procedures, companieso polii
development of these key behaviours ane edilities. It is necessary to consider

whether the characteristics of the company and its supply chain i.e. project orientation or

a fragmented order fulfilment process, could complicate the provision of elaborated

enablers and hinder the developmeitare abilities (Caffyn 1999).

Structures and Management Practices

IHB, which is a part of the construction industry, is uniquely situated between
management practices and structures of the construction and manufacturing industries. It
has created neways of building production and implemented many management
concepts which are not found within traditional construction industries. These include a
mainly process based prefabrication of elements or modules and a higher degree of
product standardisatiaon the level of building components and of recurring processes,
just to name a few. Concurrently, it relies on many legacy structures and practices of the
construction industry (H66k and Stehn 2008). Figure 1 shows the positioning of IHB
concerning the egree of project and process orientation in the order fulfilment process.
Due to the integration of management practises and structures from manufacturing
industries to those of construction industries, IHB companies deal with customer orders in
a projectand process oriented way.

© Industrialised
housebuilding

Figure 1: Positioning of IHB based on the degree of project and process orientation of the order
fulfilment process (H66k and Stehn 2008)

Some of the usual construction industries' structures and practices hamper the
implementéon of proven management concepts and methodologies. Reasons may be
both the inadequate adaption of such concepts as well as the structures and practices
within IHB industries. The most important ones are found in: the project based focus of
order fulfiment (Ballard and Howell 2003), the uniqueness of building projects, the
fragmented IHB order fulfilment process (Knauseeteal, 2007), the different locations
where activities are performed (e.g-eite and orsite) (Eriksson 2010), in inspection
based rework of failure (Lundkvistt al, 2014) and to some extent the short term
contracts between supply chain participants (Josephson and Saukkoriipi 2007). These
structures and practices, with their inbuilt weaknesses, produce an ineffective defect
mangement regime (Lundkvigt al, 2014), weak knowledge sharing and at the least,
the weak participation of subcontractors within Cl (H66k and Stehn 2008).

In an investigation of the development of the IHB industry, a case study of three Swedish
IHB companes by Lessing, Stehn and Ekholm (2015), revealed similar areas of conflicts
for the future management. But they also showed an increase itetomgollaborations
between IHB companies and their subcontractors which enhanced the importance of
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supply chan management in the field. The above mentioned requirements influence the
implementation and development of CI.

ClI Application within IHB

Some previous publications covering the application of Cl within IHB industry Lessing
(2006) described various managent concepts including lean production, lean design or
six sigma and their relevance for IHB. Séderholm (2010) investigated performance
improvement through ClI application within the design phase of industrialised buildings.
Lessing, Stehn and Ekholm (B8) reported that ClI concepts are used for improving
repetitive activities in the prefabrication process. Meiling, Sandberg and Johnsson (2014)
demonstrated the applicability of a PIBn-CheckAct improvement process for the
reduction of failuréothin off-site and orsite scenari@ Already missing is an
investigation into the challenges of successful integration of ClI within an IHB supply
chain. Such an investigation may help practitioners and scientists to better understand
challenges arising and maelp to find solutions for improving the performance of the
entire IHB supply chain.

MATERIAL AND METHOD

To investigate reasons for weak subcontracH
improvements for Cl methodology a tvyear case study was conduttelhe data was

provided by an IHB company and its subcontractors. The applied research process is
presented in figure 2. In afirst phase, key elements within the CI methodology and their
purpose are investigated through a literature review. Exgertviews and literature

research revealed the current nature of IHB construction supply chain management. To
analyse the key challenges for implementing CI within an IHB supply chain, stakeholder
analysis, interviews with IHB supply chain participantg] participating observation

were conducted. In a subsequent phase, adaptions of the CI methodology were iteratively
developed and tested with participants of this specific construction supply chain. Twelve
scientifically accompanied flagship building pats, built during a 22nonth period

were used for the development and test of adaptions.

O

Analyse state of
the art of IHB
supply chain Develop
management Identify key measuresto Analyse and
Sart — challenges for adopt A interprete
—_— A caused IHB methodology to performance

Andlyse supply chain better involve indicators

components of
QA methodology

subcontractors

Figure 2: Research process applied during the case study

The industrial partner of this case study sells and builds around 200 sindl&ve

family homes a yeaand it focuses on complete order fulfilment from sales to handover.
According to Gibb (2001) the construction method can be defined as a mixture of non

vol ume and volumetric preassembl y. To enal
many constructin processes such as installation, plumbing, screed works, tilling,

plastering, wall painting etc. are contracted to subcontractors within the supply network.

Identification of Key Challenges

From the established state of IHB supply chain managementlappl@ation, key
challenges for successful implementation of Cl within an IHB supply chain were
identified. This was performed first through a stakeholder analysis and an analysis of
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structures and practises and secondly its outcomes were verifieghthnberviews with
supply chain participants and participatory observation.

The stakeholder analysis helped to identify important stakeholders and to characterise
their area of interest, their contribution and their expectations (Jepsen and Eskerod 2009)
when contributing to product or process improvement. The stakeholder groups which
were assessed were; (1) subcontractors, (2) suppliers, (3) top management and (4) two
different groups of employees, and are all important for improving IHB supply chain
performance.

Interviews with supply chain participants and participatory observation served as check to
avoid false assumptions, and enabled a deeper and stronger analysis of the key challenges
(Yin 1994). This information was necessary for the iterative ldpugent of

supplementary ClI measures. Its consideration is essential for the useful integration of
supply chain participants to continually improve products and processes and reduced the
risk of biased influences or the unilateral preference of SC peantits.

Development of Measures to Adopt Cl Methodology

After analysing the challenges, consideration was given to measures which might best
overcome them. These were implemented. Measures which were found to be useful
were further developed over timeor8e further measures were incorporated and
ineffective ones were eliminated. The development of measure complies with theory
building through case studies (Eisenhardt 1989, Yin 1994) and was done on the base of
participating observations and interviews.

Analysis of Performance Indicators (PI)

To assess the performance within the case study a selection of the lean indicators
proposed by Martinez Sanchez and Pérez Pérez (2001) was applied. Data for
performance indicators was used for both the initial arptoned state. It was obtained
in the year preceding the study and in the year of completion.

RESULTS

In this section an analysis of key challenges is presented based on a stakeholder analysis
and an analysis of the influences of the usual structuresraatices within IHB

industries. Upon this foundation improvements for applying CI methodology within an
IHB supply chain are iteratively developed. The proposed improvements for Cl
methodology together with their rationale are described. Finally, pgafare indicators
derived from the case are given.

Key Challenges for Implementing Cl in an IHB Supply Chain

Stakeholder analysis revealed a variety of guiding principles under which they operate.
This analysis is illustrated in figure 3. Participants &agriety of reasons for

participating in the Cl programme and these are shown within the column "the area of
interest”. Their ability to contribute and their expectations for contributing are also
shown.
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Figure 3: Analysis of important stakeholders & within the IHB supply chain

The analysis reveals both conflicts and enhancements within the three areas of one
stakeholder group and those of another. Overlaps between arguments for the area of
interest and contribution are beneficial and willso@portive. For example, the top
management is interested in involving the knowledge of supply chain participants in order
to improve products and processes. This overlaps with arguments for contributing their
knowledge.
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