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1. Introduction	
1.1 Demand	for	a	more	sustainable	building	industry	

The	building	industry	is	a	notorious	energy	and	resource	consumer.	According	to	United	
Nations	 statistics,	 the	 manufacturing	 of	 building	 materials	 accounts	 for	 approximately	
10%	of	all	 global	energy	end-use	 (UNEP,	2011)	and	energy	consumption	during	 the	use	
and	 operation	 phase	 of	 buildings	 produces	 30–40%	 of	 total	 global	 green	 house	 gas	
emissions	 (UNEP,	 2007).	 Furthermore,	 evidence	 increasingly	 suggests	 that	 emissions	
resulting	from	activities	during	the	building	phase	are	as	significant	as	during	the	use	and	
operation	phase	(Wong	&	Zhou,	2015).	 In	addition	to	 intensive	energy	consumption,	 the	
creation	 and	 demolition	 of	 constructions	 contributes	 upwards	 of	 40%	 of	 all	 waste	 in	
developed	countries	(UNEP,	2011).	Although	the	construction	industry	has	many	negative	
impacts	 in	 terms	 of	 energy	 and	 resource	 consumption,	 it	 also	 plays	 a	 central	 role	 in	
national	 economies	 (Ozorhon	 et	 al.,	 2010)	 and	 increasing	 quality	 of	 life	 through	 the	
generation	 and	 sustainment	 of	 the	 built	 environment	 (Whyte	 &	 Sexton,	 2011;	 Ye	 et	 al.,	
2009).	

Sustainability	 and	 environmental	welfare	 have	 risen	 to	 prominence	 in	 political	 agendas	
worldwide.	 Nearly	 all	 countries	 are	 working	 actively	 toward	 the	 development	 and	
implementation	 of	 new	 policy,	 which	 holds	 considerable	 implications	 that	 affect	 all	
industries.	As	a	result	of	the	Paris	Agreement	of	2016,	numerous	national	initiatives	have	
been	implemented	with	the	hope	of	mitigating	the	impacts	of	climate	change.	These	efforts	
are	 reinforced	 further	 by	 the	 European	 Union	 Sustainable	 Development	 Goals,	 which	
require	the	policy	of	all	member	states	to	be	reflective	of	these	goals	by	2030.	There	is	also	
an	 increasing	 awareness	 that	 “system	 innovations	 for	 sustainability”	 or	 “transitions”	 of	
socio-technical	systems	are	necessary	in	order	to	become	more	sustainable	(Gaziulusoy	&	
Brezet,	 2015).	 Given	 the	 building	 industry’s	 status	 as	 a	 notorious	 energy	 and	 resource	
consumer,	 it	 is	 therefore	 unsurprising	 that	 it	 has	 become	 a	 primary	 target	 for	
improvements.	 In	 short,	 the	 building	 industry	 is	 being	 pressured	 to	 dispense	 of	 its	
traditional	practices	in	favor	of	more	sustainable	and	long-term	approaches	for	the	design,	
construction,	management,	and	eventual	deconstruction	of	buildings.	

Despite	good	intentions	and	actions	on	behalf	of	the	building	industry	to	respond	to	these	
demands,	transition	does	not	appear	to	be	occurring	rapidly	enough.	In	point	of	 fact,	 the	
overarching	 conclusion	 drawn	 in	 the	 2017	 Emissions	 Gap	 Report	 by	 UN	 Environment	
(UNEP,	 2017)	 was	 that	 an	 urgent	 need	 exists	 for	 accelerated,	 short-term	 action	 and	
enhanced,	long-term	ambition	in	order	to	fulfill	the	mission	and	goals	set	out	by	the	Paris	
Agreement	and	Sustainable	Development	Goals.	Such	an	urgent	need,	however,	comes	into	
direct	conflict	with	the	conventional	stronghold	and	slow-to-change	nature	of	the	building	
industry.	Although	the	building	industry’s	attitude	towards	challenge	and	change	is	often	
despondent,	such	developments	also	pose	new	opportunities.	

1.2 The	potential	of	BIM	and	building	client	organizations	

In	 response	 to	mounting	 pressure,	 many	 actors	 in	 the	 building	 industry	 are	 turning	 to	
innovation	in	an	attempt	to	fulfill	these	new	needs	and	demands.	Arguably	one	of	the	most	
prominent	 innovations	 driving	 change	 in	 the	 building	 industry	 over	 the	 past	 decade	 is	
building	information	modeling	(BIM).	One	of	the	most	all-encompassing	definitions	of	BIM	
found	 in	 literature	 is	 as	 follows:	 “Building	 Information	 Modeling	 (BIM)	 is	 a	 set	 of	
interacting	 policies,	 processes	 and	 technologies”	 (Succar,	 2009)	 generating	 a	
“methodology	 to	manage	 the	essential	building	design	and	project	data	 in	digital	 format	
throughout	 the	 building's	 life-cycle”	 (Penttilä,	 2006).	 Accordingly,	 BIM	 is	 an	 innovation	
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well	suited	to	enhance	sustainability	(Bynum,	Issa,	&	Olbina,	2013)	and	drive	the	adoption	
of	more	holistic	and	lifecycle-oriented	approaches	to	building	projects	(Eadie	et	al.,	2013).	
Unsurprisingly,	therefore,	BIM	has	come	to	be	seen	as	the	common	denominator	for	new	
and	 innovative	 approaches	 in	 the	 design,	 construction,	 maintenance,	 and	 operation	 of	
buildings	 (Bynum	 et	 al.,	 2013).	 BIM	 and	 its	 adoption	 by	 industry	 actors	 represent	 an	
important	 first	 step	 towards	 becoming	 a	 more	 sustainable	 building	 industry.	 In	 many	
ways,	 it	 appears	 that	BIM	may	be	 capable	 of	 alleviating	many	of	 the	 building	 industry’s	
new	and	 long-standing	challenges	 (Rezgui	et	al.,	2009;	Succar,	2009).	Even	actors	at	 the	
national	 level	 see	 BIM’s	 potential.	 In	 fact,	 several	 nations	 have	 already	 set	 deadlines	 or	
adhere	 to	 policy	 that	 requires	BIM	on	new	building	projects	 (Akinade	 et	 al.,	 2017).	 The	
many	 promises	 of	 BIM	 have	 stimulated	 an	 unprecedented	 rate	 of	 adoption	 and	
implementation,	especially	in	the	design	and	construction	phases	of	the	building	lifecycle.	
However,	the	full	potential	of	BIM	is	not	yet	being	realized	and	the	sustainability	benefits	
are	thusly	being	limited.	

Despite	 swift	 adoption	 and	 advances	 in	BIM,	 a	 variety	 of	 barriers	 have	 arisen	 that	 have	
prevented	an	integrated,	lifecycle-oriented	BIM	use	from	taking	shape.	Although	BIM	use	
has	generally	been	limited	to	architects,	designers,	and	contractors,	this	is	not	to	say	that	
these	 actors	 are	 the	 only	 ones	who	 could	 benefit	 from	BIM.	 In	 fact,	 recent	 research	has	
indicated	 that	 downstream	 actors	 are	 poised	 to	 gain	 the	 most	 from	 BIM.	 In	 particular,	
building	client	organizations	(BCOs)	may	be	able	to	reap	various	benefits	by	implementing	
BIM	in	the	use,	operation,	and	management	of	buildings	(Eadie	et	al.,	2013).	Consequently,	
BCOs	 may	 be	 a	 valuable	 actor	 group	 uniquely	 positioned	 to	 transcend	 some	 of	 these	
barriers.	By	driving	the	adoption,	implementation,	and	use	of	BIM	in	later	lifecycle	phases,	
building	 clients	 could	 create	 a	 new	 demand	 capable	 not	 only	 of	 further	 developing	
lifecycle-oriented	 BIM	 use	 on	 building	 projects	 as	 an	 innovation	 but	 also	 of	 influencing	
transition	in	the	building	industry,	whether	directly	or	indirectly.		

1.3 Limited	insights	and	understanding	

While	building	client	organizations	may	be	able	to	contribute	to	the	transition	to	a	more	
sustainable	 building	 industry	 by	 stimulating	 demand	 for	 BIM	 in	 later	 building	 lifecycle	
phases,	 a	 knowledge	 gap	 exists.	 Little	 is	 known,	 for	 example,	 about	 how	 BCOs	 are	
currently	 going	 about	 adopting	 BIM.	 From	 the	 few	 examples	 available	 in	 literature,	 it	
appears	 that	BCOs	are	 faced	by	various	 interrelated	 interdisciplinary	challenges	and	are	
struggling	to	implement	BIM	in	an	effective	manner	(Lindblad,	2018;	Vass	&	Gustavsson,	
2017).		

The	 research	 area	 itself	 poses	 another	 shortcoming.	 Although	 BIM	 is	 an	 increasingly	
popular	research	topic,	the	focus	has	primarily	been	on	BIM	as	it	relates	to	the	design	and	
construction	 phases.	 This	 can	 likely	 be	 attributed	 to	 the	 supply-driven	 nature	 of	 the	
building	industry.	As	such,	there	is	a	dearth	of	literature	emphasizing	the	demand-side	and	
building	clients	 in	particular.	Some	 frameworks	aiming	 to	stimulate	 the	use	of	BIM	have	
been	made	available,	though	the	majority	are	directed	to	the	supply-side	and	are	thus	too	
technical	 for	practical	use	by	building	clients	 (Nepal	et	 al.,	 2014;	Succar,	2009;	Xu	et	al.,	
2014).	Conversely,	other	frameworks	are	quite	generic	and	lack	a	specific	course	of	action	
for	pursuing	BIM.	Additionally,	since	the	majority	of	research	focuses	on	the	supply-side,	
little	 has	 been	 said	 regarding	 the	 (potential)	 contribution	 of	 the	 demand-side	 on	
stimulating	lifecycle-oriented	use	of	BIM.			

Furthermore,	 decision	making	 processes	 that	 lead	 to	 the	 adoption	 of	 innovations	 in	 the	
building	 industry	 are	 a	 relatively	 underexplored	 research	 area	 (Sepasgozar	 &	 Bernold,	
2012).	Innovation	and	transition	theory	provide	background	for	the	causes	and	conditions	
that	 stimulate	 change	 and	 resulting	 transition.	 These	 theories	 have	 not	 been	 deeply	
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explored	 within	 the	 context	 of	 the	 building	 industry,	 however.	 Thus,	 recommendations	
have	been	made	that	future	investigation	be	made	into	factors	affecting	decision-making,	
adoption,	 and	 implementation	 of	 innovations	 in	 the	 building	 industry	 (Frambach	 &	
Schillewaert,	2002).	To	overcome	this	knowledge	gap,	Murphy	et	al.	(2011)	propose	that	
future	 research	 in	 this	 field	 should	 develop	 innovation	 management	 models	 with	 the	
“potential	to	reduce	the	risk	of	abandonment	of	 innovations	in	construction	projects	and	
increase	innovation	uptake	in	the	construction	industry.”		

1.4 Research	aim	and	approach	

Given	the	magnitude	of	this	issue	and	the	existing	knowledge	gaps,	it	is	prudent	to	explore	
why	building	industry	transition	is	occurring	so	slowly	and	how	current	initiatives	could	
be	augmented	to	quicken	the	pace.	It	is	also,	however,	impracticable	to	attempt	to	explore	
every	 facet	 of	 these	 issues	 within	 the	 scope	 of	 one	 research	 project.	 This	 research,	
therefore	limits	its	scope	to	focus	on	BIM	and	building	client	organizations.	

The	 primary	 aim	 of	 this	 research	 is	 to	 explore	 the	 adoption	 of	 building	 information	
modeling	by	building	client	organizations	and	its	potential	to	contribute	to	the	transition	
to	a	more	sustainable	building	industry.	It	is	anticipated	that	fulfilling	this	aim	will	provide	
new	insights	into	current	BCO	BIM	adoption	and	also	contribute	to	the	existing	knowledge	
of	how	innovation	occurs	in	the	building	industry.	

Taking	 context	 into	 consideration	 is	 especially	 important	 when	 doing	 research	 into	
complex	 socio-technical	 systems	 (Geels,	 2004).	 There	 are	 a	 variety	 of	 reasons	 for	 this,	
though	 three	 stand	 out	 in	 particular.	 Firstly,	 BIM	 is	 implemented	within	 a	 complex	 yet	
conventional	 industry	 that	 varies	 per	 country	 with	 a	 vast,	 interwoven	 stakeholder	
network.	 Secondly,	 BIM	 itself	 is	 a	 quickly	 evolving	 innovation	with	 technological,	 social,	
and	 process	 aspects,	 which	 is	 growing	 in	 popularity	 despite	 lacking	 comprehension.	
Thirdly,	lifecycle-oriented	approaches	in	the	building	industry	are	infrequent,	and	thus	not	
widely	understood.		

Given	 that	 this	 research	 therefore	 involves	 a	 duality	 of	 complex	 socio-technical	 systems	
and	 ventures	 beyond	 industry	 conventions,	 it	 was	 essential	 first	 to	 address	 a	 range	 of	
background	 information.	 Firstly,	 the	 building	 industry	 and	 its	 actors	 as	 they	 exist	 in	
developed	 countries	 are	 explored.	 Additionally,	 clarification	 is	 provided	 for	 what	
innovation	 in	 the	 building	 sector	 entails	 and	 where	 it	 typically	 occurs.	 Thereafter,	
pertinent	 developments	 impacting	 the	 building	 industry	 are	 reviewed	 according	 to	 the	
multi-level	perspective.	Lastly,	this	contextual	information	is	compiled	and	used	together	
with	 theory	presented	 in	Chapter	2	 to	 characterize	 the	 current	 state	of	 transition	 in	 the	
building	industry.	Thereafter,	a	complementary	technological	innovation	system	approach	
is	 applied.	 In	 this	way,	 current	 pursuits	 of	 BCOs	 to	 adopt	 BIM	 are	 explored	 and	 system	
functions	are	analyzed.	In	closing,	systemic	problems	are	identified	and	suggestions	based	
on	innovation	and	transition	theory	are	made	for	their	improvement.		

1.5 Research	questions	

Based	on	the	research	aim	and	objectives,	the	following	research	question	is	proposed:	

Main	research	question	

How	can	building	client	organizations	 improve	their	BIM	adoption	process,	 thereby	
contributing	to	the	transition	to	a	more	sustainable	building	industry?	

In	 addition	 to	 the	main	 research	 question,	 three	 sub-questions	 also	 serve	 to	 guide	 and	
structure	the	research.		
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Research	sub-questions	

1. What	is	the	current	trajectory	of	transition	in	the	building	industry?	
2. How	 could	 the	 adoption	 of	 BIM	 by	 building	 client	 organizations	 contribute	 to	 the	

transition	to	a	more	sustainable	building	industry?	
3. What	 systemic	 problems	 in	 building	 client	 organizations	 BIM	 adoption	 can	 be	

identified?	

1.6 Research	methodologies	

To	 answer	 the	 aforementioned	 questions,	 this	 research	 employs	 a	 combination	 of	
literature	study	and	case	studies.		

The	basis	of	this	research	is	formed	upon	a	literature	study,	consisting	of	three	parts	parts.	
The	 first	 portion	 of	 the	 literature	 study	 explores	 innovation	 and	 transition	 theories.	
Specifically,	 the	 Multi-Level	 Perspective	 from	 Geels	 (2002)	 and	 a	 new	 theoretical	
framework	 for	 actors	 in	 transformative	 change	 by	 de	 Haan	 and	 Rotmans	 (2018)	 are	
studied.	The	 second	portion	of	 the	 literature	 study	 looks	 into	 the	nature	of	 the	building	
industry.	 Lastly,	 the	 third	 portion	 investigates	 currently	 available	 information	 on	 the	
current	adoption	of	BIM	by	building	client	organizations.	Together,	these	literature	studies	
provide	 considerable	 background	 information	 to	 support	 and	 a	 new	 perspective	 from	
which	to	conduct	the	remainder	of	the	research.	

The	 remainder	of	 the	 research	 employs	 case	 studies.	 For	 this,	 three	 large-scale	building	
client	 organizations	 were	 interviewed.	 This	 information	 was	 processed	 and	 evaluated	
according	 to	 principles	 and	 an	 evaluation	 framework	 derived	 from	 the	 literature	 study.	
The	results	of	these	case	studies	contribute	new	knowledge	on	the	current	status	of	BIM	
adoption	by	building	client	organizations	and	the	systematic	problems	that	are	currently	
being	faced.	Combining	these	results	with	the	theoretical	underpinnings	it	is	then	possible	
to	draw	conclusions	addressing	the	main	research	question.	

1.7 Report	outline	

Because	 research	 into	 innovation	 and	 transition	 in	 the	 building	 industry	 is	 limited,	 this	
research	first	establishes	a	foundational	background	in	Chapter	2	based	upon	established	
and	 state-of-the-art	 theory.	 In	 researching	 socio-technical	 systems,	 and	 even	 more	 so	
when	 conducting	 transition	 research,	 the	 context	 is	 crucial	 to	understanding.	Therefore,	
Chapter	 3	 is	 dedicated	 to	 capturing	 the	 context	 of	 the	 building	 industry	 as	 it	 generally	
exists	 within	 developed	 countries,	 and	 in	 the	 Netherlands	 in	 particular.	 The	 chapter	
concludes	by	combining	 the	 theory	covered	 in	Chapter	2	with	contextual	 information	 to	
characterize	 the	 current	 state	 of	 transition	 in	 the	 building	 industry,	 thereby	 addressing	
research	sub-question	1.	Chapter	4	pulls	from	existing	literature	to	address	research	sub-
question	2	about	the	potential	contribution	of	BIM	adoption	by	BCOs	to	transition	of	the	
building	 industry.	 In	 Chapter	 5,	 the	 framework	 for	 the	 case	 study	 evaluation	 is	 derived	
based	 upon	 three	 innovation	 evaluation	 frameworks	 and	 a	 multi-disciplinary	 BIM	
maturity	 model.	 With	 this	 evaluation	 framework	 having	 been	 developed,	 Chapter	 6	
embarks	 on	 a	 case	 study	 of	 three	 large-scale	 building	 client	 organizations,	 which	
addresses	 sub-questions	 3.	 Finally,	 in	 Chapter	 7	 the	 research	 is	 recapped	 and	 formal	
answers	 the	 research	 sub-questions	are	provided.	The	 research	concludes	by	answering	
the	main	research	question	and	a	discussion	of	the	research	limitations,	results,	and	future	
possibilities.		
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2. Transition	and	innovation	
2.1 Multi-level	perspective	(MLP)	

The	 multilevel	 perspective	 (MLP)	 is	 a	 model	 that	 was	 developed	 in	 order	 to	 garner	 a	
better	 understanding	 of	 regime	 shifts,	 specifically	 the	 shift	 from	 one	 stable	 regime	 to	
another,	 in	 socio-technical	 systems.	 The	 multi-level	 perspective	 is	 composed	 of	 three	
nested,	 hierarchical	 levels	 —	 namely	 the	 landscape,	 patchwork	 of	 regimes,	 and	 niches	
(Geels,	2002)	 (Fig.	1).	Although	 it	 is	 referred	 to	as	a	nested	hierarchy,	 it	 is	 important	 to	
keep	 in	 mind	 that	 socio-technological	 transition	 is	 not	 the	 result	 of	 a	 single,	 linear	 or	
vertically	 integrated	 process.	 Rather,	 the	 process	 is	 iterative	 and	 interwoven.	 Thus,	 the	
outcome	of	socio-technological	change	is	the	result	of	a	dynamic	relationship	between	all	
three	levels	over	a	period	of	time	(Raven,	2005).		

Following	along	with	the	hierarchy,	the	stability	of	the	levels	varies,	with	high	stability	at	
the	landscape-level,	relative	yet	variable	stability	as	the	regime-level,	and	low	stability	at	
the	niche-level.	Additionally,	the	greater	the	stability,	the	greater	the	structuration	(Geels,	
2002).	 Furthermore,	 the	 resulting	 interplay	 between	 the	 three	 levels	 determines	 the	
overall	stability	and	structuration	of	the	niche	itself	(Witkamp,	Raven,	&	Royakkers,	2011).	

	
Figure	1.	Multiple	levels	as	a	nested	hierarchy	(Geels,	2002)	

Figure	 2	 offers	 a	 standardized	 visualization	 of	 the	 multi-level	 perspective.	 The	
visualization	 of	 the	 multi-level	 perspective	 seeks	 to	 show	 that	 socio-technical	 regimes	
(patchwork	of	 regimes)	and	 innovations	 (niches)	both	occur	within	a	 larger	context,	 the	
landscape,	 which	 consists	 of	 deeply	 embedded	 trends	 (Raven,	 2005).	 This	 visual	
representation	also	depicts	 the	nature	of	 the	 systems	as	various	 streams	and	 flows.	The	
regime-level	in	particular	can	be	likened	to	an	ebbing	and	flowing	stream,	the	turbulence	
of	which	varies	according	to	landscape	and	niche	level	pressures.		

The	MLP	as	a	methodology	and	visualization	tool	are	still	evolving.	Earlier	interpretations,	
for	 example,	 included	 different	 regime	 specifications	 within	 the	 socio-technical	 regime-
level	(Geels,	2002).	Newer	versions,	like	the	one	in	Figure	2	have	added	additional	arrows	
to	signify	new	findings	on	the	interaction	between	the	three	levels.	In	this	case,	the	arrows	
are	representative	of	the	influence	of	broader	landscape-	and	regime-level	developments	
on	the	perceptions	of	niche	actors	and	the	size	of	support	networks	(Geels	&	Schot,	2007).	

At	 the	 top	of	 the	nested	hierarchy	 in	 the	multi-level	perspective	 is	 the	 landscape,	which	
consists	of	societal,	 institutional,	and	other	background	factors	that	enable	and	constrain	
regime	 and	 niche	 developments	 (Raven,	 2005).	 Of	 the	 three	 levels,	 the	 landscape	 is	 the	
most	structure.	Thus,	by	definition,	 the	 landscape	 lies	beyond	the	 influence	of	 individual	
actors	yet	has	a	major	influence	upon	them	(Geels,	2004;Raven	et	al.,	2010).	
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Figure	2.	Standardized	multi-level	perspective	of	transition	(Geels	&	Schot,	2007)	

Embedded	 into	 the	 landscape	 is	 the	 regime-level.	 Simply	 stated,	 the	 regime	 is	 the	
incumbent,	mainstream	way	that	things	are	done	in	a	socio-technical	system.	The	regime-
level	is	reflective	of	a	socio-technical	system	and	is	comprised	of	a	“patchwork	of	regimes”.	
Within	 the	 multi-level	 perspective	 on	 transitions,	 six	 key	 regimes	 are	 identified:	
market/user	preferences,	industry,	policy,	technology,	culture,	and	science	(Geels	&	Schot,	
2007)	 (Fig.	2).	Although	other	 regimes	exist,	 these	six	provide	a	 sufficient	overview	and	
address	key	aspects	of	institutional	theory.		

The	 third	 level	 is	 niche-innovations.	 This	 level	 is	 comprised	 of	 “embryonic	 nuclei	 for	
future”	 that	 are	 still	 is	 the	 developmental	 stage	 and	 have	 yet	 to	 achieve	 strong	 enough	
institutionalization	 to	 emerge	 into	 the	 regime-level	 (Fuenfschilling	 &	 Truffer,	 2014).	
Niche-level	 developments	 can	 vary	 in	 size	 and	 degree	 of	 potential	 change.	 Of	 the	 three	
levels,	the	niche-level	has	the	least	structuration.		

If	broken	down	further,	the	MLP	could	actually	be	said	to	contain	a	fourth	“level”,	that	of	
experiments	 (Raven,	 2005).	 Early	 efforts	 in	 generating	 the	 MLP	 distinguish	 between	
experiments	 and	 niches.	 This	 distinction	 helps	 to	 describe	 the	 process	 by	 which	 local	
experiments	connect	and	develop	over	time	leading	to	the	development	of	a	regime	(Fig.	
3).	 It	 also	 demonstrates	 the	 importance	 of	 the	 creation	 and	 transfer	 of	 knowledge	 and	
experiences	 gained	 from	 innovation	 experiments	 in	 the	 creation	 of	 structuration	 that	
supports	further	niche	development	and	regime	emergence.		
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Figure	3.	Emerging	level	of	niches	in	relation	to	local	practices	in	experiments	

(Raven,	2005) 	

An	additional	 feature	added	later	by	de	Haan	and	Rotmans	(2011)	 is	the	“niche-regime”.	
As	 the	name	suggests,	 the	 characteristics	 lie	 somewhere	between	 that	of	niches	and	 the	
regime.	For	a	niche-level	innovation	to	be	promoted	to	a	“niche-regime”,	it	must	provide	a	
viable	 or	 competitive	 advantage	 compared	 to	 the	 incumbent	 regime(s)	 of	 the	 greater	
socio-technical-regime.	 Niche-regimes	 are	 therefore	 poised	 for	 breakthrough	 into	 the	
regime-level	 should	 the	 correct	 conditions	 transpire	 to	 form	 a	 window	 of	 opportunity.	
Should	 breakthrough	 occur,	 the	 niche-regime	 then	 proceeds	 to	 compete	 actively	within	
the	 incumbent	 regime.	 The	 niche-regime	 therefore	 compares	 roughly	 to	 the	 trans-local	
phase	in	Figure	3.	

2.2 A	new	theoretical	framework	for	actors	in	transformative	change	

One	 of	 the	 greatest	 criticisms	 of	 existing	 transition	 frameworks	 like	 the	 multi-level	
perspective	is	that	they	tend	to	glaze	over	the	role	of	actors	in	transition,	focusing	instead	
on	transition	as	it	pertains	to	innovation	and	technology	(de	Haan	&	Rotmans,	2018).	The	
MLP	suggests	undertones	of	actor	involvement	and	influence,	but	it	is	not	clear	how	actors	
relate	 to	specific	a	 level	or	 interaction	between	the	 three	 levels.	These	shortcomings	are	
largely	 a	 result	 of	 the	 complexities	 of	 the	 state-of-the-art	 status	 of	 innovation	 and	
transition	 research.	 In	 response	 to	 these	 criticisms	 Markard,	 Hekkert,	 and	 Jacobsson	
(2015)	 note	 that	 understanding	 of	 the	 agency	 of	 different	 actor	 groups	 is	 an	 important	
direction	for	future	research.		

De	Haan	and	Rotmans	(2018)	have	recently	undertaken	steps	to	further	this	research	area	
by	addressing	the	matters	of	actors	and	agency	in	transition.	They	deviate	from	a	purely	
innovation	and	technology	focus	to	propose	a	new	theoretical	 framework	that	highlights	
the	 formation	 and	 breakdown	 of	 systems	 based	 on	 network	 formation	 processes,	
interaction	 between	 various	 actor	 typologies,	 and	 adaptation	 of	 system	 dynamics	 over	
time.	In	their	perspective,	transitions	are	“the	consequences	of	[a]	myriad	[of]	actions	and	
interactions	 of	 actors	 and	 the	 alliances	 they	 form	 in	 their	 pursuit	 of	 systemic	 changes.”	
Although	 de	 Haan	 and	 Rotmans	 (2018)	 affirm	 that	 their	 proposed	 framework	 has	
limitations	and	that	the	concepts	still	need	to	be	firmly	underpinned,	it	represents	a	first	
step	towards	creating	a	stronger	awareness	of	and	appreciation	for	the	role	of	actors	and	
agency	in	transition	studies.	

Figures	4	and	5	provide	visualizations	of	two	typical	transformation	dynamics	according	
to	the	proposed	framework.	In	each	of	these	figures	is	a	representation	of	actors,	streams	
(societal	 value	 sets),	 and	 systems.	 Unlike	 earlier	 research,	 this	 framework	 adds	 in	 the	
elements	 of	 connection,	 affiliation,	 alliance,	 and	 the	 resultant	 support	 associated	 with	
actor	networks.	Using	these	elements,	the	proposed	framework	explains	system	change	in	
terms	of	deliberate	or	strategic	actions	and	interventions	carried	out	by	actors	and	their	
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consequences	 (de	 Haan	 &	 Rotmans,	 2018).	 Perhaps	 the	 most	 unique	 aspect	 of	 this	
framework	 is	 its	 emphasis	 on	 actors	 as	 strategic,	 value-driven	 entities	 that	 connect	 and	
affiliate	with	other	strategic,	value-driven	actors	to	form	alliances.		

	
Figure	4.	Dynamics	on	a	transformative	stage,	with	an	incumbent	system	being	

replaced	by	an	emerging	system	(de	Haan	&	Rotmans,	2018).		

	

	
Figure	5.	Dynamics	on	a	transformative	stage,	with	an	incumbent	system	merging	

with	an	emerging	system	(de	Haan	&	Rotmans,	2018).		

In	 proposing	 a	 theoretical	 framework	 for	 actors	 in	 transformative	 change,	De	Haan	 and	
Rotmans	 (2018)	 include	 four	 actor	 role	 typologies,	 namely	 frontrunners,	 connectors,	
topplers,	and	supporters,	which	are	discussed	in	more	depth	in	Section	2.4.	Additionally,	
the	proposal	addresses	 three	 types	of	actor	alliance	dynamics:	 initiatives,	networks,	and	
movements.	These	three	dynamics	represent	the	ways	in	which	actors	can	work	together	
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on	the	basis	of	a	shared	aim	and/or	values	to	 invoke	change	and	system	transition.	This	
emphasis	on	alliances	and	cooperation	between	actors	is	succinctly	described	by	Peppard	
and	 Breu	 (2003):	 “Organizations	 do	 not	 lead	 isolated	 lives	 but,	 instead,	 are	 linked	
inextricably	with	others.	The	success	of	one	organization	may,	thus,	be	as	much	a	function	
of	what	other	organizations	do	as	what	the	organization	itself	does.”		

The	proposed	framework	and	its	actor	focus	are	also	in	line	with	other	recent	research.	An	
example	of	this	can	be	found	in	the	three	main	insights	derived	in	research	conducted	by	
Wittmayer	et	al.	(2017).	Firstly,	a	single	role	always	relates	to	one	or	more	other	roles,	and	
that	change	in	one	role	therefore	affects	the	others.	Secondly,	the	temporal	nature	of	roles	
can	be	analyzed	for	either	a	specific	moment	in	time	as	they	contribute	to	(de)stabilization	
or	as	an	evolutionary	process	with	focus	on	how	roles	change	over	time.	Thirdly,	the	roles	
can	be	purposefully	utilized	to	influence	the	transition	process.			

This	research	makes	one	critique	of	the	typology	of	de	Haan	and	Rotmans	(2018),	in	which	
niche-level	 innovations	are	 referred	 to	as	 “solutions.”	Although	 the	authors	defend	 their	
use	 of	 the	 word,	 the	 word	 “solution”	 implies	 that	 a	 problem	 is	 effectively	 solved	 or	
managed.	 This	 is	 in	 direct	 conflict	 with	 the	 nature	 of	 niche-level	 developments.	
Innovations	at	 the	niche-level	have	neither	proved	capable	of	uptake	at	 the	regime-level	
nor	 can	 they	 guarantee	 a	 solution	 to	 existing	 problems.	 It	 can	 even	 be	 debated	 as	 to	
whether	 breakthrough	 and	 use	 within	 the	 regime-level	 qualifies	 a	 development	 as	 a	
solution;	hence	the	various	transition	pathway	typologies	that	result	in	failed	transitions.	
For	 the	 purpose	 of	 this	 research,	 the	 word	 “solution”	 was	 therefore	 replaced	 by	
“innovation.”	 Additionally,	 the	 descriptions	 of	 the	 three	 typologies	 have	 been	 modified	
slightly	 to	 improve	 discussion	 between	 the	 proposed	 framework	 and	 the	 multi-level	
perspective.	 Lastly,	 definitions	 and	 the	 usage	 of	 terminology	 are	 not	 always	 consistent	
across	transition	and	innovation	research.	An	example	of	this	is	that	the	framework	by	de	
Haan	and	Rotmans	(2018)	refers	to	“transformative	change”	although	it	is	consistent	with	
the	more	generic	 term	“transition”	used	by	other	authors.	 It	 is	also	easily	confused	with	
one	of	the	transition	pathway	typologies	proposed	in	their	2011	work,	which	has	the	same	
name	 despite	 having	 a	 different	 connotation.	 Such	 inconsistencies	 require	 care	
contemplation	to	ensure	that	terminology	and	theory	are	not	misconstrued.		

2.3 Transformative	actor	roles	

The	interest	of	transition	research	in	socio-technical	systems	and	actor	alliances	requires	
understanding	 of	 the	 relationships	 between	 actors	 over	 the	 course	 of	 the	 transition	
pathway.	Part	of	 this	entails	exploration	into	the	role	that	actors	play	 in	transitional	and	
other	 transformational	processes.	 In	research	and	 in	practice,	actors	capable	of	affecting	
their	 agency	 in	 a	way	 that	 contributes	 to	 transition	 and	other	 types	of	 transformational	
processes	 are	 frequently	 referred	 to	 as	 “change	 agents.”	 This	 term,	 however,	 is	
inconsistently	applied	thereby	making	its	meaning	ambiguous.	Moreover,	various	types	of	
actor	roles	can	be	distinguished.		

In	an	attempt	to	simplify	the	complex	chains	of	 interaction	that	occur	during	transitions,	
researchers	 have	 been	working	 towards	more	 simplified	 typologies	 and	definitions	 that	
can	 improve	 pattern	 recognition	 and	 analysis	 (de	 Haan	 &	 Rotmans,	 2018,	 2011;	
Wittmayer	et	al.,	2017).	De	Haan	and	Rotmans	(2018)	specify	four	typologies	are	relevant	
to	 the	 beginning	 of	 a	 transformative	 change:	 frontrunners,	 connectors,	 topplers,	 and	
supporters.	Additionally,	even	within	the	early	transformation	stage	other	typologies	can	
and	do	exist.	In	order	to	provide	a	more	comprehensive	overview,	three	additional	actor	
roles	 attributed	 to	 other	 researchers	 are	 also	 included,	 namely	 boundary	 spanners,	
boundary	shakers,	and	free	actors.	
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“Frontrunners”	are	frequently	mentioned	when	discussing	change	and	innovation,	and	the	
term	has	come	to	be	used	as	a	catchall	for	any	type	of	pre-breakthrough	actors	(Loorbach	
&	 Rotmans,	 2010).	 While	 this	 has	 benefited	 people’s	 familiarity	 with	 the	 term,	 the	
distinction	 of	 frontrunners	 from	 other	 types	 of	 transformational	 roles	 is	 essential	 for	
researching	 transition.	 The	 role	 of	 frontrunners	 is	 the	 generation	 of	 new,	 alternative	
innovations	(de	Haan	&	Rotmans,	2018).	In	general,	this	role	is	discrete	in	nature	with	the	
actor	 working	 to	 fulfill	 its	 self-defined	 set	 of	 goals	 according	 to	 its	 own	 set	 of	 values,	
motives,	and	interests.	Frontrunners	can	also	become	part	of	an	alliance.	This	step	is	often	
beneficial	 as	 it	 expands	 their	 network	 and	promotes	 alignment	 of	 their	 innovation	with	
the	endeavors	of	other	similar	actors.		

“Connectors”	 serve	 a	 dual	 role.	 Firstly,	 connectors	 can	 play	 a	 role	 in	 connecting	
innovations	to	the	system	or	embedding/anchoring	innovations	in	an	institutional	context.	
Connectors	play	a	role	in	the	institutionalization	of	innovations,	thus	assisting	their	uptake	
within	 the	 regime.	 	 Secondly,	 connectors	 can	 help	 join	 together	 other	 actors	 and	 assist	
with	alignment	and	the	formation	of	alliances	(de	Haan	&	Rotmans,	2018).	

“Topplers”	 play	 a	 role	 in	 the	 mobilization	 of	 innovations	 in	 order	 to	 assist	 with	
breakthrough	 into	 the	 regime	 (de	 Haan	 &	 Rotmans,	 2018).	 This	 process	 entails	
introducing	the	innovation	to	the	regime-level	and	the	change	and	phasing	out	of	barrier	
institutions.	Topplers	can	assume	a	 liaison	 function,	and	are	 tasked	with	articulating	 the	
innovation	in	such	a	way	as	to	attract	supporters.	

“Supporters”	 play	 a	more	 passive	 role	 in	 the	 transformation	 process.	 Their	 role	 entails	
supporting	 an	 innovation	 as	 it	 undergoes	 the	 process	 of	 institutionalization	 and	
transformation.	By	offering	their	support,	 these	actors	contribute	to	the	 legitimization	of	
the	innovation	and	express	a	vested	interest	in	its	uptake	(de	Haan	&	Rotmans,	2018).		

Another	actor	role	is	“boundary	spanners”.	The	role	of	a	boundary	spanner	is	to	engage	in	
“strategies	 to	 manage	 cross-boundary	 connections”	 (Zietsma	 &	 Lawrence,	 2010).	
Boundary	 spanning	 can	 occur	 across	 any	 of	 the	 three	 MLP	 levels,	 however	 boundary	
spanners	 fulfilling	 transformative	 roles	 operate	 between	 the	 niche	 and	 regime	 levels.	
Actors	 fulfilling	a	boundary	spanning	role	can	be	affiliated	 to	 the	niche	 level,	 the	regime	
level,	or	both	simultaneously	 (de	Haan	&	Rotmans,	2018).	Complimentary	 to	 this	 role	 is	
boundary	shaking.	“Boundary	shakers”	fulfill	a	similar	role	to	boundary	spanners,	though	
their	transformation	role	is	carried	out	within	organizations	(Smink	et	al.,	2015).	

“Free	 actor”	 is	more	of	 a	 standing	 than	 a	 formal	 role.	Wielinga	 and	Geerling-Eiff	 (2009)	
describe	 free	 actors	 as	 having	 “the	position	 and	 the	 capacity	 to	do	what	 is	 necessary	 to	
create	a	network	conducive	 to	 innovation.”	This	designation	resonates	strongly	with	 the	
proposed	 framework	 by	 de	 Haan	 and	 Rotmans	 (2018)	 given	 that	 one	 of	 their	
preconditions	is	the	freedom	and	ability	of	actors	to	work	together	in	order	to	make	and	
allow	alliances	to	 flourish.	As	such,	all	of	 the	transformative	actor	roles	discussed	 in	this	
section	could	also	be	characterized	as	free	actors.		

2.4 Transition	patterns	and	pathways	

Transition	can	occur	 in	a	variety	of	ways.	Based	on	prior	transition	research,	Geels	et	al.	
(2016)	 classify	 four	 types	 of	 transition	 pathways:	 “substitution”,	 “transformation”,	
“reconfiguration”,	 and	 “de-alignment	 and	 re-alignment.”	 While	 these	 classifications	 are	
useful	 for	 analyzing	 transformation,	 reality	 does	 not	 adhere	 to	 clear-cut	 classification.	
Based	 upon	 the	 nature	 of	 transitions	 as	 continuous	 and	 contested	 change	 processes	
between	a	variety	of	actors,	the	conceptualization	of	transition	pathways	has	expanded	to	
include	“shifts	between	pathways”	(Geels	et	al.,	2016).	Geels	et	al.	(2016)	also	identify	that	
shifts	 between	 transition	 pathways	 are	 influenced	 by	 a	 wide	 range	 of	 developments	
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including:	 changes	 in	 actor	 coalition	 composition	 and	 strength,	 learning	 processes	 and	
experiences,	and	landscape	developments	(Geels	et	al.,	2016).	While	these	pathways	help	
to	support	the	new	theoretical	framework	discussed	in	Section	2.3,	they	are	too	simplistic	
to	support	a	qualitative	narrative	of	a	transition	for	analysis.	

De	Haan	and	Rotmans	(2011)	offer	another	perspective	on	 transition	pathway	 typology.	
Interestingly,	 this	publication	predates	that	of	Geels	by	 five	years	yet	explores	transition	
typologies	 in	 greater	 depth.	 Just	 as	 Geels	 (2016)	 refers	 to	 shifts	 between	 pathways,	 de	
Haan	and	Rotmans	(2011)	describe	transitional	change	as	a	“chain	of	patterns”	driven	by	
conditions	 for	 change,	 such	 as	 tensions,	 stress,	 and	 pressure.	 Three	 types	 of	 transition	
patterns	are	defined	as	follows	by	de	Haan	and	Rotmans	(2011):		

• Reconstellation	 (top-down)	 –	 “A	 new	 constellation	 emerges,	 or	 an	 existing	 one	
gains	 power	 by	 influences	 from	 outside	 the	 societal	 system.,	 reconstellation	 and	
adaptation.”	

• Empowerment	 	 (bottom-up)	 –	 “A	 new	 constellation	 emerges,	 or	 an	 existing	 one	
gains	 power,	 either	 by	 itself	 or	 through	 interacting	 or	 merging	 with	 other	
constellations	within	the	societal	system.”	

• Adaptation	 –	 “A	 constellation	 alters	 its	 functioning	 either	 through	 interacting	 or	
merging	with	other	constellations	within	or	from	outside	the	societal	system.”		

The	next	step	undertaken	in	their	research	was	to	create	transition	pathway	typologies	for	
these	 typologies.	 For	 this,	 the	 reconstellation	 and	 empowerment	 patterns	 were	 carried	
over	 directly.	 Adaptation,	 however,	 proved	 more	 complicated.	 Whereas	 the	 two	 other	
patterns	have	clear	top-down	or	bottom-up	characteristics,	adaptation	appears	to	be	more	
internally	induced.	Instead	of	creating	one	category	for	adaptation,	the	researchers	opted	
instead	to	create	two	separate	categories.	Transformation	pathways	are	characterized	as	
adaption	 dominated.	 Although	 they	 introduce	 transformation	 pathways	 into	 their	
research,	de	Haan	and	Rotmans	(2011)	challenge	the	notion	that	change	can	occur	within	
a	 vacuum	 by	 disputing	 whether	 this	 type	 of	 internally	 induced	 change	 qualifies	 as	 a	
“proper	 transition”.	This	 is	a	highly	relevant	point	 for	 this	 research	as	 it	emphasizes	 the	
complexity	and	interconnectedness	of	socio-technical	systems.	The	second	category	is	the	
squeezed	 transition	 pathway,	 which	 is	 effectively	 simultaneous	 reconstellation	 and	
empowerment.	The	squeezed	pathway	is	in	keeping	with	previously	established	transition	
research,	such	as	the	multi-level	perspective.		

Also	taken	into	consideration	in	the	creation	of	the	transition	pathway	typologies	were	the	
influence	of	the	incumbent	regime	or	the	ultimate	success	or	failure	of	the	transition	effort	
with	 respect	 to	 change	 in	 the	 existing,	 dominant	 regime.	 In	 total,	 eleven	 transition	
pathways	 are	 included	 in	 the	 typology	 (Table	 1).	 The	 researchers	 acknowledge	 that	 a	
myriad	 of	 transition	 pathways	 are	 possible,	 they	 believed	 that	 the	 typology	 sufficiently	
addresses	the	distinguishable	criteria.	

Table	1.	Transition	pathway	typologies	(de	Haan	&	Rotmans,	2011)	

	
Combining	 the	multi-pattern	 approach	 and	 transition	 pathway	 typologies	 together	with	
descriptions	of	the	transition	conditions,	it	becomes	possible	to	develop	a	narrative	of	the	
transition	at	hand	that	can	then	be	qualitatively	analyzed.	
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2.5 Conditions	for	transition	

As	mentioned	previously,	 the	 regime-level	 is	 an	 ebbing	 and	 flowing	 steam	 in	 a	 constant	
state	of	flux.	The	most	basic	condition	capable	of	initiating	transition	is	destabilization	of	
the	 regime	 level	 (Fuenfschilling	 &	 Truffer,	 2014).	 Destabilization	 of	 the	 regime	 level	
creates	 windows	 of	 opportunity	 for	 niche-level	 and	 niche-regime	 developments	 to	
challenge	 the	 existing,	 dominant	 regime.	 According	 to	 the	 multi-level	 perspective,	
destabilization	occurs	as	a	result	of	interactions	between	processes	occurring	within	each	
of	the	three	levels.	The	processes	can	be	attributed	as	follows	(Geels	&	Schot,	2007):			

• Landscape:	changes	that	lead	to	creation	of	pressure	on	the	regime	
• Socio-technical	regime:	destabilization	that	results	in	windows	of	opportunity	for	

niche	emergence	
• Niche:	buildup	of	momentum	and	support	of	an	innovation	by	powerful	alliances	

Similarly,	De	Haan	and	Rotmans	(2011)	assert	that	conditions	for	transitional	change	arise	
when	 the	 societal	 system	 is	 compromised	 in	 some	 way,	 making	 the	 status	 quo	
unsustainable.	 As	 socio-technical	 systems	 are	 composite,	 open,	 and	 contextually	
influenced,	they	can	be	compromised	by	factors	internal	or	external	to	the	system.	Three	
general	conditions	for	transitional	change	according	to	de	Haan	and	Rotmans	(2018)	are	
tensions,	 stress,	 and	 pressure.	 Tensions	 refer	 to	 flux	 between	 the	 system	 and	 its	
environment	that	are	dependent	upon	complementary	structural	and	cultural	aspects	and	
symmetry.	 Stress	 and	pressure	are	both	 considered	as	 internal	 factors	 that	 compromise	
the	system	therefore	creations	conditions	for	transition.	Stress	occurs	when	the	dominant	
regime	is	inconsistent	or	inadequate	in	its	performance.	This	often	transpires	as	a	result	of	
mismatch	between	needs,	 structure,	 and	 culture.	 Lastly,	 pressure	 is	 system	compromise	
resulting	 from	 direct	 competition	 between	 the	 dominant	 regime	 and	 niche	 or	 niche-
regime	 developments.	 From	 the	 MLP	 perspective,	 it	 could	 be	 argued	 that	 pressure	 is	
internal	to	the	regime-level	and	also	originates	from	the	landscape	and	niche	levels.	

Further,	transition	is	a	process	of	change	from	one	state	to	another.	Change	can	come	in	a	
variety	of	forms,	four	dimensions	of	which	are	highlighted	by	Suarez	and	Olivia	(2005):	

1. Frequency:	number	of	environmental	disturbances	per	unit	of	time	
2. Amplitude:	magnitude	of	deviation	from	initial	conditions	caused	by	a	disturbance	
3. Speed:	rate	of	change	of	disturbance		
4. Scope:	number	of	environmental	dimensions	that	are	affected	by	simultaneous	

disturbances.		

Table	2.	Dimensions	and	typologies	of	change	(Suarez	&	Oliva,	2005)	

	
Based	upon	these	dimensions,	Suarez	and	Oliva	(2005)	derive	five	types	of	environmental	
change	(Table	2)	with	respect	to	management	and	organizational	adaptation.	A	one-to-one	
relationship	 does	 not	 exist	 between	 the	 type	 of	 change	 and	 amount	 of	 regime-level	



	 16	

destabilization	 that	 occurs.	 However,	 it	 could	 be	 generally	 stated	 that	 the	 higher	 the	
frequency,	 amplitude,	 speed,	 and/or	 scope	 of	 the	 change,	 the	 greater	 the	 regime-level	
destabilization	 is	 likely	 to	 be.	 Consequently,	 the	 type	 of	 change	 experienced	 by	 a	 socio-
technical	system	affects	the	conditions	for	transition.	It	is,	therefore,	the	circumstances	or	
the	nature	of	the	change,	or	both,	that	distinguish	normal	change	from	the	transformative	
(de	Haan	&	Rotmans,	2011).	

For	as	much	as	destabilization	of	the	regime	is	necessary	for	niche	breakthrough	to	occur,	
(re)stabilization	 plays	 an	 equally	 important	 part	 (Loorbach,	 2010).	 As	 de	 Haan	 and	
Rotmans	 (2018)	 put	 it,	 “Transformation	 is	 as	much	 about	 breaking	 down	 as	 it	 is	 about	
building	 up.”	 Re-stabilization	 of	 the	 regime	 level	 can	 come	 in	 a	 variety	 of	 forms,	 as	
indicated	by	 the	 transition	patterns	 and	pathways	discussed	 in	 Section	2.4	 in	which	 the	
regime	does	or	does	not	adapt.	These	 two	concepts	are	represented	by	Figures	4	and	5,	
respectively.	 In	 the	 case	 of	 a	 failed	 transition,	 instability	 continues	 and,	 in	 theory,	 new	
windows	 of	 opportunity	 are	 created	 for	 niche-level	 developments	 to	 emerge,	 thus	
initiating	a	new	potential	stabilization	process.	

Relating	change	 to	re-stabilization	 is	a	 trickier	matter	given	 that	 the	system	response	 to	
change	 is	 unpredictable.	 For	 example,	 a	 specific	 shock	 may	 lead	 to	 quick	 reactionary	
measures	and	swift	re-stabilization	whereas	hyperturbulance	may	create	uncertainty	and	
an	 unwillingness	 to	 (re)act,	 therefore	 prolonging	 re-stabilization.	 Considering	 the	
aforementioned	 system	 dynamics,	 it	 can	 therefore	 be	 deduced	 that	 regime-level	
destabilization	is	intensified	when	multiple	regimes	undergo	transition	simultaneously.		

Furthermore,	 the	 destabilization,	 change,	 and	 re-stabilization	 of	 a	 regime	 are	 not	 the	
result	of	one	single	experiment.	The	importance	of	creation	and	transfer	of	knowledge	and	
experiences	 with	 respect	 to	 the	 development	 and	 emergence	 of	 niche-regimes	 was	
highlighted	 earlier	 in	 Section	 2.1.	 One	 additional	 condition	 captured	 by	 both	 transition	
theory	perspectives	is	aptly	summed	up	by	Raven	(2005)	who	describes	regime	change	as	
requiring	“a	long	trajectory	of	many	experiments	and	the	emergence	and	stabilization	of	a	
niche	level.”	Another	important	condition	for	transition	is,	thus,	time.		

2.6 Chapter	summary	

This	 chapter	 has	 highlighted	 two	 perspectives	 on	 transition	 in	 complex	 socio-technical	
systems.	 Though	 the	 focal	 points	 of	 the	 two	 perspectives	 differ,	 the	 conditions	 for	
transition	are	generally	comparable.	In	brief,	transition	occurs	as	the	result	of	change	that	
destabilizes	 the	 dominant	 regime	 and	 subsequent	 re-stabilization.	 The	 extent	 of	
destabilization	relates	to	the	frequency,	amplitude,	speed,	and	scope	of	changes	that	occur	
at	 any	 of	 the	 three	 levels,	 though	 internal	 regime-level	 change	 is	 usually	 negligible.	 The	
pressure,	 tension,	 and	 stress	 at	 the	 regime-level	 caused	 by	 such	 changes	 results	 in	
destabilization,	which	creates	windows	of	opportunity	 for	viable	niche-regimes	 to	break	
through	into	and	compete	with	the	regime.	Various	outcomes	dependent	on	the	presence	
or	absence	of	regime	adaptation	are	possible,	which	in	turn	dictate	the	re-stabilization	of	
the	regime	level	and	transition	pathway.		

Although	 outright	 transition	 is	 unattainable	 in	 socio-technical	 regimes,	 adaptation	 and	
transformation	are	possible.	However,	neither	can	efficiently	nor	effectively	occur	 in	 the	
absence	of	 sufficient	 stability.	Thus,	 for	 a	 regime	 to	progress	 further	along	 its	 transition	
pathway,	the	stability	of	the	regime	must	first	return	to	a	certain	acceptable	level.	Because	
of	the	nature	of	socio-technical	regimes	and	regardless	of	the	source	and	extent	of	change,	
it	is	the	actors	and	actor	alliances	that	ultimately	shape	and	direct	the	transition	path.	
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3. Building	industry	transition	
3.1 Building	industry	as	a	socio-technical	regime	

3.1.1 Characteristics	

The	building	industry	is	a	mature	industry	that	holds	strongly	to	its	conventions	(Takim,	
Harris,	 &	Nawawi,	 2013;	 Ye	 et	 al.,	 2009).	 As	 it	 currently	 exists,	 the	 building	 industry	 is	
largely	supply-driven	despite	having	little	control	over	demand-side	factors	placed	upon	it	
(Davidson,	2013).	Furthermore,	the	building	industry	is	a	highly	stable,	which	implies	that	
technologies	and	market	conditions	are	tend	to	change	slowly	(Von	Tunzelmann	&	Acha,	
2009).	 Moreover,	 it	 is	 representative	 of	 a	 socio-technical	 system.	 This	 system	 can	 be	
characterized	 as	 a	 project-based	 “multi-industry”	 (Davidson,	 2013)	 that	 relies	 upon	
temporary,	 project-based	 supply-side	 organizations	 (Bakker,	 2010)	 to	 execute	 building	
projects	 that	 fulfill	 the	 requirements	 and	 expectations	 of	 demand-side	 actors.	 This	
heterogeneous	 nature	 results	 in	 considerable	 fragmentation	 within	 the	 industry,	 a	
consequence	of	which	is	the	industry’s	notoriety	for	being	generally	inefficient	(Ahbabi	&	
Alshawi,	 2015;	 Becerik-Gerber	 &	 Kensek,	 2009;	 Ozorhon	 et	 al.,	 2010).	 The	 building	
industry	 is	 also	 distinguished	 by	 its	 generally	 risk-averse	 stance,	 strong	 values	
represented	by	the	“iron	triangle”	of	time,	cost,	and	quality	(Davis,	2017;	Ye	et	al.,	2009),	
and	a	tendency	to	stick	to	the	status	quo.		

Taken	as	 a	whole,	 the	 characteristics	 of	 the	building	 can	be	 further	 associated	with	 and	
reflected	 by	 a	 strong	 preference	 and	 tendency	 toward	 maintaining	 the	 status	 quo.	
Unsurprisingly	therefore,	the	building	industry	is	frequently	characterized	as	being	“low-
technology”	 (Von	 Tunzelmann	&	Acha,	 2009)	 and	 reluctant	 to	 innovate	 (Ozorhon	 et	 al.,	
2010;	 Sepasgozar	 &	 Bernold,	 2012).	 In	 general,	 the	 building	 industry	 does	 not	 regard	
innovation	 as	 a	 productive	 activity	 because	 it	 requires	 the	 development	 and	 new	
knowledge	and	skills	as	well	as	new	processes	and	systems	(Davidson,	2013).	Combined,	
these	 characteristics	 have	 led	 the	 building	 industry	 to	 lag	 significantly	 behind	 other	
industries	(Dutta,	2015)	When	innovation	does	occur	in	the	building	industry,	the	process	
is	generally	slow	and	inefficient	(Davidson,	2013),	not	only	in	terms	of	technology,	but	also	
in	practices	and	processes.	That	the	industry	has	not	experienced	appreciable	change	over	
recent	decades	(Egan,	1998)	is	testament	to	the	industry’s	conventional	stronghold.	

3.1.2 Actors	

As	 a	 socio-technical	 system,	 the	 building	 industry	 is	 also	 characterized	 by	 way	 of	 its	
constituent	actors	and	actor	networks.	The	building	industry	involves	an	elaborate	variety	
of	actors.	Each	brings	with	it	a	wide	range	of	interests,	requirements,	and	concerns	(Ye	et	
al.,	2009),	which	are	derived	from	unique	motives	and	intentions	that	can	be	compatible,	
contradictory,	or	conflicting	with	those	of	other	actors.	Actors	also	bring	with	them	a	wide	
range	 of	 knowledge,	 skills,	 and	 other	 resources	 (Geels,	 2002).	 The	 availability	 of	 these	
resources	 is	 a	 contributing	 factor	 to	 innovation	 in	 socio-technical	 systems	 (Loorbach	 &	
Rotmans,	2010).	In	order	to	provide	structure	when	addressing	these	actors,	this	research	
groups	them	into	three	categories:	demand-side,	supply-side,	and	external.		

Within	the	building	industry,	client	organizations	are	a	principle	demand-side	actor.	They	
can	 vary	 in	 size	 and	 orientation.	 In	 smaller	 organizations,	 the	 building	 client	 may	 be	 a	
single	person	with	considerable	direct	control.	This	person	must	therefore	fulfill	all	roles,	
and	 often	 works	 with	 the	 aid	 of	 one	 or	 more	 external	 advisors.	 In	 the	 case	 of	 larger	
organizations,	 the	 building	 client	 is	 often	 characterized	 by	 a	 larger	 body	 consisting	 of	
various	 professionals	 internal	 to	 the	 organization.	 They	 also	 typically	 have	 a	 larger	
amount	of	 in-house	expertise,	 and	 roles	 are	 allocated	based	on	 individual	qualifications.	
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Larger	 organizations	 are	 also	more	 likely	 to	 be	 repeat	 customers,	which	 provides	 them	
with	knowledge	derived	from	previous	projects.		

The	supply-side	is	comprised	of	all	stakeholders	with	the	exception	of	the	building	owner.	
The	supply-side	represents	 the	collective	knowledge	of	 the	building	 industry.	 In	general,	
this	knowledge	is	technical	and	practice-oriented	in	nature.	This	collective	knowledge	can	
be	broken	down	and	attributed	to	the	stakeholder	groups,	which	highlights	group-specific	
specializations.	Further,	in	order	for	a	group	to	be	specialized,	the	individual	stakeholders	
must	 have	 certain	 skills	 and	qualifications.	 From	all	 of	 this	 it	 becomes	possible	 to	more	
clearly	and	appropriately	allocate	roles	to	individual	stakeholders.	

Lastly,	 external	 stakeholders,	 such	 as	 governmental	 organizations,	 meanwhile	 affect	
similar	power	and	influence,	often	through	policy	enacted	at	the	landscape	level.	Because	
of	 the	 building	 industry’s	 significant	 contribution	 to	 the	 economy,	 external	 actors	 also	
have	 a	 vested	 interest	 in	 its	 standing.	 Their	 interests	 also	 include	 safety,	 health	 and	
welfare,	 and	 increasingly	 environmental	 performance.	 This	 is	 especially	 true	 of	
governmental	 organizations,	which	 are	working	 towards	 compliance	with	 the	 European	
sustainable	 development	 goals	 and	 the	 Paris	 Agreement.	 	 Another	 important	 group	 of	
external	 stakeholders	 are	 those	affiliated	with	 financial	 institutions.	 For	 the	purposes	of	
this	research,	however,	the	role	of	financial	institutions	is	not	investigated.		

3.1.3 Innovation	in	the	building	industry	

Before	 discussing	 specific	 developments	 and	 innovations	 or	 employing	 the	 multi-level	
perspective	 to	evaluate	 the	 transition	and	 transformation	of	 the	 industry,	 it	 is	 crucial	 to	
first	 define	 innovation	 as	 it	 relates	 to	 the	 building	 industry.	 One	 commonly	 referenced	
definition	is	provided	by	Slaughter	(1998):	

“Innovation	is	the	actual	use	of	a	nontrivial	change	and	improvement	in	a	process,	product	or	
system	that	is	novel	to	the	institution	developing	the	change.” 

Slaughter	 (1998)	 also	 advances	 her	 own	 definition	 adding	 that	 innovation	 can	 result	 in	
“substantive	 changes”	 to	 standard	 practice.	 Another	 definition	 according	 to	 Davidson’s	
(2013)	“broad-scope	view”	of	innovation	states:		

“Innovation	 in	 construction	 is	 viewed	 specifically	 in	 terms	of	who	 initiates	 the	processes	of	
innovation	and	why,	emphasizing	their	impact	on	other	participants	in	the	building	process	
from	project	initiation	to	project	hand-over.”	

While	Davidson’s	 definition	 is	 highly	 relevant,	 it	 is	 also	 reflective	 of	 the	 project-focused	
nature	of	the	building	industry	wherein	little	attention	is	paid	to	post-construction	phases	
of	the	building	lifecycle.	Therefore,	the	scope	of	Davidson’s	definition	is	altered	to	include	
all	lifecycle	phases	for	the	purposes	of	this	research.	Another	notable	omission	from	both	
of	 these	 definitions	 is	 risk.	 which	 is	 acknowledged	 as	 being	 a	 highly	 significant	 when	
defining	innovation	(Murphy	et	al.,	2011).		

In	 their	 research,	 Murphy	 et	 al.	 (2011)	 extract	 five	 key	 elements	 that	 they	 consider	
sufficient	for	identifying	innovation	in	the	building	industry.	These	elements	are:		

1) Newness	or	uniqueness	of	concept	
2) First	use	within	the	industry	
3) Ability	to	effect	change	to	standard	practice	
4) Derived	benefits	for	all	stakeholders	
5) Associated	risk	

While	 sufficient	 to	 identify	 innovation,	 it	 could	 be	 argued	 that	 these	 elements	 do	 not	
appear	 capture	 the	 breadth	 of	 innovation.	 This	 is	 especially	 true	 of	 socio-organization	



	 19	

aspects.	 For	 instance,	 no	 mention	 is	 made	 of	 the	 perception	 of	 the	 innovation	 or	
(behavioral)	intent	to	use	a	particular	innovation	(Orlikowski	&	Gash,	1994;	Sepasgozar	&	
Bernold,	2012).	

With	respect	 to	 the	 innovation	processes,	 the	building	 industry	 is	 inherently	different	 to	
other	 industries	due	 to	 its	 traditional	nature.	The	 findings	of	Davidson	 (2013)	 concisely	
summarize	 this	concept	as	 follows:	 “The	processes	of	 innovation	 in	construction	require	
that	the	innovator	(possibly	starting	from	a	narrow	idea	or	opportunity)	broaden	his/her	
view	to	take	into	account	the	impacts	of	the	intended	innovation	on	the	priorities	of	other	
stakeholders,	in	an	iterative	process.	In	other	words,	orchestrated	organizational	changes	
must	accompany	–	if	not	precede	–	technical	innovation.” 

3.2 Developments	impacting	the	building	industry	

The	 importance	 of	 a	 solid	 understanding	 of	 the	 innovation	 context	 has	 already	 been	
addressed	in	previous	sections.	This	section	addresses	this	important	research	component	
by	highlighting	key	developments	at	the	landscape,	regime,	and	niche	levels	that	shape	the	
context	of	this	research	topic.		

3.2.1 Landscape-level	developments	

At	 present,	 the	 landscape-level	 changes	 stem	 from	 swift	 growth	 and	 expansion	 of	
pervasive	developments	ranging	from	globalization	and	digitization	to	major	technological	
advances	and	reactionary	stances	against	climate	change.	These	developments,	which	are	
significant	 enough	 when	 considered	 in	 isolation,	 are	 even	 more	 provocative	 when	
considered	as	highly	complementary	forces	of	change.	Landscape-level	developments	are	
resulting	 in	 a	 growing	 avalanche	 of	 change,	 the	 cumulative	 effect	 of	 which	 is	 now	
beginning	 to	 culminate	 in	 significant	 destabilization	 of	 the	 regime-level	 from	 the	 top	
down.	This	research	highlights	concurrent	developments	 in	data	and	digitization	as	well	
as	sustainability	and	environmental	welfare.	

Data	and	digitization	has	been	influential	in	the	building	industry.	Combined	with	building	
information	 modeling,	 a	 niche-regime	 and	 focal	 point	 of	 this	 research	 that	 will	 be	
discussed	at	length	later,	the	digitization	of	building	information	is	increasingly	changing	
actor	 relationships	 with	 technology	 and	 the	 expectations	 they	 have	 of	 it	 (Whyte	 &	
Hartmann,	2017).	Consequently,	both	supply-	and	demand-side	actors	are	redefining	long-
established	 roles	 and	 responsibilities	 and	 pursuing	 new	 avenues	 of	 collaboration	 and	
integration.		

Sustainability	 and	 environmental	welfare	 also	play	 an	 increasingly	prominent	 role,	with	
implications	 that	 affect	 all	 industries	 in	 (nearly)	 every	 nation.	 As	 a	 result	 of	 the	 Paris	
Agreement	of	2016,	numerous	national	initiatives	have	been	implemented	with	the	hope	
of	mitigating	 the	 impacts	 of	 climate	 change.	 These	 efforts	 are	 reinforced	 further	 by	 the	
European	 Union	 Sustainable	 Development	 Goals	 (SDGs),	 which	 require	 the	 policy	 of	 all	
member	 states	 to	 be	 reflective	 of	 these	 goals	 by	 2030.	 Furthermore,	 the	 overarching	
conclusion	drawn	 in	 the	 2017	Emissions	Gap	Report	 by	UN	Environment	 (UNEP,	 2017)	
was	that	an	urgent	need	exists	for	accelerated,	short-term	action	and	enhanced,	long-term	
ambition	in	order	to	fulfill	the	mission	and	goals	set	out	by	the	Paris	Agreement	and	SDGs.	
These	 landscape-level	 changes	 and	 resulting	demonstrations	 of	 national	 commitment	 to	
improve	 sustainability,	 environmental	 and	 ecological	 conditions,	 and	 the	 use	 of	 natural	
resources	have	substantial	implications	for	the	building	industry.	Moreover,	given	that	the	
construction	 and	 use	 of	 buildings	 is	 a	 primary	 target	 for	 improvements,	 these	
developments	 mark	 the	 arrival	 of	 the	 building	 industry	 at	 a	 crossroads	 and	 raises	
questions	 about	 its	 future	 trajectory.	 Uncertainty	 and	 doubt	 are	 also	 being	 piqued	 by	
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increasing	 interest	 in	 circularity.	 Many	 countries	 have	 already	 taken	 first	 steps	 toward	
investigating	the	potential	shift	towards	a	(more)	circular	economy.	Thus,	it	is	reasonable	
to	 assume	 that	 landscape-level	 change	 is	 likely	 to	 be	 imposed	 in	 the	 near	 future,	 the	
implications	of	which	will	have	massive	consequences	 for	 the	building	 industry	 that	will	
undoubtedly	contribute	to	the	destabilization	of	the	industry	regi	

3.2.2 Regime-level	developments	

The	 building	 industry	 is	 undergoing	 a	 series	 of	 procedural,	 organizational,	 and	
technological	transformations	in	an	attempt	to	respond	to	landscape-level	developments.	
The	 industry	 has	 already	made	notable	 shifts	 towards	 adapting	 to	 and	 adopting	proven	
trends.	 With	 this,	 however,	 has	 come	 the	 realization	 that	 the	 exiting,	 traditional	
foundation	of	the	 industry	 is	 incompatible.	Clashes	between	old	and	new	technology	can	
arise,	existing	processes	hinder	or	even	hurt	progress,	and	the	people	and	culture	within	
companies	sometimes	comes	into	conflict	with	what	needs	to	be	done	to	allow	the	“new”	
to	thrive.		

Although	 transformation	within	 an	 incumbent	 regime	 is	 negligible	 compared	 to	 that	 of	
niche-innovation	 breakthrough	 and	 adoption,	 the	 dominant	 stream	 in	 the	 building	
industry	 still	 experiences	 ebbs	 and	 flows.	 Because	 changes	 within	 the	 regime-level	 are	
most	often	the	result	of	minor	pressures,	 tensions,	and	stress	from	either	the	 landscape-	
or	 niche-level	 that	 nudge	 at	 the	 socio-technical	 regime,	 their	 origins	 tend	 to	 be	
indistinguishable.	Notwithstanding,	minor	changes	within	the	regime-level	and	a	tendency	
for	change	to	accrue	over	 time	can	eventually	result	 in	a	more	significant	change	(Geels,	
2002)	that	would	be	classified	as	a	transformation	pathway	according	to	the	typology	of	
de	Haan	and	Rotmans	(2011).		

A	good	example	of	 this	phenomenon	 is	changing	values,	which	are	often	reflected	 in	 the	
form	of	trends.	Trends	offer	valuable	insights	into	what	stakeholders	perceive	as	factors,	
concerns,	and	ideas	for	possible	change	at	a	given	point	in	time	(Ye	et	al.,	2009).	

In	a	study	by	Ye	et	al.	(2009),	interviews	with	both	supply-	and	demand-side	actors	in	EU	
countries,	namely	Spain,	Turkey,	the	Netherlands,	Germany,	Finland	and	the	UK,	revealed	
important	trends	within	the	building	industry	(Table	3).	The	findings	of	this	study	indicate	
that	key	actors	are	looking	beyond	the	conventional	“iron	triangle”	to	explore	and	seek	out	
other	types	of	added	value.	The	demand-side	is	leading	this	trend,	focusing	on	values	such	
as	productivity,	sustainability,	energy	and	resource	efficiency,	flexibility,	and	comfort	(Ye	
et	al.,	2009).	

Table	3.	Important	building	industry	trends	in	six	groups	(Ye	et	al.,	2009)	

	
Despite	nearly	ten	years	having	elapsed	since	the	study	was	published,	these	trends	have	
largely	remained	subordinate	 to	 the	dominant	stream.	This	provides	 further	evidence	of	
the	staying	power	of	 the	 incumbent	building	 industry	regime	and	the	challenges	hopeful	
niche-regime	 face	 even	 when	 considered	 as	 an	 important	 industry	 trends	 with	
considerable	 potential.	 Despite	 the	 slowness	 of	 change,	 these	 trends	 indicate	 that	
windows	of	opportunity	do	exist	within	the	regime-level.		
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3.2.3 Niche-level	developments	

In	 addition	 to	 impending	 destabilitory	 forces	 from	 the	 landscape-level,	 the	 traditional	
foundations	of	the	longstanding	industry	regime	are	also	being	challenged	by	an	upsurge	
of	 disruptive	 niche-level	 developments	 in	 the	 form	 of	 innovations.	 Niche-level	
developments	have	been	growing	in	number	and	prominence	as	a	result	of	new	windows	
of	 opportunity	 that	 have	 been	 created	 in	 recent	 decades.	 Given	 the	 increasing	 level	 of	
instability	 at	 the	 regime-level,	 some	 newer	 niche-regimes,	 such	 as	 building	 information	
modeling	 and	 lifecycle-orientated	 building	 approaches,	 have	 already	 succeeded	 and	 are	
currently	 being	 embedded	 into	 the	 building	 industry’s	 common	 practices.	 Though	 each	
development	has	a	distinct	origin,	many	have	merged	to	form	larger	and	more	influential	
forces	of	change.	

Although	 there	 are	 numerous	 niche-level	 developments,	 four	 themes	 of	 major,	
increasingly	 intertwined	niche-regime	developments	 are	highlighted	here:	 procurement,	
process,	approach,	and	technology.	Additionally,	the	developments	described	here	can	all	
be	 characterized	 as	 having	 that	 moved	 from	 lesser	 niche-level	 innovations	 to	 niche-
regimes.		

One	 development	 impacting	 the	 industry	 reflective	 change	 in	 both	 procurement	 and	
process	 is	 the	 rise	 of	 (more)	 collaborative	 forms	 of	 building	 procurement,	 such	 as	
integrated	 building	 contracts.	 The	 American	 Institute	 of	 Architects	 (AIA,	 2007)	 defines	
integrated	building	contracting,	otherwise	known	as	integrated	project	delivery	(IPD),	as	
“a	 project	 delivery	 approach	 that	 integrates	 people,	 systems,	 business	 structures	 and	
practices	 into	a	process	that	collaboratively	connects	all	 the	players	 in	order	to	optimize	
project	 results,	 improve	 project	 performance,	 and	 maximize	 value	 and	 efficiency	
throughout	the	entire	project	life	cycle.”	Increased	collaboration	on	building	projects	has	
helped	 close	 some	 gaps	 and	 promote	 collaboration	 (Kent	&	 Becerik-Gerber,	 2010).	 One	
notable	 change	 is	 the	 increased	 involvement	of	downstream	stakeholders	during	earlier	
project	 phases,	 especially	 during	 the	 early	 design	 phase.	 Despite	 this,	many	 supply-side	
imperfections	 remain.	 These	 new	 collaborative	 forms	 of	 procurement	 represent	 a	 shift	
away	from	the	temporary	organizational	forms	typical	of	the	traditional	building	industry.	
Despite	 a	 growth	 in	 popularity,	 the	 building	 industry	 still	 shows	 a	 preference	 for	
conventional	 procurement	 approaches	 due	 in	 part	 to	 a	 fear	 of	 additional	 risk	 and	
increased	potential	for	liabilities	(Chong	et	al.,	2017).	

Niche-level	 developments	 under	 the	 theme	 “approach”	 are	 affiliated	 with	 sustainable	
design	 and	 construction	 principles,	 such	 as	 Lean	 and	 integrated	 product/project	
development	 (IPD).	 Lean	 is	 a	 management-based	 approach	 focused	 on	 waste	
minimization	and	collaborative	processed	that	work	together	to	achieve	maximum	value.	
As	 such,	 Lean	 has	much	 in	 common	with	 IPD	 and	 other	 building	 processes.	While	 Lean	
principles	 do	 take	 project	 lifecycles	 into	 consideration,	 they	 are	 typically	 limited	 to	 the	
traditional	 sense	 of	 a	 “project”	wherein	 post-construction	 phases	 like	 use,	maintenance,	
and	operation	tend	to	be	excluded.			

Another	approach-based	development	seeking	to	fill	 these	gaps,	and	another	key	feature	
of	 this	 research,	 is	 the	development	of	 lifecycle-orientated	approaches	 to	buildings.	This	
cradle-to-grave	 mentality	 promotes	 consideration	 of	 all	 project	 phases	 from	 project	
conception	 to	 delivery	 of	 a	 completed	 building	 in	 addition	 to	 the	 use,	 maintenance,	
operation,	 any	 eventual	 reprogramming,	 and	 eventual	 decommissioning	 (Eadie	 et	 al.,	
2013).	 As	 a	 result	 of	 investigation	 into	 lifecycle-oriented	 building	 approaches,	 research	
has	expanded	 to	 include	other	aspects	of	 the	building	 lifecycle,	 such	as	 the	maintenance	
and	operation	phases.		
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The	 main	 distinction	 between	 traditional	 building	 approaches	 and	 lifecycle-oriented	
approaches	is	the	breadth	of	focus.	Traditional	projects	tend	to	see	a	building	project	just	
as	 the	 phases	 leading	 up	 to	 the	 handover	 of	 a	 completed	 building	 to	 a	 client.	While	 the	
design	 and	 construction	 are	 crucial	 in	 any	 building	 process,	 traditional	 approaches	
relegate	 the	 importance	 of	 the	 use,	 maintenance,	 and	 operation	 of	 buildings.	 This	 is	 of	
concern	 given	 that	 the	 majority	 of	 costs	 associated	 with	 buildings	 are	 occurred	 during	
these	phases.	 In	 contrast,	 lifecycle-oriented	approaches	promote	 the	 consideration	of	 all	
phases	of	a	building’s	 lifecycle	from	inception	through	to	use	and	eventual	demolition.	 It	
also	 takes	 the	 relationship	 between	 phases	 into	 consideration.	 Newer,	 more	 holistic	
approaches	 have	 become	 increasingly	 popular	 within	 the	 industry,	 especially	 amongst	
BCOs	 and	 other	 demand-side	 actors.	 As	 the	 popularity	 of	 lifecycle-oriented	 building	
approaches	 increases,	 the	 term	 has	 become	 a	 sort	 of	 catch	 all	 for	 a	 variety	 of	 ongoing	
procurement,	 process,	 and	 perspective	 developments.	 Although	 lifecycle-oriented	
approaches	to	building	offer	many	benefits,	they	are	more	complicated	to	implement	than	
traditional	 approaches	 and	 are	 still	 largely	 unfamiliar	 within	 the	 industry	 due	 to	
infrequent	use.	

The	fourth	theme,	technology,	is	an	increasingly	growing	area	for	the	building	industry.	In	
this	 research,	 special	 focus	 is	 placed	 on	 building	 information	 modeling	 (BIM).	 BIM	 is	
arguably	 the	 most	 important	 innovation	 in	 the	 building	 industry	 today.	 Though	 it	 has	
existed	in	some	form	since	the	1970s,	it	was	not	until	the	last	ten	to	fifteen	years	that	the	
awareness	of	BIM	increased.	BIM	was	first	conceived	as	technological	innovation.	In	years	
thereafter,	BIM	has	evolved	into	an	extremely	powerful	niche-regime	with	consequences	
for	the	three	other	niche-level	development	themes.	This	niche-regime	innovation	will	be	
discussed	in	more	depth	in	Chapter	4.	

3.3 Multi-level	 perspective	 representation	 of	 building	 industry	

developments	

This	chapter	has	already	addressed	the	major	characteristics	of	the	building	industry	as	a	
socio-technical	 regime	 and	 developments	 occurring	 at	 the	 landscape,	 regime,	 and	 niche	
levels.	It	has	also	expounded	upon	innovation	as	it	pertains	to	the	building	industry.	With	
this	 information	 having	 been	 evaluated,	 it	 was	 possible	 move	 forward	 with	 the	
characterization	of	the	transition	and	transformation	of	the	building	industry.		

The	 first	step	 in	 this	 task	was	to	employ	the	multi-level	perspective	 introduced	by	Geels	
(2002,	 2004,	 2007)	 to	 provide	 a	 visual	 overview	 of	 the	 ongoing	 transition	 and	
transformation	 of	 the	 building	 industry.	 In	 order	 to	 capture	 the	 aforementioned	
developments	in	the	landscape,	regime,	and	niche	levels,	the	demarcations	associated	with	
the	 five	 typologies	 of	 change	 as	 introduced	 by	 Suarez	 and	 Oliva	 (2005)	 were	 also	
employed.	Although	their	typology	is	with	respect	to	environmental	change,	this	research	
makes	 liberal	 use	 of	 the	 demarcations,	 applying	 them	 to	 all	 levels	 of	 the	 multi-level	
perspective.	 The	 resulting	 figure	 (Fig.	 6)	 provides	 a	 visualization	 of	 the	 dynamic,	multi-
level	perspective	of	the	transition	and	transformation	of	the	building	industry.	

The	 second	 step,	 discussed	 in	 Section	 3.4,	 was	 to	 identify	 and	 report	 on	 the	 transition	
pathways.	 In	 addition	 to	 the	 prior	 exploration,	 Figure	 6	 proved	 a	 useful	 tool	 for	 the	
analysis	 and	 identification	 of	 the	 historical,	 current,	 and	 potential	 future	 transition	
pathway(s).	Based	upon	 the	 results,	 a	 final	description	 characterizing	 the	 transition	and	
transformation	of	the	building	industry	was	presented.	

For	 this	 step,	 the	 transition	 pathway	 typologies	 of	 Geels	 et	 al.	 (2016)	 and	 de	Haan	 and	
Rotmans	 (2011)	 were	 utilized.	 Because	 the	 historical	 transformation	 was	 less	 nuanced	
than	 at	 present,	 it	 was	 justifiable	 to	 use	 the	 simpler	 transition	 pathway	 classification	
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proposed	 by	 Geels	 et	 al.	 (2016)	 to	 characterize	 the	 historical	 transition	 and	
transformation	 of	 the	 building,	whereas	 the	 typologies	 of	 de	Haan	 and	Rotmans	 (2011)	
provided	additional	nuance	necessary	to	describe	the	current	situation.		

	
Figure	6:	A	dynamic,	multi-level	perspective	of	transitions	and	transformation	in	

the	building	industry	(adapted	from	Geels,	2007	and	Suarez	&	Olivia,	2005)	

The	following	developments	are	addressed	within	Figure	6:	

• An	 avalanche	 of	 change	 from	 the	 landscape-level	 due	 to	 overarching	 trends	 like	
digitization	and	sustainability	

• Specific	shocks	resulting	from	major	policy	changes	from	the	landscape-level	
• Landscape-level	influences	that	stimulate	new	niche-level	developments	
• Upsurge	of	“avalanche”	niche-level	developments	
• Parallel	development	of	niche-regimes	
• Niche-regimes	 just	 shy	 of	 full	 breakthrough	 and	 integration	 into	 the	 socio-

technical	regime	level	
• Hyperturbulence	 of	 BIM	 niche-regime	 due	 to	 continuous	 evolution	 and	 added	

functionality	to	meet	supply-	and	demand-side	needs	and	requirements	
• Uncertainty	 of	 future	 developments	 and	 the	 influence	 they	 will	 have	 on	 the	

landscape-level	
• Decrease	in	time	elapsed	between	creation	of	a	new	niche	and	it	becoming	a	niche-

regime	poised	for	breakthrough	

3.4 Current	transition	trajectory	

Historically,	 the	 building	 industry	 regime	 was	 highly	 stable,	 which	 has	 led	 to	 deeply	
embedded	values,	practices,	processes,	and	approaches	that	carry	on	to	this	day.	Since	the	
1980s,	 however,	 this	 incumbent	 regime	 has	 been	 increasingly	 confronted	 by	
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developments	 at	 the	 landscape,	 regime,	 and	 niche	 levels.	 The	 past	 two	 decades	 have	
displayed	 particularly	 influential	 developments	 with	 considerable	 increases	 in	 the	
frequency,	amplitude,	speed,	and	scope	of	changes	(Suarez	&	Oliva,	2005)	felt	by	the	socio-
technical	building	 industry	 regime.	During	 this	period,	 the	 state	of	 the	building	 industry	
went	 from	 a	 well-established	 and	 stable	 dominant	 regime	 with	 a	 predominantly	
reproductive	 transition	pathway	to	a	state	of	 increasing	 tension	and	pressure	 that	could	
be	categorized	as	reconfiguration.			

Taken	together,	transition	of	the	building	industry	in	the	last	half	century	is	characteristic	
of	what	Geels	et	al.	(2016)	dub	“shifts	between	pathways.”	A	new	era	of	sustainability	and	
long-term	 thinking	 is	 burgeoning,	 which	 needs	 to	 transcend	 into	 the	way	 buildings	 are	
conceived,	 designed,	 constructed,	 and	 used.	 A	 new	 way	 of	 thinking	 and	 working	 is	
emerging	to	facilitate	these	needs,	but	the	existing	socio-technical	system	and	the	regime	
as	 it	 exists	 cannot	 effectively	 support	 it.	 Consequently,	 it	 has	 become	 increasingly	
apparent	 that	 the	 building	 industry	 is	 undergoing	 a	 transition,	 the	 rate	 of	which	 can	 be	
expected	to	quicken	and	intensify.	

Characterizing	the	future	trajectory	of	transition	in	the	building	industry	is	complex.	Up	to	
now	neither	 external	 conditions	 nor	 ebb	 and	 flow	within	 the	 regime-level	 have	 created	
sufficient	 change	 to	 result	 in	 destabilization	 of	 the	 incumbent	 socio-technical	 regime.	
Thus,	 the	 conditions	 to	 stimulate	 significant	 evolution	 or	 transition	 are	 not	 yet	 present,	
though	 they	 do	 appear	 to	 be	 strengthening	 (Thelen,	 2003).	 The	 changes	 that	 have	
occurred	up	to	 this	point	have	brought	with	 them	an	 increase	 in	complexity,	both	at	 the	
industry	 regime	 level	 and	 also	 at	 the	 project	 level.	 Complexity	 magnifies	 the	 impact	 of	
change	and	the	resulting	destabilization.	As	such	longstanding	issues	within	the	industry	
derived	from	its	fragmented	nature	are	posing	new	problems	with	respect	to,	among	other	
things,	decision-making	processes,	coordination,	and	collaboration	(Ye	et	al.,	2009).		

Referring	back	 to	 the	 transition	pathways	put	 forward	by	de	Haan	and	Rotmans	 (2011)	
(Figs.	 4	 &	 5),	 many	 of	 the	 typologies	 can	 be	 eliminated.	 This	 research	 excludes	 the	
possibility	 of	 a	 failed	 transition,	 and	 grounds	 have	 been	 set	 predicting	 that	 regime	
adaptation	will	 occur.	What	 is	 less	 clear	 is	 the	 direction	 from	which	 change	will	 come.	
Considering	that	 the	building	 industry	 is	currently	undergoing	significant	 influence	 from	
both	the	landscape	and	niche	levels,	it	can	be	deduced	that	the	influence	is	not	purely	top-
down	 or	 bottom-up.	 Therefore,	 neither	 “radical	 reform”	 nor	 “reconfiguration”	 is	
characteristic	of	 the	ongoing	 transition.	This	 leaves	 two	possibilities:	 the	 squeezed	 (top-
down	 and	 bottom-up)	 teleological	 pathway	 and	 the	 adaption	 dominated	 transformation	
pathway.	

Recapping	 these	 two	 typologies,	 teleological	 transition	 pathways	 are	 “the	 result	 of	 a	
regime	 adapting	 to	 changed	 circumstances	 not	 by	 reforming	 itself	 but	 allowing	 outside	
influences	to	reconstellate	structures	and	cultures	and	simultaneously	incorporating	novel	
functioning	in	these	processes”	(de	Haan	&	Rotmans,	2011).	In	transformation	transition	
pathways,	 transformation	 occurs	 within	 the	 regime	 itself	 via	 an	 ongoing	 evolutionary	
process	 of	 adaption.	 In	 this	 process,	 the	 regime	 responds	 to	 tensions	 and	 stress	 by	
changing	 itself	 in	a	self-steering	process	so	as	to	meet	needs	and	demands	once	more.	 It	
also	frequently	involves	the	absorption	of	niches	or	co-evolution	with	the	niche-level	(de	
Haan	&	Rotmans,	2018).		

On	the	one	hand,	a	teleological	pathway	appears	to	be	applicable.	The	incumbent	regime	is	
beginning	to	waver,	especially	as	landscape-	and	niche-level	developments	come	closer	to	
a	 destabilizing	 harmony.	 Developments	 in	 BIM	 and	 lifecycle-oriented	 approaches	 in	
particular	are	nearly	in	alignment	with	landscape-level	developments.	On	the	other	hand,	
a	well-organized	driving	force	external	to	the	regime	has	yet	to	materialize.	For	example,	
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although	the	aforementioned	niche-regimes	have	experienced	individual	successes,	it	has	
proven	difficult	for	a	larger	niche	featuring	two	or	more	merged	niche-regime	innovation	
to	take	form.	Consequently,	it	is	most	likely	that	the	existing	regime	will	not	be	replaced.	
Rather,	the	building	industry	seems	increasingly	willing	to	undergo	adaptation,	which	is	in	
agreement	 with	 the	 transformation	 pathway.	 However,	 complete	 transformation	 from	
within	 the	 regime	 itself	 is	 also	 doubtful	 because	 of	 the	 industry’s	 supply-demand	
relationship,	 risk-averse	 nature,	 and	 preference	 for	 stability.	 Furthermore,	 this	 is	 in	
keeping	 with	 de	 Haan	 and	 Rotmans’	 (2011)	 stance	 that	 internally	 induced	 change	 is	
insufficient	 to	 produce	 a	 “proper	 transition”.	 As	 such,	 both	 the	 teleological	 and	
transformation	 transition	 pathways	 have	 their	 merits	 and	 faults.	 Thus,	 the	 current	
transition	 in	 the	 building	 industry	 can	 be	 best	 characterized	 simply	 as	 dynamic	 and	
involving	all	three	levels.	With	respect	to	the	future,	the	transition	is	likely	to	be	complex,	
non-linear,	 and	 distorted	 by	 uncertainty.	 The	 element	 of	 time	 is	 also	 a	 considerable	
variable,	 especially	 given	 the	 dawdling	 history	 of	 transition	 in	 this	 particular	 dominant	
regime.	

3.5 Insufficient	conditions	for	transition	

Following	in	line	with	transition	theory,	the	harmonization	of	these	landscape-	and	niche-
level	developments	has	begun	to	destabilize	the	incumbent	building	industry	regime.	As	a	
result,	new	windows	of	opportunity	continue	to	open	for	niche-regimes	to	break	through	
and	start	competing	against	what	was	once	a	stable,	long-established	regime.	Despite	this,	
the	conditions	to	stimulate	significant	evolution	or	transition	are	not	yet	present,	though	
they	do	appear	to	be	strengthening	(Thelen,	2003).	

Although	theory	suggests	that	successful	niche	breakthroughs	and	amalgamation	with	the	
transition	 pathway	 stand	 the	 chance	 of	 giving	 way	 to	 new,	 stabilizing	 socio-technical	
configurations	 (Fuenfschilling	 &	 Truffer,	 2014),	 the	 reality	 of	 the	 building	 industry	
portrays	a	more	complicated	set	of	circumstances.	Furthermore,	the	mounting	complexity	
and	 instability	 at	 the	 regime	 level	 makes	 the	 adoption	 and	 implementation	 of	 new	
technology	markedly	more	 challenging	 (Sepasgozar	&	Bernold,	 2012).	 Furthermore,	 the	
building	industry	is	not	only	quite	resistant	and	averse	to	change	but	also	poorly	suited	to	
pursue	change	even	when	desired.	Further	complicating	 the	occurrence	of	 innovation	 in	
the	 building	 industry	 is	 that	 innovation	 tends	 to	 be	 driven	 by	 demand-side	 (e.g.	 client)	
needs	 and	 requirements	 (Ozorhon	 et	 al.,	 2010;	 Ye	 et	 al.,	 2009).	 At	 first,	 this	 seems	
contradictory	 given	 that	 the	 industry	 is	 largely	 supply-driven.	 However,	 conventions	
dictated	by	 the	well-established	mainstream	result	 in	a	 tendency	 to	preclude	 innovation	
unless	it	is	in	favor	of	supply-side	actors.		

This	is	not	to	say,	however,	that	innovation	does	not	occur.	Although	the	building	industry	
has	earned	a	reputation	for	being	“low-technology”	(Von	Tunzelmann	&	Acha,	2009)	and	
reluctant	 to	 innovate	 (Ozorhon	 et	 al.,	 2010;	 Sepasgozar	 &	 Bernold,	 2012),	 these	 are	
characteristics	applicable	to	the	industry	regime	as	a	whole.	Individual	projects,	however,	
can	 be	 considered	 as	 protective	 spaces	 in	 which	 innovation	 can	 occur.	 In	 general,	 it	 is	
individual	 exemplary	 building	 projects	 that	 exhibit	 considerable	 innovation	 (Barrett,	
Abbott,	 Ruddock,	 &	 Sexton,	 2007).	 A	 caveat	 for	 innovation	 in	 the	 building	 industry	 is,	
therefore,	 that	 innovation	 occurs	 on	 individual	 projects,	 which	 are	 temporal	 in	 nature.	
Moreover,	 the	knowledge	 and	experiences	 gained	 in	 the	 execution	of	 such	 innovation	 is	
rarely	diffused	due	to	poor	knowledge	transfer	processes,	industry	fragmentation,	and	the	
frequent	 desire	 of	 companies	 to	 withhold	 proprietary	 information	 (Artto	 et	 al.,	 2008;	
Davidson,	2013;	Koutamanis,	2017).	As	such,	innovation	in	the	building	industry	tends	to	
occur	 in	 the	 form	 of	 ad-hoc,	 localized	 experiments.	 In	 failing	 to	 create	 a	 network	 and	
develop	 structuration,	 innovations	 struggle	 to	 gain	 the	 traction	 necessary	 in	 order	 to	
evolve	into	niche-regimes.		
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Because	 of	 these	 and	 other	 difficulties	 niche-regime	 breakthrough	 and	 adoption	 can	 be	
significantly	hampered.	These	conditions	could,	for	instance,	produce	a	situation	in	which	
a	window	of	opportunity	exists	for	breakthrough	into	the	regime-level	without	a	line-up	of	
sufficiently	 competitive	 niche-regimes	 to	 take	 advantage	 of	 it.	 In	 another	 scenario,	 an	
underdeveloped	niche-level	innovation	may	emerge	only	to	fail	in	its	competition	with	the	
dominant	regime	due	to	unpreparedness.	This	type	of	failure	is	unfortunate	for	otherwise	
promising	 innovations	 as	 failure	 causes	 them	 to	 fall	 victim	 to	 negative	 opinion,	 thus	
reducing	or	eliminating	their	change	at	uptake	in	the	regime-level.	In	short,	without	viable	
niche-regimes	 there	 is	 no	 competition,	 and	 therefore	 no	 contribution	 to	 regime	
destabilization	 and	 diminished	 conditions	 for	 transition.	 Conversely,	 windows	 of	
opportunity	may	not	appear	altogether.	The	fragmented	nature	of	the	building	industry	in	
particular	makes	 it	difficult	 for	actors	to	discern	benefits	of	an	 innovation,	which	 in	turn	
diminishes	 the	 motivation	 of	 actors	 to	 pursue	 an	 innovation.	 Without	 this	 motive	 and	
intent,	 actor	 alliances	 and	 their	 respective	 resources	 cannot	 come	 together	 (Davidson,	
2013).	As	such,	niche-regimes	cannot	come	into	being.		

3.6 Chapter	summary	

Although	the	building	industry	needs	to	transition,	it	reacts	poorly	to	change	and	current	
innovation	processes	do	not	support	 the	creation	of	viable	niche-regimes.	Conditions	 for	
stimulating	 transition,	 however,	 require	 sufficiently	 competitive	niche-regimes,	 a	 lack	of	
which	is	problematic	as	it	can	in	turn	suppress	transition.	Furthermore,	the	current	state	
of	 the	 building	 industry	 can	 be	 best	 characterized	 as	 dynamic	 and	 involving	 all	 three	
levels.	The	trajectory	of	the	transition	to	a	more	sustainable	building	industry	is	likely	to	
be	 complex,	 non-linear,	 and	 distorted	 by	 uncertainty.	 The	 element	 of	 time	 is	 also	 a	
considerable	variable,	especially	given	the	dawdling	history	of	transition	in	this	particular	
dominant	regime.	In	short,	a	ponderous	dilemma	has	arisen	that	the	conditions	for	change	
are	 insufficient	 to	 drive	 effective	 and	 efficient	 transition	 to	 a	more	 sustainable	 building	
industry.	

Due	to	the	critical	importance	of	niche-level	developments	and	their	influence	on	regime	
transition,	 it	 is	worthwhile	 to	explore	what	could	be	done	 to	 improve	conditions	 for	 the	
transition	 to	 a	 more	 sustainable	 building	 industry.	 Given	 the	 potential	 of	 BIM	 and	 the	
pressing	 need	 for	 viable	 niche-regimes	 in	 order	 to	 stimulate	 transition,	 it	 prudent	 to	
explore	 how	 this	 particular	 niche-regime	 could	 contribute	 to	 the	 transition	 to	 a	 more	
sustainable	building	 industry.	The	proceeding	chapters	aim	to	contribute	 to	 this	body	of	
knowledge	and	address	questions	posed	by	this	research.	
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4. Adoption	of	BIM	by	building	client	organizations	

4.1 Combining	perspectives	

Two	 transition	 theory	 perspectives	 were	 addressed	 in	 Chapter	 2,	 each	 with	 a	 different	
emphasis.	In	the	multi-level	perspective	(MLP),	transition	is	viewed	as	a	dynamic,	iterative	
and	 interwoven	process	occurring	within	and	between	 the	 landscape,	 regime,	 and	niche	
levels	that	occurs	over	time.	The	MLP	emphasizes	the	role	of	developments	and	inter-level	
influence,	 focusing	 predominantly	 on	 how	niche-level	 innovation	 experiments	 arise	 and	
bring	about	changes	 that	stimulate	regime-level	 transition.	The	extent	of	 these	 factors	 is	
dependent	 upon	 the	 timing	 and	 nature	 of	 interactions	 between	 the	 three	 levels.	 In	 the	
second	 perspective	 discussed	 in	 Section	 2.3,	 transition	 is	 viewed	 as	 a	 consequence	 of	
actions	 and	 interactions	 taken	 by	 actors	 that	 assume	 a	 transformative	 role.	 In	 this	
perspective,	initiatives,	networks,	and	movements	generated	by	actor	alliances	shape	and	
direct	the	transition	process	in	order	to	bring	about	systematic	change.		

Both	 perspectives	 have	 their	 strengths	 and	 flaws.	 Neither,	 however,	 is	 wrong.	 As	 it	
happens,	the	two	perspectives	are	complementary.	Innovation	cannot	occur	without	actor	
involvement,	so	combining	the	two	transition	perspectives	serves	as	a	convenient	way	of	
investigating	 how	 innovation	 and	 actor	 agency	 work	 together	 to	 promote	 regime	
transition.	More	 specifically,	 these	 two	perspectives	are	used	 in	 this	 research	 to	explore	
the	 relationship	between	BIM	and	building	 client	 organizations	 and	 their	 potential	 joint	
contribution	to	the	transition	to	a	more	sustainable	building	industry.	

Even	 with	 two	 transition	 theory	 perspectives	 from	 Geels	 (2002)	 and	 de	 Haan	 and	
Rotmans	(2018),	it	can	still	be	challenging	to	paint	a	clear	picture	of	how	innovation	and	
actor	 involvement	 can	 influence	 the	 necessary	 transition.	 This	 is	 especially	 true	 when	
investigating	 transition	 in	 the	 building	 industry	 since	 only	 limited	 research	 has	 been	
conducted	 on	 that	 topic	 (Sepasgozar	 &	 Bernold,	 2012).	 One	 way	 of	 addressing	 these	
problems	is	by	taking	a	systems	innovation	approach.		

According	 to	 Davidson	 (2013),	 innovation	 that	 affects	 many	 stakeholders	 requires	 a	
systems	 approach.	 BIM	 is	 a	 perfect	 example	 of	 such	 an	 innovation	 as	 it	 affects	 and	 is	
affected	by	the	influence	of	many	actors.	Due	to	the	complexity	and	interconnectedness	of	
socio-technical	 systems,	 it	 is	 not	 possible	 to	 follow	 a	 “normal”	 innovation	 pathway.	
Because	the	building	industry	is	a	socio-technical	system,	this	research	therefore	adopts	a	
systems	perspective,	and	more	specifically	one	with	an	 innovation	 focus.	The	 innovation	
system	 approach	 promotes	 a	 more	 holistic	 perspective	 of	 the	 structures	 supporting	
innovation	(e.g.	actors	and	institutions)	(Hekkert,	Suurs,	Negro,	Kuhlmann,	&	Smits,	2007).	
According	to	that	approach,	innovation	should	be	seen	as	“as	an	evolutionary,	non-linear	
and	 interactive	 process	 requiring	 intensive	 communication	 and	 collaboration	 among	
different	 actors,	 both	 within	 firms	 as	 well	 as	 between	 firms	 and	 other	 organizations”	
(Edquist,	 1997).	 Innovation	 is	 thus	 an	 individual	 and	 a	 collective	 process.	 According	 to	
Hekkert	and	Negro	(2009),	 the	primary	goal	of	an	innovation	system	is	“to	contribute	to	
the	development	and	diffusion	of	innovations.”		

The	 technological	 innovation	systems	(TIS)	perspective	augments	 the	 innovation	system	
approach	 through	 the	 addition	of	 system	dynamics,	 such	 as	development,	 diffusion,	 and	
implementation.	 TIS	 can	 be	 defined	 as	 “a	 dynamic	 network	 of	 agents	 interacting	 in	 a	
specific	 economic/industrial	 area	 under	 a	 particular	 institutional	 infrastructure	 and	
involved	 in	 the	 generation,	 diffusion,	 and	 utilization	 of	 technology”	 (Carlsson	 &	
Stankiewicz,	1991).		
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Taken	together,	the	two	transition	theory	perspectives	and	TIS	contribute	a	structure	and	
holistic	approach	that	enables	qualitative	analysis	of	innovation-driven	regime	transition	
supported	 by	 key	 actors.	 For	 these	 reasons,	 this	 research	 posits	 building	 client	
organizations	and	their	adoption	of	BIM	on	building	projects	as	an	innovation	system	that	
is	capable	of	invoking	change	that	contributes	to	industry	transition.	The	remainder	of	this	
chapter	provides	arguments	for	how	the	adoption	of	BIM	by	building	client	organizations	
could	contribute	to	the	transition	to	a	more	sustainable	building	industry.	

4.2 Literature	study	methodology	

For the literature study, two rounds of searches were conducted. The initial search was based on 
the following search terms: 

• “BIM	and	building	owner”	
• “BIM	and	building	client”	
• “BIM	and	maintenance	and	operation”	
• “BIM	and	facility	management”	
• “BIM	and	building	lifecycle”	

Within	these	searches,	literature	was	selected	based	on	relevance	to	the	research,	focus	on	
process	 and/or	 socio-organizational	 aspects	 of	 BIM,	 and	 newness	 of	 the	 publication.	
Following	 the	 initial	 searches,	 the	 accumulated	 literature	 was	 inspected.	 The	 initial	
searches	and	respective	inspection	raised	awareness	of	gaps	in	the	literature	collected	in	
the	first	search.	Although	an	in	depth	analysis	was	not	performed	at	this	point	to	prevent	
premature	focus	on	any	particular	aspect,	two	gaps	became	evident.	

Firstly,	 some	 inter-conceptual	 relationships	 have	 been	 more	 heavily	 researched	 than	
others.	 Considerable	 attention	 has	 been	 placed	 on	 the	 interrelation	 of	 BIM	 and	 the	
maintenance,	 use,	 and	 operation	 aspects	 of	 a	 building’s	 lifecycle.	 Conversely,	 very	 little	
could	 be	 found	 in	 academic	 literature	 relating	 BIM	 and	 the	 building	 owner.	 It	 became	
apparent	 that	 academic	 researchers	 tend	 to	 focus	 on	 the	 interrelation	 of	 BIM	 and	 the	
supply-side	much	more	often	than	BIM	and	the	demand-side.	

Secondly,	there	is	only	a	limited	pool	of	available	literature	specifically	addressing	process	
and	socio-organizational	aspects	of	BIM.	As	a	result	of	this	deficit,	it	became	necessary	to	
broaden	the	search	to	include	technology-focused	BIM	literature	that	also	made	reference	
to	process	and	socio-organizational	factors.	It	was	also	determined	that	non-BIM	oriented	
literature	 could	 also	 be	 included	 as	 long	 as	 it	 had	 a	 focus	 on	 process	 and/or	 socio-
organizational	aspects	of	building	projects.	These	transposed	factors	were	later	combined	
with	literature	that	does	address	building	client	organizations	directly	in	order	to	develop	
a	 preliminary	 outline	 of	 factors.	 Because	 this	 additional	 literature	 contained	 surplus	
information,	 it	 was	 important	 and	 necessary	 that	 the	 literature	 study	 take	 into	
consideration	 only	 information	 relevant	 to	 this	 research	 and	 its	 respective	 boundary.	
Information	gathered	from	this	more	general	literature	was	later	reinterpreted	within	the	
contexts	of	BIM,	integrated	building	projects,	and	lifecycle	orientation.	

The	 inspection	and	resulting	 insights	 led	to	subsequent	searches	 in	which	 literature	was	
selected	more	 “organically”	 in	 a	 “snowballing”	 process.	 This	 methodological	 decision	 is	
believed	 to	have	had	a	beneficial	 impact	by	 creating	 room	 for	new	 findings,	 deductions,	
and	 connections	 rather	 than	 relying	 solely	 upon	 previous	 works,	 thus	 increasing	 the	
originality	of	 the	research.	Literature	continued	to	be	sourced	until	a	point	of	saturation	
was	 reached.	Once	a	point	of	 saturation	was	 reached,	analysis	of	 the	collected	 literature	
began.	 Upon	 completion	 of	 the	 literature	 analysis	 the	 results	 were	 synthesized	 and	
reported.		
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4.3 Building	information	modeling	(BIM)	

Citing	 Penttilä	 (2006),	 Succar	 (2009)	 defines	 BIM	 as	 “a	 set	 of	 interacting	 policies,	
processes	 and	 technologies	 generating	 a	 ‘methodology	 to	manage	 the	 essential	 building	
design	 and	project	 data	 in	digital	 format	 throughout	 the	building's	 life-cycle’.”	 Similarly,	
Hardin	 and	 McCool	 (2015)	 describe	 BIM	 as	 having	 three	 fundamental	 components:	
technology,	 process,	 and	 behavior.	 A	 third	 akin	 perspective	 is	 found	 in	 the	 research	 of	
Nepal,	 Jupp,	 and	 Aibinu	 (2014)	 which	 identifies	 technology,	 organization/people,	 and	
process	 as	 three	 main	 areas	 of	 measurement	 useful	 for	 the	 evaluation	 of	 BIM-enabled	
projects.	 They	 also	 augment	 it	 by	 adding	 the	 context	 of	 a	 building	 project	 as	 a	 fourth	
element	 that	encompasses	 the	 three	 fundamental	 components.	From	this,	 it	 is	 clear	 that	
“technology”	and	“process”	are	clearly	identified	facets	of	BIM.	Although	a	pure	consensus	
is	lacking	in	the	third	facet,	it	is	possible	to	make	a	general	deduction	for	the	sake	of	this	
research.	 The	 three	 researchers	 described	 the	 third	 facet	 as	 policies,	 behavior,	 or	
organization/people.	 Though	 the	 terminology	 of	 the	 third	 facet	 points	 in	 different	
directions,	there	is	an	important	commonality.	All	three	terms	are	components	of	a	social	
system,	which	 includes	a	wide	variety	of	 interrelationships	between	 individuals,	 groups,	
and	 institutions.	 Because	 of	 social	 system	 is	 quite	 broad,	 the	 three	 BIM	 facets	 will	 be	
represented	 in	 this	 research	 as:	 technology,	 process,	 and	 socio-organizational	 behavior,	
and	the	contextual	element	is	also	addressed.	

BIM	 represents	 both	 a	 radical	 emerging	 technological	 and	 a	 procedural	 shift	within	 the	
building	 industry	 (Succar	 et	 al.,	 2007).	 BIM	 is	 a	 rapidly	 evolving	 innovation	 within	 the	
building	 industry, thus rendering it an	 unstable	 and	 transient	 technology	 in	 a	 perpetual	
state	of	adaptation	and	change	(Poirier	et	al.,	2017;	Whyte	&	Hartmann,	2017).	As	such,	
BIM	 is	capable	of	 causing	profound	disruption	 in	an	otherwise	slow-to-adapt	and	rather	
traditional	industry.	Today,	BIM	is	synonymous	with	the	new	era	of	construction,	and	its	
penetration	within	the	industry	goes	to	show	why	that	is.	Based	on	the	current	trajectory,	
the	rapid	adoption	rate	of	BIM	suggests	that	BIM	is	expected	to	reach	a	market	saturation	
point	 in	 near	 future	 (Ghaffarianhoseini	 et	 al.,	 2017).	 The	 pace	 continues	 not	 only	 to	
quicken,	but	also	includes	an	increasing	variety	of	practitioners	that	are	choosing	to	adopt	
BIM.	 BIM	 adoption	 is	 due	 largely	 to	 the	 range	 of	 benefits	 associated	with	 using	BIM	 on	
building	projects.	Benefits	include	interoperability	capabilities,	early	building	information	
capture,	 use	 throughout	 the	 building	 lifecycle,	 integrated	 procurement,	 improved	 cost	
control	mechanisms,	reduced	conflict	and	project	 team	benefits	 (Ghaffarianhoseini	et	al.,	
2017).	Some	of	 these	benefits	have	already	been	seen	 in	practice	while	other	benefits	of	
BIM	are	still	just	theoretical	propositions.		

Adoption	 rates	 within	 the	 regime	 continue	 to	 climb	 and	 there	 is	 near	 constant	
development	of	new	functionalities.	In	practice,	BIM	can	now	be	found	in	most	reputable	
firms	and	has	become	a	 frequently	used	 tool	 in	 the	design	and	 construction	phases	of	 a	
building’s	 lifecycle.	 If	 current	 trends	 develop	 further,	 it	 can	 be	 expected	 that	 BIM	 will	
permeate	 into	 related	 fields	 like	 facility	 operation	 and	 management	 (Atkin	 &	 Bildsten,	
2017;	Xu	et	al.,	2014).	Furthermore,	new	research	has	begun	exploring	the	possible	uses	
for	 BIM	 in	 the	 renovation	 and	 demolition	 phases	 (Akinade	 et	 al.,	 2017),	 though	 this	
research	area	is	still	quite	limited.		

Supply-side	adoption	of	BIM	is	quickly	approaching	a	critical	mass	and	the	demand	is	only	
expected	 to	 grow	and	diversify	 (Eastman	et	 al.,	 2011;	Hardin	&	McCool,	 2015).	 As	 such,	
BIM	can	hardly	be	considered	as	a	new	phenomenon	anymore,	however	the	saturation	is	
still	 not	 great	 enough	 to	 consider	 it	 as	 being	 fully	 emerged	 and	 embedded	 within	 the	
building	industry	regime.	Regardless,	it	is	not	a	question	of	if	BIM	will	take	hold,	but	rather	
how	and	to	what	extent	it	will	be	implemented.		
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The	added	value	of	BIM	to	date	has	 largely	been	attributed	 to	 its	use	 in	design	and	pre-
construction	phases.	According	to	research	by	Eadie	et	al.	(2013),	results	identified	that,	in	
the	UK,	BIM	use	 is	concentrated	 in	 the	design	and	pre-construction	stages	at	roughly	55	
and	52	percent,	respectively.	Use	during	the	construction	stage	came	in	at	approximately	
35	 percent.	 Although	 BIM	 is	 still	 mainly	 a	 design	 and	 construction	 oriented	 tool,	 its	
benefits	do	not	 stop	 there.	Research	suggests	 that	 implementing	BIM	across	a	building’s	
entire	life	cycle	can	result	in	a	wealth	of	potential	benefits	(Eadie	et	al.,	2013;	Hallberg	&	
Tarandi,	 2011;	 Korpela	 et	 al.,	 2015).	 This	 is	 especially	 true	 for	 the	 maintenance	 and	
operation	 phase,	which	 currently	 sees	 only	 about	 9	 percent	 of	 all	 BIM	use	 (Eadie	 et	 al.,	
2013).	

Recently,	 awareness	 of	 BIM’s	 potential	 value	 for	 facility	 management	 (FM),	 building	
maintenance	and	operation	 (M&O),	as	well	as	asset	and	portfolio	management	has	been	
steadily	increasing	(Lu	et	al.,	2017).	Currently,	practical	applications	of	such	BIM	use	are	
limited.	 In	 the	 few	 cases	where	 BIM	 has	 been	 used	 for	 FM	 or	M&O,	 efforts	 are	 in	 their	
infancy	and	quite	experimental	 (Wetzel	&	Thabet,	2015).	This	piqued	 interest,	however,	
demonstrates	 new	 developments	 in	 demands	 from	 actors	 such	 as	 building	 client	
organizations.	

Recalling	 the	 multi-level	 perspective	 and	 developments	 within	 the	 building	 industry,	
lifecycle-oriented	building	 approaches	 and	BIM	have	been	developing	 independently	 for	
about	 two	 decades.	 Given	 that	 lifecycle-oriented	 building	 approaches	 and	 building	
information	modeling	both	offer	a	variety	of	contributions	 in	response	to	 the	 landscape-
level	developments,	it	reasonable	to	believe	that	their	uptake	in	the	socio-technical	regime	
would	 promote	 improve	 conditions	 for	 transition.	 It	 is	 therefore	 in	 the	 best	 interest	 of	
building	 industry	 stakeholders	 to	 promote	 and	 strengthen	 further	 development	 and	
merging	of	these	two	innovations.	Accordingly,	this	research	promotes	the	formation	of	a	
merged	niche-regime	as	a	means	of	promoting	the	alignment	and	co-evolution	of	current,	
prominent	developments.	For	the	purpose	of	this	research,	a	proxy	is	given	to	this	merged	
niche-regime,	namely	lifecycle-oriented	BIM	use	on	building	projects.		

4.4 Building	client	organizations	(BCOs)	

One	study	indicates	that	of	all	the	actors	involved	in	a	building	project,	building	clients	and	
facility	managers	are	poised	to	reap	the	most	financial	benefits	when	BIM	is	implemented	
(Eadie	 et	 al.,	 2013).	 A	more	 recent	 study	 investigating	 the	 benefits	 of	 BIM	 for	 building	
owners	 concluded	 that	 although	 BCOs	 are	 already	 benefiting	 from	 design	 phase	 BIM	
implementation,	in	which	they	are	only	indirectly	involved,	the	full	value	of	BIM	is	yet	to	
be	captured	across	the	entire	building	lifecycle	(Cavka	et	al.,	2017).	

Building	 client	 organizations	 are	 increasingly	 interested	 in	 incorporating	 BIM	 in	 their	
projects.	 Some	examples	of	BIM	benefits	 specific	 to	building	owners	are	provided	 in	 the	
book	by	Eastman	et	al.	(2011).	Owners	can	use	BIM	to:	

• Increase	building	performance	
• Reduce	the	financial	risk	
• Shorten	project	schedule	
• Obtain	reliable	and	accurate	cost	estimates	
• Assure	program	compliance	

4.4.1 BCO	typologies	

Client	orientations	can	be	generically	categorized	as	falling	into	the	public,	semi-public,	or	
private	 sector.	 The	 orientation	 of	 a	 client	 organization	 is	 a	 determinant	 factor	 of	 the	
intrinsic	 motives	 and	 interests,	 which	 has	 direct	 ramifications	 for	 its	 role,	 power,	 and	



	 31	

influence	 within	 the	 socio-technical	 system.	 In	 general,	 an	 organization’s	 mission	 and	
values	correspond	its	motives	and	interests.	These	factors	play	an	important	role	as	they	
ultimately	shape	the	strategy	of	a	client	organization,	which	 in	turn	predicates	the	client	
organization’s	strategic	goals,	targets,	and	performance	measures.		

With	respect	to	motives	and	interests,	the	main	distinction	between	these	categories	lies	
in	the	private	sector’s	profit	driven	incentive	and	the	(semi-)public	sector’s	focus	on	public	
welfare	 and	 the	 common	 good.	 This	 is	 not	 to	 say	 that	 public	 and	 private	 motives	 and	
interests	are	mutually	exclusive.	Private	sectors	can	also	work	towards	increasing	public	
welfare,	for	instance.	Given	the	considerable	differences	in	motives	and	interests	between	
the	 public	 and	 private	 ends	 of	 the	 spectrum,	 this	 research	 excludes	 private	 client	
organizations.	 Additionally,	 client	 organization	 size	 is	 taken	 into	 the	 scoping	
consideration.	Because	smaller	client	organizations	 tend	to	have	 less	experience	and	are	
less	likely	to	be	repeat	customers,	this	research	choses	to	exclude	small	and	medium	size	
client	 organizations.	 Accordingly,	 the	 scope	 of	 this	 research	 includes	 only	 large-scale	
public	and	semi-public	building	client	organizations,	and	refers	to	them	jointly	as	building	
client	organizations	(BCOs).		

A	further	distinction	can	be	made	by	addressing	 large-scale	building	client	organizations	
that	have	a	vested	interest	and	responsibility	for	ownership,	maintenance,	and	operation.	
This	 type	 of	 BCO	 is	 distinct	 because	 of	 its	 simultaneous	 supply-	 and	 demand-side	
orientation.	This	characteristic	makes	it	such	that	large-scale	BCOs	are	more	complex	than	
less	diversified	demand-side	stakeholders.	A	large-scale	BCO	typically	has	multiple	vested	
interests,	expectations,	and	requirements.	Also,	because	of	their	duality,	they	tend	to	have	
a	 wider,	 and	 often	 stronger,	 influence	 compared	 to	 a	 strictly-demand	 side	 stakeholder.	
This	 is	 a	 considerable	 difference	 as	 a	 large-scale	 BCO	 has	 power	 and	 interest	 spread	
throughout	the	entire	building	lifecycle.	As	a	result	of	this	broader	involvement,	they	can,	
in	general,	be	regarded	as	having	a	better	understanding	and	regard	for	the	value	of	inter-
phase	coordination,	and	are	therefore	more	likely	to	see	the	benefits	of	implementing	BIM	
across	 the	 various	 lifecycle	 stages	 of	 a	 building.	 Thus,	 just	 as	 BIM	 has	 greater	 potential	
when	implemented	on	integrated	building	projects,	it	can	be	reasoned	that	the	use	of	BIM	
is	 more	 likely	 to	 be	 maximized	 when	 a	 large-scale	 BCO	 is	 the	 dominant	 demand-side	
stakeholder.		

There	 is	 reason	 to	 question	whether	 or	 not	 building	 client	 organizations	 are	 the	 single	
most	 essential	 “change-agent”	 for	 BIM	 adoption	 (Lindblad,	 2018).	 One	 survey	 however	
contradicts	 Lindblad’s	 claim	 stating	 that	 BCOs	 are	 key	 drivers	 of	 innovation	 and	 their	
involvement	 in	 the	 process	 increases	 their	 satisfaction	 in	 the	 results	 (Ozorhon	 et	 al.,	
2010).	Additionally,	BCOs	are	an	important	actor	in	the	larger	industry-wide	network	and	
hold	a	respectable	amount	of	power	and	 influence.	Thus,	even	 if	BCOs	are	not	 the	single	
most	 essential	 actor,	 they	 do	 still	 have	 the	 potential	 to	 play	 a	 significant	 role	 in	 driving	
BIM	adoption.		

4.4.2 BCO	competencies	and	maturity	

In	 addition	 to	 motives,	 power,	 and	 influence,	 researchers	 have	 identified	 that	 building	
owner	 competencies	 and	 a	 strategic	 approach	 are	 critical	 for	 successful	 BIM	 adoption	
(Love	 et	 al.,	 2013;	 Succar	 et	 al.,	 2013).	 Since	 BIM	 became	 accepted	 as	 a	 socio-technical	
system,	 researchers	have	begun	exploring	BIM	maturity	 from	a	stakeholder	perspective.	
The	most	recent	BIM	maturity	model	by	Siebelink,	Voordijk,	and	Adriaanse	(2018)	is	the	
result	 of	 an	 assessment	 of	 nine	 existing	 BIM	maturity	 models.	 Their	 research	 assessed	
existing	models	for	four	main	categories	of	requirements:	functional,	contextual,	user,	and	
structural.	Their	 findings	 revealed	 that	existing	models	were	 insufficient	with	 respect	 to	
collaborative	 aspects,	 complexity,	 meaning	 and	 definitions	 of	 terminology	 used,	
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organizational	 processes,	 and	 applicability	 to	 more	 than	 one	 discipline.	 Based	 on	 their	
findings,	 Siebelink	 et	 al.	 (2018)	 created	 a	 new	 BIM	maturity	model	 intended	 for	multi-
disciplinary	use,	including	building	clients	and	owners,	(Fig.	7)	with	a	balance	of	technical	
and	organizational	aspects.	One	additional	aspect	that	makes	this	model	particularly	well	
suited	to	the	case	study	analysis	is	that	it	is	based	upon	evaluation	of	BIM	implementation	
within	the	Dutch	building	industry.		

	
Figure	7.	Criteria	and	sub-criteria	of	the	BIM	maturity	model	(Siebelink	et	al.,	

2018) 	

In	 their	 article,	 Siebelink	 et	 al.	 (2018)	 also	 applied	 the	model	 to	 assess	 seven	 industry	
subsectors.	The	assessment	included	a	total	of	fifty-three	interviews,	seven	of	which	were	
conducted	 for	 the	 clients	 and	 owners	 subsector.	 The	 results	 for	 each	 of	 the	 categories	
were	based	upon	a	scale	from	0-5	supported	by	internal	and	external	process	definitions	
in	 order	 to	 “make	 supply	 chain	 aspects	more	 explicit”	 (Siebelink	 et	 al.,	 2018).	 The	 final	
results	of	the	study	were	reported	using	a	color	intensity	grading	(Fig.	8).	

	
Figure	8.	BIM	maturity	scores	of	subsectors	per	BIM	maturity	criterion	(Siebelink	

et	al.,	2018) 	

The	main	finding	of	the	study	was	that	strong	support	for	BIM	exists	among	the	companies	
that	were	evaluated,	which	were	deemed	“leading	companies”	within	the	Netherlands.	The	
results	 also	 indicated	 that	 there	 has	 yet	 to	 be	 a	 formalization	 of	 BIM-related	 processes,	
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tasks,	and	responsibilities	related	to	BIM	developments.	Notably,	respondents	emphasized	
that	the	aspects	lagging	the	furthest	behind	related	to	people	and	culture	when	it	came	to	
implementing	 BIM.	 Furthermore,	 awareness,	 education,	 and	 training	 were	 regarded	 as	
essential	elements	in	stimulating	further	development	of	BIM	maturity	within	companies.		

4.5 Current	BCO	BIM	adoption	

One	of	 the	 top	 responsibilities	of	 the	building	owner	 in	any	project	 is	 to	 clearly	 identify	
and	 lay	out	 the	primary	mission	statement,	priorities,	and	objectives	of	 the	project.	This	
responsibility	 is	 linked	 to	 the	definition	of	 the	project	 scope	 and	project	 documentation	
specific	 to	 the	 pre-project	 planning	 phase.	 Prior	 to	 the	 rise	 of	 BIM,	 this	 project	
documentation	 focused	 primarily	 on	 all-encompassing	 project	 briefing	 and	 the	 main	
project	contract.	Now	that	BIM	has	become	more	prevalent	and	building	owners	are	more	
aware	of	the	benefits	BIM	offers	in	the	use	and	operation	phases,	some	BCOs	are	choosing	
to	 go	 a	 step	 further	 and	 address	 BIM	 directly	 (Lindblad	&	 Vass,	 2015;	 Lindblad,	 2018).	
There	are	a	few	approaches	for	this,	including	the	creation	of	standalone	requirements	or	
an	 execution	 plan	 or	 protocol	 to	 demand	 lifecycle-oriented	BIM	on	 building	 projects.	 In	
many	 cases,	 these	 steering	 devices	 are	 being	 embedded	 directly	 into	 the	 main	 project	
contract.	

By	addressing	 lifecycle-oriented	BIM	directly,	 the	building	owner	 is	 taking	a	new	step	 in	
exercising	its	influence	on	other	stakeholders.	Just	as	it	is	important	for	a	building	owner	
to	 have	 a	 clearly	 documented	 mission	 statement	 and	 objectives	 for	 its	 project,	 it	 is	
important	 that	 the	building	owner	has	 the	 same	 in	place	 for	BIM.	According	 to	Giel	 and	
Issa	 (2014),	 the	 full	 range	 of	 BIM-enabled	 full	 life	 cycle	 benefits	 are	 dependent	 upon	 a	
building	 owner	 owners’	 requirements	 documentation,	 assessment	 of	 the	 quality	 and	
accuracy	 of	 BIM	 deliverables,	 and	 the	 continued	 use	 of	 BIM	 into	 the	 maintenance	 and	
operation	 phases.	 Furthermore,	 by	 choosing	 to	 exercise	 its	 influence	 over	 BIM,	 the	
building	 owner	 creates	 a	 new	 responsibility	 for	 itself.	 Just	 as	 the	 building	 owner	 is	
responsible	 for	 setting	 a	 clear	 mission	 statement	 and	 objectives,	 there	 also	 becomes	 a	
responsibility	 and	 supply-side	 expectation	 that	 the	BCO	can	 clearly	define	 its	needs	 and	
expectations	for	BIM.		

In	 practice,	 BIM	 visions	 and	 strategies	 are	 starting	 to	 take	 shape,	 especially	 amongst	
repeat	 customers.	 As	 part	 of	 these	 strategies	 and	 in	 an	 attempt	 to	 reap	 the	 benefits	 of	
lifecycle-oriented	 BIM	 use	 on	 their	 building	 projects,	 some	 progressive	 building	 client	
organizations	 have	 begun	 implementing	 steering	 devices	 to	 dictate	 BIM	 use	 on	 their	
building	 projects.	 Examples	 of	 such	 steering	 devices	 can	 include	 execution	 plans,	
requirements,	 development	 roadmaps,	 or	 guidelines.	 In	 creating	 these	 steering	 devices,	
BCOs	attempt	 to	demonstrate	overarching	goals,	which	are	 important	 factors	 for	driving	
BIM	use	(Nepal	et	al.,	2014).		

4.6 Contributions	to	industry	transition	conditions	

The	 involvement	of	BCOs	 in	 the	adoption	and	 implementation	of	BIM	contributes	 to	 the	
trajectory	 of	 BIM	 as	 an	 innovation	 and,	 thus,	 on	 the	 trajectory	 of	 the	 building	 industry.	
This	section	highlights	some	of	the	key	contributions,	both	positive	and	negative,	as	well	
as	challenges	that	are	brought	about	by	BCOs	in	their	pursuit	of	BIM.	

4.6.1 Positive	contributions	

The	 range	 and	 extent	 of	 BIM	 implications	 makes	 it	 relevant	 to	 the	 entire	 multi-level	
perspective.	Some	researchers	even	believe	that	BIM	represents	a	paradigm	change	with	
far-reaching	benefits	and	 impacts	 that	affect	not	only	 the	construction	 industry,	but	also	
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society	 at	 large	 (Eastman	 et	 al.,	 2011)	 due	 to	 its	 promises	 for	 enhancing	 sustainability	
(Bynum	 et	 al.,	 2013)	 and	 promoting	 more	 holistic,	 lifecycle-oriented	 approaches	 to	
building	projects	(Eadie	et	al.,	2013).		

BIM	is	an	innovation	well	suited	to	enhance	sustainability	(Bynum	et	al.,	2013)	and	drive	
the	adoption	of	more	holistic	and	lifecycle-oriented	approaches	to	building	projects	(Eadie	
et	 al.,	 2013).	 Unsurprisingly,	 therefore,	 BIM	 has	 come	 to	 be	 seen	 as	 the	 common	
denominator	for	new	and	innovative	approaches	in	the	design,	construction,	maintenance,	
and	operation	of	buildings	(Bynum	et	al.,	2013).	BIM	and	its	adoption	by	industry	actors	
represent	an	important	first	step	towards	becoming	a	more	sustainable	building	industry.		

Furthermore,	merging	the	two	niche-regime	developments	to	form	lifecycle-oriented	BIM	
use	on	building	projects	is	that	it	strengthens	not	only	the	position	of	the	two	innovations,	
but	 also	 other	niche-regimes.	 This	 is	 because	 of	 the	positive	 and	 reciprocal	 relationship	
between	 the	 proxy	 niche-regime	 and	 other	 developments	 like	 sustainability,	 Lean	 and	
green	 building	 principles,	 and	 also	 innovation	 forms	 of	 project	 procurement	 like	 IPD	
(Ahuja	et	al.,	2017;	Bynum	et	al.,	2013;	Holzer,	2015;	Wong	&	Zhou,	2015).	Thus,	lifecycle-
oriented	 BIM	 could	 potentially	 stimulate	 a	wide	 array	 of	 alignment	 and	 co-evolution	 of	
major	niche-regimes.	In	doing	so,	the	amplitude,	speed,	and	scope	of	associated	change	is	
augmented,	 which	 increases	 the	 likelihood	 that	 destabilization	 will	 occur.	 This	 would	
provide	a	window	of	opportunity	not	only	 for	 lifecycle-oriented	BIM	to	emerge,	but	also	
for	other	niche-regimes	as	well.	Moreover,	the	need	for	a	unified	approach	is	increasingly	
being	considered	as	the	only	way	to	move	forward,	which	will	require	the	 integration	of	
various	innovations	like	BIM	and	sustainability	(Chong	et	al.,	2017).		

4.6.2 Challenges	

Although	research	suggests	that	implementing	BIM	across	a	building’s	entire	lifecycle	can	
result	 in	 a	 wealth	 of	 potential	 benefits	 (Eadie	 et	 al.,	 2013;	 Hallberg	 &	 Tarandi,	 2011;	
Korpela,	 Miettinen,	 Salmikivi,	 &	 Ihalainen,	 2015),	 lifecycle-oriented	 BIM	 use	 has	 yet	 to	
catch	 on.	 This	 is	 a	 result	 of	 a	 combination	 of	 factors,	 one	 of	 which	 being	 the	 relative	
newness	 of	 BIM	 and	 sustainability	 concepts	within	 the	 building	 industry	 (Bynum	 et	 al.,	
2013).	Another	 is	 the	considerable	uncertainty	associated	with	BIM	adoption	and	how	it	
will	continue	to	develop	over	time.		

The	implementation	of	lifecycle-oriented	BIM	use	on	building	projects	is	challenging	for	all	
actors	 in	the	 industry.	A	 literature	study	by	Eadie	et	al.	 (2013)	on	 lifecycle-oriented	BIM	
application	on	building	projects	 in	 the	UK	summarizes	and	ranks	key	barriers	hindering	
the	adoption	and	use	of	BIM	as	follows:	

1. Lack	of	expertise	within	the	project	team	
2. Lack	of	expertise	within	the	organizations	
3. Lack	of	client	demand	
4. Cultural	resistance	
5. Investment	cost	
6. Lack	of	additional	project	finance	to	support	BIM	
7. Resistance	at	operational	level	
8. Reluctance	of	team	members	to	share	information	
9. Lack	of	immediate	benefits	from	projects	delivered	to	date	
10. Legal	issues	around	ownership,	intellectual	property,	and	insurance	

It	is	becoming	increasingly	apparent	that	although	BIM	offers	many	benefits,	it	also	poses	
significant	 challenges.	 Actors	 are	 being	 confronted	 not	 only	 technologically,	 but	 also	 in	
terms	of	their	socio-organizational	capacity.	Some	researchers	have	even	argued	that	for	
BIM	to	be	successful,	a	paradigm	shift	in	the	building	industry	is	necessary.	Furthermore,	a	
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recent	study	investigating	a	major	public	building	client	is	Sweden	provides	new	findings	
that	 are	 highly	 relevant	 to	 this	 research.	 As	 a	 result	 of	 this	 study,	 Vass	 and	 Gustavsson	
(2017)	 identify	nine	 interdependent	organizational	challenges	that	affect	BCOs	and	their	
ability	to	influence	transition	in	the	building	industry:	

1. Changing	work	practices			
2. Providing	education	and	learning			
3. Developing	a	mutual	BIM	definition			
4. Evaluating	the	business	value	of	BIM			
5. Demanding	BIM	in	procurement			
6. Creating	incentives			
7. Including	maintenance	department			
8. Creating	new	roles			
9. Managing	interoperability			

While	these	challenges	are	specific	to	BCOs,	the	findings	are	interesting	because	they	are	
reflective	of	organizational	challenges	faced	by	the	building	 industry	as	a	whole.	 It	could	
be	 said,	 therefore,	 that	 the	 challenges	 of	 adopting	 and	 implementing	 lifecycle-oriented	
BIM	are	generally	applicable	 to	all	 actors	 in	 the	building	 industry.	Thus,	 rather	 than	 the	
challenges	 being	 unique	 to	 a	 particular	 actor	 or	 group	 of	 actors,	 it	 is	 more	 relevant	 to	
evaluate	actor’s	response	to	and	attempts	to	overcome	the	challenges	given	their	maturity,	
capabilities,	 power	 and	 influence,	 resource	 availability,	 and	 other	 capacities	 for	 change.	
This	section	therefore	elaborates	on	the	current	response	of	BCOs	to	these	challenges	as	
derived	 from	 literature	 and	 highlights	 how	 the	 response	 impacts	 the	 ability	 of	 BCOs	 to	
influence	transition	in	the	building	industry.	

4.6.3 Negative	contributions	

BIM	 has	 come	 to	 be	 seen	 as	 a	 sort	 of	 holy	 grail	 solution.	 Proponents	 of	 BIM	 have	 even	
argued	 that	 BIM	 can	 alleviate	 many	 of	 the	 challenges	 plaguing	 the	 building	 industry	
(Rezgui	 et	 al.	 2009,	 Succar	 2009).	While	 this	may	 appear	 to	 be	 the	 case	 on	 the	 surface,	
there	are	several	caveats	 that	have	been	preventing	BIM	from	reaching	 its	 full	potential.	
Firstly,	 just	 as	 the	 majority	 of	 research	 has	 focused	 on	 the	 technological	 facet	 of	 BIM,	
industry	 practitioners	 often	 fall	 into	 the	 same	 trap.	 Because	 of	 the	 complexity	 of	 BIM,	
many	practitioners	 fail	 to	 see	BIM	 for	what	 it	 is,	namely	a	 tool	not	a	 solution.	For	many	
organizations,	 this	 leads	 to	 disappointment	 in	 the	 performance	 of	 BIM	 within	 their	
organization	or	even	failed	adoption.		

Although	lifecycle-oriented	BIM	may	be	able	to	remedy	many	of	the	current	challenges	in	
the	building	 industry,	 an	 ironic	 situation	 arises	 that	 new	barriers	 are	 introduced	by	 the	
innovation	itself.	This	is	because	lifecycle-oriented	BIM,	just	like	the	industry	that	employs	
it,	is	a	complex,	multi-actor	socio-technical	system.	

Another	 considerable	 negative	 contribution	 arises	 from	 the	 current	 pursuits	 of	 BCOs	 to	
adopt	BIM.	In	their	enthusiasm,	BCOs	are	quickly	turning	to	the	development	of	strategies	
and	 steering	 devices	 to	 control	 how	 BIM	 will	 be	 delivered	 to	 and	 used	 within	 the	
organization.	While	 the	creation	of	 steering	devices	shows	 interest	 in	adopting	 lifecycle-
oriented	BIM	within	building	client	organizations,	the	effort	to	generate	them	and	the	end	
products	 themselves	 have	 not	 been	 particularly	 successful.	 This	 is	 problematic	 because	
such	steering	devices	are	key	in	unlocking	the	full	range	of	potential	lifecycle-oriented	BIM	
benefits	(Giel	&	Issa,	2014)	and	ultimately	driving	BIM	adoption	on	a	larger	scale	(Nepal	et	
al.,	2014).		

These	early	steering	devices	have	struggled	to	effectively	communicate	and	align	with	the	
wants	and	needs	of	 the	BCO.	This	 is	 largely	a	result	of	 the	 low	 levels	of	BIM	knowledge,	
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awareness,	and	maturity	of	BCOs.	Because	BIM	is	not	well	understood,	BCOs	are	uncertain	
of	 their	 goals,	 which	 translates	 into	 steering	 devices	 that	 lack	 clarity.	 Cavka	 (2017)	
addresses	four	other	contributing	factors	that	compromise	the	ability	of	BCOs	to	generate	
successful	steering	devices	at	this	point	in	time.	Firstly,	owners	are	often	unaware	of	the	
information	they	require	for	FM/M&O	BIM.	Secondly,	BCOs	are	not	well	aware	of	how	to	
leverage	and	maximize	the	use	of	the	information	due	inexperience	in	working	with	BIM.	
Thirdly,	 there	 remains	uncertainty	 in	 terms	of	 how	 information	 should	be	 required	 and	
structures.	 Lastly,	 the	 lack	 of	 understanding	makes	 it	 difficult	 for	 BCOs	 to	 evaluate	 and	
implement	the	information	they	are	provided	a	project	handover.	This	creates	a	situation	
in	which	BCOs	are	ill	equipped	to	generate	and	provide	clear	formalized	steering	devices	
(Cavka	et	al.,	2017).			

4.7 Chapter	summary	

In	the	beginning	of	Chapter	4,	 justifications	made	for	a	combined	theoretical	perspective	
on	 innovation	 in	 the	building	 industry.	More	specifically,	 the	strengths	of	 the	multi-level	
perspective	 from	 Geels	 (2002)	 and	 the	 new	 theoretical	 framework	 for	 actors	 in	
transformative	 change	 from	 de	 Haan	 and	 Rotmans	 (2018)	 are	 combined	 with	 the	
technological	 innovation	 systems	 (TIS)	 perspective.	While	 combining	 three	 perspectives	
adds	an	added	level	of	complexity	to	the	research,	it	also	contributes	structure	and	a	more	
holistic	approach	that	enables	qualitative	analysis	of	innovation-driven	regime	transition	
supported	by	key	actors.	

Furthermore,	 on	 the	 basis	 of	 this	 combined	 theoretical	 perspective,	 this	 research	 posits	
building	 client	 organizations	 and	 their	 adoption	 of	 BIM	 on	 building	 projects	 as	 an	
innovation	 system	 that	 is	 capable	 of	 invoking	 change	 that	 contributes	 to	 industry	
transition.	

From	 this	 position,	 the	 third	 portion	 of	 the	 literature	 study	 was	 conducted	 to	 explore	
currently	 available	 information	 on	 the	 current	 adoption	 of	 BIM	 by	 building	 client	
organizations	was	investigated.	Firstly,	a	brief	overview	of	the	current	status	of	BIM	as	a	
radical	 emerging	 technological	 and	 a	 procedural	 shift	 is	 given.	 Thereafter,	 BCOs,	 and	
especially	large-scale	BCOs,	are	highlighted.	Lastly,	the	ways	in	which	BCOs	contribute	to	
BIM	adoption,	and	thereby	to	the	transition	of	the	building	industry,	were	highlighted.			 	
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5. Case	study	methodology	

5.1 Case	study	evaluation	

The	case	studies	conducted	for	this	research	are	intentionally	designed	to	encourage	new	
insights,	 as	 opposed	 to	 the	 evaluation	 of	 specific	 criteria.	 Explorative	 research	 must,	
however,	also	be	structured.	Consequently,	the	decision	was	made	to	create	a	framework	
that	could	be	used	to	systematically	evaluate	the	semi-structured	interviews.	In	this	way,	
it	was	expected	that	common	themes	and	results	could	more	easily	be	identified.	

To	create	 the	case	study	evaluation	 framework,	 three	 innovation	evaluation	 frameworks	
and	a	multi-disciplinary	BIM	maturity	model	were	combined.	The	resources	utilized	in	the	
framework	development	 are	 linked	 to	 the	 literature	 study	 results	 discussed	 in	 previous	
chapters.	The	decision	 to	combine	various	 frameworks	was	made	 in	order	 to	promote	a	
holistic	analysis	that	would	capture	a	broader	spectrum	of	information.	

The	 following	 sub-sections	 highlight	 the	 inputs	 and	 how	 elements	 for	 the	 final	 BCO	
evaluation	framework	were	selected.	The	final	BCO	evaluation	framework	is	presented	in	
Section	5.2.	

5.1.1 Functions	of	innovation	systems	(FIS)	

Technological	 innovation	 systems	 were	 addressed	 briefly	 in	 Section	 4.1.	 In	 order	 to	
evaluate	both	 structural	 and	dynamic	aspects	of	 such	 innovation	 systems,	Hekkert	 et	 al.	
(2007)	propose	a	framework	to	study	technological	change.	The	framework	is	comprised	
of	seven	functions	critical	to	well-functioning	innovation	systems:		

Function	1:	entrepreneurial	activities		

Function	2:	knowledge	development		

Function	3:	knowledge	diffusion	through	networks	

Function	4:	guidance	of	the	search		

Function	5:	market	formation	

Function	6:	resources	mobilization	

Function	7:	creation	of	legitimacy/counteract	resistance	to	change	

The	seven	key	 functions	of	 innovation	systems	(FIS)	are	useful	given	their	suitability	 for	
evaluating	technological	developments	and	diffusion.	FIS	is	especially	useful	with	respect	
to	the	identification	of	bottlenecks,	drivers,	and	barriers.	Furthermore,	the	seven	functions	
in	the	FIS	framework	are	well	suited	for	qualitative	evaluations,	such	as	the	one	conducted	
in	this	research.		

In	 a	 study	 by	 Hekkert	 and	 Negro	 (2009),	 empirical	 research	was	 conducted	 to	 test	 the	
validity	of	the	FIS	framework.	Their	findings	concluded	that	all	seven	of	the	functions	are	
relevant	 and	 also	 highlight	 that	 the	 functions	 are	 most	 appropriate	 for	 evaluating	
“activities	 endogenous	 to	 the	 system”	 (Hekkert	 &	 Negro,	 2009).	 That	 said	 it	 is	 not	
necessarily	 the	 case	 that	 all	 seven	 functions	 are	 necessary.	 Rather,	 the	 relevance	 of	
functions	 should	 be	 in	 respect	 to	 the	 system	 under	 study.	 Some	 functions	 may	 not	 be	
relevant,	or	additional	functions	may	be	necessary	to	capture	the	system	correctly.		

The	indicators	used	in	case	study	evaluation	model	borrow	directly	from	FIS	functions	1-
6.	Function	1	was	abstracted	because	entrepreneurial	activities	cover	a	wide	range.	In	the	
case	 evaluation	 model,	 the	 indicators	 that	 capture	 entrepreneurial	 activities	 include:	
network	relations,	knowledge	and	learning,	adoption,	implementation	and	use,	and	nearly	
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all	 indicators	 in	 the	 “intention”	 criteria.	 Functions	 2	 and	 3	 were	 combined	 with	 the	
learning	component	of	SNM	to	create	 “knowledge	and	 learning.”	Function	4,	guidance	of	
the	 search,	 is	 covered	by	 the	 “intention”	 criteria	 and	also	 the	 steering	devices	 indicator.	
Function	 5,	 market	 formation,	 is	 represented	 primarily	 by	 the	 indicators	 network	
relations,	adoption,	and	 implementation	and	use.	Function	6,	 resource	mobilization,	was	
carried	over	directly.	Lastly,	Function	7	 is	captured	as	more	of	an	undertone	throughout	
the	case	evaluation	as	a	whole.	

5.1.2 Strategic	niche	management	(SNM)	

Another	 framework	 suitable	 for	 analysis	 of	 sustainable	 innovation	 and	 transition	 is	
Strategic	Niche	Management	(SNM),	which	is	founded	on	the	principles	of	the	multi-level	
perspective	 addressed	 in	 Section	 2.1.	 Consequently,	 SNM	 stresses	 that	 the	 introduction	
and	diffusion	of	a	new	 innovation	cannot	be	considered	separately	 from	 its	 context	 (e.g.	
the	 socio-technical	 regime	 and	 landscape-levels).	 This	 emphasis	 on	 context	 helps	
compensate	 for	 one	 of	 the	main	 flaws	 resulting	 from	 the	 endogenous	 nature	 of	 the	 FIS	
framework.	The	SNM	approach	also	highlights	the	co-evolution	of	technological	and	socio-
organizational	aspects	of	innovation	in	the	transition	towards	a	more	sustainable	form	of	
meeting	the	society	needs	(Raven	et	al.,	2010).	The	SNM	approach	includes	an	analysis	of	
three	 sub-processes	 of	 niche-level	 innovation.	 These	 sub-processes	 are:	 articulation	 of	
expectations	and	visions,	building	of	social	networks,	and	learning	at	multiple	dimensions	
(Schot	&	Geels,	2008).	Just	as	the	FIS	functions	are	interrelated,	so	are	the	sub-processes	
addressed	 in	SNM.	Raven	 (2005)	offers	a	visualization	of	 the	 interrelations	between	 the	
three	sub-processes	as	they	relate	to	innovation	experiments	(Fig.	10).		

	
Figure	10.	Dynamics	in	expectations,	learning	processes	and	network	formation	in	

relation	to	the	design	of	experiments	(Raven,	2005)	

When	addressing	SNM,	it	is	important	to	note	that	it	is	both	a	means	of	analysis	as	well	as	
a	 set	 of	 management	 principles	 applicable	 for	 the	 nurturing	 and	 development	 of	 new	
innovations.	 SNM	 emphasizes	 the	 importance	 of	 alignment	 (Kemp,	 Schot,	 &	 Hoogma,	
1998),	 actor	 diversity	 and	 collaboration	 (R.	 Raven	 et	 al.,	 2010),	 and	 selection	 of	
appropriate	learning	processes	(R.	Raven	et	al.,	2010).	Another	key	element	of	SNM	is	the	
creation	of	a	protective	space.	 In	SNM,	a	protective	space	 is	often	a	 “niche,”	but	can	also	
refer	 to	 funding	 or	 creation	 of	 a	 protected	market	 space.	 This	 idea	 of	 protective	 space	
likens	to	FIS	Function	5,	market	formation.		

Although	 SNM	 and	 FIS	 are	 quite	 similar,	 adding	 the	 SNM	 perspective	 places	 additional	
emphasis	on	the	niche-level.	The	three	sub-processes	also	deepen	the	conceptualization	of	
some	 of	 the	 seven	 FIS	 functions.	 In	 the	 case	 evaluation	 therefore,	 network	 formation	 is	
captured	by	 the	 indicator	 “network	relations”,	 learning	by	 the	 “knowledge	and	 learning”	
indicator,	and	expectations	was	carried	over	directly.	Lastly,	underlying	principles	of	SNM	
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like	contextual	dependency,	co-evolution,	and	alignment	are	taken	into	consideration	and	
reflected	upon	later	in	Chapters	6	and	7.	

5.1.3 Technological	frames	

Even	 with	 the	 two	 aforementioned	 frameworks,	 the	 human	 or	 social	 aspects	 are	 still	
slightly	 under	 addressed.	 To	 overcome	 this	 gap,	 a	 third	 framework	 is	 taken	 into	
consideration	 for	 the	 development	 of	 the	 case	 study	 evaluation	 framework,	 namely	
technological	 frames.	Technological	 frames	were	 first	popularized	by	Orlikowski	&	Gash	
(1994)	 as	 a	 systematic,	 socio-cognitive	 approach	 for	 examining	 people’s	 expectations,	
knowledge,	 interpretation,	 and	 underlying	 assumptions	 of	 information	 technology.	
Orlikowski	and	Gash	(1994)	argue	that	“an	understanding	of	people’s	interpretations	of	a	
technology	is	critical	to	understanding	their	interaction	with	it.”		

Three	technological	frames	are	addressed:	nature	of	technology,	technology	strategy	and	
technology	in	use.	A	description	for	each	frame	is	provided	in	Table	4.	

Table	4.	Technological	frame	descriptions	(Orlikowski	&	Gash,	1994) 	

	
The	 technological	 frames	 are	 incorporated	 into	 several	 of	 the	 “social”	 and	 “advances”	
criteria	 indicators	as	well	as	the	“strategy”	 indicator.	The	technological	 frames	were	also	
embedded	 into	 the	 interview	 questions	 to	 help	 stimulate	 discussion	 and	 to	 generate	 a	
profile	 of	 the	 interview	 participants.	 Utilizing	 the	 technological	 frames	 in	 the	 interview	
process	 also	 assisted	 in	 differentiating	 between	 individual	 beliefs	 and	 perceptions	 from	
that	of	 the	organization	as	a	whole.	This	was	 important	given	 that	 the	object	of	study	 in	
this	research	was	organizations	and	not	individuals	working	within	an	organization	(Yin	&	
Campbell,	2018).	

5.1.4 Multi-disciplinary	BIM	maturity	model	

Whereas	the	three	frameworks	already	addressed	in	this	section	focused	on	innovation	in	
general,	the	model	of	Siebelink	et	al.	(2018)	is	much	more	specific	to	the	research	area.	In	
some	ways,	the	maturity	model	explores	further	than	the	scope	of	this	research.	While	the	
IT	infrastructure	and	Data	criteria	are	beyond	the	scope	of	this	research,	it	was	anticipated	
that	 interview	participants	would	undoubtedly	bring	 them	up.	 In	keeping	with	a	holistic	
research	 approach,	 it	 would	 be	 misleading	 to	 disregard	 these	 two	 criteria	 of	 the	 BIM	
maturity	 model	 altogether.	 The	 compromise	 was	 to	 exclude	 them	 from	 the	 case	 study	
evaluation	 framework,	 but	 to	 provide	 commentary	 as	 necessary.	 Furthermore,	 the	
interview	questions	were	set	up	to	focus	on	the	socio-organizational	and	process	aspects,	
and	 the	 conversation	was	directed	back	 to	 that	 focus	area	 should	 the	 interview	veer	off	
into	“too	technical”	territory.	

Regarding	 the	 four	 remaining	 BIM	 maturity	 model	 criteria,	 the	 associated	 sub-criteria	
were	 incorporated	 to	 varying	 extents.	Most	 notably,	 the	 sub-criteria	were	 regrouped	 to	
better	 suit	 this	 particular	 research.	 For	 example,	 the	 case	 study	 evaluation	 framework	
takes	 “strategy”	 as	 an	 indicator	 representative	 of	 a	 BCO’s	 intentions	 rather	 than	 a	
standalone	 criterion.	 Another	 example	 would	 be	 that	 the	 evaluation	 framework	 breaks	
down	“education,	training,	and	support”	and	embeds	them	into	various	indicators	within	
the	 “positioning”	 criterion.	Modifications	 such	 as	 these	were	 perceived	 to	 be	 acceptable	
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seeing	 as	 the	 goal	 of	 the	 evaluation	 framework	was	 to	 assess	 the	 potential	 influence	 of	
BCOs	 on	 building	 industry	 transition	 as	 a	 result	 of	 implementing	 lifecycle-oriented	 BIM	
rather	than	their	BIM	maturity.	

5.2 BCO	evaluation	framework	

From	the	inputs	discussed	in	the	previous	section,	an	evaluation	framework	was	derived.	
The	finalized	evaluation	framework	is	presented	below	in	Figure	9.		

	
Figure	9.	Case	study	evaluation	framework	

This	 framework	 is	 geared	 towards	 the	 evaluation	 interviews	 conducted	 with	 building	
client	 organizations	 selected	 as	 part	 of	 the	 case	 study	 element	 of	 this	 research.	
Furthermore,	 the	 focus	 is	 predominately	 on	 the	 process	 and	 socio-organization	 aspects	
that	 current	 research	has	yet	 to	 explore	 in	much	depth.	 It	 should	also	be	acknowledged	
that	the	framework	is	a	first	rendition	and,	thus,	yet	to	be	verified.	Although	these	criteria	
and	 indicators	were	purposefully	 selected,	 there	 are	 inevitable	 flaws.	 Consequently,	 this	
framework	may	not	be	optimized	 for	use	 in	 its	 current	 form	and	 there	will	 certainly	be	
room	for	improvement	should	a	similar	framework	be	necessary	in	future	studies.	

5.3 Case	study	selection	and	data	collection	

The	case	study	research	 focused	on	the	BCO	perspective	of	 inter-	and	 intra-organization	
processes	 and	 socio-organizational	 issues	 with	 respect	 to	 BIM	 and	 its	 use	 across	 the	
building	 lifecycle.	 Just	 as	 the	 theory	 and	 literature	 searches	 conducted	 earlier	 in	 the	
research	gathered	 from	multiple	 resources	and	perspectives,	 the	case	studies	conducted	
for	 this	 research	were	 intentionally	 left	 quite	 broad	 so	 as	 to	 collect	 as	much	potentially	
relevant	information	as	possible	within	the	scope	of	this	research.	

For	 this	 research	 phase,	 three	 large-scale	 BCOs	 were	 selected	 as	 case	 studies.	 The	
selection	criteria	utilized	when	selecting	cases	were	chosen	based	on	three	main	criteria:		

• The	organization	is	a	large-scale	owner,	operator,	and	manager	of	buildings	
• The	organization	(at	least	a	few	key	individuals	within	the	organization)	is	aware	

of	BIM,	preferably	with	prior	experience	
• The	 organization	 demonstrates	 interest	 in	 expanding	 the	 use	 of	 BIM	 to	

maintenance	and	operation	activities	and	other	lifecycle-oriented	uses	
• The	organization	has	expressed	an	interested	in	adopting/implementing	BIM		

Case	study	selection	was	also	influenced	by	the	availability	and	willingness	of	the	BCO	to	
participate	in	the	case	study.	In	one	case,	an	organization	declined	participation	in	order	
to	focus	on	developing	the	organization’s	BIM	strategy.	In	other	cases,	even	including	the	
cases	 eventually	 included	 in	 this	 research,	 organizations	 were	 hesitant	 to	 participate	
because	 they	 perceived	 their	 BIM	 maturity	 as	 too	 low	 to	 be	 able	 to	 provide	 helpful	
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practical	 insights.	 This	 posed	 a	 considerable	 limitation	 to	 the	 variety	 of	 organizations	
willing	to	participate	in	the	case	study.		

Participants	were	proposed	by	the	contact	person	within	each	of	the	three	organizations	
and	 were	 suggested	 bases	 on	 their	 role	 within	 the	 organization	 they	 represent.	Where	
possible,	 the	 interview	participants	were	selected	 to	represent	a	variety	of	perspectives.	
This	 was	 possible	 for	 Case	 1	 and	 2,	 however	 Case	 3	 included	 two	 interviews	 with	
comparable	functions.	The	final	group	of	participants	represented	a	variety	of	roles	within	
the	BCOs	from	strategic	and	sustainability	advisors	to	technical	information	management	
and	knowledge	coordinators.	

Semi-structured	 interviews	 were	 conducted	 because	 of	 the	 exploratory	 nature	 of	 this	
research.	A	 list	of	exemplary	questions	was	derived	 that	was	used	as	a	guide	during	 the	
interviews.	These	questions	were	derived	in	order	to	capture	information	relevant	to	the	
scope	of	this	study.	 In	addition	to	the	aforementioned	perspectives,	technological	 frames	
were	also	incorporated.		

In	 total,	 five	 interviews	 were	 conducted	 across	 the	 three	 BCOs	 with	 a	 total	 of	 seven	
participants	 that	 lasted	 anywhere	 from	 60	 –	 80	 minutes.	 The	 interviews	 were	 also	
recorded	 for	 later	 reference	 and	 evaluation.	 Participants	 were	 asked	 to	 orient	 their	
answers	 to	 the	 particular	 domain	 they	 represent	 and	 provide	 pertinent	 examples	 or	
anecdotes.	 In	general,	 interviews	proceeded	 in	a	 linear	 fashion.	 In	 some	cases,	however,	
participants	would	incidentally	address	a	later	question	prior	to	it	being	posed.	That	this	
became	 a	 common	 occurrence	 across	 the	 interviews	 is	 indicative	 of	 how	 convoluted,	
complex,	 and	 pervasive	 BIM	 is	 within	 BCOs.	 When	 this	 occurred	 the	 interview	 simply	
followed	suit	and	returned	to	the	predefined	list	once	the	trail	came	to	an	end	or	needed	
redirecting.	 Additional	 questions	were	 posed	 as	 necessary	 to	 clarify	 specific	 details	 and	
explore	unanticipated	insights.	An	outline	of	exemplary	interview	questions	can	be	found	
in	Appendix	B.		

Once	 all	 interviews	 had	 been	 conducted,	 the	 interviews	 were	 analyzed.	 Using	 the	
framework	 developed	 in	 Section	 5	 exemplary	 quotes	 and	 general	 commentary	 were	
assigned	 to	an	appropriate	 criteria	and	 indicator.	This	data	 can	be	 found	 in	Appendix	C.	
Thereafter,	the	documented	data	was	evaluated	individually	and	a	cross-case	analysis	was	
performed	 to	 identify	merits	 and	systemic	problems	associated	with	BCO	BIM	adoption.	
This	 analysis	 is	 detailed	 in	 Chapter	 6.	 Lastly,	 the	 main	 research	 question	 regarding	
improvements	 that	 can	 be	 made	 by	 BCOs	 to	 contribute	 to	 the	 transition	 to	 a	 more	
sustainable	building	industry	is	addressed	in	Chapter	7.	
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6. Case	study	analyses	
6.1 Case	1	

Social	 	

All	three	participants	voiced	the	opinion	that	BIM	unlocks	new	potential	that	is	essential	
to	the	mission	of	the	organization.	Colleagues'	perception	of	the	innovation	is	mixed	and	
polarized.	Outside	of	the	individuals	in	the	BIM	program,	awareness	is	generally	quite	low	
and	 the	 perceived	 usefulness	 is	 low	 as	 a	 result.	 Awareness	 is	 being	 stimulated	 through	
BIM-related	 events	 and	 subtle,	 informal	 awareness	 campaigns.	 Because	 M&O	 oriented	
applications	 of	 BIM	 are	 not	 widely	 available,	 it	 is	 difficult	 to	 illustrate	 the	 benefits	 and	
convince	 colleagues	 to	 embrace	 BIM	 in	 their	 work.	 Consequently,	 the	 only	 available	
examples	 are	 design	 phase	 BIM	 models,	 the	 level	 of	 detail	 of	 which	 is	 perceived	 as	
intimidating	 by	 colleagues	 being	 introduced	 to	 BIM	 for	 the	 first	 time.	 Prior	 experiences	
contribute	to	the	perception	of	BIM	as	being	interesting	yet	far	too	complicated	to	explore	
further,	let	alone	implement.	

Organizational		 	 	

The	 organization	 has	 changed	 in	 recent	 years	 because	 of	 a	 merger	 involving	 four	
previously	separate	organizations.	The	merger	has	 impacted	the	mission	and	purpose	of	
the	 organization	 as	 well	 as	 its	 focus	 and	 standing.	 The	 BCO	 appears	 committed	 to	
becoming	even	more	procurement	based.	This	would	allow	the	BCO	to	focus	more	on	real	
estate	 and	 asset	management	 functions	 as	 their	 core	 business.	 However,	 this	 deepened	
reliance	upon	external	parties	makes	the	BCO	more	dependent	and	potentially	vulnerable.	
Although	 there	 is	 in	house	knowledge	with	 respect	 to	 certain	building	aspects,	 very	 few	
employees	have	first	hand	BIM	experience.		

The	 expressed	 motivation	 to	 adopt	 lifecycle-oriented	 BIM	 is	 to	 improve	 information	
management	 so	 that	portfolio/asset	management	becomes	more	 streamlined.	The	other	
main	source	of	motivation	is	to	keep	up	with	the	market	so	that	communication	with	the	
supply-side	does	not	suffer	as	a	result	of	falling	behind.	The	BCO	realizes	that	it	must	act	
as	 a	 champion	 of	M&O	 BIM	 use.	 This	 is	 crucial	 since	 the	majority	 of	 the	 organization's	
work	is	carried	out	by	external	parties.	The	BCO	has	considerable	influence	because	of	the	
volume	 of	 work	 it	 provides	 to	 the	 market	 and	 its	 involvement	 in	 all	 building	 lifecycle	
phases.	Although	they	have	the	ability	to	influence	the	industry,	they	must	focus	first	and	
foremost	on	the	needs	and	goals	of	the	BCO.	This	stance	still	provides	the	opportunity	to	
lead	by	example.		

Intentions	

The	 focus	 of	 the	BCO	 is	 on	 the	 creation	 of	 a	 digitalized	portfolio	 that	 uses	BIM	 to	more	
effectively	 and	 efficiently	 share	 and	manage	 large	 amounts	 of	 information	 between	 and	
within	 organizations.	 At	 present,	 there	 are	 no	 formal	 documents	 declaring	 an	 official	
organization	BIM	vision	or	strategy,	though	one	is	in	development	and	informal	efforts	are	
underway.	The	primary	goal	is	to	move	forward	incrementally	so	that	informed	decisions	
can	 be	 made.	 The	 requirements	 set	 out	 in	 existing	 steering	 devices	 are	 performance	
oriented	 and	 have	 been	 identified	 by	 the	BCO	 as	 having	 several	 shortcomings.	 The	BIM	
information	 that	has	been	 received	by	 the	BCO	has	not	been	usable	despite	 the	existing	
BIM	norm.		
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Positioning	

The	BCO	works	actively	with	market	parties	to	form	new	networks	and	relation	to	support	
industry	 wide	 BIM-related	 developments.	 The	 BCO	 has	 been	 active	 in	 the	 creation	 of	
steering	 devices.	 Within	 the	 organization,	 a	 BIM	 norm	 has	 been	 developed	 and	 is	
contractually	required	on	some	projects.	Within	the	industry,	the	BCO	has	been	an	active	
participant	 in	high-level	policy	development	and	various	types	of	standardization	efforts	
to	help	streamline	BIM	within	the	building	industry,	often	acting	as	a	proponent	of	M&O	
aspects.	 At	 the	 project	 level,	 relations	 have	 improved	 between	 primary	 actors,	 but	 the	
supply	chain	as	a	whole	remains	 fragmented.	Currently,	both	supply-	and	demand-sides,	
including	 BCOs,	 are	 suffering	 from	 integration	 problems	 resulting	 from	 the	 industry's	
traditional	approaches	and	processes.		

Resources	within	the	BCO	are	currently	dedicated	to	day-to-day	and	post-merger	related	
activities.	 The	 focus	 of	 these	 activities	 is	 harmonization.	Optimization	will	 (presumably)	
be	the	next	step.	BIM	is	not	a	priority	within	the	BCO	at	present,	so	it	has	proven	difficult	
to	 obtain	 funding	 and	 human	 resources	 to	 explore	 and	 work	 on	 adoption	 processed.	
Despite	 this,	 one	 participant	 commented	 that	 the	 BCO	 is	 still	 in	 a	 good	 position	 to	
experiment	once	the	post-merger	activities	are	completed.	

Formal	 BIM	 knowledge	 and	 learning	 processes	 are	 not	 yet	 established	 within	 the	
organization.	There	are	few	examples	of	previous	M&O	BIM	applications	to	learn	from	and	
lessons	 learned	 from	 the	 BCO's	 earlier	 BIM	 initiatives	 are	 only	 started	 to	 come	 into	
perspective.	The	general	level	of	knowledge	of	BIM	within	the	organization,	both	in	terms	
of	perception	and	use,	are	low.	This	is	further	exaggerated	because	little	to	no	design	work	
is	 carried	 out	 by	 the	 organization	 itself.	 Internal	 opportunities	 to	 learn	 about	 BIM	 are	
limited	 because	 the	 BCO	 relies	 heavily	 on	 external	 knowledge,	 which	 is	 does	 not	
diffuse/transfer	to	intra-organizational	employees.	

Advances	

The	adoption	and	implementation	of	BIM	within	the	BCO	is	driven	by	a	small	group	of	pro-
BIM	professionals.	The	BIM	group	within	the	BCO	has	been	proactive	with	experimenting	
with	 BIM	 via	 pilot	 projects	 and	 innovative	 forms	 of	 project	 procurement.	 A	 lack	 of	
examples	 nationally	 and	 internationally	 has	 made	 this	 process	 tedious	 as	 these	 pilot	
experiments	are	true	tests	by	trial	and	error,	and	several	years	must	pass	before	results	
can	be	evaluated	and	incorporated	into	new	experiments.	The	BCO	is	drawing	increasingly	
closer	to	a	major	decision-making	moment,	so	BIM-related	progress	has	reached	a	plateau	
and	will	likely	stay	there	until	the	vision/strategy	is	finalized.	There	is	a	decision-making	
predicament	that	the	democratic	approach	is	too	slow	to	effectively	stimulate	change	yet	
the	 more	 aggressive	 forced	 approach	 to	 BIM	 implementation	 has	 negative	 impacts	 on.	
Consequently,	there	is	no	set	timeline	for	implementation	of	BIM.	Additionally,	the	existing	
structure	of	the	BCO	is	not	well	suited	for	BIM-related	working	processes.	The	structure	of	
the	BCO	would	 therefore	 need	 to	 be	 adjusted	 if/when	BIM	becomes	 integrated	 into	 the	
BCO.	Despite	 these	 shortcomings	and	challenges,	 the	participants	had	a	positive	outlook	
for	 BIM.	 They	 expect	 that	 progress	will	 be	 incremental	 and	 likely	 to	 require	 a	 different	
organizational	structure	than	what	exists	today.	

6.2 Case	2		

Social	 	 	

A	wide	 variety	 of	 benefits	 can	 be	 attributed	 to	 BIM	 and	 the	 possibilities	 for	 its	 use	 are	
endless	so	long	as	the	information	is	created,	used,	and	managed	appropriately.	The	BCO	
is	quite	open	and	intent	on	investigating	new	innovations.	It	is	already	busy	with	a	variety	
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of	sustainability	initiatives	and	sees	BIM	as	a	potential	next	step.	The	market	has	a	slightly	
different	 perspective	 of	 the	 organization	 because	 of	 its	 outward	 disinterest	 in	 receiving	
BIM	 or	 other	 3D	 models	 at	 present.	 BIM	 awareness	 within	 the	 BCO	 is	 low,	 which	 the	
participants	believe	has	a	negative	influence	on	their	colleagues'	willingness	and	interest	
to	pursue	BIM.	Intervention	to	stimulate	interest	and	awareness	is	necessary,	but	there	is	
no	 leadership	 support	 for	 such	 an	 initiative	 at	 present.	 Although	 the	 BCO	 is	 not	
particularly	 quick	 to	 adapt,	 but	 does	want	 to	 progress	 to	 a	more	 holistic	 approach	 that	
fosters	 integration	 and	 lifecycle-oriented	 approaches.	 One	 participant	 voiced	 that	 if	 an	
M&O	oriented	BIM	 system	was	 already	 available,	 they	would	 probably	 adopt	 and	move	
forward	with	it.		

Organizational		 	

The	 BCO	 is	 progressive	 and	 wants	 to	 make	 considerable	 progress	 with	 respect	 to	
sustainability	 and	 circularity.	 Participants	were	particularly	 excited	 by	 the	 possibility	 of	
helping	 to	 bring	 about	 market	 level	 change	 and	 the	 formation	 of	 new	 alliances.	 One	
participant	 highlighted	 the	 importance	 of	 being	 more	 invested	 in	 the	 activities	
surrounding	 their	 building	 projects.	 The	 BCO	 has	 recently	 undergone	 reorganization.	
Employees	in	the	BCO	lack	BIM	competency.	Part	of	the	reorganization	involves	switch	to	
a	 more	 team-based	 approach	 in	 part	 to	 improve	 communication.	 One	 participant	
commented	that	 the	building	and	 information	management	department	could,	 in	 theory,	
be	 placed	 anywhere	 within	 the	 BCO	 because	 the	 information	 is	 relevant	 to	 all	
departments.	

Intentions	

There	 is	 no	 formal	 vision	 or	 strategy	 for	 BIM	 adoption/implementation	 at	 this	 point	 in	
time.	 The	 informal	 goal	 however	 is	 to	 focus	 more	 on	 building	 lifecycles,	 especially	 the	
M&O	phases,	and	to	support	these	efforts	by	implementing	BIM.	The	BCO	expects	that	BIM	
can	 serve	 as	 a	 potential	 means	 for	 achieving	 better	 archive	 management,	 building	
monitoring,	and	tool	for	ensuring/reviewing	building	compliance.	The	emphasis	in	on	the	
creation	 of	 a	 single,	 unified	 system	 supported	 by	 a	 BIM	 protocol	 that	 ensures	 that	
incoming	information	can	be	integrated	seamlessly	into	the	system.	They	are	also	acutely	
aware	 of	 the	 dramatic	 difference	 in	 expectations	 and	 requirements	 in	 place	 today	
compared	 to	 what	 it	 will	 be	 in	 the	 future.	 The	 situation	 was	 depicted	 as	 being	 rather	
binary;	the	demands	for	BIM	by	the	BCO	will	be	either	minimal	or	extremely	high.	

Positioning	

Networks	 and	 collaboration	 are	 crucial	 for	 the	 development	 of	 a	 BIM	 protocol	 and	
eventual	implementation.	The	anticipated	change	is	too	great	for	one	organization	to	move	
forward	without	knowing	that	an	alliance	is	available	to	support	its	endeavor.	The	BCO	is	
currently	 in	 a	 partnership	 with	 approx.	 12	 other	 similar	 organizations	 to	 generate	 a	
standardized,	multi-organization	BIM	protocol.		

The	innovation	process	has	been	challenging	because	the	BCO	wants	to	first	come	to	one	
coherent	solution	but	does	not	know	what	steps	to	take	to	get	there,	which	has	slowed	the	
investigation	and	adoption	process.	Some	progress	in	resource	mobilization	is	being	made	
(e.g.	 new	 hires).	 One	 participant	 emphasized	 that	 more	 proactive	 measures	 should	 be	
taken	to	prepare.	IT	aspects	and	lack	of	a	pre-existing	BIM	system	are	barriers	to	eventual	
implementation.	Further,	 there	are	 few	to	no	options	available	directly	 from	the	market,	
so	the	BCO	must	generate	something	itself	or	in	partnerships	with	other	BCOs.	Regardless	
of	 the	 path	 moving	 forward,	 the	 participants	 emphasized	 that	 the	 information	 made	
available	to	colleagues	must	be	easy	and	comprehensive	enough	that	people	will	be	willing	
to	read	and	understand	it.		
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Advances	

Participants	highlighted	that	BIM	adoption/implementation	is	not	something	that	can	be	
done	 in	 isolation.	 Despite	 this,	 most	 internal	 discussion	 about	 BIM	 occurs	 with	 a	 small	
group	of	pro-BIM	professionals.	Both	participants	responded	that	the	BCO	is	committed	to	
moving	forward	with	BIM,	though	a	clear	leadership	initiative	is	not	yet	present.	The	BCO	
is	interested	in	taking	a	next	step	with	BIM	in	the	near	future.		

BIM	models	from	the	design	and	construction	phases	have	been	delivered	to	the	BCO	but	
never	used	for	M&O	purposes.	The	BIM	protocol	is	nearing	completion.	The	BCO	expects	
to	 begin	 testing	 it	 in	 the	 near	 future.	 This	 would	 mark	 a	 great	 step	 forward	 towards	
adopting	 more	 lifecycle-oriented	 approaches	 since	 the	 BCO	 has	 not	 emphasized	 M&O	
aspects	in	previous	projects.	Participants	have	a	positive	outlook	for	future	developments	
in	BIM	and	lifecycle-oriented	approaches.	One	participant	felt	that	a	revolution	in	facility	
management	is	coming	whereas	the	other	perceived	the	change	as	surprisingly	slow.	

6.3 Case	3		

Social	 	 	

BIM	is	generally	perceived	as	considerable	challenge,	both	in	theory	and	in	practice.	The	
level	 of	 BIM	 awareness	 in	 the	 BCO	 is	 limited	 to	 a	 small	 group	 of	 individuals.	 One	
participant	highlighted	the	necessity	of	a	culture	change	within	the	BCO	in	order	for	BIM	
to	 be	 successful.	 Despite	 being	 perceived	 as	 a	 challenge,	 the	 perceived	 benefits	 of	 BIM	
convince	the	BCO	to	investigate	BIM	and	consider	adopting	it.	 	 	

Organizational		 	

The	BCO	is	 involved	 in	all	building	 lifecycle	phases,	 though	particular	emphasis	 is	places	
on	 real	 estate	management	 and	M&O.	 The	motivation	 to	 adopt	BIM	 is	 derived	 from	 the	
innovation's	 potential	 for	 information	 consolidation	 and	 improved	 information	 access.	
The	BCO	is	part	of	a	larger	multi-organization	effort	to	generate	a	BIM	protocol	in	part	to	
garner	 additional	 power	 and	 influence	 derived	 from	 the	 group/network	 setting	 and	
consequent	impact	on	the	market.	

Aim	&	Intent	 	 	

There	is	no	formal	vision	or	strategy	for	BIM	at	this	point	in	time.	One	participant	sees	BIM	
as	 a	 single	 information	 source	 that	 can	be	used	by	various	departments	within	 the	BCO	
One	participant	addressed	several	concerns	about	the	level	of	detail	(LOD)	because	of	its	
impact	on	information	usability	and	quality	with	respect	to	specific	types	of	use	(e.g.	day-
to-day	works	vs.	building	renovation).	In	the	perspective	of	the	participants,	BIM	needs	to	
be	geared	to	the	full	lifecycle	to	prevent	data	drops.	Furthermore,	the	accruing	data	should	
also	 be	 reviewed	 at	 various	 points	 in	 time	 to	 ensure	 that	 all	 parties	 have	 contributed	
information	in	accordance	to	the	established	BIM	protocol	requirements.	 	 	

Positioning	

The	 BCO	 is	 currently	 participating	 in	 the	 development	 of	 a	 multi-organization	 BIM	
protocol.	 That	 network	 has	 a	 common	 goal	 of	 achieving	 change	 within	 the	 market.	
Participants	emphasized	that	 the	BCO	wants	 to	evolve	and	become	more	 invested	 in	 the	
early	 project	 phases.	 Currently	 the	 BCO	 and	 its	 processes	 are	 poorly	 suited	 to	 BIM	
adoption	 and	 use.	 Change	 needs	 to	 occur	 in	 project	 procurement	 and	 the	BCO	needs	 to	
become	more	BIM	minded.		

The	 participants	 focus	mostly	 on	 lacking	 IT	 resources,	 especially	 computing	 power	 and	
software	 availability.	 Some	 proactive	 measures	 have	 been	 taken	 to	 increase	 technical	
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knowledge	 of	 BIM.	 The	 general	 approach	 so	 far	 is	 a	 slow	 introduction	 to	 increase	
awareness	and	learning	so	that	colleagues	within	the	BCO	remain	receptive.	

Advances	

The	BCO	has	not	 committed	 to	moving	 forward	with	BIM	despite	 its	 involvement	 in	 the	
development	of	a	multi-organization	BIM	protocol.	One	participant	mentioned	that	there	
is	 not	 a	 clear	 leadership	 initiative	 from	 the	 upper	 management.	 The	 BCO	 is	 likely	 to	
consider	 the	adoption	of	BIM	more	seriously	once	 the	BIM	protocol	 is	 completed.	 In	 the	
meantime,	 some	 pilot	 projects	 have	 been	 implemented	 by	 the	 BCO	 to	 experiment	 with	
BIM.	The	BIM	protocol	is	expected	to	help	the	BCO	come	to	a	decision	with	respect	to	BIM	
adoption	 and	 implementation.	 The	 amount	 of	 change	 required	 makes	 taking	 the	 step	
toward	 adopting	 M&O	 BIM	 a	 challenge	 for	 this	 traditional	 BCO.	 The	 lack	 of	 a	 M&O-
oriented	 BIM	 system	 within	 the	 market	 was	 emphasized	 as	 an	 adoption	 barrier.	 The	
participants	have	mixed	expectations	about	the	future	outlook	of	BIM.	In	general,	the	lack	
of	 existing	 proof	 and	 lessons	 learned	within	 other	 organizations	 created	 hesitation	 and	
difficulty	in	predicting	future	developments.	

6.4 Cross-case	analysis	

6.4.1 Social	

In	all	three	BCOs	it	appeared	that	small	pro-BIM	groups	have	formed,	largely	via	informal,	
means.	 Given	 their	 favorable	 perception	 of	 BIM	 and	 relatively	 high	 level	 of	 awareness,	
especially	 compared	 to	 other	 colleagues,	 these	 groups	 are	 particularly	 motivated	 and	
willing	to	innovate.	Outside	of	these	pro-BIM	groups,	BIM	awareness	within	the	BCOs	was	
generally	 quite	 low	 overall.	 A	 particular	 problem	 appears	 that	 awareness	 is	 lacking	
especially	 in	 those	 with	 the	 highest	 levels	 of	 decision-making	 power.	 This	 therefore	
negatively	 impacts	 the	 entire	 adoption	process,	 as	upper	management,	which	 steers	 the	
organization	 positioning	 and	 intentions,	 is	 not	 particularly	 motivated	 or	 willing	 to	
innovate.	 However,	 BCOs	 with	 more	 progressive	 natures	 were	 keener	 to	 adopt	 and	
implement	BIM	at	a	quick	pace	than	the	more	traditional	BCO.	The	level	of	awareness	and	
benefits	perceived	by	this	group	is	related	to	the	BCO's	willingness	to	innovate.	

In	 some	 situations,	 the	pro-BIM	groups	have	begun	working	 to	 increase	BIM	awareness	
within	the	organization.	It	has	proven	difficult,	however,	to	raise	awareness	because	of	a	
lack	 of	 adequate	 examples.	 	 Few	 examples	 of	 BIM	 for	 post-construction,	 and	 thus	 for	
lifecycle-oriented	use,	are	available.	Accordingly,	the	available	examples	are	often	BIM	as	
it	is	used	in	the	design	or	construction	phase.	Such	examples	are	highly	technical	in	nature	
and	have	proven	 to	be	 too	 intimidating	 and	have	negatively	 impacted	 the	perception	of	
BIM,	which	has	made	some	 in	 the	BCOs	 less	willing	 to	 innovate.	Others	have	 responded	
differently,	acknowledging	that	they	do	see	potential	benefits,	but	that	the	effort	and	level	
of	adaption	necessary	to	innovate	and	adopt	BIM	does	not	outweigh	the	benefits.		

6.4.2 Organizational	

All	 three	 organizations	 have	 recently	 undergone	 reorganization,	 which	 has	 resulted	 in	
some	 instability	 and	 need	 for	 new	 processes	 and	 harmonization.	 The	 BCO	 in	 Case	 1	
indicates	 a	 shift	 towards	 becoming	 a	 "professional	 client"	 whereas	 the	 two	 other	 BCOs	
indicate	interest	in	increased	levels	of	project	involvement,	especially	in	the	early	phases.	
All	 BCOs	 expressed	 interest	 in	 adopting	more	 lifecycle-oriented	 approaches	 in	 order	 to	
keep	 up	 with	 developments	 in	 the	 market.	 These	 interests	 also	 serve	 as	 motivation	 to	
pursue	innovation	and	BIM	adoption.		
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The	 BCOs	 are	 active	 in	 generating	 power	 and	 influence	 that	 can	 be	 used	 to	 influence	
market	developments.	Case	1	already	has	an	inherently	high	level	of	power	and	influence,	
whereas	Cases	2	and	3	rely	upon	the	formation	of	an	alliance	with	similar	BCOs.	Although	
power	and	influence	over	the	market	hold	considerable	appeal,	the	BCOs	also	demonstrate	
that	 their	 priorities	must	 first	 and	 foremost	 be	 on	 the	 core	 business	 of	 their	 respective	
BCOs.	Although	BCO	power	 is	 strong	enough	 to	have	market	 influence	 in	general	 terms,	
BCOs	 are	 in	 a	 less	 powerful	 position	 to	 influence	 further	 lifecycle-oriented	 BIM	
developments.	 This	 is	 due	 largely	 to	 the	 lacking	 BIM	 maturity	 and	 capacity	 of	 the	
organization.	 BIM	 is	 still	 a	 highly	 technical	 development	 requiring	 advance	 information	
management,	which	goes	far	beyond	the	scope	of	what	many	BCOs	are	currently	capable	
of	handling.		

6.4.3 Intentions	

Pro-BIM	groups	within	BCOs	have	begun	shaping	early	concepts	and	visions	for	lifecycle-
oriented	BIM	uses	that	could	benefit	their	organizations.	All	organizations	emphasized	the	
importance	 of	 creating	 a	 single	 information	 database	 available	 to	 various	 departments	
within	 the	 larger	 organization.	 The	 importance	 of	 data	 quality	 and	 usability	 was	 also	
highlighted.	Thus,	 ensuring	 that	 the	 future	BIM	requirements	produce	useful	and	usable	
information	 is	 a	key	driver	because	bad	 information/requirements	would	have	negative	
consequences	that	jeopardize	the	adoption	and	implementation	of	BIM	within	the	BCO.	

Regardless	of	the	specifics	of	the	implementation,	all	BCOs	were	clear	that	BIM	use	within	
their	BCOs	must	be	M&O	focused.	At	present,	 the	visioning	progress	varies	considerably	
between	organizations,	especially	with	respect	 to	 the	breadth	of	BIM	use.	This	may	be	a	
result	 of	 differing	 levels	 of	 awareness,	 perception,	 and	 motivation	 across	 the	 different	
BCOs.	 It	may	 also	be	 related	 to	 the	 culture	of	 the	BCO	and	 freedom	 to	 explore	new	and	
innovation	technologies.	Although	BCOs	are	in	a	visioning	stage,	none	of	the	BCOs	have	yet	
settled	on	a	formal	BIM	vision.		

It	also	appears	that	the	definition	of	goals	and	objectives	associated	with	their	pursuits	to	
adopt	 BIM	 are	 correspondingly	weak.	 For	 the	 BCOs,	 the	 goal	 remains	 overly	 simplified:	
adopt	 BIM.	 Without	 a	 full	 understanding	 of	 potential	 BIM	 applications,	 BCOs	 are	 also	
struggling	to	develop	succinct	needs	and	requirements.	Unsurprisingly,	none	of	the	BCOs	
interviewed	for	the	case	studies	has	a	formalized	BIM	strategy	at	this	point	in	time.		

6.4.4 Positioning	

Given	 that	BCOs	are	still	only	 in	 the	earliest	steps	of	BIM	adoption,	 it	 is	peculiar	 to	note	
that	extensive	steering	devices	are	being	developed	in	parallel.	Despite	uncertainty	and	a	
lack	of	commitment	to	move	forward	with	BIM	adoption	on	a	large	scale,	all	organizations	
are	active	participants	 in	 the	development	of	BIM-related	steering	devices.	Partnerships,	
collaboration,	and	alliances	are	increasingly	common	means	for	exploring	the	possibilities	
of	BIM	and	navigating	the	changes	necessary	to	adopt	and	implement	the	new	innovation.	
Innovation	 in	 the	 industry	 is	 not	 something	 that	 can	 occur	 in	 isolation,	 and	 the	 change	
cannot	 occur	 without	 co-evolution	 of	 the	 supply	 and	 demand	 sides.	 Although	 the	
innovation	 and	 change	 processes	 are	 perceived	 as	 evolutionary,	 there	 is	 considerable	
motivation	 to	 ensure	 that	 steering	 devices	 like	 BIM	 protocols	 are	 done	 right	 since	 the	
requirements	are	futile	if	they	do	not	support	business	objective	or	provide	some	sort	of	
added	value	to	the	BCO.	

Only	 finite	 resources	 are	 currently	 being	 made	 available	 in	 the	 pursuit	 of	 BIM.	 This	 is	
likely	 related	 to	 the	 lack	of	 commitment	 from	upper	management	within	 the	BCOs.	As	a	
result,	 few	 resources	 are	being	made	available	 for	 training	or	 acquisition	of	 new	 skilled	
hires.	 Lacking	 resource	 availability	 and	 quality	 were	 also	 noted	 as	 barriers	 to	 current	
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attempts	of	using	the	sub-optimal	BIM	models	that	have	been	provided	on	past	projects.	
Two	 of	 the	 BCOs	made	 specific	 reference	 to	 the	 lack	 of	 a	 currently	 available	M&O	 BIM	
system	as	a	barrier	for	BIM	adoption.	This	may	be	a	result	of	limited	resource	availability	
and/or	competency	to	invent	such	a	system	from	scratch.	

Knowledge	and	 learning	processes/measures	were	 largely	 absent	within	all	 three	BCOs.	
All	BCOs	rely	heavily	upon	external	knowledge,	which	does	not	diffuse/transfer	from	the	
external	party	 to	 the	BCO	and	 limits	opportunities	 for	 learning.	Knowledge	and	 learning	
can	 be	 linked	 to	 commitment	 and	willingness	 to	 innovate.	 The	 current	 approach	within	
the	 BCOs	 is	 to	 increase	 awareness	 slowly.	 While	 this	 is	 perceived	 as	 a	 mean	 to	 keep	
employees	receptive	 to	 the	changes,	 the	pace	may	hinder	 the	 level	of	change	needed	 for	
adoption	and	implementation	to	be	swift	and	successful.	

With	 respect	 to	 innovation	processes,	 several	 issues	 are	present.	According	 to	Davidson	
(2013),	innovation	that	affects	many	stakeholders	requires	a	systems	approach.	Due	to	the	
complexity	and	interconnectedness	of	socio-technical	systems,	it	is	not	possible	to	follow	a	
“normal”	 innovation	 pathway.	 In	 his	 research	 into	 innovation	 in	 the	 building	 industry,	
Davidson	 (2013)	provides	an	overview	of	 the	decision-making	process	 for	 technological	
and	 organizational	 innovation	 in	 the	 construction	 industry	 (Fig.	 11).	 The	 importance	 of	
such	a	process	was	mentioned	briefly	in	Section	4.1.	

 
Figure	11.	Steps	in	the	decision-making	process	for	technological	and	

organizational	innovation	(Davidson,	2013)	

Superimposing	BCO	efforts	to	implement	lifecycle-oriented	BIM	into	this	decision-making	
process	by	Davidson	 (2013)	 (Fig.	 11)	 reveals	 failures	at	 each	of	 the	 six	decision-making	
moments	 in	 the	 process.	 As	 already	mentioned,	 BCOs	 tend	 to	 have	 a	 limited	 awareness	
and	understanding	of	BIM,	which	makes	it	difficult	for	them	to	effectively	carry	out	steps	1	
-3.	Step	4	 is	complicated	by	a	 lack	of	examples	available	 from	which	BCOs	can	 learn	and	
take	inspiration.	Step	5	is	currently	downplayed,	as	BCOs	are	generally	reluctant	to	make	
significant	changes	to	 their	structures	and	procedures.	As	a	result,	many	BCOs	that	have	
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begun	 working	 towards	 adopting	 and	 implementing	 lifecycle-oriented	 BIM	 focus	 on	
exploitation	and	reverse	engineer	the	other	decision-making	processes	as	necessary.	This	
type	 of	 decision-making	 process,	 or	 lack	 thereof,	 is	 not	 sufficient	 to	 support	
implementation	of	an	innovation	within	an	organization	(Sargent	et	al.,	2012).	

6.4.5 Advances	

None	of	the	BCOs	In	the	case	study	was	fully	committed	to	moving	forward	with	BIM.	This	
was	 mostly	 attributed	 to	 insufficient	 support	 from	 upper	 management.	 Democratic	
approaches	 attempting	 to	 stimulate	 adoption	 and	 implementation	 of	 lifecycle-oriented	
BIM	 use	 have	 proven	 to	 be	 slow	 with	 limited	 result.	 More	 aggressive	 maneuvers	 are	
gradually	becoming	more	accepted	as	they	quicken	the	pace	of	innovation.	Consequently,	
all	 BCOs	 were	 already	 experimenting	 with	 pilot	 projects	 or	 open	 to	 testing	 via	 pilot	
projects	in	the	near	future.	The	number	of	pilot	projects	is	however	still	quite	small	and	it	
takes	several	years	to	garner	new	insights	from	them.	Adoption	of	lifecycle-oriented	BIM	
on	building	projects	is	limited	to	a	few	pilot	projects.	Further,	few	examples	of	M&O	BIM	
exist	 globally,	 so	 BCOs	 are	 often	 restricted	 to	 learning	 from	 their	 own	 successes	 and	
failures.	 The	 various	 initiatives	 of	 the	BCOs	 should	 become	 available	 in	 the	 near	 future.	
This	new	batch	of	steering	devices	and	positioning	will	likely	influence	new	developments	
within	the	industry	as	the	market	is	forced	to	adapt	to	new	demand-side	requirements.	In	
general,	 the	 future	 outlook	 is	 quite	 positive,	 though	 there	 is	 a	 range	 of	 expectations.	
Interview	participants	view	the	 future	 transition	as	anywhere	 from	uncertain	or	slow	to	
incremental	or	revolutionary.	

The	 amount	 of	 organizational	 change	 required	 is	 considerable	 and	 often	 off-putting.	
Existing	BCO	structures	and	processes	are	poorly	suited	to	the	adoption	and	use	of	BIM	at	
an	 organizational-level.	 All	 interview	 participants	 indicated	 that	 BIM	 adoption	 is	 an	
evolutionary	process	that	will	require	incremental	innovation	steps.	However,	the	current	
situation	 is	 that	 the	 organizations	 have	 reached	 a	 plateau	 and	 are	 waiting	 for	 finalized	
visions/strategies/protocols	to	be	developed.	This	is	indicative	that	the	next	step	taken	by	
organizations	may	 likely	represent	 final	commitment	 to	adopting	BIM	and	acceptance	of	
the	 change	 necessary	 to	 make	 its	 implementation	 and	 use	 successful	 both	 in	 the	 short	
term	and	the	long	term.	From	the	case	studies,	it	can	also	be	deduced	that	both	the	supply-	
and	 demand-side	 are	 intimidated,	 or	 even	 unwilling,	 to	 address	 the	 need	 for	 significant	
restructuring	and	new	business	models	

Another	approach	related	 issue	within	BCOs,	and	even	 in	 the	 industry	 in	general,	 is	 that	
when	innovation	is	attempted,	it	most	frequently	occurs	at	the	project-level.	While	this	in	
not	 inherently	 problematic,	 the	 temporal	 nature	 of	 project	 organizations	 often	makes	 it	
such	that	the	knowledge	and	lessons	learned	are	not	diffused	or	transferred	in	an	effective	
way.	Project-level	innovation	is	especially	problematic	when	it	comes	to	lifecycle-oriented	
BIM	 implementation	 because	 BIM	 is	 not	 simply	 a	 project-level	 entity;	 BIM	 in	 its	 fullest	
capacity	is	an	organization	wide	tool.	Project-level	innovation	attempts	have	a	tendency	to	
result	in	incomplete	understanding	and	implementation	of	BIM.	Consequently,	maximized	
use	of	lifecycle-oriented	BIM	cannot	occur	if	implemented	on	the	project	level	alone.		

	 	



	 50	

7. Conclusion	and	discussion	
7.1 Research	questions	

This	 research	 has	 explored	 the	 dynamics	 of	 a	 technological	 innovation	 system	 in	which	
building	client	organizations	influence	the	transition	of	the	building	industry	through	their	
implementation	 of	 lifecycle-oriented	 BIM	 use	 on	 their	 building	 projects.	 While	 many	
different	 actors	 are	 involved	 within	 the	 system	 as	 a	 whole,	 this	 research	 focused	 on	
building	client	organizations	and,	more	specifically,	on	those	with	a	public	or	semi-public	
orientation.	 In	 order	 to	 arrive	 at	 an	 answer	 to	 the	 main	 research	 question,	 four	 sub-
questions	were	also	addressed	within	this	report.	A	synopsis	of	research	sub-questions	1	
and	 2	 are	 provided	 below.	 Sub-question	 3	 is	 addressed	 in	 the	 proceeding	 sub-section	
together	with	the	main	research	question.	

7.1.1 What	is	the	current	trajectory	of	transition	in	the	building	industry?	

Characterizing	the	future	trajectory	of	transition	in	the	building	industry	is	complex.	Up	to	
now	neither	 external	 conditions	 nor	 ebb	 and	 flow	within	 the	 regime-level	 have	 created	
sufficient	 change	 to	 result	 in	 destabilization	 of	 the	 incumbent	 socio-technical	 regime.	
Given	these	current	conditions,	the	trajectory	of	the	building	industry	appears	insufficient	
to	 bring	 about	 transition	 of	 sufficient	 speed	 and	 intensity.	 The	 conditions,	 however,	 do	
appear	to	be	strengthening	at	a	rapidly	increasing	rate.	Should	this	development	become	
more	 refined	 in	 the	 near	 future,	 the	 speed	 and	 intensity	 of	 transition	 in	 the	 building	
industry	may	come	closer	to	matching	the	demand	placed	upon	it	by	the	landscape-level.	

The	 changes	 that	have	occurred	up	 to	 this	point	have	brought	with	 them	an	 increase	 in	
complexity,	 both	 at	 the	 industry	 regime	 level	 and	 also	 at	 the	 project	 level.	 Complexity	
magnifies	 the	 impact	 of	 change	 and	 the	 resulting	 destabilization.	 As	 such	 longstanding	
issues	within	 the	 industry	derived	 from	 its	 fragmented	nature	are	posing	new	problems	
with	 respect	 to,	 among	 other	 things,	 decision-making	 processes,	 coordination,	 and	
collaboration	(Ye	et	al.,	2009).		

Based	 upon	 the	 analysis	 conducted	 in	 Section	 3.4,	 there	 are	 two	 transition	 pathway	
typologies	that	could	be	used	to	describe	the	current	trajectory:	the	squeezed	(top-down	
and	 bottom-up)	 teleological	 pathway	 and	 the	 adaption	 dominated	 transformation	
pathway.	Recapping	these	two	typologies,	teleological	transition	pathways	are	“the	result	
of	 a	 regime	 adapting	 to	 changed	 circumstances	 not	 by	 reforming	 itself	 but	 allowing	
outside	 influences	 to	 reconstellate	 structures	 and	 cultures	 and	 simultaneously	
incorporating	 novel	 functioning	 in	 these	 processes”	 (de	 Haan	 &	 Rotmans,	 2011).	 In	
transformation	transition	pathways,	transformation	occurs	within	the	regime	itself	via	an	
ongoing	evolutionary	process	of	adaption.	In	this	process,	the	regime	responds	to	tensions	
and	stress	by	changing	itself	 in	a	self-steering	process	so	as	to	meet	needs	and	demands	
once	more.	 It	 also	 frequently	 involves	 the	 absorption	of	 niches	 or	 co-evolution	with	 the	
niche-level	(de	Haan	&	Rotmans,	2018).		

Both	the	teleological	and	transformation	transition	pathways	have	their	merits	and	faults.	
Thus,	 the	current	transition	trajectory	of	 the	building	 industry	can	be	best	characterized	
simply	as	dynamic	and	involving	all	three	levels.	With	respect	to	the	future,	the	transition	
is	likely	to	be	complex,	non-linear,	and	distorted	by	uncertainty.	The	conditions,	however,	
are	quite	hazy,	 so	 the	accuracy	of	 these	characterizations	 is	 limited.	Moreover,	 is	 can	be	
debated	that	the	existing	conditions	are	insufficient	to	initiate	or	support	transition,	or	at	
least	not	 transition	 to	 the	 speed	and	extent	demanded	by	 landscape-level	developments	
and	demands.	
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7.1.2 How	 could	 the	 adoption	 of	 BIM	 by	 building	 client	 organizations	 contribute	 to	 the	

transition	to	a	more	sustainable	building	industry?	

Despite	 such	 great	 promise	 and	 an	 industry-wide	 commitment	 to	moving	 forward	with	
BIM	 at	 the	 helm,	 several	 hurdles	 and	 barriers	must	 first	 be	 overcome.	 The	 supply-	 and	
demand-side	 barriers	 suggest	 that	 one	 of	 the	 greatest	 hurdles	 facing	 BIM	 is	 that	
implementing	BIM	requires	a	compound	paradigm	change	within	organizations	(Ahuja	et	
al.,	 2017)	 and	 the	 building	 industry	 as	 a	 whole	 (Eastman	 et	 al.,	 2011).	 Achieving	 a	
paradigm	shift	is	challenging	in	any	industry,	and	an	even	greater	challenge	to	overcome	
in	the	building	industry	given	its	traditional	and	slow	to	innovate	nature.	Additionally,	the	
risk	 adversity	 of	 the	 building	 industry	 and	 adoption	 lag	 makes	 overcoming	 hurdles	
considerably	 more	 laborious	 (Sepasgozar	 &	 Bernold,	 2012).	 These	 and	 other	 industry-
related	 barriers	 stem	 from	 the	 distinction	 of	 the	 building	 industry	 as	 a	 complex,	multi-
actor	socio-technical	system.		

BIM	has	already	reached	a	certain	 level	of	saturation	within	 the	 industry/market,	which	
almost	certainly	guarantees	that	 it	will	continue	to	persist.	Relating	technology	adoption	
to	institutional	theory,	BIM	as	a	tool	has	become	a	norm	(the	extent	to	which	it	is	a	norm	
can	be	argued,	as	can	the	way	that	the	tool	 is	used).	Institutional	theory	can	also	explain	
and	support	why	process	and	behavioral	aspects	are	now	evolving	in	order	to	support	this	
development. 	

Although	 BIM	 is	 increasingly	 proving	 its	 worth,	 it	 cannot	 be	 implemented	 successfully	
without	a	supportive	process	and	alliance	of	actors	capable	of	reducing	fragmentation	and	
better	 insights	 into	 the	 entire	 building	 process.	 Moreover,	 involvement	 and	 proactive	
decision-making	are	lacking	in	early	phases,	which	hinders	the	ability	for	arrangements	to	
be	made	for	FM	and	M&O	during	the	design	phase	(Ye	et	al.,	2009).	It	suffices	to	say	that	
the	 lack	 of	 a	 lifecycle-oriented	 approach	 to	 BIM	 implementation	 on	 building	 projects	
perpetuates	 and	 sometimes	 exaggerates	 fragmentation	 issues	 and	 emphasizes	 the	
disconnect	of	the	highly	touted	design	and	construction	phases	from	the	downplayed	use	
and	 operation	 phases	 of	 a	 building’s	 lifecycle	 (Wetzel	 &	 Thabet,	 2015).	 It	 seems	 only	
natural	 therefore	 that	 coupling	 BIM	 with	 a	 lifecycle-oriented	 building	 approach	 could	
reduce	some	of	the	existing	challenges	and	promote	the	use	of	BIM	in	all	lifecycle	phases.	
Research	 also	 supports	 this	 proposition	 because	 of	 indications	 that	 BIM	 provides	 a	
beneficial	tool	for	realizing	lifecycle	management	in	building	projects	(Xu	et	al.,	2014).	The	
two	innovations	are	therefore	inherently	mutually	enhancing.	

Referring	 back	 to	 the	 transformative	 actor	 roles	 discussed	 in	 Section	 2.3,	 BCOs	 could	
potentially	come	to	assume	one	or	more	of	the	following	roles.	Progressive	BCOs	seeking	
to	lead	the	way	in	lifecycle-oriented	BIM	use	could	take	on	the	“toppler”	role	by	embracing	
the	 innovation	 and	 bringing	 it	 into	 the	 regime-level.	 Should	 BCOs	 follow	 a	 more	
conservative	 approach	 and	 opt	 for	 later	 adoption	 of	 lifecycle-oriented	 BIM,	 the	
“supporter”	 role	may	 be	more	 appropriate.	 Regardless	 of	 the	 risk	 inclination,	 BCOs	 are	
also	 likely	 to	play	 a	 “boundary	 spanning”	 role	 given	 the	need	 to	 create	 alignment	 and	 a	
unified	 vision	 and	 set	 of	 values	 between	 the	 supply-	 and	 demand-sides	 of	 the	 building	
industry	in	order	to	transition	to	occur.	Lastly,	BCOs	will	likely	need	to	accept	the	need	to	
adopt	a	“boundary	shaking”	role	in	order	to	stimulate	the	internal	process,	structure,	and	
socio-organizational	changes	necessary	for	lifecycle-oriented	BIM	use	on	building	projects	
to	be	a	success.	

If	 positioned	 correctly,	 BCOs	 could	 drive	 both	 the	 merging	 of	 the	 two	 niches	 and	 its	
imminent	breakthrough	 into	the	socio-technical	regime.	An	added	benefit	of	successfully	
linking	BIM	and	BCOs	is	reduced	risk	of	innovation	abandonment,	which	in	turn	increases	
innovation	uptake	within	the	construction	industry.	 
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7.2 Systemic	problems	and	recommendations		

Building client organizations are currently in the early steps of adopting BIM. They see the 
potential benefits for their organizations, but also perceive a high level of risk and uncertainty. 
As a result, action to adopt and experiment with BIM on building projects has been slow. This 
is due in no small part to the lack of BIM awareness within BCOs outside of the small pro-BIM 
working groups. One of the main limitations in practice is that BIM-enabled projects are still a 
relatively new concept. Best practices are in their infancy, and stakeholders from the building 
owner to organizations throughout the entire supply chain are still in the early learning and 
adaption phase. As such, BIM is still not fully understood. Organizations such as BCOs are at a 
particular disadvantage due to low levels of BIM maturity. The situation on the whole leads to 
jeopardized adoption of the innovation and suboptimal implementation. Generally, BCOs 
therefore do not know the specifics of what to do with BIM. Without this insight, visions for the 
adoption and eventual implementation are often vague. 

Increase	awareness,	competencies,	and	opportunities	for	learning	

• Increasing	BIM	awareness	can	positively	impact	various	aspects	of	BCO	BIM	
adoption.	Aware		

• When	information	is	made	available	to	BCO	employees,	the	information	must	be	
suitable	for	the	audience	(e.g.	comprehensive	but	not	too	long	or	overly	technical).	

BCO	 competencies	 and	 BIM	 maturity,	 or	 a	 lack	 thereof,	 in	 combination	 with	 other	
aforementioned	factors	have	also	made	it	difficult	for	BCOs	to	begin	developing	robust	and	
specific	goals	and	objectives.	Comparing	the	case	study	results	to	the	BIM	maturity	scores	
for	 clients	 and	 owners	 by	 Siebelink	 et	 al.	 (2018)	 (Figs.	 7	 &	 8),	 there	 are	 discrepancies.	
Although	the	BIM	maturity	model	was	not	applied	directly	within	this	research,	 it	 is	still	
possible	 to	 provide	 some	 necessary	 commentary	 about	 these	 potential.	 The	 two	 most	
notable	 are	 the	mid-range	 scores	 Siebelink	 et	 al.	 attribute	 to	 the	 “strategy”	 and	 “people	
and	 culture”	 for	 clients	 and	 owners.	 Referring	 to	 the	 BIM	 maturity	 model,	 “strategy”	
includes	 the	 following	 sub-criteria:	 BIM	 vision	 and	 goals,	 management	 support,	 BIM	
expert/working	group/department.	While	the	cases	did	indicate	that	pro-BIM	groups	are	
present,	 the	 case	 studies	 do	 not	 provide	 sufficient	 support	 of	maturity	 in	 the	 two	 other	
sub-criteria.	With	respect	to	the	other	criteria,	“people	and	culture”,	four	sub-criteria	were	
identified:	 personal	 motivation	 and	 willingness	 to	 change,	 requesting	 actor,	 education,	
training	 and	 support,	 and	 collaborative	 attitude.	 The	 case	 studies	 support	 all	 but	 the	
“requesting	 actor”	 category	 since	 official	 requests	 for	 BIM	 have	 not	 yet	 become	 a	
formalized	 issue	 by	 way	 of	 strategy,	 requirements,	 or	 steering	 devices.	 Rather,	 the	
discrepancy	lies	 in	the	closed	off	nature	of	what	was	observed	in	the	case	studies.	There	
are	indeed	people	who	are	exemplary	with	respect	to	maturity	in	the	aforementioned	sub-
criteria.	 However,	 and	 as	 low	 levels	 of	 organization-wide	 BIM	 awareness	 in	 the	 case	
studies	show,	people	and	culture	of	BCOs	on	the	whole	is	unexceptional.	The	lack	of	BIM-
related	knowledge	development	and	resource	allocation	observed	in	the	case	studies	is	a	
prime	 example.	 Despite	 these	 discrepancies,	 the	 case	 study	 findings	 do	 support	 the	
general	 placement	 of	 clients	 and	 owners	 as	 having	 a	 lower	 level	 of	 BIM	maturity	 than	
other	key	actors	in	the	building	industry.		

Delve	deeper	in	order	to	identify	needs	and	develop	a	vision	and	subsequent	BIM	strategy	

• Having	 a	 clear	 and	 well-developed	 vision	 in	 place	 can	 help	 streamline	 the	
development	of	process	and	strategy,	decision-making,	and	relationships	that	are	
necessary	 to	 ensure	 consistency	 between	 projects	 and	 shape	 the	 socio-
organizational	structures	needed	to	support	effective	BIM	adoption.		

• Strategy	 is	 beneficial	 for	 three	 primary	 reasons.	 Firstly,	 strategy	 is	 important	 in	
projects	with	 low	autonomy	and	highly	complex	stakeholder	networks.	Secondly,	
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the	negotiating	position	of	the	building	owner,	and	its	ultimate	level	of	power	and	
influence	in	the	project,	is	jeopardized	if	it	does	not	start	off	with	a	clearly	defined	
strategy.	Thirdly,	it	is	somewhat	premature	to	look	beyond	strategy	at	this	point	in	
time	because	the	present	process	and	socio-organization	knowledge	of	BIM	is	still	
lacking.	

	

Although	lifecycle-oriented	BIM	shows	considerable	potential,	its	success	is	dependent	on	
stakeholder	 collaboration,	 the	 creation	 of	 new	 affiliations,	 and	 socio-organizational	
changes	 (Murphy,	 2014).	 The	 upsurge	 and	 proliferation	 of	 BIM	 across	 the	 building	
industry	 has	 forced	many	 actors	 to	 form	new	networks	 quickly	 in	 order	 to	 deliver	 new	
functions	and	to	meet	required	performance	levels.	In	this	rush,	BCOs	have	been	pursuing	
innovation	 and	 decision-making	 processes	 rather	 erroneously.	 This lack of holistic 
innovation shows that, in many organizations, the adoption process of BIM is broken. 

Adopt	a	more	systematic	innovation	process	

• Innovation	for	the	sake	of	innovation	alone	will	only	continue	the	current	situation	
of	stagnant	BIM	adoption	and	fragmented,	 incomplete	 implementation	across	the	
building	lifecycle.	

	

Innovations	 have	 two	 sides,	 developments	 of	 the	 technology	 and	 developments	 of	 the	
processes.	For	an	 innovation	to	be	successful,	both	must	develop	simultaneously.	This	 is	
important	 since	 new	 innovations,	 like	 BIM,	 cannot	 be	 expected	 to	 fit	 into	 traditional	
processes	or	socio-organizational	structures.	In	the	case	of	BIM,	this	requirement	creates	a	
vicious	circle	 in	which	the	supply-side,	demand-side,	 the	 industry	context,	and	BIM	itself	
all	play	a	part.	Clashes	between	old	and	new	can	arise,	 existing	processes	 can	hinder	or	
even	 hurt	 progress,	 and	 the	 people	 and	 culture	within	 companies	 can	 sometimes	 come	
into	conflict	with	what	needs	to	be	done	to	allow	the	“new”	to	thrive.	If	this	complexity	is	
not	 effectively	managed,	 there	 is	 an	 increased	 risk	 of	 project	 failure	 (Winch,	 2012)	 and	
failure	of	BIM	itself,	which	jeopardizes	its	future	potential.	

Make	necessary	changes	and	coevolve	

• While	 technology-driven	 innovations	 like	 BIM	 have	 the	 potential	 to	 resolve	
longstanding	 problems,	 the	 use	 of	 technology	 alone	 is	 insufficient	 to	 enhance	
performance	(Sargent	et	al.,	2012).		

• To	 derive	 the	 maximum	 possible	 benefits	 from	 BIM	 implementation,	 BIM	 must	
develop	at	 the	 inter-	and	 intra-organization-level	 (Vass	&	Gustavsson,	2017)	and	
be	 innovation	 driven	 rather	 than	 project	 driven	 (Murphy,	 2014).	 This	 is	 a	
challenge	 in	 and	 of	 itself	 given	 that	 actors	 in	 the	 building	 industry	 struggle	 to	
organize	themselves	in	non-conventional	ways.		

• Furthermore,	 BIM	 is	 a	 particularly	 demanding	 tool	 to	 implement;	 there	 is	 no	
predefined	or	one-size-fits-all	approach.	BIM	needs	to	be	oriented	to	a	specific	use	
so	 that	 data	 can	 be	 generated,	 attributed,	 and	 managed	 accordingly	 (Whyte	 &	
Hartmann,	2017).	

7.3 Discussion	

Research	 into	 the	 building	 industry	 and	 BIM	 in	 particular	 are	 fraught	 with	 challenges.	
Citing	 Miettinen	 and	 Paavola	 (2014),	 Vass	 and	 Gustavsson	 (2017)	 emphasize	 that	 BIM	
needs	 to	 be	 studied	 as	 a	multidimensional,	 historically	 evolving,	 complex	 phenomenon.	
Consequently,	 to	 research	 BIM	 is	 to	 attempt	 to	 zoom	 in	 on	 a	 constantly	 evolving	 and	
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multifaceted	tool	 that	 is	still	not	 fully	understood.	Moreover,	research	also	needs	to	take	
into	consideration	that	BIM	is	embedded	into	an	inherently	complex	and	dynamic	macro-,	
meso-,	and	micro-level	contexts.	This	nature	 imposes	various	challenges	and	complexity,	
which	 this	 research	 has	 attempted	 to	 embrace	 rather	 than	 oversimplify.	 This	 research	
approach	 has	 been	 chosen	 because	 it	 promotes	 active	 discovery	 and	 is	 appropriate	 for	
research	areas	with	considerable	knowledge	gaps.	

Despite the progress that has been made, the nature of magnitude of these BIM-related obstacles 
are not fully understood. As a result, BIM use across the full lifecycle of a building remains 
fragmented both in theory and in practice. Furthermore,	the	imminence	of	major	landscape-
level	 changes	 and	 call	 for	 a	 paradigm	 shift	 in	 the	 building	 industry	 have	 made	 it	
increasingly	 relevant,	 if	 not	 necessary,	 to	 develop	 new	 approaches	 to	 manage	 the	
transition	and	further	development	of	the	innovations. 

Although	innovation	within	the	building	industry	is	slowly	becoming	better	understood,	it	
should	also	be	noted	that	the	factors	influencing	adoption	processes	and	transformation	in	
this	industry	are	still	not	clearly	understood	(Sepasgozar	&	Bernold,	2012).	Moreover,	the	
greatest	barrier	affecting	both	the	supply-	and	demand-side	is	that	implementing	any	type	
of	 BIM	 properly	 requires	 a	 compound	 paradigm	 change	within	 individual	 organizations	
(Ahuja	 et	 al.,	 2017)	 and	 the	 building	 industry	 as	 a	 whole	 (Eastman	 et	 al.,	 2011).	 The 
aforementioned dualities and convoluted set of problems make it appreciable as to why further 
research into BIM, and especially its process and socio-organizational aspects, is necessary. 

That said, a variety of avenues exist for potential future research. There is considerable room to 
continue investigating the building industry from a transition theory perspective. This could 
provide valuable insights into how key industry stakeholders can contribute, both individually 
and collectively, to the transition towards a more sustainable building industry. Similarly, new 
frameworks could be developed to provide more well-informed decision-making and innovation 
processed geared towards application in the building industry. With respect to future research 
regarding BCOs, one avenue could be to explore the types of BIM applications most valuable to 
a particular type of organization. For example large-scale organizations were shown in the case 
studies to have a tendency to outsource much of their M&O work. It may be the case then that 
large-scale BCOs may be able to benefit more from asset management oriented BIM 
functionalities than for M&O. Findings related to that line of research would be valuable to 
demand-side stakeholders investigating how BIM can be used to improve their business 
operations. 

7.4 Limitations	

Various limitations arose in this research that should be mentioned. Firstly, the research topic 
itself is representative of a highly complex, multi-actor socio-technical system. As such, it lies 
in the hands of the researcher to provide reasonable boundaries, thereby delineating the scope of 
the research.  

In the case of this research, it was decided that the focus should be placed on establishing the 
general context of the building industry as it presents in developed nations. Once established, 
this context was evaluated according to transition theories to further deepen the contextual 
understanding and foundation of further parts of the research. The transition theories, in this 
case, pose inherent limitations as they are still under development. Furthermore, this research 
focuses on building client organizations, and even more specifically on large-scale building 
client organizations. Consequently, other stakeholders associated with the supply- and demand-
sides are not addressed. Though this is a limitation of scope, the focus on BCOs is a strength of 
this research as it enables the contribution of new knowledge to an otherwise under addressed 
stakeholder. 
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Another limitation of this research was the lack of existing literature directly related to the 
research theme. Although BIM is a popular research topic, there was little information about the 
relationship between BIM and BCOs. Of the literature that was available, the majority was 
focused for the most part on technical aspects of adoption and implementation, whereas this 
research aimed to investigate more deeply into socio-organizational aspects. 

Other limitations were also posed by the use and execution of case studies. Given the time and 
resources available to the researcher, only three BCOs were interviewed as part of the research. 
This is quite a small sample, so the results and subsequent conclusions are only able to capture a 
small glimpse into the bigger picture of BCO BIM-related developments. Another limitation 
associated with the case study methodology was that interviews could not always be conducted 
on a one-on-one basis. It is therefore possible that the response of one interview participant may 
have influenced that of other participant(s).  

7.5 Reflection	

In closing, a few words should be said regarding the scientific and social relevance of this 
research.  

One	 of	 the	 main	 contributions	 of	 this	 research	 was	 evaluation	 of	 the	 building	 industry	
using	 principles	 attributed	 to	 transition	 theory.	 This	 combination	 is	 quite	 unique.	
Moreover,	 it	 illustrates	 the	 adaptability	 of	 the	 transition	 theory	 principles	 themselves,	
which	until	now	have	been	used	to	evaluate	industries	considerably	more	adaptable	and	
innovation-rich	 than	 the	 building	 industry.	 Additionally,	 given	 the	 newness	 of	 the	
theoretical	 framework	 proposed	 by	 de	 Haan	 and	 Rotmans	 (2018),	 this	 research	
represents	an	early	application	of	the	framework.		

Although	this	research	made	heavy	use	of	theory,	it	is	also	socially	relevant.	The	growing	
interest	of	building	industry	stakeholders	in	applying	BIM	is	evidence	that	this	innovation	
is	 only	 becoming	 more	 relevant	 within	 the	 building	 industry	 as	 a	 whole.	 Because	 this	
progress	is	driving	the	development	of	new	BIM-related	applications,	the	future	of	BIM	is	
highly	 relevant.	 This	 research	 contributes	 to	 this	 discussion	 by	 highlighting	 systematic	
problems	currently	experienced	by	BCOs,	a	key	demand-side	stakeholder,	which	represent	
a	step	towards	new	understanding	as	to	how	further	pursuits	of	BIM	should	be	directed.		
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Abstract		

The	 building	 industry	 is	 faced	 by	 a	 variety	 of	 developments	 that	 challenge	 its	 long	
established	 traditional	 socio-technical	 regime.	 It	 has	 become	 increasingly	 apparent	 that	
the	industry	as	it	exists	today	is	out	of	alignment	with	and	cannot	fulfill	the	demands	and	
requirements	 placed	 on	 it.	 Consequently,	 a	 need	 exists	 for	 the	 industry	 to	 transition.	 In	
this	 article,	 the	multi-level	 perspective	 of	 transition	 theory	 is	 applied	 to	 investigate	 the	
current	trajectory	of	the	building	industry	transition.	Thereupon,	commentary	is	provided	
on	why	the	transition	is	likely	to	be	occurring	so	slowly.	
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1.		Introduction	

1.1		Demand	for	a	more	sustainable	building	industry	

The	building	industry	is	a	notorious	energy	and	resource	consumer.	According	to	United	
Nations	 statistics,	 the	 manufacturing	 of	 building	 materials	 accounts	 for	 approximately	
10%	of	all	 global	energy	end-use	 (UNEP,	2011)	and	energy	consumption	during	 the	use	
and	 operation	 phase	 of	 buildings	 produces	 30–40%	 of	 total	 global	 green	 house	 gas	
emissions	 (UNEP,	 2007).	 Furthermore,	 evidence	 increasingly	 suggests	 that	 emissions	
resulting	from	activities	during	the	building	phase	are	as	significant	as	during	the	use	and	
operation	phase	(Wong	&	Zhou,	2015).	 In	addition	to	 intensive	energy	consumption,	 the	
creation	 and	 demolition	 of	 constructions	 contributes	 upwards	 of	 40%	 of	 all	 waste	 in	
developed	countries	(UNEP,	2011).	Although	the	construction	industry	has	many	negative	
impacts	 in	 terms	 of	 energy	 and	 resource	 consumption,	 it	 also	 plays	 a	 central	 role	 in	
national	 economies	 (Ozorhon,	 Abbott,	 &	 Aouad,	 2010)	 and	 increasing	 quality	 of	 life	
through	the	generation	and	sustainment	of	the	built	environment	(Whyte	&	Sexton,	2011;	
Ye,	Hassan,	Carter,	&	Kemp,	2009).	

Sustainability	 and	 environmental	welfare	 have	 risen	 to	 prominence	 in	 political	 agendas	
worldwide.	 Nearly	 all	 countries	 are	 working	 actively	 toward	 the	 development	 and	
implementation	 of	 new	 policy,	 which	 holds	 considerable	 implications	 that	 affect	 all	
industries.	As	a	result	of	the	Paris	Agreement	of	2016,	numerous	national	initiatives	have	
been	implemented	with	the	hope	of	mitigating	the	impacts	of	climate	change.	These	efforts	
are	 reinforced	 further	 by	 the	 European	 Union	 Sustainable	 Development	 Goals,	 which	
require	the	policy	of	all	member	states	to	be	reflective	of	these	goals	by	2030.	There	is	also	
an	 increasing	 awareness	 that	 “system	 innovations	 for	 sustainability”	 or	 “transitions”	 of	
socio-technical	systems	are	necessary	in	order	to	become	more	sustainable	(Gaziulusoy	&	
Brezet,	 2015).	 Given	 the	 building	 industry’s	 status	 as	 a	 notorious	 energy	 and	 resource	
consumer,	 it	 is	 therefore	 unsurprising	 that	 it	 has	 become	 a	 primary	 target	 for	
improvements.	 In	 short,	 the	 building	 industry	 is	 being	 pressured	 to	 dispense	 of	 its	
traditional	practices	in	favor	of	more	sustainable	and	long-term	approaches	for	the	design,	
construction,	management,	and	eventual	deconstruction	of	buildings.	

1.2		Transition	occurring	too	slowly	

Despite	good	intentions	and	actions	on	behalf	of	the	building	industry	to	respond	to	these	
demands,	transition	does	not	appear	to	be	occurring	rapidly	enough.	In	point	of	 fact,	 the	
overarching	 conclusion	 drawn	 in	 the	 2017	 Emissions	 Gap	 Report	 by	 UN	 Environment	
(UNEP,	 2017)	 was	 that	 an	 urgent	 need	 exists	 for	 accelerated,	 short-term	 action	 and	
enhanced,	long-term	ambition	in	order	to	fulfill	the	mission	and	goals	set	out	by	the	Paris	
Agreement	and	Sustainable	Development	Goals.		

Given	 the	pressing	need	 for	more	rapid	 transition,	 this	 research	sets	out	 to	address	 two	
related	questions.		

1. What	is	the	current	trajectory	of	transition	in	the	building	industry?	
2. Why	is	transition	occurring	at	such	a	slow	rate?	

1.3		Methodology	

Because	 research	 into	 innovation	 and	 transition	 in	 the	 building	 industry	 is	 limited,	 this	
research	first	establishes	a	foundational	background	based	upon	established	and	state-of-
the-art	theory.	In	researching	socio-technical	systems,	and	even	more	so	when	conducting	
transition	research,	the	context	is	crucial	to	understanding.	Therefore,	the	next	step	was	to	
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capture	the	context	of	the	building	industry	as	it	exists	within	developed	countries,	and	in	
the	Netherlands	in	particular.		

For	this	next	step,	the	transition	pathway	typologies	of	Geels	et	al.	(2016)	and	de	Haan	and	
Rotmans	 (2011)	 were	 utilized.	 Because	 the	 historical	 transformation	 was	 less	 nuanced	
than	 at	 present,	 it	 was	 justifiable	 to	 use	 the	 simpler	 transition	 pathway	 classification	
proposed	 by	 Geels	 et	 al.	 (2016)	 to	 characterize	 the	 historical	 transition	 and	
transformation	 of	 the	 building,	whereas	 the	 typologies	 of	 de	Haan	 and	Rotmans	 (2011)	
provided	 additional	 nuance	necessary	 to	 describe	 the	 current	 situation.	 Based	upon	 the	
results,	the	last	step	was	to	identify	root	causes	of	the	transition’s	slowness	are	described.	

2.		Transition	and	innovation	

2.1		Multi-level	perspective	(MLP)	

The	 multilevel	 perspective	 (MLP)	 is	 a	 model	 that	 was	 developed	 in	 order	 to	 garner	 a	
better	 understanding	 of	 regime	 shifts,	 specifically	 the	 shift	 from	 one	 stable	 regime	 to	
another,	 in	 socio-technical	 systems.	 The	 multi-level	 perspective	 is	 composed	 of	 three	
nested,	 hierarchical	 levels	 —	 namely	 the	 landscape,	 patchwork	 of	 regimes,	 and	 niches	
(Geels,	2002)	 (Fig.	1).	Although	 it	 is	 referred	 to	as	a	nested	hierarchy,	 it	 is	 important	 to	
keep	 in	 mind	 that	 socio-technological	 transition	 is	 not	 the	 result	 of	 a	 single,	 linear	 or	
vertically	 integrated	 process.	 Rather,	 the	 process	 is	 iterative	 and	 interwoven.	 Thus,	 the	
outcome	of	socio-technological	change	is	the	result	of	a	dynamic	relationship	between	all	
three	levels	over	a	period	of	time	(Raven,	2005).		

Following	along	with	the	hierarchy,	the	stability	of	the	levels	varies,	with	high	stability	at	
the	landscape-level,	relative	yet	variable	stability	as	the	regime-level,	and	low	stability	at	
the	niche-level.	Additionally,	the	greater	the	stability,	the	greater	the	structuration	(Geels,	
2002).	 Furthermore,	 the	 resulting	 interplay	 between	 the	 three	 levels	 determines	 the	
overall	stability	and	structuration	of	the	niche	itself	(Witkamp,	Raven,	&	Royakkers,	2011).	

	

	
Figure	1.	Multiple	levels	as	a	nested	hierarchy	(Geels,	2002)	

Figure	 2	 offers	 a	 standardized	 visualization	 of	 the	 multi-level	 perspective.	 The	
visualization	 of	 the	 multi-level	 perspective	 seeks	 to	 show	 that	 socio-technical	 regimes	
(patchwork	of	 regimes)	and	 innovations	 (niches)	both	occur	within	a	 larger	context,	 the	
landscape,	 which	 consists	 of	 deeply	 embedded	 trends	 (Raven,	 2005).	 This	 visual	
representation	also	depicts	 the	nature	of	 the	 systems	as	various	 streams	and	 flows.	The	
regime-level	in	particular	can	be	likened	to	an	ebbing	and	flowing	stream,	the	turbulence	
of	which	varies	according	to	landscape	and	niche	level	pressures.		
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The	MLP	as	a	methodology	and	visualization	tool	are	still	evolving.	Earlier	interpretations,	
for	 example,	 included	 different	 regime	 specifications	 within	 the	 socio-technical	 regime-
level	(Geels,	2002).	Newer	versions,	like	the	one	in	Figure	2	have	added	additional	arrows	
to	signify	new	findings	on	the	interaction	between	the	three	levels.	In	this	case,	the	arrows	
are	representative	of	the	influence	of	broader	landscape-	and	regime-level	developments	
on	the	perceptions	of	niche	actors	and	the	size	of	support	networks	(Geels	&	Schot,	2007).	

	
Figure	2.	Standardized	multi-level	perspective	of	transition	(Geels	&	Schot,	2007)	

At	 the	 top	of	 the	nested	hierarchy	 in	 the	multi-level	perspective	 is	 the	 landscape,	which	
consists	of	societal,	 institutional,	and	other	background	factors	that	enable	and	constrain	
regime	 and	 niche	 developments	 (Raven,	 2005).	 Of	 the	 three	 levels,	 the	 landscape	 is	 the	
most	structure.	Thus,	by	definition,	 the	 landscape	 lies	beyond	the	 influence	of	 individual	
actors	yet	has	a	major	influence	upon	them	(Geels,	2004;Raven	et	al.,	2010).	

Embedded	 into	 the	 landscape	 is	 the	 regime-level.	 Simply	 stated,	 the	 regime	 is	 the	
incumbent,	mainstream	way	that	things	are	done	in	a	socio-technical	system.	The	regime-
level	is	reflective	of	a	socio-technical	system	and	is	comprised	of	a	“patchwork	of	regimes”.	
Within	 the	 multi-level	 perspective	 on	 transitions,	 six	 key	 regimes	 are	 identified:	
market/user	preferences,	industry,	policy,	technology,	culture,	and	science	(Geels	&	Schot,	
2007)	 (Fig.	2).	Although	other	 regimes	exist,	 these	six	provide	a	 sufficient	overview	and	
address	key	aspects	of	institutional	theory.		

The	 third	 level	 is	 niche-innovations.	 This	 level	 is	 comprised	 of	 “embryonic	 nuclei	 for	
future”	 that	 are	 still	 is	 the	 developmental	 stage	 and	 have	 yet	 to	 achieve	 strong	 enough	
institutionalization	 to	 emerge	 into	 the	 regime-level	 (Fuenfschilling	 &	 Truffer,	 2014).	
Niche-level	 developments	 can	 vary	 in	 size	 and	 degree	 of	 potential	 change.	 Of	 the	 three	
levels,	the	niche-level	has	the	least	structuration.		
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If	broken	down	further,	the	MLP	could	actually	be	said	to	contain	a	fourth	“level”,	that	of	
experiments.	 Early	 efforts	 in	 generating	 the	 MLP	 distinguish	 between	 experiments	 and	
niches.	This	distinction	helps	to	describe	the	process	by	which	local	experiments	connect	
and	 develop	 over	 time	 leading	 to	 the	 development	 of	 a	 regime	 (Fig.	 3).	 It	 also	
demonstrates	the	 importance	of	 the	creation	and	transfer	of	knowledge	and	experiences	
gained	from	innovation	experiments	in	the	creation	of	structuration	that	supports	further	
niche	development	and	regime	emergence.		

	
Figure	3.	Emerging	level	of	niches	in	relation	to	local	practices	in	experiments	

(Raven,	2005) 	

An	additional	 feature	added	later	by	de	Haan	and	Rotmans	(2011)	 is	 the	“niche-regime”.	
As	 the	name	suggests,	 the	 characteristics	 lie	 somewhere	between	 that	of	niches	and	 the	
regime.	For	a	niche-level	innovation	to	be	promoted	to	a	“niche-regime”,	it	must	provide	a	
viable	 or	 competitive	 advantage	 compared	 to	 the	 incumbent	 regime(s)	 of	 the	 greater	
socio-technical-regime.	 Niche-regimes	 are	 therefore	 poised	 for	 breakthrough	 into	 the	
regime-level	 should	 the	 correct	 conditions	 transpire	 to	 form	 a	 window	 of	 opportunity.	
Should	 breakthrough	 occur,	 the	 niche-regime	 then	 proceeds	 to	 compete	 actively	within	
the	 incumbent	 regime.	 The	 niche-regime	 therefore	 compares	 roughly	 to	 the	 trans-local	
phase	in	Figure	3.	

2.2		Transition	patterns	and	pathways	

Transition	can	occur	 in	a	variety	of	ways.	Based	on	prior	transition	research,	Geels	et	al.	
(2016)	 classify	 four	 types	 of	 transition	 pathways:	 “substitution”,	 “transformation”,	
“reconfiguration”,	 and	 “de-alignment	 and	 re-alignment.”	 While	 these	 classifications	 are	
useful	 for	 analyzing	 transformation,	 reality	 does	 not	 adhere	 to	 clear-cut	 classification.	
Based	 upon	 the	 nature	 of	 transitions	 as	 continuous	 and	 contested	 change	 processes	
between	a	variety	of	actors,	the	conceptualization	of	transition	pathways	has	expanded	to	
include	“shifts	between	pathways”	(Geels	et	al.,	2016).	Geels	et	al.	(2016)	also	identify	that	
shifts	 between	 transition	 pathways	 are	 influenced	 by	 a	 wide	 range	 of	 developments	
including:	 changes	 in	 actor	 coalition	 composition	 and	 strength,	 learning	 processes	 and	
experiences,	and	landscape	developments	(Geels	et	al.,	2016).	While	these	pathways	help	
to	support	the	new	theoretical	framework	discussed	in	Section	2.3,	they	are	too	simplistic	
to	support	a	qualitative	narrative	of	a	transition	for	analysis.	

De	Haan	and	Rotmans	(2011)	offer	another	perspective	on	 transition	pathway	 typology.	
Interestingly,	 this	publication	predates	that	of	Geels	by	 five	years	yet	explores	transition	
typologies	 in	 greater	 depth.	 Just	 as	 Geels	 (2016)	 refers	 to	 shifts	 between	 pathways,	 de	
Haan	and	Rotmans	(2011)	describe	transitional	change	as	a	“chain	of	patterns”	driven	by	
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conditions	 for	 change,	 such	 as	 tensions,	 stress,	 and	 pressure.	 Three	 types	 of	 transition	
patterns	are	defined	as	follows	by	de	Haan	and	Rotmans	(2011):		

• Reconstellation	 (top-down)	 –	 “A	 new	 constellation	 emerges,	 or	 an	 existing	 one	
gains	 power	 by	 influences	 from	 outside	 the	 societal	 system.,	 reconstellation	 and	
adaptation.”	

• Empowerment	 	 (bottom-up)	 –	 “A	 new	 constellation	 emerges,	 or	 an	 existing	 one	
gains	 power,	 either	 by	 itself	 or	 through	 interacting	 or	 merging	 with	 other	
constellations	within	the	societal	system.”	

• Adaptation	 –	 “A	 constellation	 alters	 its	 functioning	 either	 through	 interacting	 or	
merging	with	other	constellations	within	or	from	outside	the	societal	system.”		

The	next	step	undertaken	in	their	research	was	to	create	transition	pathway	typologies	for	
these	 typologies.	 For	 this,	 the	 reconstellation	 and	 empowerment	 patterns	 were	 carried	
over	 directly.	 Adaptation,	 however,	 proved	 more	 complicated.	 Whereas	 the	 two	 other	
patterns	have	clear	top-down	or	bottom-up	characteristics,	adaptation	appears	to	be	more	
internally	induced.	Instead	of	creating	one	category	for	adaptation,	the	researchers	opted	
instead	to	create	two	separate	categories.	Transformation	pathways	are	characterized	as	
adaption	 dominated.	 Although	 they	 introduce	 transformation	 pathways	 into	 their	
research,	de	Haan	and	Rotmans	(2011)	challenge	the	notion	that	change	can	occur	within	
a	 vacuum	 by	 disputing	 whether	 this	 type	 of	 internally	 induced	 change	 qualifies	 as	 a	
“proper	 transition”.	This	 is	a	highly	relevant	point	 for	 this	 research	as	 it	emphasizes	 the	
complexity	and	interconnectedness	of	socio-technical	systems.	The	second	category	is	the	
squeezed	 transition	 pathway,	 which	 is	 effectively	 simultaneous	 reconstellation	 and	
empowerment.	The	squeezed	pathway	is	in	keeping	with	previously	established	transition	
research,	such	as	the	multi-level	perspective.		

Also	taken	into	consideration	in	the	creation	of	the	transition	pathway	typologies	were	the	
influence	of	the	incumbent	regime	or	the	ultimate	success	or	failure	of	the	transition	effort	
with	 respect	 to	 change	 in	 the	 existing,	 dominant	 regime.	 In	 total,	 eleven	 transition	
pathways	 are	 included	 in	 the	 typology	 (Table	 1).	 The	 researchers	 acknowledge	 that	 a	
myriad	 of	 transition	 pathways	 are	 possible,	 they	 believed	 that	 the	 typology	 sufficiently	
addresses	the	distinguishable	criteria.	

Table	1.	Transition	pathway	typologies	(de	Haan	&	Rotmans,	2011)	

	
Combining	 the	multi-pattern	 approach	 and	 transition	 pathway	 typologies	 together	with	
descriptions	of	the	transition	conditions,	it	becomes	possible	to	develop	a	narrative	of	the	
transition	at	hand	that	can	then	be	qualitatively	analyzed.	

2.3		Conditions	for	transition	

As	mentioned	previously,	 the	 regime-level	 is	 an	 ebbing	 and	 flowing	 steam	 in	 a	 constant	
state	 of	 flux.	 It	 is,	 therefore,	 the	 circumstances	 or	 the	nature	 of	 the	 change	 or	 both	 that	
distinguish	normal	change	from	the	transformative	(de	Haan	&	Rotmans,	2011).	The	basic	
condition	 capable	 of	 initiating	 transition	 is	 destabilization	 of	 the	 regime	 level	
(Fuenfschilling	&	 Truffer,	 2014).	 Destabilization	 of	 the	 regime	 level	 creates	windows	 of	
opportunity	 for	 niche-level	 and	 niche-regime	 developments	 to	 challenge	 the	 existing,	
dominant	 regime.	 According	 to	 the	 multi-level	 perspective,	 destabilization	 occurs	 as	 a	
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result	 of	 interactions	 between	 processes	 occurring	 within	 each	 of	 the	 three	 levels.	 The	
processes	can	be	attributed	as	follows	(Geels	&	Schot,	2007):			

• Landscape:	changes	that	lead	to	creation	of	pressure	on	the	regime	
• Socio-technical	regime:	destabilization	that	results	in	windows	of	opportunity	for	

niche	emergence	
• Niche:	buildup	of	momentum	and	support	of	an	innovation	by	powerful	alliances	

Similarly,	De	Haan	and	Rotmans	(2011)	assert	that	conditions	for	transitional	change	arise	
when	 the	 societal	 system	 is	 compromised	 in	 some	 way,	 making	 the	 status	 quo	
unsustainable.	 As	 socio-technical	 systems	 are	 composite,	 open,	 and	 contextually	
influenced,	they	can	be	compromised	by	factors	internal	or	external	to	the	system.	Three	
general	conditions	for	transitional	change	according	to	de	Haan	and	Rotmans	(2018)	are	
tensions,	 stress,	 and	 pressure.	 Tensions	 refer	 to	 flux	 between	 the	 system	 and	 its	
environment	that	are	dependent	upon	complementary	structural	and	cultural	aspects	and	
symmetry.	 Stress	 and	pressure	are	both	 considered	as	 internal	 factors	 that	 compromise	
the	system	therefore	creations	conditions	for	transition.	Stress	occurs	when	the	dominant	
regime	is	inconsistent	or	inadequate	in	its	performance.	This	often	transpires	as	a	result	of	
mismatch	between	needs,	 structure,	 and	 culture.	 Lastly,	 pressure	 is	 system	compromise	
resulting	 from	 direct	 competition	 between	 the	 dominant	 regime	 and	 niche	 or	 niche-
regime	 developments.	 From	 the	 MLP	 perspective,	 it	 could	 be	 argued	 that	 pressure	 is	
internal	to	the	regime-level	and	also	originates	from	the	landscape	and	niche	levels.	

Further,	transition	is	a	process	of	change	from	one	state	to	another.	Change	can	come	in	a	
variety	of	forms,	four	dimensions	of	which	are	highlighted	by	Suarez	and	Oliva	(2005):	

1. Frequency:	number	of	environmental	disturbances	per	unit	of	time	
2. Amplitude:	magnitude	of	deviation	from	initial	conditions	caused	by	a	disturbance	
3. Speed:	rate	of	change	of	disturbance		
4. Scope:	number	of	environmental	dimensions	that	are	affected	by	simultaneous	

disturbances.		

Based	upon	these	dimensions,	Suarez	and	Oliva	(2005)	derive	five	types	of	environmental	
change	(Table	2)	with	respect	to	management	and	organizational	adaptation.		

Table	2.	Dimensions	and	typologies	of	environmental	change	(Suarez	&	Oliva,	
2005)	

	
A	 one-to-one	 relationship	 does	 not	 exist	 between	 the	 type	 of	 change	 and	 amount	 of	
regime-level	 destabilization	 that	 occurs.	 However,	 it	 could	 be	 generally	 stated	 that	 the	
higher	 the	 frequency,	 amplitude,	 speed,	 and/or	 scope	 of	 the	 change,	 the	 greater	 the	
regime-level	destabilization	 is	 likely	to	be.	Consequently,	 the	type	of	change	experienced	
by	a	socio-technical	system	affects	the	conditions	for	transition.	
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For	as	much	as	destabilization	of	the	regime	is	necessary	for	niche	breakthrough	to	occur,	
(re)stabilization	 plays	 an	 equally	 important	 part	 (Loorbach,	 2010).	 As	 de	 Haan	 and	
Rotmans	 (2018)	 put	 it,	 “Transformation	 is	 as	much	 about	 breaking	 down	 as	 it	 is	 about	
building	 up.”	 Re-stabilization	 of	 the	 regime	 level	 can	 come	 in	 a	 variety	 of	 forms,	 as	
indicated	by	 the	 transition	patterns	 and	pathways	discussed	 in	 Section	3.4	 in	which	 the	
regime	does	or	does	not	adapt.	In	the	case	of	a	failed	transition,	instability	continues	and,	
in	 theory,	 new	 windows	 of	 opportunity	 are	 created	 for	 niche-level	 developments	 to	
emerge,	thus	initiating	a	new	potential	stabilization	process.	

Relating	change	 to	re-stabilization	 is	a	 trickier	matter	given	 that	 the	system	response	 to	
change	 is	 unpredictable.	 For	 example,	 a	 specific	 shock	 may	 lead	 to	 quick	 reactionary	
measures	and	swift	re-stabilization	whereas	hyperturbulance	may	create	uncertainty	and	
an	 unwillingness	 to	 (re)act,	 therefore	 prolonging	 re-stabilization.	 Considering	 the	
aforementioned	 system	 dynamics,	 it	 can	 therefore	 be	 deduced	 that	 regime-level	
destabilization	is	intensified	when	multiple	regimes	undergo	transition	simultaneously.		

Furthermore,	 the	 destabilization,	 change,	 and	 re-stabilization	 of	 a	 regime	 are	 not	 the	
result	of	one	single	experiment.	The	importance	of	creation	and	transfer	of	knowledge	and	
experiences	 with	 respect	 to	 the	 development	 and	 emergence	 of	 niche-regimes	 was	
highlighted	 earlier	 in	 Section	 2.1.	 One	 additional	 condition	 captured	 by	 both	 transition	
theory	perspectives	is	aptly	summed	up	by	Raven	(2005)	who	describes	regime	change	as	
requiring	“a	long	trajectory	of	many	experiments	and	the	emergence	and	stabilization	of	a	
niche	level.”	Another	important	condition	for	transition	is,	thus,	time.		

3.		Building	industry	as	a	socio-technical	regime	
The	building	industry	is	a	mature	industry	that	holds	strongly	to	its	conventions	(Takim	et	
al.,	 2013;	 Ye	 et	 al.,	 2009).	 As	 it	 currently	 exists,	 the	 building	 industry	 is	 largely	 supply-
driven	 despite	 having	 little	 control	 over	 demand-side	 factors	 placed	 upon	 it	 (Davidson,	
2013).	 Furthermore,	 the	 building	 industry	 is	 a	 highly	 stable,	 which	 implies	 that	
technologies	and	market	conditions	are	tend	to	change	slowly	(Von	Tunzelmann	&	Acha,	
2009).	 Moreover,	 it	 is	 representative	 of	 a	 socio-technical	 system.	 This	 system	 can	 be	
characterized	 as	 a	 project-based	 “multi-industry”	 (Davidson,	 2013)	 that	 relies	 upon	
temporary,	 project-based	 supply-side	 organizations	 (Bakker,	 2010)	 to	 execute	 building	
projects	 that	 fulfill	 the	 requirements	 and	 expectations	 of	 demand-side	 actors.	 This	
heterogeneous	 nature	 results	 in	 considerable	 fragmentation	 within	 the	 industry,	 a	
consequence	of	which	is	the	industry’s	notoriety	for	being	generally	inefficient	(Ahbabi	&	
Alshawi,	 2015;	 Becerik-Gerber	 &	 Kensek,	 2009;	 Ozorhon	 et	 al.,	 2010).	 The	 building	
industry	 is	 also	 distinguished	 by	 its	 generally	 risk-averse	 stance,	 strong	 values	
represented	by	the	“iron	triangle”	of	time,	cost,	and	quality	(Davis,	2017;	Ye	et	al.,	2009),	
and	a	tendency	to	stick	to	the	status	quo.		

Taken	as	 a	whole,	 the	 characteristics	 of	 the	building	 can	be	 further	 associated	with	 and	
reflected	 by	 a	 strong	 preference	 and	 tendency	 toward	 maintaining	 the	 status	 quo.	
Unsurprisingly	therefore,	the	building	industry	is	frequently	characterized	as	being	“low-
technology”	 (Von	 Tunzelmann	&	Acha,	 2009)	 and	 reluctant	 to	 innovate	 (Ozorhon	 et	 al.,	
2010;	 Sepasgozar	 &	 Bernold,	 2012).	 In	 general,	 the	 building	 industry	 does	 not	 regard	
innovation	 as	 a	 productive	 activity	 because	 it	 requires	 the	 development	 and	 new	
knowledge	and	skills	as	well	as	new	processes	and	systems	(Davidson,	2013).	Combined,	
these	 characteristics	 have	 led	 the	 building	 industry	 to	 lag	 significantly	 behind	 other	
industries	(Dutta,	2015)	When	innovation	does	occur	in	the	building	industry,	the	process	
is	generally	slow	and	inefficient	(Davidson,	2013),	not	only	in	terms	of	technology,	but	also	
in	practices	and	processes.	That	the	industry	has	not	experienced	appreciable	change	over	
recent	decades	(Egan,	1998)	is	testament	to	the	industry’s	conventional	stronghold.	
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As	 a	 socio-technical	 system,	 the	 building	 industry	 is	 also	 characterized	 by	 way	 of	 its	
constituent	actors	and	actor	networks.	The	building	industry	involves	an	elaborate	variety	
of	actors.	Each	brings	with	it	a	wide	range	of	interests,	requirements,	and	concerns	(Ye	et	
al.,	2009),	which	are	derived	from	unique	motives	and	intentions	that	can	be	compatible,	
contradictory,	or	conflicting	with	those	of	other	actors.	Actors	also	bring	with	them	a	wide	
range	 of	 knowledge,	 skills,	 and	 other	 resources	 (Geels,	 2002).	 The	 availability	 of	 these	
resources	 is	 a	 contributing	 factor	 to	 innovation	 in	 socio-technical	 systems	 (Loorbach	 &	
Rotmans,	2010).	In	order	to	provide	structure	when	addressing	these	actors,	this	research	
groups	them	into	three	categories:	demand-side,	supply-side,	and	external.		

Within	the	building	industry,	client	organizations	are	a	principle	demand-side	actor.	They	
can	 vary	 in	 size	 and	 orientation.	 In	 smaller	 organizations,	 the	 building	 client	 may	 be	 a	
single	person	with	considerable	direct	control.	This	person	must	therefore	fulfill	all	roles,	
and	 often	 works	 with	 the	 aid	 of	 one	 or	 more	 external	 advisors.	 In	 the	 case	 of	 larger	
organizations,	 the	building	client	 is	more	often	characterized	by	a	 larger	body	consisting	
of	 various	 professionals	 internal	 to	 the	 organization.	 They	 also	 typically	 have	 a	 larger	
amount	of	 in-house	expertise,	 and	 roles	 are	 allocated	based	on	 individual	qualifications.	
Larger	 organizations	 are	 also	more	 likely	 to	 be	 repeat	 customers,	which	 provides	 them	
with	knowledge	derived	from	previous	projects.		

The	supply-side	is	comprised	of	all	stakeholders	with	the	exception	of	the	building	owner.	
The	supply-side	represents	 the	collective	knowledge	of	 the	building	 industry.	 In	general,	
this	knowledge	is	technical	and	practice-oriented	in	nature.	This	collective	knowledge	can	
be	broken	down	and	attributed	to	the	stakeholder	groups,	which	highlights	group-specific	
specializations.	Further,	in	order	for	a	group	to	be	specialized,	the	individual	stakeholders	
must	 have	 certain	 skills	 and	qualifications.	 From	all	 of	 this	 it	 becomes	possible	 to	more	
clearly	and	appropriately	allocate	roles	to	individual	stakeholders.	

Lastly,	 external	 stakeholders,	 such	 as	 governmental	 organizations,	 meanwhile	 affect	
similar	power	and	influence,	often	through	policy	enacted	at	the	landscape	level.	Because	
of	 the	 building	 industry’s	 significant	 contribution	 to	 the	 economy,	 external	 actors	 also	
have	 a	 vested	 interest	 in	 its	 standing.	 Their	 interests	 also	 include	 safety,	 health	 and	
welfare,	 and	 increasingly	 environmental	 performance.	 This	 is	 especially	 true	 of	
governmental	 organizations,	which	 are	working	 towards	 compliance	with	 the	 European	
sustainable	development	goals	and	the	Paris	Agreement.			

4.		Developments	impacting	the	building	industry	
The	 importance	 of	 a	 solid	 understanding	 of	 the	 innovation	 context	 has	 already	 been	
addressed	in	previous	sections.	This	section	addresses	this	important	research	component	
by	highlighting	key	developments	at	the	landscape,	regime,	and	niche	levels	that	shape	the	
context	of	this	research	topic.		

4.1		Landscape-level	developments	

At	 present,	 the	 landscape-level	 changes	 stem	 from	 swift	 growth	 and	 expansion	 of	
pervasive	developments	ranging	from	globalization	and	digitization	to	major	technological	
advances	and	reactionary	stances	against	climate	change.	These	developments,	which	are	
significant	 enough	 when	 considered	 in	 isolation,	 are	 even	 more	 provocative	 when	
considered	as	highly	complementary	forces	of	change.	Landscape-level	developments	are	
resulting	 in	 a	 growing	 avalanche	 of	 change,	 the	 cumulative	 effect	 of	 which	 is	 now	
beginning	 to	 culminate	 in	 significant	 destabilization	 of	 the	 regime-level	 from	 the	 top	
down.	This	research	highlights	concurrent	developments	 in	data	and	digitization	as	well	
as	sustainability	and	environmental	welfare.	
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Data	and	digitization	has	been	influential	in	the	building	industry.	Combined	with	building	
information	 modeling,	 a	 niche-regime	 and	 focal	 point	 of	 this	 research	 that	 will	 be	
discussed	at	length	later,	the	digitization	of	building	information	is	increasingly	changing	
actor	 relationships	 with	 technology	 and	 the	 expectations	 they	 have	 of	 it	 (Whyte	 &	
Hartmann,	2017).	Consequently,	both	supply-	and	demand-side	actors	are	redefining	long-
established	 roles	 and	 responsibilities	 and	 pursuing	 new	 avenues	 of	 collaboration	 and	
integration.		

Sustainability	 and	 environmental	welfare	 also	play	 an	 increasingly	prominent	 role,	with	
implications	 that	 affect	 all	 industries	 in	 (nearly)	 every	 nation.	 As	 a	 result	 of	 the	 Paris	
Agreement	of	2016,	numerous	national	initiatives	have	been	implemented	with	the	hope	
of	mitigating	 the	 impacts	 of	 climate	 change.	 These	 efforts	 are	 reinforced	 further	 by	 the	
European	 Union	 Sustainable	 Development	 Goals	 (SDGs),	 which	 require	 the	 policy	 of	 all	
member	 states	 to	 be	 reflective	 of	 these	 goals	 by	 2030.	 Furthermore,	 the	 overarching	
conclusion	drawn	 in	 the	 2017	Emissions	Gap	Report	 by	UN	Environment	 (UNEP,	 2017)	
was	that	an	urgent	need	exists	for	accelerated,	short-term	action	and	enhanced,	long-term	
ambition	in	order	to	fulfill	the	mission	and	goals	set	out	by	the	Paris	Agreement	and	SDGs.	
These	 landscape-level	 changes	 and	 resulting	demonstrations	 of	 national	 commitment	 to	
improve	 sustainability,	 environmental	 and	 ecological	 conditions,	 and	 the	 use	 of	 natural	
resources	have	substantial	implications	for	the	building	industry.	Moreover,	given	that	the	
construction	 and	 use	 of	 buildings	 is	 a	 primary	 target	 for	 improvements,	 these	
developments	 mark	 the	 arrival	 of	 the	 building	 industry	 at	 a	 crossroads	 and	 raises	
questions	 about	 its	 future	 trajectory.	 Uncertainty	 and	 doubt	 are	 also	 being	 piqued	 by	
increasing	 interest	 in	 circularity.	 Many	 countries	 have	 already	 taken	 first	 steps	 toward	
investigating	the	potential	shift	towards	a	(more)	circular	economy.	Thus,	it	is	reasonable	
to	 assume	 that	 landscape-level	 change	 is	 likely	 to	 imposed	 in	 the	 near	 future,	 the	
implications	of	which	will	have	massive	consequences	 for	 the	building	 industry	 that	will	
undoubtedly	contribute	to	the	destabilization	of	the	industry	regime.	

The	 importance	 of	 these	 landscape-level	 developments	 has	 not	 gone	 unnoticed.	 In	 the	
Netherlands,	 progress	 is	 being	 made	 towards	 achieving	 sustainability	 and	 climate	
oriented	 goals	 by	 leveraging	 the	 power	 of	 data	 and	 digitalization.	 The	 most	 imminent	
development	 relevant	 to	 the	 building	 industry	 is	 the	 upcoming	 “Digitalization	 and	
Computerization	 of	 the	Building	Agenda”,	which	 is	 also	 referred	 to	 as	 the	 “Digideal	 [for	
the]	 Built	 Environment”	 (in	 Dutch,	 the	 “Digitalisering	 en	 Informatisering	 uit	 de	
Bouwagenda”	and	“Digideal	Gebouwde	Omgeving”).		

4.2		Regime-level	developments	

The	 building	 industry	 is	 undergoing	 a	 series	 of	 procedural,	 organizational,	 and	
technological	transformations	in	an	attempt	to	respond	to	landscape-level	developments.	
The	 industry	 has	 already	made	notable	 shifts	 towards	 adapting	 to	 and	 adopting	proven	
trends.	 With	 this,	 however,	 has	 come	 the	 realization	 that	 the	 exiting,	 traditional	
foundation	of	the	 industry	 is	 incompatible.	Clashes	between	old	and	new	technology	can	
arise,	existing	processes	hinder	or	even	hurt	progress,	and	the	people	and	culture	within	
companies	sometimes	comes	into	conflict	with	what	needs	to	be	done	to	allow	the	“new”	
to	thrive.		

Although	 transformation	within	 an	 incumbent	 regime	 is	 negligible	 compared	 to	 that	 of	
niche-innovation	 breakthrough	 and	 adoption,	 the	 dominant	 stream	 in	 the	 building	
industry	 still	 experiences	 ebbs	 and	 flows.	 Because	 changes	 within	 the	 regime-level	 are	
most	often	the	result	of	minor	pressures,	 tensions,	and	stress	from	either	the	 landscape-	
or	 niche-level	 that	 nudge	 at	 the	 socio-technical	 regime,	 their	 origins	 tend	 to	 be	
indistinguishable.	Notwithstanding,	minor	changes	within	the	regime-level	and	a	tendency	
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to	accrue	over	time	can	eventually	result	 in	a	more	significant	change	(Geels,	2002)	that	
would	be	classified	as	a	transformation	pathway	according	to	the	typology	of	de	Haan	and	
Rotmans	(2011).	A	good	example	of	this	phenomenon	is	changing	values,	which	are	often	
reflected	in	the	form	of	trends.	In	a	study	by	Ye	et	al.	(2009),	interviews	with	both	supply-	
and	 demand-side	 actors	 in	 EU	 countries	 revealed	 important	 trends	 within	 the	 building	
industry	(Table	3).	The	findings	of	this	study	indicate	that	key	actors	are	looking	beyond	
the	conventional	 “iron	 triangle”	 to	explore	and	seek	out	other	 types	of	added	value.	The	
demand-side	is	 leading	this	trend,	focusing	on	values	such	as	productivity,	sustainability,	
energy	and	resource	efficiency,	flexibility,	and	comfort	(Ye	et	al.,	2009).	

Table	3.	Top	three	important	building	industry	trends	in	six	groups	(Ye	et	al.,	
2009)	

	
Despite nearly ten years having elapsed since the study was published, these trends have largely 
remained subordinate to the dominant stream. This provides further evidence of the staying 
power of the incumbent building industry regime and the challenges hopeful niche-regime face 
even when considered as an important industry trends with considerable potential. Despite the 
slowness of change, these trends indicate that windows of opportunity do exist within the 
regime-level.  

4.3		Niche-level	developments	

In	 addition	 to	 impending	 destabilitory	 forces	 from	 the	 landscape-level,	 the	 traditional	
foundations	of	the	longstanding	industry	regime	are	also	being	challenged	by	an	upsurge	
of	 disruptive	 niche-level	 developments	 in	 the	 form	 of	 innovations.	 Niche-level	
developments	have	been	growing	in	number	and	prominence	as	a	result	of	new	windows	
of	 opportunity	 that	 have	 been	 created	 in	 recent	 decades.	 Given	 the	 increasing	 level	 of	
instability	 at	 the	 regime-level,	 some	 newer	 niche-regimes,	 such	 as	 building	 information	
modeling	 and	 lifecycle-orientated	 building	 approaches,	 have	 already	 succeeded	 and	 are	
currently	 being	 embedded	 into	 the	 building	 industry’s	 common	 practices.	 Though	 each	
development	has	a	distinct	origin,	many	have	merged	to	form	larger	and	more	influential	
forces	of	change.	

Although	 there	 are	 numerous	 niche-level	 developments,	 four	 themes	 of	 major,	
increasingly	 intertwined	niche-regime	developments	 are	highlighted	here:	 procurement,	
process,	approach,	and	technology.	Additionally,	the	developments	described	here	can	all	
be	 characterized	 as	 having	 that	 moved	 from	 lesser	 niche-level	 innovations	 to	 niche-
regimes.		

One	 development	 impacting	 the	 industry	 reflective	 change	 in	 both	 procurement	 and	
process	 is	 the	 rise	 of	 (more)	 collaborative	 forms	 of	 building	 procurement,	 such	 as	
integrated	 building	 contracts.	 The	 American	 Institute	 of	 Architects	 (AIA,	 2007)	 defines	
integrated	building	contracting,	otherwise	known	as	integrated	project	delivery	(IPD),	as	
“a	 project	 delivery	 approach	 that	 integrates	 people,	 systems,	 business	 structures	 and	
practices	 into	a	process	that	collaboratively	connects	all	 the	players	 in	order	to	optimize	
project	 results,	 improve	 project	 performance,	 and	 maximize	 value	 and	 efficiency	
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throughout	the	entire	project	life	cycle.”	Increased	collaboration	on	building	projects	has	
helped	 close	 some	 gaps	 and	 promote	 collaboration	 (Kent	&	 Becerik-Gerber,	 2010).	 One	
notable	 change	 is	 the	 increased	 involvement	of	downstream	stakeholders	during	earlier	
project	 phases,	 especially	 during	 the	 early	 design	 phase.	 Despite	 this,	many	 supply-side	
imperfections	 remain.	 These	 new	 collaborative	 forms	 of	 procurement	 represent	 a	 shift	
away	from	the	temporary	organizational	forms	typical	of	the	traditional	building	industry.	
Despite	 a	 growth	 in	 popularity,	 the	 building	 industry	 still	 shows	 a	 preference	 for	
conventional	 procurement	 approaches	 due	 in	 part	 to	 a	 fear	 of	 additional	 risk	 and	
increased	potential	for	liabilities	(Chong	et	al.,	2017).	

Niche-level	 developments	 under	 the	 theme	 “approach”	 are	 affiliated	 with	 sustainable	
building	 practices.	 One	 set	 of	 approach	 related	 developments	 is	 “Lean”	 design	 and	
construction	 principles.	 Lean	 is	 a	 management-based	 approach	 focused	 on	 waste	
minimization	and	collaborative	processed	that	work	together	to	achieve	maximum	value.	
As	 such,	 Lean	 has	much	 in	 common	with	 IPD	 and	 other	 building	 processes.	While	 Lean	
principles	 do	 take	 project	 lifecycles	 into	 consideration,	 they	 are	 typically	 limited	 to	 the	
traditional	 sense	 of	 a	 “project”	wherein	 post-construction	 phases	 like	 use,	maintenance,	
and	operation	tend	to	be	excluded.			

Another	approach-based	development	seeking	to	fill	 these	gaps,	and	another	key	feature	
of	 this	 research,	 is	 the	development	of	 lifecycle-orientated	approaches	 to	buildings.	This	
cradle-to-grave	 mentality	 promotes	 consideration	 of	 all	 project	 phases	 from	 project	
conception	 to	 delivery	 of	 a	 completed	 building	 in	 addition	 to	 the	 use,	 maintenance,	
operation,	 any	eventual	 reprogramming,	 and	eventual	decommissioning	 (Eadie,	Browne,	
Odeyinka,	McKeown,	&	McNiff,	 2013).	As	 a	 result	 of	 investigation	 into	 lifecycle-oriented	
building	 approaches,	 research	 has	 expanded	 to	 include	 other	 aspects	 of	 the	 building	
lifecycle,	 such	 as	 the	 maintenance	 and	 operation	 phases.	 Although	 lifecycle-oriented	
approaches	to	building	offer	many	benefits,	they	are	more	complicated	to	implement	than	
traditional	 approaches	 and	 are	 still	 largely	 unfamiliar	 within	 the	 industry	 due	 to	
infrequent	use.	

Building	information	modeling,	more	commonly	referred	to	as	BIM,	represents	the	fourth	
theme,	technology.	BIM	is	arguably	the	most	important	innovation	in	the	building	industry	
today.	Though	it	has	existed	in	some	form	since	the	1970s,	it	was	not	until	the	last	ten	to	
fifteen	years	that	the	awareness	of	BIM	increased.	BIM	was	first	conceived	as	technological	
innovation.	In	years	thereafter,	BIM	has	evolved	into	an	extremely	powerful	niche-regime	
with	consequences	for	process,	perspective,	and	even	procurement.	In	fact,	the	range	and	
extent	 of	BIM	 implications	makes	 it	 relevant	 to	 the	 entire	multi-level	 perspective.	 Some	
researchers	even	believe	the	BIM	represents	a	paradigm	change	with	far-reaching	benefits	
and	 impacts	 that	 affect	 not	 only	 the	 construction	 industry,	 but	 also	 society	 at	 large	
(Eastman	 et	 al.,	 2011)	 due	 to	 its	 promises	 for	 enhancing	 sustainability	 (Bynum	 et	 al.,	
2013)	 and	 promoting	 more	 holistic,	 lifecycle-oriented	 approaches	 to	 building	 projects	
(Eadie	et	al.,	2013).		

5.		Current	state	of	building	industry	transition	

5.1		Current	and	future	trajectory	

Historically,	 the	 building	 industry	 regime	 was	 highly	 stable,	 which	 has	 led	 to	 deeply	
embedded	values,	practices,	processes,	and	approaches	that	carry	on	to	this	day.	Since	the	
1980s,	 however,	 this	 incumbent	 regime	 has	 been	 increasingly	 confronted	 by	
developments	 at	 the	 landscape,	 regime,	 and	 niche	 levels.	 The	 past	 two	 decades	 have	
displayed	 particularly	 influential	 developments	 with	 considerable	 increases	 in	 the	
frequency,	amplitude,	speed,	and	scope	of	changes	(Suarez	&	Oliva,	2005)	felt	by	the	socio-
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technical	building	 industry	 regime.	During	 this	period,	 the	 state	of	 the	building	 industry	
went	 from	 a	 well-established	 and	 stable	 dominant	 regime	 with	 a	 predominantly	
reproductive	 transition	pathway	to	a	state	of	 increasing	 tension	and	pressure	 that	could	
be	categorized	as	reconfiguration.			

Taken	together,	transition	of	the	building	industry	in	the	last	half	century	is	characteristic	
of	what	Geels	et	al.	(2016)	dub	“shifts	between	pathways.”	A	new	era	of	sustainability	and	
long-term	 thinking	 is	 burgeoning,	 which	 needs	 to	 transcend	 into	 the	way	 buildings	 are	
conceived,	 designed,	 constructed,	 and	 used.	 A	 new	 way	 of	 thinking	 and	 working	 is	
emerging	to	facilitate	these	needs,	but	the	existing	socio-technical	system	and	the	regime	
as	 it	 exists	 cannot	 effectively	 support	 it.	 Consequently,	 it	 has	 become	 increasingly	
apparent	 that	 the	 building	 industry	 is	 undergoing	 a	 transition,	 the	 rate	 of	which	 can	 be	
expected	to	quicken	and	intensify.	

Characterizing	the	future	trajectory	of	transition	in	the	building	industry	is	complex.	Up	to	
now	neither	 external	 conditions	 nor	 ebb	 and	 flow	within	 the	 regime-level	 have	 created	
sufficient	 change	 to	 result	 in	 destabilization	 of	 the	 incumbent	 socio-technical	 regime.	
Thus,	 the	 conditions	 to	 stimulate	 significant	 evolution	 or	 transition	 are	 not	 yet	 present,	
though	 they	 do	 appear	 to	 be	 strengthening	 (Thelen,	 2003).	 The	 changes	 that	 have	
occurred	up	to	 this	point	have	brought	with	 them	an	 increase	 in	complexity,	both	at	 the	
industry	 regime	 level	 and	 also	 at	 the	 project	 level.	 Complexity	 magnifies	 the	 impact	 of	
change	and	the	resulting	destabilization.	As	such	longstanding	issues	within	the	industry	
derived	from	its	fragmented	nature	are	posing	new	problems	with	respect	to,	among	other	
things,	decision-making	processes,	coordination,	and	collaboration	(Ye	et	al.,	2009).		

Referring	back	 to	 the	 transition	pathways	put	 forward	by	de	Haan	and	Rotmans	(2011),	
many	of	the	typologies	can	be	eliminated.	This	research	excludes	the	possibility	of	a	failed	
transition,	and	grounds	have	been	set	predicting	that	regime	adaptation	will	occur.	What	
is	 less	 clear	 is	 the	direction	 from	which	 change	will	 come.	Considering	 that	 the	building	
industry	 is	currently	undergoing	significant	 influence	from	both	the	 landscape	and	niche	
levels,	 it	 can	 be	 deduced	 that	 the	 influence	 is	 not	 purely	 top-down	 or	 bottom-up.	
Therefore,	neither	 “radical	 reform”	nor	 “reconfiguration”	 is	 characteristic	of	 the	ongoing	
transition.	 This	 leaves	 two	 possibilities:	 the	 squeezed	 (top-down	 and	 bottom-up)	
teleological	pathway	and	the	adaption	dominated	transformation	pathway.	

Recapping	 these	 two	 typologies,	 teleological	 transition	 pathways	 are	 “the	 result	 of	 a	
regime	 adapting	 to	 changed	 circumstances	 not	 by	 reforming	 itself	 but	 allowing	 outside	
influences	to	reconstellate	structures	and	cultures	and	simultaneously	incorporating	novel	
functioning	in	these	processes”	(de	Haan	&	Rotmans,	2011).	In	transformation	transition	
pathways,	 transformation	 occurs	 within	 the	 regime	 itself	 via	 an	 ongoing	 evolutionary	
process	 of	 adaption.	 In	 this	 process,	 the	 regime	 responds	 to	 tensions	 and	 stress	 by	
changing	 itself	 in	a	self-steering	process	so	as	to	meet	needs	and	demands	once	more.	 It	
also	frequently	involves	the	absorption	of	niches	or	co-evolution	with	the	niche-level	(de	
Haan	&	Rotmans,	2018).		

On	the	one	hand,	a	teleological	pathway	appears	to	be	applicable.	The	incumbent	regime	is	
beginning	to	waver,	especially	as	landscape-	and	niche-level	developments	come	closer	to	
a	 destabilizing	 harmony.	 Developments	 in	 BIM	 and	 lifecycle-oriented	 approaches	 in	
particular	are	nearly	in	alignment	with	landscape-level	developments.	On	the	other	hand,	
a	well-organized	driving	force	external	to	the	regime	has	yet	to	materialize.	For	example,	
although	the	aforementioned	niche-regimes	have	experienced	individual	successes,	it	has	
proven	difficult	for	a	larger	niche	featuring	two	or	more	merged	niche-regime	innovation	
to	take	form.	Consequently,	it	is	most	likely	that	the	existing	regime	will	not	be	replaced.	
Rather,	the	building	industry	seems	increasingly	willing	to	undergo	adaptation,	which	is	in	
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agreement	 with	 the	 transformation	 pathway.	 However,	 complete	 transformation	 from	
within	 the	 regime	 itself	 is	 also	 doubtful	 because	 of	 the	 industry’s	 supply-demand	
relationship,	 risk-averse	 nature,	 and	 preference	 for	 stability.	 Furthermore,	 this	 is	 in	
keeping	 with	 de	 Haan	 and	 Rotmans’	 (2011)	 stance	 that	 internally	 induced	 change	 is	
insufficient	 to	 produce	 a	 “proper	 transition”.	 As	 such,	 both	 the	 teleological	 and	
transformation	 transition	 pathways	 have	 their	 merits	 and	 faults.	 Thus,	 the	 current	
transition	 in	 the	 building	 industry	 can	 be	 best	 characterized	 simply	 as	 dynamic	 and	
involving	all	three	levels.	With	respect	to	the	future,	the	transition	is	likely	to	be	complex,	
non-linear,	 and	 distorted	 by	 uncertainty.	 The	 element	 of	 time	 is	 also	 a	 considerable	
variable,	 especially	 given	 the	 dawdling	 history	 of	 transition	 in	 this	 particular	 dominant	
regime.	

5.2		Insufficient	conditions	for	transition	

Following	in	line	with	transition	theory,	the	harmonization	of	these	landscape-	and	niche-
level	developments	has	begun	to	destabilize	the	incumbent	building	industry	regime.	As	a	
result,	new	windows	of	opportunity	continue	to	open	for	niche-regimes	to	break	through	
and	start	competing	against	what	was	once	a	stable,	long-established	regime.	The	level	of	
destabilization,	however,	appears	to	be	 insufficient	to	bring	about	transition	of	sufficient	
speed	and	intensity.	

Although	theory	suggests	that	successful	niche	breakthroughs	and	amalgamation	with	the	
transition	 pathway	 stand	 the	 chance	 of	 giving	 way	 to	 new,	 stabilizing	 socio-technical	
configurations	 (Fuenfschilling	 &	 Truffer,	 2014),	 the	 reality	 of	 the	 building	 industry	
portrays	a	more	complicated	set	of	circumstances.	Furthermore,	the	mounting	complexity	
and	 instability	 at	 the	 regime	 level	 makes	 the	 adoption	 and	 implementation	 of	 new	
technology	markedly	more	 challenging	 (Sepasgozar	&	Bernold,	 2012).	 Furthermore,	 the	
building	industry	is	not	only	quite	resistant	and	averse	to	change	but	also	poorly	suited	to	
pursue	change	even	when	desired.	Further	complicating	 the	occurrence	of	 innovation	 in	
the	 building	 industry	 is	 that	 innovation	 tends	 to	 be	 driven	 by	 demand-side	 (e.g.	 client)	
needs	 and	 requirements	 (Ozorhon	 et	 al.,	 2010;	 Ye	 et	 al.,	 2009).	 At	 first,	 this	 seems	
contradictory	 given	 that	 the	 industry	 is	 largely	 supply-driven.	 However,	 conventions	
dictated	by	 the	well-established	mainstream	result	 in	a	 tendency	 to	preclude	 innovation	
unless	it	is	in	favor	of	supply-side	actors.		

This	is	not	to	say,	however,	that	innovation	does	not	occur.	Although	the	building	industry	
has	earned	a	reputation	for	being	“low-technology”	(Von	Tunzelmann	&	Acha,	2009)	and	
reluctant	 to	 innovate	 (Ozorhon	 et	 al.,	 2010;	 Sepasgozar	 &	 Bernold,	 2012),	 these	 are	
characteristics	applicable	to	the	industry	regime	as	a	whole.	Individual	projects,	however,	
can	 be	 considered	 as	 protective	 spaces	 in	 which	 innovation	 can	 occur.	 In	 general,	 it	 is	
individual	exemplary	building	projects	that	exhibit	considerable	innovation	(Barrett	et	al.,	
2007).	A	caveat	for	innovation	in	the	building	industry	is,	therefore,	that	innovation	occurs	
on	 individual	 projects,	 which	 are	 temporal	 in	 nature.	 Moreover,	 the	 knowledge	 and	
experiences	 gained	 in	 the	 execution	 of	 such	 innovation	 is	 rarely	 diffused	 due	 to	 poor	
knowledge	 transfer	 processes,	 industry	 fragmentation,	 and	 the	 frequent	 desire	 of	
companies	 to	 withhold	 proprietary	 information	 (Artto	 et	 al.,	 2008;	 Davidson,	 2013;	
Koutamanis,	2017).	As	such,	innovation	in	the	building	industry	tends	to	occur	in	the	form	
of	ad-hoc,	localized	experiments.	In	failing	to	create	a	network	and	develop	structuration,	
innovations	struggle	to	gain	the	traction	necessary	in	order	to	evolve	into	niche-regimes.		

Because	 of	 these	 and	 other	 difficulties	 niche-regime	 breakthrough	 and	 adoption	 can	 be	
significantly	hampered.	These	conditions	could,	for	instance,	produce	a	situation	in	which	
a	window	of	opportunity	exists	for	breakthrough	into	the	regime-level	without	a	line-up	of	
sufficiently	 competitive	 niche-regimes	 to	 take	 advantage	 of	 it.	 In	 another	 scenario,	 an	
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underdeveloped	niche-level	innovation	may	emerge	only	to	fail	in	its	competition	with	the	
dominant	regime	due	to	unpreparedness.	This	type	of	failure	is	unfortunate	for	otherwise	
promising	 innovations	 as	 failure	 causes	 them	 to	 fall	 victim	 to	 negative	 opinion,	 thus	
reducing	or	eliminating	their	change	at	uptake	in	the	regime-level.	In	short,	without	viable	
niche-regimes	 there	 is	 no	 competition,	 and	 therefore	 no	 contribution	 to	 regime	
destabilization	 and	 diminished	 conditions	 for	 transition.	 Conversely,	 windows	 of	
opportunity	may	not	appear	altogether.	The	fragmented	nature	of	the	building	industry	in	
particular	makes	 it	difficult	 for	actors	to	discern	benefits	of	an	 innovation,	which	 in	turn	
diminishes	 the	 motivation	 of	 actors	 to	 pursue	 an	 innovation.	 Without	 this	 motive	 and	
intent,	 actor	 alliances	 and	 their	 respective	 resources	 cannot	 come	 together	 (Davidson,	
2013).	As	such,	niche-regimes	cannot	come	into	being.		

6.		Conclusion	
In	 the	 multi-level	 perspective	 (MLP),	 transition	 is	 viewed	 as	 a	 dynamic,	 iterative	 and	
interwoven	process	occurring	within	and	between	the	landscape,	regime,	and	niche	levels	
that	 occurs	 over	 time.	 The	 MLP	 emphasizes	 the	 role	 of	 developments	 and	 inter-level	
influence,	 focusing	 predominantly	 on	 how	niche-level	 innovation	 experiments	 arise	 and	
bring	about	changes	 that	stimulate	regime-level	 transition.	The	extent	of	 these	 factors	 is	
dependent	upon	the	timing	and	nature	of	interactions	between	the	three	levels.	

In	 short,	 transition	occurs	as	 the	 result	of	 change	 that	destabilizes	 the	dominant	 regime	
and	 subsequent	 re-stabilization.	 The	 extent	 of	 destabilization	 relates	 to	 the	 frequency,	
amplitude,	 speed,	 and	 scope	 of	 changes	 that	 occur	 at	 any	 of	 the	 three	 levels,	 though	
internal	regime-level	change	is	usually	negligible.	The	pressure,	tension,	and	stress	at	the	
regime-level	caused	by	such	changes	results	in	destabilization,	which	creates	windows	of	
opportunity	for	viable	niche-regimes	to	break	through	into	and	compete	with	the	regime.	
Various	 outcomes	 dependent	 on	 the	 presence	 or	 absence	 of	 regime	 adaptation	 are	
possible,	 which	 in	 turn	 dictate	 the	 re-stabilization	 of	 the	 regime	 level	 and	 transition	
pathway.	

Such	an	urgent	need,	however,	comes	into	direct	conflict	with	the	conventional	stronghold	
and	 slow-to-change	 nature	 of	 the	 building	 industry.	 Although	 the	 building	 industry’s	
attitude	towards	challenge	and	change	is	often	despondent,	such	developments	also	pose	
new	opportunities.	

Although	 outright	 transition	 is	 unattainable	 in	 socio-technical	 regimes,	 adaptation	 and	
transformation	are	possible.	However,	neither	can	efficiently	nor	effectively	occur	 in	 the	
absence	of	 sufficient	 stability.	Thus,	 for	 a	 regime	 to	progress	 further	along	 its	 transition	
pathway,	the	stability	of	the	regime	must	first	return	to	a	certain	acceptable	level.	Because	
of	the	nature	of	socio-technical	regimes	and	regardless	of	the	source	and	extent	of	change,	
it	is	the	actors	and	actor	alliances	that	ultimately	shape	and	direct	the	transition	path.	

Due	to	the	critical	importance	of	niche-level	developments	and	their	influence	on	regime	
transition,	 it	 is	worthwhile	 to	explore	what	could	be	done	 to	 improve	conditions	 for	 the	
transition	 to	 a	 more	 sustainable	 building	 industry.	 Given	 the	 potential	 of	 BIM	 and	 the	
pressing	 need	 for	 viable	 niche-regimes	 in	 order	 to	 stimulate	 transition,	 it	 prudent	 to	
explore	 how	 this	 particular	 niche-regime	 could	 contribute	 to	 the	 transition	 to	 a	 more	
sustainable	building	 industry.	The	proceeding	chapters	aim	to	contribute	 to	 this	body	of	
knowledge	and	address	questions	posed	by	this	research.		

Because	 innovation	 is	 both	 an	 individual	 and	 collective	 process,	 a	 systems	 approach	 is	
necessary	 to	 cope	 with	 the	 complexity	 and	 interconnectedness	 of	 innovation	 of	 socio-
technical	 systems.	 Furthermore,	 a	 technological	 innovation	 systems	 perspective	
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emphasizes	the	role	of	contextually	dependent	systems	dynamics	in	shaping	the	functions	
critical	to	the	workings	of	a	socio-technical	system.	
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Appendix	B: Exemplary	interview	questions	
Q1:	Can	you	introduce	yourself	and	tell	a	bit	about	your	role	within	the	organization?	
	

Q2:	What	kind	of	building	client	organization	is	the	organization?	

(e.g.	public,	private,	semi-public)	
	

Q3:	Can	you	explain	to	me	in	your	own	words	what	BIM	is?	
	

Q4:	Why	does	the	organization	want	to	use	BIM?	
	

Q5:	What	are	the	advantages	of	BIM	adoption	for	the	organization?	

Was	it	these	advantages	that	convinced	the	organization	to	adopt	BIM?	

Are	there	other	factors	that	influenced	the	organization’s	decision	to	adopt	BIM?	
	

Q6:	Would	you	say	that	the	organization	is	committed	to	moving	forward	with	BIM?	

When	did	this	commitment	occur?	
	

Q7:	In	your	opinion,	what	have	been	the	biggest	barriers	to	adopting	BIM?		

Would	you	say	that	the	barriers	are	primarily	internal,	external,	or	comparable?	
	

Q8:	What	role	do	you	think	the	organization	plays	in	the	industry’s	adoption	of	BIM?	

As	 a	 public	 organization,	 is	 the	 organization	 also	 externally	 motivated	 to	 adopt	
BIM?	

What	are	these	external	factors?	
	

Q9:	Why	does	the	organization	want	to	use	BIM?	
	

Q10:	How	does	the	organization	currently	use/implement	BIM	on	its	building	projects?		

What	are	the	expectations	for	future	use?	
	

Q11:	What	kind	of	steering	devices	or	techniques	does	the	organization	use	to	implement	
BIM	on	its	building	projects?	

(e.g.	procurement	method,	contractual/written	devices,	standards)	

Would	you	describe	these	devices/techniques	as	effective?	Why	or	why	not?	
	

Q12:	 In	 addition	 to	 formal	 steering	 devices	 and	 techniques,	 what	 has	 the	 organization	
done	to	communicate	its	BIM	strategy	and	promote	BIM	use	to	the	industry?	
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(e.g.	educational	workshops,	collaborative	think	tanks)	

Do	you	believe	that	this	communication	and	promotion	have	been	successful?	Why	
or	why	not?	

	

Q13:	What	 role	do	you	 think	 the	organization	plays	 in	 stimulating	 the	 lifecycle-oriented	
use	of	BIM	on	its	building	projects?	
	

Q14:	 What	 barriers	 does	 the	 organization	 see	 in	 implementing	 BIM	 across	 the	 entire	
lifecycle	of	a	building?	

What	has	been	done	to	reduce	these	barriers	already?	

What	will	or	could	be	done	in	the	future	to	further	reduce	these	barriers?		
	

Q15:	 Does	 the	 organization	 have	 an	 organization-level	 strategy	 for	 the	 adoption	 and	
implementation	of	BIM?		

Does	the	organization	have	clearly	defined	mission,	vision,	and	goals	for	BIM?	

Would	you	say	that	there	are	clear	links	between	the	organization’s	organization-
level	BIM	strategy	and	the	project-level	BIM	strategy?	

	

Q16:	How	would	you	describe	the	process	of	adopting	BIM	within	the	organization	up	to	
this	point?		

(adoption	within	the	organization	itself,	not	on	individual	projects)	

(e.g.	level	of	effort	required,	duration,	level	of	cooperation/participation)	

Who	has	been	involved	in	this	process?	

Do	you	feel	that	BIM	is	compatible	with	the	organization	and	its	way	of	working?	

Has	there	been	any	resistance	to	the	proposed	changes?	
	

Q17:	Does	the	organization	see	BIM	as	something	they	have	to	get	right	the	first	time,	or	as	
an	evolutionary	process?	
	

Q18:	What	is	the	organization’s	outlook	on	BIM	for	the	future?	

(e.g.	positive,	negative,	mixed)	
	

Q19:	What	is	your	outlook	on	BIM	for	the	future?	
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Appendix	C: Interview	responses	

Case	1	interview	responses	
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Case	2	interview	responses	
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Case	3	interview	responses	

	
	

	 	


