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Abstract 4 

As an innovation, Building Information Modelling (BIM) plays a key role in the digital 5 

transformation of construction industry. Whereas innovations affect and are affected by 6 

organizational behavior, they are better observed at a project level, as they are shaped by a 7 

network of various project actors. This study connects intra- (micro-) and inter-organizational 8 

(meso-) levels of BIM implementation. To explore the relation between BIM adoption drivers 9 

and BIM implementation in projects, three case studies are analyzed qualitatively through the 10 

theoretical lens of loosely coupled systems. The findings showed that although individual firms 11 

had strong external or internal BIM motivations and visions to adopt BIM innovation, the 12 

project networks rarely coordinated to support BIM implementation. Consequently, the project 13 

networks that were motivated by ‘internal’ BIM adoption drivers (e.g. quality assurance), 14 

implemented BIM collaboratively and flexibly. Contrariwise, networks of firms that adopted 15 

BIM simply to comply with ‘external’ demand (e.g. macroscopic market pressures or client 16 

demand), were rigid and competitive during BIM implementation and hindered knowledge 17 

transfer and innovation change management. Drawing upon the empirical data, other factors 18 

affecting BIM implementation and in need for further inter-organizational alignment were 19 

corporate compatibility, inter-firm knowledge mobility, and inter-firm power dynamics. The 20 

implication is the need for further alignment of visions about BIM innovation decision-making 21 

across firms to support effective BIM implementation in projects. 22 
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Introduction 26 

Building Information Modeling (BIM) is a technological innovation that has the last decade 27 

gained traction in Architecture, Engineering, and Construction (AEC) industry as a 28 

construction innovation (Elmualim and Gilder 2014). Innovation entails new artefacts or 29 

processes in a field (Abernathy and Clark 1985). Overall, BIM domain entails a set of 30 

Information Technology (IT) tools for generating, managing, and sharing building information 31 

among project actors, involving more digital functionalities than three-dimensional modeling. 32 

Becerik-Gerber and Kensek (2009) studied trends of BIM in construction industry from a 33 

‘Building Information Management’ perspective. Apart from technology, BIM is an innovation, 34 

as it brings new workflows for innovative project delivery and deeply transforms the intra- and 35 

inter-organizational settings. 36 

However, not all firms and project networks are able to automatically work harmoniously with 37 

these new workflows and processes that accompany BIM innovation. After all, the network of 38 

AEC is fragmented into various firms that collaborate or compete across the market and it has 39 

been described as a ‘loosely coupled system’ (Dubois and Gadde 2002). Due to heterogeneity 40 

and fragmentation, innovation becomes misaligned  among construction networks (Taylor and 41 

Levitt 2007). Similarly, as an innovation BIM tends to be misaligned among firms that adopt 42 

it. According to Taylor and Levitt (2007), construction systems with strong relational stability 43 

and permeable boundaries perform better with misaligned innovation – and probably with BIM 44 

innovation. To this end, a network view of BIM innovation offers a contextual understanding 45 

of BIM innovation and there is additional room to understand how BIM adoption drivers 46 

influence its implementation in project networks.  47 

Any firm’s decision-making on adopting BIM is the resultant of institutional forces, internal 48 

drivers, and external pressures (Kassem et al. 2015). The use of BIM has been mandated for 49 

governmental buildings from policy-makers in the United States of America (USA) and various 50 
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European countries, such as the United Kingdom (UK) and some Nordic countries. Such 51 

initiatives include quasi-contractual BIM documents among multi-disciplinary project actors, 52 

such as the pre-contract ‘BIM Execution Plan’ (CPIc 2013) in the UK. As BIM implementation 53 

requires synergy among various multi-disciplinary actors (Sackey et al. 2014), there is 54 

additional scope for observing inter-organizational BIM implementation in projects (Taylor 55 

and Bernstein 2009). After all, projects are excellent vessels to implement and study 56 

innovations (Shenhar et al. 1995), because any successful innovation relies on a sound project 57 

(Shenhar and Dvir 2007). Drawing upon the above, there are three levels of observing BIM: 58 

market (macro-), inter-organizational (meso-), and intra-organizational (micro-level). This 59 

paper aims to explore understand the relation between BIM adoption motivations (micro-level) 60 

and BIM implementation (meso-level) within the context of project networks (macro-level). 61 

From a practical perspective, this is important because firms still struggle adopting and 62 

implementing BIM. Theoretically, this work aims to shed new light on construction innovation, 63 

using BIM as a research setting. Accordingly, it links these levels to reach a comprehensive 64 

understanding of BIM innovation adoption, implementation and diffusion, using the concept 65 

of loosely coupled systems.  66 

This study extends the online survey study of Cao et al. (2016) who unraveled a relation 67 

between BIM adoption motivations and implementation practices across design organizations, 68 

by here studying three multi-disciplinary project networks (cases). This study explores the 69 

relation between intra-firm motivations (heterogeneity attributes) for adopting BIM innovation, 70 

and how innovation unfolded and was applied (implementation) in projects, at a network level 71 

(as systemic innovation), drawing upon empirical data from three cases. Subsequently, the 72 

study attempts to link the intra- and inter-organizational levels of BIM, by confronting BIM 73 

motivations with BIM practice. The study is organized as follows. First, the theoretical basis 74 

around innovation, BIM, and network view of BIM innovations is presented. Subsequently, the 75 
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selected methodology and data collected are presented. The paper ends by presenting, 76 

interpreting and confronting empirical data against literature, outlining implications for 77 

research, practice and policy, before concluding with summary and future directions. 78 

Theoretical basis and knowledge gap 79 

Innovation diffusion in construction industry 80 

Rogers’ (2003) diffusion of innovations model describes the process by which innovations 81 

spread via communication channels across social systems over time. Some innovations spread 82 

relatively rapidly while other innovations spread slowly depending on (a) novelty, (b) 83 

compatibility with existing values, beliefs, and experiences, (c) easiness to comprehend and 84 

adapt, (d) tangibility, and (e) testability (Rogers 2003). Real-life phenomena do not unfold in 85 

a linear, but instead a highly complex, inter-related and complex manner. Similarly, innovation 86 

diffusion is multi-scalar and complex. Local networks’ interactions (micro-level) trigger the 87 

emergence of global structures and behaviors (macro-level) (Rogers et al. 2005). Within 88 

organizations, the innovation decision-making process consists of five stages, initiating it from 89 

the (1) agenda-setting of innovation and its (2) matching to the overall organizational agenda, 90 

followed by the implementation of innovation through iterative cycles of (3) 91 

redefining/restructuring the innovation, (4) clarifying its relation to the organization and (5) 92 

routinizing it into the organization’s ongoing activities (Rogers 2003). 93 

Given that even firms delivering similar services or products are highly heterogeneous; 94 

repetitive and heterogeneous micro-scale behaviors and adoption decision contribute to macro-95 

scale phenomena, and diffusion (Rogers et al. 2005). Construction is a largely project-based 96 

industry (Morris 2004) and construction projects are unique by displaying high demand and 97 

supply variability. Thus, projects, upon which construction industry is organized, are highly 98 

heterogeneous and complex. For Rogers et al. (2005) heterogeneity is central in the diffusion 99 
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of innovations theory, and probably acknowledging the influence of heterogeneous 100 

institutional contexts on macro-scale phenomena is a promising way forward for grasping 101 

innovation in construction and particularly complex project networks. 102 

Historical review of Building Information Modeling  103 

Projects are nexuses of processing information (Winch 2002). Presently, BIM is considered the 104 

most representative information aggregator in construction. BIM is not only a domain of digital 105 

artefacts, but has historical roots in the long process of structuring and standardizing building 106 

information for construction projects (Laakso and Kiviniemi 2012). Whereas the term BIM 107 

was introduced in 1992 (van Nederveen and Tolman 1992), its underlying principles were not 108 

entirely novel for construction. BIM has evolved from efforts for structuring and consistently 109 

representing information and knowledge about building artefacts, which was a predominant 110 

line of thought in the 1970s (Eastman 1999), under the term ‘building product model’. 111 

Around mid-1980s, initiatives in the USA for ‘building product model’ definitions were 112 

developed for exchanging building information amongst Computer-Aided Design (CAD) 113 

applications (Eastman 1999), replacing error-prone human interventions. Building product 114 

modeling advancements followed the long-standing debate on the computerization and 115 

digitalization of construction (Eastman 1999). Industry Foundation Classes (IFC) is probably 116 

the most popular and long-lived data exchange format for construction and is supported from 117 

various commercial BIM applications. Against widespread belief, BIM is not completely 118 

newly-found, but the result of evolving efforts by industry consortia to structure building 119 

information (East and Smith 2016) in building product models. 120 

Whereas BIM is a relatively old concept from a product modeling perspective, it could be 121 

still branded as an innovation for construction, as although its content is already known to 122 

lower-tiers actors of the supply chain, implementing it in projects from all actors is something 123 

entirely new. The need for aligning BIM with numerous processes, standards, protocols and 124 
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workflows is novel and thus, an innovation. BIM is an evolving concept and scholars and 125 

practitioners move towards more broad descriptions of BIM, such as ‘Building Information 126 

Management’ (Becerik-Gerber and Kensek 2009), “digitally-enabled working” (Dainty et al. 127 

2017) and digitization (Morgan 2017), to capture numerous associated innovations. 128 

Additionally, BIM-related policy is also considered innovation. Its novelty lies at policies 129 

prescribing BIM-related contract addendums and workflows in project delivery. Table 1 130 

summarises the afore-described key studies that contributed to the evolving nature of BIM. 131 

 132 

<<Insert Table 1 around here>> 133 

 134 

BIM is seen as a “multifunctional set of instrumentalities for specific purposes” (Miettinen 135 

and Paavola 2014) that affects various actors across construction lifecycle, while policies, 136 

processes, and technologies interact to generate a digital building design (Succar et al. 2012). 137 

Loose coupling in computer and system design entails components that are not constrained in 138 

same definitions, programming languages, environment (web or desktop) operating systems, 139 

or platform. Therefore, BIM is a domain of loosely coupled Information Technology (IT) 140 

systems for generating, controlling, and managing information flows intra- and inter-141 

organizationally. This is in contrast to reports of tight technological coupling of BIM shared 142 

models (Dossick and Neff 2010). Indeed, the state-of-the-art of BIM technology has not 143 

allowed to work past the concept of reference models (Berlo et al. 2015) or the limitations of 144 

asynchronous collaboration (Cerovsek 2011).  145 

Undoubtedly, BIM not only affects the representation of building product information, but 146 

also how actors of multi-disciplinary project networks collaborate (Bryde et al. 2013; Dossick 147 

and Neff 2010; Taylor and Bernstein 2009). Thus, whereas it is a technological innovation, 148 

BIM has been linked not only to coordination of technological artefacts, but also complex 149 
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socio-technical processes to align heterogeneous actors and information (Liu et al. 2016; 150 

Sackey et al. 2014) across projects, networks, and markets. Accordingly, whereas BIM 151 

adoption relies on intra-firm decisions, its implementation depends on inter-firm collaboration 152 

and coordination. 153 

BIM innovation adoption, implementation and diffusion 154 

Various industry players are drawn to BIM and it inevitably becomes object of high quality 155 

scientific research. Currently, BIM research develops in three categories: (a) adoption of 156 

isolated firms, based on individual of discipline-specific perceptions, (b) implementation in 157 

projects, based on case studies, and (c) diffusion at a macro-level, focusing on distinct countries. 158 

To illustrate this categorization, Table 2 presents an indicative list of BIM research streams. 159 

BIM adoption studies provide rich insights into intra-firm barriers and enablers. Son et al. 160 

(2015) and Lee et al. (2013) analyzed BIM adoption in architects in China using Technology 161 

Acceptance Models (TAM) and updated TAM respectively, and individual perceptions and 162 

mistrust were key barriers. Both relational and technical aspects shape the transformation of 163 

contractors in the USA for BIM adoption (Ahn et al. 2015). As adoption relates to micro- and 164 

diffusion to macro-scale, implementation relates to an intermediate or meso-level. Similarly, 165 

technical and organizational BIM implementation studies offer a firm grasp of BIM advantages 166 

and shortcomings. Such studies identified benefits in design management (Elmualim and 167 

Gilder 2014), project management, communication, and coordination improvement (Azhar 168 

2011), project performance (Bryde et al. 2013), collaboration, and coordination (Dossick and 169 

Neff 2010). 170 

 171 

<<Insert Table 2 around here>> 172 

 173 
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Surprisingly, most BIM adoption or implementation studies, do not approach innovation 174 

from a network level. BIM diffusion studies facilitate better understanding of how BIM 175 

innovation unfolds across contexts, and whether the innovation is evolutionary or revolutionary 176 

(Burns and Stalker 1961). Succar and Kassem (2015) described BIM implementation as a 177 

‘three-phased approach’ that includes readiness, capability, and maturity that firms should 178 

develop to successfully use BIM. In projects with various BIM-using firms, implementation 179 

varies greatly, as firms carry different BIM readiness, capability, and maturity levels, due to 180 

their heterogeneity and different sizes (Succar and Kassem 2015; Succar et al. 2012). Succar 181 

and Kassem (2015) categorized BIM diffusion dynamics into top-down, middle-out, and 182 

bottom-up, depending on the type of pressure, i.e. downwards, horizontal, or upwards, received 183 

by government, large firms, or small firms respectively. Correspondingly, a network-view of 184 

projects offers a rich contextual setting to study BIM innovation.  185 

Systems and innovation  186 

This paper studies BIM as a construction innovation, from a systems’ perspective. Systems 187 

Thinking emerged soon after World War II and offered a constructivist approach to the 188 

positivism of operations management research (Klir 2001). Klir (2001) defined a system as a 189 

set of things, thing-hood, and a set of relations among these things, system-hood. The term 190 

system is usually used interchangeably with the term network, however the latter, is a newer 191 

term than that mostly relates to the representation of a set of things (nodes) and a set of relations 192 

(links). The AEC has also been described as a ‘loosely coupled system’ (Dubois and Gadde 193 

2002). 194 

This study adopts Orton and Weick’s (1990) dialectical definition of ‘loosely coupled 195 

system’. Accordingly, such a system is both closed and open to outside forces, as its constituent 196 

elements display both distinctiveness and responsiveness (Orton and Weick 1990). A ‘loosely 197 

coupled system’ is neither a ‘managerial failure’, nor needs to be transformed into a tight 198 
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system, but instead entails tools for understanding and evaluating interpretative systems (Orton 199 

and Weick 1990). Conversely, a tight system would be static and possess neither distinctive 200 

nor responsiveness. Drawing upon the above, studying loosely coupled systems facilitates the 201 

understanding of “fluidity, complexity, and social construction” of organizational structures 202 

(Orton and Weick 1990). In the context of construction, indeed projects are extremely complex 203 

and inter-firm relations are fluid, by maintaining both distinctiveness and responsiveness. 204 

Chesbrough and Teece (1996) distinguish between autonomous and systemic innovations, as 205 

the former can be pursued independently by firms in a decentralized way, whereas the emerging 206 

inter-relations in the latter, suggest an additional need for control. 207 

Brusoni and Prencipe (2001) suggest that varying cooperative agreements such as market-208 

based, joint ventures, and strategic alliances need coordination and integration to safeguard the 209 

responsiveness needed in the loosely coupled system. In systemic innovations, there is an 210 

additional need for coordination, which is usually covered by highly integrated firms who can 211 

leverage their size. Such firms are called systems integrators and are both specialized in in-212 

house activities and, keen to manage technological capabilities of other firms in the network 213 

(Brusoni and Prencipe 2001). In similar spirit, Dhanaraj and Parkhe (2006) discuss recruitment 214 

and brokering potential of ‘hub firms’ in order to coordinate – or orchestrate – innovation in 215 

networks of firms. They recognized the focal role of the orchestration/hub firm – whose role 216 

resembles that of a system integrator – and the importance of three interdependent parameters 217 

among the multi-actor network: (a) knowledge mobility via formal and informal 218 

communication channels, (b) innovation appropriability by capturing benefits from innovation 219 

via trust and mutuality and (c) network stability through subtle leadership, recruitment and 220 

brokering activities (Dhanaraj and Parkhe 2006). However, given the high actors’ 221 

heterogeneity in construction networks, probably a less focal view would be a promising way 222 

forward to understand BIM innovation in multi-actor construction networks. The project actors’ 223 
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heterogeneity is characterized by six attributes: (a) goals, (b) knowledge bases, (c) capabilities 224 

and competences, (d) perceptions, (e) power and position, and (f) cultures (Corsaro et al. 2012). 225 

There is additional scope for studying BIM as a systemic innovation, through the lens of loosely 226 

couple systems from a non-focal perspective. Consequently, this study is agnostic concerning 227 

which actor would act as systems integrator. 228 

Network view of BIM innovation 229 

As an innovation, BIM is better pursued in a decentralized manner (Aibinu and 230 

Papadonikolaki 2016; Eastman et al. 2008) and it is thus a systemic innovation. For Brusoni 231 

and Prencipe (2001), “systemic innovations can be realised only in combination with 232 

complementary innovations”. Indeed, changes in procurement and particularly integrated 233 

schemes such as Design-Build (DB) have been suggested as necessary for BIM (Eastman et al. 234 

2008). De Valence (2010) proposes that non-traditional procurement schemes, focusing on 235 

build and maintain encourage innovation through long-term engagements. 236 

This study adds to the knowledge base of BIM adoption and implementation from a socio-237 

technical view (Sackey et al. 2014). Sackey et al. (2014) used an actor-network lens to highlight 238 

the need for additional alignment and stability in BIM-using networks. Relevant past research 239 

on BIM implementation has focused on analysing the coordination needed in BIM-based work 240 

(Dossick and Neff 2010; Whyte and Lobo 2010). As opposed to previous work from a project 241 

network perspective, e.g. by Taylor and Bernstein (2009), Dossick and Neff (2010), and 242 

Papadonikolaki et al. (2017), this paper holds a dialectic perspective on inter-disciplinary teams’ 243 

interaction in BIM-based projects, using a qualitative approach. The paper studies BIM 244 

adoption and implementation from an inter-firm (network) perspective and poses the following 245 

research questions (RQs): How do intra-firm decisions about BIM adoption influence the 246 

implementation of BIM innovation in multi-actor project networks (RQ1), and in turn project 247 
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outcomes (RQ2)? Figure 1 illustrates the theoretical framework linking key themes of the paper 248 

to the RQs. 249 

 250 

<<Insert Figure 1 around here>> 251 

Methodology and methods 252 

Research rationale 253 

Following on the research question presented above and the theoretical framework in Figure 1, 254 

this study has two main objectives. The first objective is to understand the relation between 255 

BIM innovation adoption (micro-level), i.e. intra-firm motivations for BIM adoption, and BIM 256 

innovation implementation (meso-level). The second objective is to understand the relation 257 

between how BIM was implemented in project and how project participants perceived the 258 

projects’ outcomes. The study holds an interpretative approach and explores the relation 259 

between BIM adoption and implementation using inter-organizational perspectives from 260 

various actors regarding BIM. The interpretative paradigm is consistent to the theoretical lens 261 

of the study, given that Orton and Weick’s (1990) dialectical definition of ‘loosely coupled 262 

system’ encourages interpretation and dialogue with the data collected about the studied 263 

phenomenon. Consequently, case studies were selected as a suitable methodology to “preserve 264 

dialectical interpretation” (Orton and Weick 1990) and offer insights into the relation between 265 

BIM adoption and implementation. 266 

The research context (macro-level) is crucial for understanding how BIM innovation is 267 

adopted and implemented (see Figure 1). After all according to Rogers (2003), innovation 268 

diffusion is a context-laden process through channels of communication, time and social 269 

systems. Before explaining the methods used, an analysis of the social system and research 270 

context are crucial for the methodological underpinning. The study took place in the 271 
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Netherlands, where BIM has gained a lot of traction the last decade. The idiosyncrasy of the 272 

Dutch market could potentially allow for generalization. As Dutch firms are keen to collaborate 273 

(Winch 2002) and seek consensus, any lessons-learned from this small market could reflect 274 

trends to other construction markets in Europe. The Dutch BIM maturity level is well-advanced, 275 

without being subjected to mandatory policies and external forces imposed by the Dutch 276 

government (Kassem et al. 2015). Instead, there is an abundance of ‘bottom-up’ initiatives for 277 

diffusing BIM in the Netherlands, as various firms from the industry co-create processes and 278 

standards to facilitate BIM implementation (Berlo and Papadonikolaki 2016). As a social 279 

system (macro-level view, see Figure 1), the context of the Netherlands offer a relatively stable 280 

research setting as it has a long-standing innovation culture (Dorée 2004). 281 

The overarching research method was case study used to analyse the phenomenon in “real-282 

life context” (Yin 1984) with the aim to provide a rich description and findings congruent with 283 

reality (Merriam 1998). The research methods used were qualitative and the epistemological 284 

paradigm followed interpretative (Merriam 1998). Three cases were selected from a larger pool 285 

of projects for being representative of the Dutch construction market. The unit of analysis of 286 

the cases was the project, as innovations are better observed in projects (Shenhar et al. 1995). 287 

Namely, all cases included multi-functional and housing typology, the dominant building 288 

project type in the Netherlands. Case A was a prestigious project, as it featured a complex 289 

design of three (irregular shaped) volumes organized around a public square with access to a 290 

canal and featuring underground parking. Case B was also a prestigious and quite unique 291 

project, as it concerned 12-floor housing towers over a pre-existing shopping arcade 292 

constructed in the late 1980s. This project (phase B) followed the construction of another 293 

housing tower a couple years ago (phase A). Case C was a rather mainstream project, featuring 294 

44 apartments organized in two rectangular volumes in a densely populated area in the 295 

Netherlands. 296 
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The sample was diverse, as the participating firms were of varying sizes, e.g. Small-297 

Medium Enterprises (SME) and large firms. The firms that participated in the projects (cases) 298 

were simultaneously engaged in long-standing project networks (alliances) and this ensured 299 

access to multi-disciplinary interviewees and facilitated the network-view of the study. The 300 

researcher was not affiliated with any of the participating firms. The cases (projects) were 301 

studied over a period of 18 months, during Definitive Design phase, Pre-Construction phase, 302 

and the first stages of Construction. Table 3 includes some descriptive characteristics about the 303 

projects and Table 4 data sources about the cases and details about interviewees. 304 

 305 

<<Insert Table 3 around here>> 306 

 307 

<<Insert Table 4 around here>> 308 

Data collection and analysis 309 

The primary data were 31 interviews with various actors per project from both supply and 310 

demand sides of the network and from multiple tiers, e.g. first-tier: client, contractor, architect, 311 

engineers, and second-tier: subcontractors and suppliers. After all, Creswell (1994) has put 312 

forward the idea of combining and triangulating among different sources of data to enhance 313 

research accuracy. Similarly, Gorard and Taylor (2004) have challenged the dominance of 314 

monothematic research methods and suggested instead the synthesis of findings from a 315 

triangulation of methods. Interviews were held at three study phases: (a) beginning of the study, 316 

(b) project progression, and (c) study validation, after the preliminary case analysis took place. 317 

Accordingly, the interview questions revolved around (1) the firms’ motivation for adopting 318 

BIM as an innovation, (2) their perceived benefits and challenges during BIM implementation, 319 

and (3) the projects’ outcomes. As usually cases study methods “incorporate a number of data 320 

gathering measures” (Berg 2001), the research also included secondary data for triangulation 321 
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and credibility (Miles and Huberman 1994). Meetings observations, ‘living labs’, document 322 

(physical and digital) inspection, site and firm visits, and press coverage from online resources 323 

complemented the analysis of BIM implementation with additional sources and triangulate the 324 

findings. 325 

The primary data (interviews) were analyzed using systematic thematic analysis, following 326 

the themes identified in the ‘Theoretical background’ section, around motivation for BIM 327 

adoption and an inter-organizational perspective. The interviews were audio-recorded, then 328 

transcribed and translated (from Dutch from native speakers). Both descriptive and ‘in vivo’ 329 

coding was used to analyse the data. The secondary data were used to represent and analyse 330 

the BIM implementation process at project- and inter-organizational levels and triangulate, 331 

support, challenge or enrich, according to Miles and Huberman (1994), the insights into BIM 332 

implementation. Primary and secondary data were subsequently confronted to identify gaps 333 

between the motivation for BIM adoption and the actual BIM implementation, by drawing 334 

upon metrics of BIM maturity. These metrics included evaluation of the BIM-based 335 

collaboration process, which is seen as both prerequisite and indicator of the popular UK BIM 336 

Level Two maturity.  337 

Data and Findings 338 

The Data and Findings section has been divided in to three subsections that are presenting the 339 

data on: (1) BIM innovation adoption drivers across firms, (2) BIM implementation approaches 340 

across cases and (3) outcomes of the BIM-based projects. The first and second subsections 341 

present the data to answer the first research question based on the independent and intermediate 342 

variables (RQ1, see Figure 1). The third subsection presents the data pertinent to the second 343 

research question based on the dependent variables (RQ2, see Figure 1). The answers to both 344 

questions are given in the Discussion section. 345 
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BIM adoption drivers across firms 346 

Because the cases were approached as networks of actors organized around projects, a 347 

systematic approach to analyze the three cases was followed. Actors from each case were 348 

interviewed separately about their intra-firm motivations for adopting BIM (Table 4). To 349 

ensure internal data validity, additional perspectives from various hierarchical levels 350 

(Eisenhardt and Graebner 2007) of the firms were received. In some instances, this approach 351 

was an opportunity to identify incongruent perceptions (Merriam 1998) and motivations about 352 

BIM adoption and implementation within the boundaries of the same firm. Overall, the data 353 

showed that BIM is indeed regarded as a novelty for construction from key actors but for 354 

varying reasons. Data presented in this section are related to the independent variables and RQ1 355 

(see Figure 1). 356 

Almost all actors of Case A adopted BIM driven from market demand (external driver). In 357 

the contractor’s firm, it was recently decided “that all projects must go in principle in BIM 358 

because that is the future” (Case A-Contractor-BIM Coordinator). However, at that particular 359 

project, BIM was simply a contract requirement from the client. This decision had cascading 360 

effects upon the rest project actors. In the structural engineering firm, they acknowledged that 361 

“BIM improves the process, but the advantage of BIM is for the contractor” (Case A-Structural-362 

Director) and they admitted that they “switched to BIM because of the demand” (Case A-363 

Structural-BIM Modeler). According to the mechanical engineers the BIM benefits were: “in 364 

the automation process (..) that makes it very clear to all parties (…) and its (BIM) adoption 365 

came from the market” (Case A-Mechanical-Project Lead). The suppliers stated that: “we are 366 

looking on how to do it (design) with 3D. The client started asking us for BIM. This was decisive 367 

for us working with BIM. This is the bigger influence of why we did it. But we also see benefits 368 

for our process” (Case A-Supplier-BIM Engineer). However, the architects’ decision to adopt 369 

BIM had different motives. Case’s A BIM Modeler in the architect’s firm shared: “we were 370 
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already relatively early engaged with BIM in our office, with discovering the capabilities of 371 

the software. One of the bosses, even from his studies, began with software development, so he 372 

has always some kind of love or interest in that and (…) we go along with it to see if it offers 373 

added value or not”. 374 

The Case B actors were more strategic about BIM adoption decision-making. At least three 375 

of the main actors adopted BIM to improve their businesses and not to comply with market or 376 

client demand. The project client did not require BIM. The contractor shared: “the most 377 

important aspect of BIM is consistency, which we share with all our partners towards the 378 

execution” (Case B-Contractor-Site Engineer). Similarly, the architects acknowledged: “for us 379 

it is not more expensive to model BIM than using 2D drawing, because our quality has gone 380 

up” (Case B-Architect-Lead Architect). The structural engineering firm presented the most 381 

gradually developed approach to BIM adoption over the years. They shared that: “for us in 382 

2007 there was the main motivation to step to 3D design and BIM from the 2D design because 383 

we ourselves saw benefits. It was obviously a new development. And we ourselves discovered 384 

that there's a future in it, but we also saw from our own work benefits to better understand 385 

construction” (Case B-Structural-Lead Engineer). In the mechanical engineers’ and the 386 

subcontractor’s firms, it was stated that BIM “was requested from the market” (Case B-387 

Mechanical-Director). From the subcontractor it was stated: “BIM is what the contractor 388 

demanded. They said, we are going to do this and our suppliers must join” (Case B-389 

Subcontractor-Project Leader). For the suppliers, the traction that BIM recently gained was a 390 

catalyst for adopting it. They explained that: “four years ago we switched to 3D models to go 391 

along with modernity. The customer can better see what he gets. The errors can be discovered 392 

quickly” (Case B-Supplier-BIM Modeler) and “BIM is better for clients and goes with the times” 393 

(Case B-Supplier-Director). 394 
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The Case C actors held incongruent positions as to what drove their BIM adoption decision-395 

making. The client admitted that although they did not use BIM, they responded to the general 396 

market demand. They shared that: “we want our partners to (use BIM), to increase their 397 

product quality” (Case C-Client-Tender Manager). In the contractor’s firm, they recognized 398 

that “do BIM even if it is not a client requirement” (Case C-Contractor-BIM Director). 399 

According to the Tender Manager of Case’s C contractor: “BIM is the business of the future; it 400 

is efficient and eliminates extra costs”. The contractor firm has founded a ‘BIM Center’ to 401 

disseminate BIM knowledge across various firm subsidiaries. Similarly, the architects’ firm 402 

stated: “BIM is very important for quality management (…) not all firms have realized what it 403 

can do to them” (Case C-Architect-BIM Architect). However, the structural and mechanical 404 

engineering firms simply complied with market demand for BIM implementation in projects. 405 

The data analysis revealed three main motivations for BIM adoption across the firms: (1) 406 

intra-firm strategy, (2) project-based requirements, and (3) market or client demand. First, 407 

intra-firm strategy pertained to the internal decisions across the firms to adopt BIM as a way 408 

to modernize their information management and computer-aided design infrastructure (all 409 

cases). Second, project-based requirements were short-term requirements that were project-410 

specific and usually pertained to clients’ demand for BIM adoption (Case A). Finally, general 411 

market demand stemming from institutional and industry prescriptions was a long-term 412 

motivation that contributed to firms’ competitive advantage and factored to their decision on 413 

adopting BIM (all cases). From these three motivations, the first could be codified as ‘internal’, 414 

whereas the other two as ‘external’. Table 5 assigns the ‘internal’ and ‘external’ motivations 415 

codes (descriptive and in vivo) to the three project networks (cases).  416 

 417 

<<Insert Table 5 around here>> 418 

 419 
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BIM implementation in project networks 420 

From the above, BIM adoption depended on various internal or external intra-organizational 421 

motives (micro-level). However, BIM implementation is a collective inter-organizational 422 

exercise (meso-level) in applying technologies that fall under the umbrella of BIM domain. 423 

Data presented in this section are related to the intermediate variables and RQ1 (see Figure 1). 424 

Given that BIM has been approached as a domain of technologies, processes, and other 425 

functionalities in this paper, Table 6 summarizes key features of BIM implementation in the 426 

three cases, as derived from document analysis and meeting observations and naturally, each 427 

BIM implementation process was unique across the studied cases.  428 

 429 

<<Insert Table 6 around here>> 430 

 431 

Following the study’s theoretical lens, BIM implementation in the cases was explored by 432 

content analysis of the interviews around: (a) communication channels, (b) trust, and (c) 433 

network stability activities (Dhanaraj and Parkhe 2006). In Case A, BIM capabilities were a 434 

decisive factor for communications quality. Case’s A Design coordinator from the contractor 435 

stated: “simply each party is differently able to implement BIM. And that is sometimes difficult. 436 

(…) The communication was always difficult”. For other actors, the BIM-based collaboration 437 

was not participatory, but formal and top-down instead. The BIM Engineer of Case’s A 438 

supplier shared that: “we have not gone in clash sessions. The contractor has done it themselves 439 

and then send us the findings. Sometimes we sit with some specific suppliers on the table and 440 

discuss, but usually we receive a mail or phone call. (…) This process is exactly the same with 441 

other contractors”. Naturally, this way of communication had repercussions for trust. The 442 

Design coordinator of the contractor stated: “the collaboration and how one must work with 443 

BIM and the expectations of each other should be well-pronounced, in order to trust each 444 
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other”. According to Case’s A Mechanical Engineer’s Project Leader, due to BIM they needed 445 

“also a trust bond to build with the contractor (…) a bit of mutual trust towards each other”. 446 

Regarding network stability activities, there were disparate approaches and not a clear vision. 447 

On the one hand, the Architect admitted that: “we do not really have a role distribution within 448 

the office. Everyone does it all (…) we do not really work with terms like BIM manager”. The 449 

structural engineers said that they: “only work in BIM when the architect or the installer in 450 

BIM work too” (Case A-Structural-BIM Modeler). The mechanical engineers said they “always 451 

choose a contract initially, not parties” (Case A-Mechanical-Project Leader). On the other 452 

hand, the suppliers were more strategic regarding BIM adoption. They shared that “with other 453 

contractors we also use BIM. But not all their partners can do it with BIM. (…) We need 454 

permanent contact persons to have in the partners (otherwise) you cannot do good BIM” (Case 455 

A-Supplier-BIM Engineer). From the above, in Case A, the network struggled to align 456 

communication with trust and were not strategic in network formation for BIM implementation. 457 

The Case B contractor ensured with formal and informal approaches that BIM 458 

communications run smoothly. Case B Contractor’s Site Engineer argued that: “we make 459 

appointments in advance. We have a BIM kick-off meeting, where we go with all our partners 460 

to agree how we are going to provide, what sessions we're going to get to keep our noses in 461 

the same direction for BIM”. The architects also often contributed in good communications. 462 

They explained: “we also sometimes took the role of ‘BIM runners’. That is not always good, 463 

but we did that because we had to meet the deadlines” (Case B-Architect-Lead Architect). This 464 

was seconded by the Tender Manager of the Mechanical engineering firm who shared: “all 465 

partners sit around the table to highly structure on a daily basis what needs to be done to make 466 

everything run smoothly so that the costs of failure are minimum”. The subcontractor 467 

acknowledged that because of the dense communications they “gain more knowledge of the 468 

problems of other parties” (Case B-Subcontractor-Project Leader). Undoubtedly, this would in 469 
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turn benefit trust. The architect admitted that there is a lack of trust towards their profession 470 

and shared that: “our customers and clients have not yet confidence in the construction industry, 471 

because of the mistrust. (…) So if we are open about what we want to make, then we get another 472 

discussion” (Case B-Architect-Lead Architect). For the contractor, both formal and informal 473 

communications were beneficial for knowledge externalities. The contractor’s Site Engineer 474 

explained the benefits of alliancing and BIM use from their partners as follows: “we look in the 475 

‘kitchen’ of other contractors. (…) This is why we have also an open BIM structure, so that we 476 

do not impose how our partners should work”. The network had trusting and long-term 477 

relations, e.g. the structural engineers considered themselves the contractor’s “house builder” 478 

(Case B-Structural-Lead Engineer). All the above contributed to a more stable network, 479 

although there were both opponents and proponents of out-sourcing BIM services. For example, 480 

the Mechanical Engineering firm shared that: “I think we are fairly neat because we do not out-481 

source BIM” (Case B-Mechanical-Tender Manager), whereas the subcontractor firm adopted 482 

the opposite strategy. The Project Leader of Case’s B subcontractor shared: “we have 483 

permanent BIM drafting company that we work together. We sit together in one office so we 484 

have two separate companies, but we do everything together”. Thus, in Case B, good network 485 

communications and trust supported any heterogeneous decisions on BIM adoption and 486 

implementation. 487 

In Case C, the communications were organized in a top-down manner, essentially via the 488 

contractor. They explained that they have been using their “BIM Center to train the 489 

subcontractors and suppliers (…) and perform analyses to coordinate BIM models from all 490 

suppliers” (Case C-contractor-BIM Director). The suppliers and subcontractors only used an 491 

extranet for ‘data drops’ to exchange information. However, because in this project, not all 492 

available BIM functionalities for collaboration were used, the various actors did not have a lot 493 

of interaction. This naturally, had implications for trust and stability in the network. According 494 
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to the architects: “we have to develop our BIM collaboration methodology all the time (…) 495 

because all the partners are also changing their methodology” (Case C-Architect-BIM 496 

Architect). These ad-hoc communication patterns, caused mistrust in the project team. The 497 

contractor was trying to control mistrust by direct confrontation: “we always asked them how 498 

they stand and if they were ready to show us all the cards” (Case C-Contractor-Tender 499 

Manager). Regarding network stability activities, the contractor was trying to select project 500 

partners based on BIM-savviness. They shared that: “we get our suppliers to enter our BIM 501 

contract (protocol)” (Case C-Contractor-BIM Director). This was in accordance with the client 502 

who stated: “we require that our partners use BIM to improve the design and minimize design 503 

faults (…) because we have a culture of young people and innovation in order to offer excellent 504 

services” (Case C-Client-Tender Manager). However, these visions were not supported by any 505 

formal or informal structures, neither were democratized across the rest of the project network. 506 

Outcomes of BIM-based projects 507 

Drawing upon the interviews during the projects’ progression (Phase b) and the validation 508 

sessions of the preliminary findings with the interviewees (Phase c, see sub-section “Data 509 

collection and analysis”), insights into projects’ outcomes were obtained. The validation 510 

sessions aimed at grasping the reflections of key case participants about the projects’ outcomes. 511 

As opposed to the initial interviews, the validation sessions were collective interviews, 512 

featuring key project participants, in the form of ‘living labs’. They were an opportunity for 513 

reflection on their project and particularly regarding BIM. This mixture of methods induced 514 

communicative validity (Sarantakos 2005) by involving the participants to check the accuracy 515 

of data and add depth and richness to the data. After all, Merriam (1998) has previously 516 

acknowledge the need to increase the validity of case study methods. These sessions took place 517 

only for Case A and Case B, and not in Case C, because those interviewees were unavailable 518 

as they have since moved to new firms. The discussions in the validation sessions revolved 519 
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around whether the projects were delivered on time and budget, about successes and failures 520 

in the projects and lessons learned and motivations for change in subsequent projects. 521 

Case A project was completed in good order and on time. However, not all initial project 522 

aspirations were fulfilled, probably because there were incongruent BIM motivations (external 523 

or internal) within the project network. For example, they did not manage to optimize and 524 

control the logistics in site using BIM-based methods, as planned at the beginning. Regarding 525 

their aspiration to deliver ‘as-built’ BIM models to the facility management organization, this 526 

took place as planned, but they still face challenges into streamlining this information for 527 

facility maintenance. Regarding their BIM-based collaboration, they contractor firm admitted 528 

that ‘the communication was not very good’. Overall, their varying firm sizes and BIM 529 

capabilities were a limitation for executing this project, e.g. the architect’s firm was 530 

understaffed to manage the complexity of such a prestigious and unique project for the Dutch 531 

standards. 532 

Case B project was also completed on time. As the project was part of a larger investment, 533 

the project network was awarded continuation in the next project phase (phase C). The project 534 

network perceived this as a recognition of their successful BIM adoption and implementation 535 

outcomes. Given that the client hired the same network (alliance) was considered an indication 536 

that the project progressed well and that their compatible BIM motivations were effective. The 537 

third phase of the project is currently under development and includes a new housing tower. 538 

Additionally, there are also new discussions of a project fourth phase to be expanded to a 539 

neighboring site with a new tower consisting of more storeys and more apartments (phase D-540 

107 apartments). Regarding, their BIM-based collaboration, the project actors admitted that 541 

they improved their BIM capabilities immensely through these repetitive projects. However, 542 

they stressed that although the design was similar, the design preparation was the opposite of 543 
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‘copy-paste’, as with the advent of BIM-related technologies, they were continuously 544 

amending their BIM implementation and collaboration processes. 545 

Case C project was also delivered on time with no delays, similarly to the other two. 546 

However, it was not possible to evaluate the outcomes of this case, as the contractor’s 547 

organization became insolvent since then. Afterwards, the contractor firm re-evaluated their 548 

strategic objectives and priorities, which among others, featured the application of lean 549 

methodologies, BIM, and supply chain management, and underwent major restructuring in 550 

personnel. Essentially all the interviewees from the contractors’ firm have since moved to 551 

different companies. Therefore, although the project was completed satisfactorily, there was 552 

no opportunity to reflect on the future of Case C’s network and the outcomes of this BIM-based 553 

collaboration remain largely inconclusive. This is naturally a limitation, but also probably an 554 

indication of the project’s outcomes. 555 

Discussion 556 

BIM innovation from micro- to macro-level  557 

The AEC behaves as a ‘loosely coupled system’ (Dubois and Gadde 2002), given that it is 558 

fragmented into various collaborating or competing firms. Essentially, also BIM could be 559 

described as a loosely couple system due to its varying flexibly interconnected functionalities. 560 

For systems thinking, a system is loosely coupled when its actors have or use little or no shared 561 

knowledge, understanding, and visions with the other multi-disciplinary actors – that is 562 

distinctiveness. Loosely coupled systems allow thus for interactive interpretation and shared 563 

social construction meaning when needed (Orton and Weick 1990), as opposed to a tight 564 

system that would be static and unresponsive. Throughout the three cases, the actors were 565 

complying with varying external or internal drivers when deciding to adopt BIM innovation. 566 

These drivers ranged from matching market demand (macro-level), what Bossink (2004) refers 567 
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to as ‘environmental pressure’ (Case A-external) to business growth aspirations (Case C-568 

external) to increasing quality (Case B-internal) (micro-level) (Table 5). However, loosely 569 

coupled systems are also potentially useful for diffusion, as they are responsive (Orton and 570 

Weick 1990). Compatible internal or external motivations for BIM adoption across firms result 571 

to more collaborative BIM implementation in projects (answer to RQ1). 572 

Among the three cases, Case B could be considered more responsive than Case A and Case 573 

C, as they did not have rigid BIM-based partner selection criteria, but were flexible regarding 574 

meetings and co-locations (Table 6). Instead, in Case A, although the BIM implementation 575 

processes were consistent with firms’ ‘external’ BIM adoption drivers, they were far too rigid 576 

and did not allow for systems’ responsiveness. In Case C, the again consistent firms’ ‘external’ 577 

BIM adoption motivations were not supported by any collaboration structure for BIM 578 

implementation (Table 6). To increase construction performance, various scholars “prescribe 579 

either more competition or more cooperation to increase the performance of the industry as a 580 

whole” (Dubois and Gadde 2002). Indeed, Case A and Case B were more collaborative, 581 

whereas Case C displayed a competitive and unshared attitude to BIM implementation. 582 

Accordingly, investing and engaging in a collaborative attitude to BIM implementation in 583 

projects indicated satisfactory project outcomes, consistent with scope (answer to RQ2). 584 

Undoubtedly, BIM implementation immensely impacts collaborative design and 585 

engineering. Kvan (2000) highlighted that collaborative design is also a ‘loosely coupled 586 

system,' which is time-consuming and requires relation management among involved actors. 587 

De Valence (2010) puts forward the idea that “the best way to increase innovation lies in the 588 

methods and systems used to procure building and construction projects”. Therefore, enabling 589 

structures, such as relation management and special procurement routes are needed for 590 

maintaining both firms’ distinctiveness and system’s responsiveness. Regarding BIM 591 

innovation adoption, aligning BIM adoption decision-making with BIM implementation not 592 
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only supports the latter, but also instigates closer collaboration and synergy among the multi-593 

disciplinary actors (Sackey et al. 2014). While BIM adoption is an inter-firm decision, whether 594 

BIM adoption drivers are external or internal, predispose the way that the project network 595 

implements BIM and outlines their outcomes. Thus, encouraging key AEC actors (micro-level) 596 

to adopt innovations such as BIM in a long-term perspective that induces relational stability 597 

could actively support the coordination of BIM work (meso-level) and BIM diffusion (macro-598 

level). 599 

BIM project networks 600 

Cross-case comparison of BIM adoption and implementation 601 

The study revealed consistent patterns on the relation between project network composition, 602 

BIM adoption motivations and the level of BIM implementation. To this end, the role of key 603 

organizations in the BIM-using networks and their relation to Rogers et al. (2005) innovation 604 

decision-making process was a major influence on the sophistication of BIM implementation. 605 

Rogers et al. (2005) had explained how innovation decision-making process in organizations 606 

go through the stages of knowledge, persuasion, decision, implementation and confirmation or 607 

evaluation. From the cross-case comparison, the contractors of Cases A, B and C were at 608 

different stages of innovation adoption and specifically at implementation (Cases A and B) and 609 

persuasion stage (Case C). In a sense, the Case C contractor had not addressed the need for 610 

persuading its employees and supply chain partners in using BIM. 611 

Namely, when the contractor adopted BIM as a part of their ‘internal’ vision, BIM 612 

implementation was more sophisticated by including various functionalities, and flexible by 613 

supporting collaboration (Case B, see Table 6). Contrariwise, in cases were the contractor was 614 

simply complying with the growing market demand for BIM adoption, without actively 615 

supporting it, BIM implementation was more ad-hoc as seen in Case C. Simultaneously, firms 616 

where the BIM visions were not well-diffused across all hierarchical levels (contractors of 617 
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Cases A and C), displayed inconsistent behaviors during BIM implementation. Thus, it can be 618 

stated that the composition of the BIM-pushing actors in the network outlines or even predicts 619 

the level (maturity) of sophistication that BIM would be applied with. Among these cases, the 620 

contractor might qualify as BIM innovation change agent. 621 

BIM implementation unfolded in varying ways. On the one hand, Case A and Case B 622 

displayed sophisticated approaches to BIM implementation, by utilizing various BIM 623 

functionalities and relying on interoperable BIM tools and the exchange of open standards as 624 

prescribed from UK BIM Level 2 (GCCG 2011) (Table 6). Additionally, the firms operating 625 

in these two cases had generally compatible BIM adoption motivations; Case A adopted BIM 626 

due to largely ‘external’ motivations, whereas Case B adopted BIM driven from ‘internal’ 627 

motivations. On the other hand, Case C displayed less sophisticated or ad-hoc BIM 628 

implementation processes (Papadonikolaki et al. 2016), by combining digital and paper-based 629 

deliverables in hybrid practices (Harty and Whyte 2010) (Table 6). Similarly, the firms of Case 630 

C responded to both ‘external’ and ‘internal’ BIM adoption motivations and probably this 631 

hindered the BIM implementation process. 632 

Structure and organization of project networks 633 

Loosely couple systems is a useful lens to understand both specialization – through in-house 634 

capabilities – and integration – through out-sourcing activities – of technological knowledge 635 

(Brusoni and Prencipe 2001). Dhanaraj and Parkhe (2006) recognized the importance of three 636 

interdependent parameters for innovation in networks: (a) knowledge mobility via formal and 637 

informal communication channels, (b) innovation appropriability, and (c) network stability 638 

through leadership, recruitment and brokering activities. First, with regard to communication, 639 

the firms that deployed various formal and informal communication channels performed better 640 

in managing BIM innovation (Case A and Case B). These outlets ranged from meetings, use 641 

of digital artefacts, and communication over online means (see Table 6). These outlets and 642 
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artefacts show that indeed the BIM domain is also a loosely coupled IT system as well as the 643 

case findings confirmed relevant previous reports of ‘organizational loose coupling’ in BIM-644 

using teams (Dossick and Neff 2010). Among the two cases, Case B additionally supported 645 

communication with informal and relational approaches that enriched and supported the 646 

implementation of BIM innovation (see quotations of Case A-Contractor-Design coordinator 647 

and Case B-Mechanical-Tender Manager). After all, proactive and informal inter-firm 648 

communications across multiple tiers, beyond contractual prescriptions could facilitate supply 649 

chain integration in project networks (Papadonikolaki and Wamelink 2017; Taylor and 650 

Bernstein 2009). Besides, Brusoni and Prencipe (2001) claimed that as loosely coupled systems 651 

are pervasive “they will become even more important in future, as the continuing growth and 652 

specialization of knowledge production will make firms’ external knowledge relations even 653 

more important” – essentially knowledge externalities. Indeed, ‘knowledge externalities’ could 654 

facilitate the adoption and implementation of innovations (de Valence 2010). 655 

As appropriability entails the capturing of benefits from innovation via trust and mutuality, 656 

it relates to innovation investment and ownership. Across the cases, firms used knowledge 657 

externalities to improve and develop their own BIM implementation process (see quotation of 658 

Case B-Contractor-Site Engineer). However, although the contractor of Case C made a rather 659 

large investment in a ‘BIM Center but they did not further disseminate BIM knowledge across 660 

their partners and innovation was not appropriated by partners, by creating a ‘silo’ of 661 

knowledge. The ambitious ‘BIM Center could be described as an effort to induce a ‘tight 662 

coupling’ in the system of Case C. On the contrary, the Cases’ A and B contractors were keen 663 

to share BIM knowledge with their partners, although they had not performed such 664 

considerable investment in BIM. Allowing the project partners to appropriate the benefits of 665 

knowledge might be an incentive to engage a larger part of the project network with innovation 666 

(de Valence 2010). Similarly, Baddeley and Chang (2015) after identifying factors affecting 667 
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the uptake of BIM, concluded that emphasizing on collaboration benefits is probably more 668 

important than any traditional financial incentives. 669 

According to Dhanaraj and Parkhe (2006), all knowledge mobility (via formal and informal 670 

communications), appropriability of innovation, and network stability are interdependent. 671 

Indeed, from the empirical data, BIM was a partner selection criterion in Case A and Case C 672 

(Table 6), and BIM-savviness affected the composition of the project network via recruitment 673 

mechanisms. However, in Case B there were both firms that our-sourced and delivered in-674 

house BIM capabilities, but this did not hinder knowledge mobility and the network remained 675 

stable. This is in support of Brusoni and Prencipe (2001) that “maintaining capabilities wider 676 

than the range of activities actually performed in-house is, under some circumstances, a 677 

necessary condition to effectively manage external relationships in the presence of 678 

technological change”. To this end, the compatibility of BIM adoption motivations and 679 

knowledge mobility in Case B contributed to innovation success and lead to a stable – but 680 

loosely coupled – system. Dhanaraj and Parkhe (2006) previously suggested the theoretical and 681 

practical merits of testing the causalities between innovation output and network stability, and 682 

according to Case B; the former led to the latter. Contrariwise, in Cases A and C, any 683 

recruitment and network stabilizing activities hindered knowledge mobility across firms and 684 

did not manage to contribute to positive innovation outcomes. 685 

Actors’ heterogeneity 686 

The various project actors unsurprisingly held rather diverse opinions and behaviors around 687 

BIM adoption and implementation. Even among same disciplines, motivations and behaviors 688 

differed (heterogeneity). Even firms delivering similar services or products are highly 689 

heterogeneous. Actors’ heterogeneity is characterized by six attributes: goals, knowledge bases, 690 

capabilities and competences, perceptions, power and position, and cultures (Corsaro et al. 691 

2012). Drawing upon the empirical data, the case projects’ outcomes were influenced by 692 
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various internal or external drivers for BIM adoption, as well as diverse behaviors during BIM 693 

implementation. Given the limited number of cases, no repetitive behaviors across disciplines 694 

were observed, but instead, between pairs of actors. First, the relation between client and 695 

contractor was decisive for the adoption of BIM innovation (Case A and Case C), which 696 

confirms similar findings by Cao et al. (2016). This partly supports Porwal and Hewage (2013) 697 

who after studying publicly funded construction projects, claimed that “maturity and adoption 698 

of BIM depend mainly on the client or the owner”. Additionally, the relation between architect 699 

and structural engineer was critical, as these two disciplines are very important for the 700 

coordination and organization of BIM work during the design phases (BIM implementation). 701 

After all, primarily architects and subsequently engineers lead the generation of BIM-based 702 

information (Papadonikolaki et al. 2017). According to the empirical data, in cases where the 703 

architect and the structural engineer followed compatible BIM adoption drivers, 704 

communications and project outcomes were better (Case B). 705 

Whereas this paper did not initially hold a focal view of construction and innovation and 706 

was largely agnostic in terms of the disciplines’ dynamics, some observations about innovation 707 

leaders and change agents could be drawn upon the empirical data. After all, “a central 708 

characteristic of loosely coupled networks is an in-house capability for systems integration” 709 

(Brusoni and Prencipe 2001). Accordingly, the actors of the two afore-described pairs could 710 

qualify as ‘orchestrators’ of innovation, depending on the procurement routes and essentially 711 

their involvement. For example, a DB contract may provide the opportunity that the contractor 712 

plays a ‘systems integrator’ role, following clients’ prescriptions (Case C). In traditionally 713 

procured projects, the relation between architect and structural engineer might be proven 714 

appropriate to manage the implementation of BIM innovation. However, as Dhanaraj and 715 

Parkhe (2006) stated, categorizing actors into ‘orchestrators’ and ‘peripheral’ “may be an 716 

oversimplification, particularly in settings of high-density networks or small networks”. This 717 
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suggests that there is additional room for exploring and understanding power dynamics in BIM-718 

based projects. 719 

Research implications 720 

Practical implications 721 

This study carries implications for construction management and engineering practitioners, as 722 

it has displayed an interdependence between the types of BIM adoption motivation – external 723 

or internal – and the maturity/level that BIM innovation is implemented in projects. 724 

Accordingly, although actors may appropriate innovation, the stability and performance of the 725 

network also depends on knowledge mobility via formal and informal communication channels. 726 

Similarly, corporate compatibility of BIM adoption drivers affects network stability by 727 

recruitment of BIM-savvy partners and through decision-making on delivering in-house or out-728 

sourcing BIM services. These relations might support policy-makers in their decision-making 729 

about pushing BIM innovation across the industry. To this end, strict mandates for BIM 730 

adoption might hinder the effectiveness of BIM implementation, for not supporting the 731 

exploration of network-regulated BIM adoption strategies. Conversely, an incremental 732 

adoption of BIM functionalities and structures, such as file exchange formats, quasi-contractual 733 

means, platforms, and online data environments could increase BIM-based project outcomes. 734 

At an inter-organizational level, some propositions for networks that would engage in BIM 735 

implementation could be to: 736 

(a) align intra-organizational BIM adoption motivations with inter-organizational BIM 737 

implementation process to utilise many BIM-related functionalities, and 738 

(b) revisit and re-evaluate the relations between key actors of the project network: e.g. client-739 

contractor and architect-structural engineer, depending on the procurement route. 740 
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Theoretical contribution 741 

This research contributes to existing literature and knowledge base about BIM innovation, by 742 

exploring its adoption and implementation through the lens of loosely coupling. The study 743 

contributes to the knowledge of innovation from a network perspective. First, it explored the 744 

BIM innovation adoption motivations at a firm level and discovered that these may depend on 745 

internal or external drivers. However, as innovations are usually observed in projects (Shenhar 746 

et al. 1995), they do not only depend on one firm’s goals (Sackey et al. 2014), but rather those 747 

of a network of firms. Accordingly, it unveiled a relation between intra-firm BIM adoption 748 

drivers and BIM implementation levels and revealed that in projects networks with compatible 749 

BIM adoption drivers, the implementation of the innovation is both sophisticated – by 750 

including various functionalities – and flexible – enabling collaboration. Corporate philosophy 751 

compatibility is a well-known factor of successful management of networks (Mentzer et al. 752 

2001; Papadonikolaki and Wamelink 2017). 753 

Second, this study also revisited the concept of ‘loosely coupled systems’ and offered new 754 

data to the framework of Dhanaraj and Parkhe (2006) on communication structures, 755 

appropriability, and network stability activities of BIM-using project networks. In the context 756 

of BIM literature, this study confirmed previous findings of ‘organizational loose coupling’ in 757 

BIM-using teams (Dossick and Neff 2010). Additionally, it shed new light on the nature of 758 

BIM domain as a loosely coupled systems, as opposed to descriptions of BIM as a tight coupled 759 

system (Dossick and Neff 2010) by presenting various functionalities of BIM implementation 760 

in Table 6. Additionally, approaching BIM as an evolving domain from a historical view (see 761 

Table 1) is an effort to acknowledge that it has emerged from a collaborative setting between 762 

industry and policy, and although its associated technologies are old, its novelty lies in the need 763 

for processes, coordination and well-defined workflows. 764 

Finally, the study added to the knowledge base of BIM research by offering new empirical 765 

data on BIM adoption and implementation from a project network perspective. The study 766 
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complemented past work by Taylor and Bernstein (2009), Dossick and Neff (2010), Sackey et 767 

al. (2014) and Papadonikolaki et al. (2017) but held a more dialectic perspective on how the 768 

interactions of inter-disciplinary teams co-create meaning in BIM-based projects 769 

(Papadonikolaki 2017). Also, this study approached the intra-firm motivations for BIM 770 

adoption from an analytical approach, using theoretical lens from Corsaro et al. (2012) on 771 

actors’ heterogeneity. 772 

Research limitations 773 

The study took place in the Netherlands, and although it offered rich contextual insights into 774 

collaborating networks in BIM innovation, the case study research design naturally does not 775 

allow for full generalization (Merriam 1998). Nevertheless, the case study methodology 776 

provided a rich description of the phenomenon and allowed for a realistic representation of the 777 

challenges and opportunities that construction networks implementing BIM are facing. To this 778 

end, the Dutch construction market was a relevant locale to test newly introduced innovations, 779 

such as the adoption and implementation of BIM. This is because, whereas the market is small, 780 

it has a high rate of BIM adoption, framework (alliance) agreements, and possibilities for 781 

second-hand, or ‘external’ BIM knowledge, also known as ‘knowledge externalities’. After all, 782 

the ubiquitous collaborative culture in the Netherlands has been proven to be independent of  783 

delivery methods, e.g. traditional or integrated (Koolwijk et al. 2018). 784 

Moreover, the Dutch construction industry has been proven quite interdependent across 785 

policy and practice when it comes to adopting innovations (Bossink 2004). The overall applied 786 

consensus-seeking and collaborative culture of Dutch construction firms (Dorée 2004), could 787 

be considered apart from a research limitation, also a promising way forward for informing 788 

BIM-related policy-makers about how BIM adoption and implementation unfolds in practice. 789 

Accordingly, in the future, a cross-cultural case sampling might shed more light on the complex 790 

socio-technical phenomenon of BIM adoption and implementation, which increasingly gains 791 
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traction globally. At the same time, given that the functionalities of BIM are continuously in a 792 

transition, a longitudinal study might also increase the understanding of how BIM innovation 793 

unfolds within AEC networks. 794 

Conclusion 795 

This study has sought to further refine the understanding of how BIM adoption drivers 796 

influence BIM implementation through the theoretical lens of loosely coupled systems. After 797 

analyzing three cases of project networks in Dutch construction, the empirical data displayed 798 

an interdependence between BIM adoption drivers – external or internal – and sophistication 799 

or maturity of BIM implementation, namely the utilization of varying functionalities. 800 

Essentially Case B, which featured firms with internal BIM adoption drivers, delivered better 801 

project outcomes than Case C. Project networks where firms were motivated by internal BIM 802 

adoption drivers, e.g. about increasing quality, implemented BIM collaboratively and flexibly, 803 

whereas projects networks that adopted BIM to comply with external (client or market) demand 804 

were rigid and competitive during BIM-implementation and hindered knowledge transfer. This 805 

creates implications for intra-firm innovation adoption decisions and confirms the importance 806 

of holding a network view of construction innovation. It also implies that organizations that 807 

are comfortable with BIM innovation, such as ‘innovators’ and ‘early adopters’ (Rogers 2003) 808 

are more keen to engage in innovation diffusion in networks. 809 

Moreover, causalities between corporate compatibility of BIM visions across construction 810 

firms and networks with project outcomes were revealed. Like-minded ‘innovator’ firms are 811 

more likely to experience consistent project outcomes. Both Case A and Case B, which featured 812 

compatible BIM adoption drivers (external and internal respectively), had more consistent 813 

project outcomes than Case C, which was characterized by incongruent BIM adoption visions 814 

among project actors. Another important finding was about the relation between inter-815 

organizational knowledge mobility via formal and informal communication channels, which 816 
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contributed to network stability. Allowing a flexible structure of knowledge externalities 817 

(Cases A and B) had better outcomes than centralizing BIM knowledge in silos (Case C-818 

contractor). 819 

All the above, imply that intra-organizational decision-making that is not aligned with the 820 

project network, such as funding specialized BIM centers or opening new departments, induces 821 

skewed inter-organizational power dynamics and unstable project networks. Thus, there exists 822 

a trade-off between showing intra-organizational leadership in BIM innovation , firms’ BIM 823 

adoption decision-making and attaining consistent and desirable project outcomes. The 824 

implication for construction managers and engineers is the need for further alignment of BIM 825 

visions across firms. Finally, the study adds to the knowledge base of innovation in 826 

construction systems and particularly BIM innovation. It sheds new light on the relation 827 

between formal and informal communication channels that support appropriability of 828 

innovation from firms, regardless any recruitment activities that can only structurally affect the 829 

composition and stability of construction networks. 830 
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Table 1. Key studies and milestones in the evolution of the concept of Building Information Modeling. 987 

Year Milestone Source 
1992 Introduction of term building information modeling (Van Nederveen and Tolman 1992), 
1994 International Alliance for Interoperability (IAI) was founded (Bazjanac and Crawley 1997) 
1995 Start of Industry Foundation Classes (IFC) initiatives (Bazjanac and Crawley 1997) 
1999 Building Product Models book was published (Eastman 1999) 
2005 IAI was renamed BuildingSMART Buildingsmart.org 
2007 National BIM Standards (NBIMS) in the USA was founded Nationalbimstandard.org 
2008 BIM Handbook was published (Eastman et al. 2008) 
2009 Introduction of Building information Management concept (Becerik-Gerber and Kensek 2009) 
2011 The UK BIM strategy was announced (GCCG 2011) 
2015 The Digital Built Britain strategic plan was published (HMG 2015) 

  988 
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Table 2. Indicative list of scope and streams of BIM research. 989 

Relation to innovation Perspective Indicative sources 
Adoption (from firms) micro-level (Ahn et al. 2015; Akintola et al. 2017; Arayici et al. 2011; Cao et 

al. 2016; Dainty et al. 2017; Lee et al. 2013; Son et al. 2015) 
Implementation (in projects) meso-level (Azhar 2011; Bryde et al. 2013; Dossick and Neff 2010; Elmualim and 

Gilder 2014; Harty and Whyte 2010; Liu et al. 2016; Miettinen and 
Paavola 2014; Sackey et al. 2014) 

Diffusion (across context) macro-level Kassem et al. (2015); (Succar and Kassem 2015; Wong et al. 2010)  
  990 
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Table 3. Description of the key features of the three case studies (projects). 991 

 Case A Case B Case C 
Typology Multi-functional Housing (multiple phases) Housing 
Size Retail, offices, and 255 apartments 83 apartments 44 apartments 
Morphology 3 volumes, public square, and parking 1 tower above shopping arcade 2 volumes 
Duration 6 years (delays in initiation) 2 years (phase B) 2 years 
Completion April 2016 February 2017 November 2015 
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Table 4. Description of the interviewees (primary data sources) of the three case studies. 994 

Case A Case B Case C 
Firm (size) Function  Firm (size) Function  Firm (size) Function  
Facility Mgt1* Project Mgr2 Contractor* Project Leader Client** Tender Mgr 
Contractor* Site Eng3   Site Eng Contractor** BIM Director 
 BIM Manager Architect** Lead Architect  Tender Mgr 
  BIM Coordinator   BIM Modeler  BIM Mgr 
Architect** Director Structural Eng** Lead Eng  Project Mgr 
  BIM Modeler Mechanical Eng** Tender Mgr Architect** Lead Architect 
Structural Eng** Director   Site Eng  BIM Architect 
  BIM Modeler   BIM Modeler Structural Eng* Lead Eng 
Mechanical Eng* Project Leader Subcontractor* Project Leader Mechanical Eng* Lead Eng 

Supplier* Tender Mgr Supplier** Director - - 
 BIM Eng   BIM Modeler - - 
1 Management, 2 Manager, 3 Engineer 
* Large firm, ** Small- Medium Enterprise (SME) 
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Table 5. Analysis of the motivations (drivers) for BIM adoption across the case studies.  997 

Case A Case B Case C 
Firm BIM motivation  Firm BIM motivation Firm BIM motivation 
Facility Mgt1 Demand (E3) Contractor Consistency (I) Client Quality (E) 
Contractor Obligation (E)  Architect Quality (I) Contractor Business (I) 
Architect Interest (I4) Structural Eng Future (I) Architect Quality (I) 
Structural Eng2 Demand (E) Mechanical Eng Market (E) Structural Eng Demand (E) 
Mechanical Eng Market (E) Subcontractor Demand (E) Mechanical Eng Demand (E) 
 Supplier Client (E) Supplier Quality (I) and 

Demand (E) 
- - 

1 Management, 2 Engineer, 3 External motivation, 4 Internal motivation. 
The italicized text in cells denotes the vivo codes. 
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Table 6. Deployed BIM-based functionalities (artefacts, processes, and structures) among the three case studies. 1000 

BIM implementation feature Case A Case B Case C 
BIM as a requirement Yes No No 
BIM-savvy partners’ selection Yes No Yes 
BIM-related meetings Pre-scheduled On-demand On-demand 
Co-location practices Predefined On-demand Ad-hoc 
Use of Common Data Environment Yes No (extranet) No (extranet) 
Use of BIM protocol Project-defined Project-defined Firm-based 
Model checking tools Yes Yes No 
Information exchange file type Native, IFC1 CAD2/PDF3, Native, IFC CAD/PDF, Native 
Deliverable file type(s) CAD/PDF, IFC (as-built) CAD/PDF, IFC CAD/PDF 
1 IFC: Industry Foundation Classes, 2 CAD: Computer-Aided Design, 3 PDF: Portable Document Format 
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