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ARTICLE INFO ABSTRACT

Building Information Modelling (BIM) concepts and workflows conti.>ue to proliferate within organisations,
through project teams, and across the whole construction i «dr~<ry. However, both BIM implementation and
BIM diffusion are yet to be reliably assessed at market sca’_. 'nsuff ‘ient research has been conducted to date to-
wards identifying the conceptual structures that woulc 2xpla’n and encourage large-scale BIM adoption. This
paper introduces a number of macro-adoption mor'els, Marices and charts (Fig. 1). These models can be used
to systematically assess BIM adoption across mar -ets. and inform the structured development of country-
specific BIM adoption policies.
This research is published in two compleme. *ary papers combining conceptual structures with data collected
from experts across a number of count.’es. The ‘st paper “Macro-BIM adoption: conceptual structures” delimits
the terms used, reviews applicable d:¥t1s.~n models, and clarifies the research methodology. It then introduces
five new conceptual constructs foi asse. sing macro-BIM adoption and informing the development of market-
scale BIM diffusion policies. T'.e secc..d paper “Macro-BIM adoption: comparative market analysis” employs
these concepts and tools i » *vaidat’ BIM adoption and analyse BIM diffusion policies across a number of coun-
tries. Using online qi~stiorina. es and structured interviews, it applies the models, refines the conceptual tools
and develops addit’ona" as. > sment metrics. The two papers are complementary and primarily intended to assist
policy makers >~ dc mawn researchers to analyse, develop and improve BIM diffusion policies.
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1. Introduction Canada [48]; BIM diffusion in the UK [60,61]; The Business Value of

BIM in Australia and New Zealand [49] among others. While these re-

Building information modelling (BIM) i th > current expression of
construction industry innovation, a set 7 “echnologies, processes and
policies, affecting industry's deliveral !=s, relationships and roles. BIM
concepts and tools encourage concu.~e 1t 1evolutionary and evolution-
ary changes across organisational scales — from individuals and groups;
through organisations and project teams; to industries and whole mar-
kets [80]. Investigations into BIM implementation across whole markets
have been comparatively rare in spite of an ever-increasing range and
depth of national BIM initiatives (NBI)s and noteworthy BIM publications
(NBP)s [31]. More generally, there has been - and arguably still is - a
dearth in investigations covering the diffusion of innovation within
the construction industry [87]. Available studies in market-scale BIM
implementation and diffusion are dominated by survey ratings generat-
ed by commercially-driven service providers. The most prominent of
these include: BIM diffusion in the UK, France and Germany [47];
Autodesk software uptake in Europe [3]; BIM diffusion in the U.S. and
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ports include useful information, they suffer from a number of short-
comings — they:

« have unknown, remedial or biased population sampling and data col-
lection methodologies;

« do not differentiate between software acquisitions and actual adop-
tion [17];

» mostly neglect non-software aspects of BIM adoption;

« are neither based on an existing conceptual framework, nor propose a
new one;

« do not identify market gaps or reflect market-specific criteria; and

« cannot be used by policy makers to facilitate BIM diffusion.

In addition to industry surveys, a number of academic investigations
covering market-scale BIM implementation and diffusion have been
conducted in recent years. These studies covered multiple countries in-
cluding: Australia [23], China [11], Finland [36], Iceland [34], India [39],
South Africa [19], Sweden [71], Taiwan [56], United Kingdom [33],
United States [21,38], and multiple markets [75,63,95,98]. While these
studies provide more rigorous information than industry reports, and
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Fig. 1. Visual abstract.

contribute valuable insights into BIM diffusion trends and paths, they
offer little practical assistance to policy maker's intent on assessing cur-
rent or developing new market-specific BIM diffusion policies.

Based on the aforementioned industry surveys and academic stud-
ies; and building-upon published conceptual structures [79,80,83] and
earlier investigations [30-32], this research delivers a number of
macro-classifications, taxonomies and models dedicated to assessing
and informing the development of BIM diffusion policies. This pa.>r
will first clarify relevant implementation and diffusion term’~ology,
identify the research methodology, and then introduce five nev. co.:
ceptual models covering macro-BIM adoption.

1.1. Terms, concepts and their interaction

The terms used to describe the act of implen.>nting an innovative
system/process are often confused with the ter. .o sed to describe the
spread of this system/process within a pop tla..” n of adopters — be it
within an organisation or across a market. i.* therefore prudent to de-
limit a number of terms before utilisir. 7 ti.: m to clarify larger concepts
or propose macro-adoption models “'s delimitation is both artificial
and necessary: it is artificial as other .. searchers can recalibrate the con-
notations of the same terms to fit their own unique purposes. It is nec-
essary due to the availability of a large number of relevant diffusion
models [66,69,16] which do not differentiate between the stages of im-
plementation - e.g., between acceptance and routinisation as in Cooper
and Zmud [13] - the mechanics of diffusion, and the pressures causing
the shift from one stage to another.

In introducing and delimiting these terms, we also limit ourselves to
BIM as an innovative set of tools, processes and policies within the con-
struction industry. This limitation is also both artificial and necessary: it
is artificial as implementation/diffusion models introduced later are ar-
guably applicable to other innovations within and outside the construc-
tion industry (e.g., to GIS and PLM). It is necessary due to the dearth in
investigations covering innovation diffusion within the construction in-
dustry [87] thus warranting a focused attention on industry-specific
and, by extension, BIM-specific terms.

To avoid confusion, and as a general distinction, this paper differenti-
ates between the notions of BIM implementation as the successful adop-
tion of BIM tools and workflows within a single organisation, and ‘BIM
diffusion’ as the rate BIM tools and workflows are adopted across markets.
Both BIM implementation at sub-organisational scales (e.g., individuals

and groups) a1d B.M diffusion across the global construction industry
are inten!v . 'aco outside the scope of this paper. We also make use of
the gencric erti ‘adoption’ to overlay the connotations of implementa-
tien end a “fusion unto a single word, and we use the term ‘macro’ to
focu. the (eaders' attention on large collections of organisational adopters
opei ting within defined national borders (countries).

2. Implementation

Implementation refers to the wilful activities of a single identifiable
player! as it adopts a novel system/process to improve its current per-
formance. More specifically, BIM implementation refers to the set of ac-
tivities undertaken by an organisational unit to prepare for, deploy or
improve its BIM deliverables (products) and their related workflows
(processes). BIM implementation is introduced here as a three-phased
approach separating an organisation's readiness to adopt; capability to
perform; and its performance maturity:

BIM readiness is the pre-implementation status representing the pro-
pensity of an organisation or organisational unit to adopt BIM tools,
workflows and protocols. Readiness is expressed? as the level of prep-
aration, the potential to participate, or the capacity to innovate. Readi-
ness can be measured using a variety of approaches - product-
based, process-based, and overall maturity [70] - and signifies the
planning and preparation activities preceding implementation;

BIM capability is the wilful implementation of BIM tools, workflows
and protocols. BIM capability is achieved through well-defined revolu-
tionary stages (object-based modelling, model-based collaboration,
and network-based integration) separated by numerous evolutionary
steps [79]. BIM capability cover many technology, process and policy
topics and is expressed as the minimum ability of an organisation or
team to deliver a measureable outcome; and

BIM maturity (or post-implementation) is the gradual and continual
improvement in quality, repeatability and predictability within avail-
able capabilities. BIM maturity is expressed as maturity levels (or

! Depending on the ‘scoping lens’ applied, BIM players are either individuals, groups,
organisational units, or whole organisations. BIM players, deliverables and their require-
ments have been extensively covered in earlier works [79].

2 Definitions adopted from the e-commerce context as used by the Asia-Pacific Eco-
nomic Cooperation (APEC), Center for International Development (CID) at Harvard Uni-
versity [12].
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Fig. 2. Point of Adoption model v1.1 (full size, current version).

performance improvement mileston s} - hat organisations, teams and
whole markets aspire to. There are 1. > maturity levels: [a] Ad-hoc or
low maturity; [b] Defined or medium-low maturity; [c] Managed or
medium maturity; [d] Integrated or medium-high maturity; and
[e] Optimised or high maturity [81].

1.3. Point of Adoption

The three implementation phases - readiness, capability, and
maturity - are depicted in the Point of Adoption (PoA) model (Fig. 2).
As explained below, a PoA is a term identifying the juncture(s) where
organisational readiness transform into organisational capability/
maturity:

As explored in Fig. 2, transformative BIM adoption starts at the Point
of Adoption (PoA) when an organisation, after a period of planning and
preparation (readiness), successfully adopts object-based modelling
tools and workflows. The PoA> thus marks the initial capability jump

3 The Point of Adoption (PoA) is not to be confused with the critical mass ‘inflection
point’ on the S-curve [67,68]; or with the ‘tipping pint’, the critical threshold introduced
by Gladwell [22].

from no BIM abilities (pre-BIM status) to minimum BIM capability
(Stage 1). As the adopter interacts with other adopters, a second capa-
bility jump (Stage 2) marks the organisation's ability to successfully
engage in model-based collaboration. Also, as the organisation starts
to engage with multiple stakeholders across the supply chain, a third ca-
pability jump (Stage 3) is necessary to benefit from integrated,
network-based tools, processes and protocols. Each of these capability
jumps is preceded with considerable investment in human and physical
resources, and each stage signals new organisational abilities and deliv-
erables not available before the jump. However, the deliverables of dif-
ferent organisations at the same stage may vary in quality, repeatability
and predictability. This variance in performance excellence occurs as
organisations climb their respective BIM maturity curve, experience
their internal BIM diffusion, and gradually improve their performance
over time.*

The multiple maturity curves depicted in Fig. 2 reflect the
heterogeneous nature of BIM adoption even within the same orga-
nisation (e.g., sample Organisation X in Fig. 2 has a compiled rating

4 The X-axis in Fig. 2 represents time relative to each PoA, not as an absolute scale. That
is, this version of the chart does not represent a snapshot view of compiled capability/ma-
turity at a specific point in (absolute) time.
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of 1¢, 2b and 3a). This is due to the phased nature of BIM with each
revolutionary stage requiring its own readiness ramp, capability
jump, maturity climb, and point of adoption. This is also due to varied
abilities across organisational sub-units and project teams: while
organisational unit A1 (within organisation A) may have elevated
model-based collaboration capabilities, unit A2 may have basic model-
ling capabilities, and unit A3 may still be preparing to implement BIM
software tools. This variance in ability necessitates a compiled rating
for organisation A as it simultaneously prepares for an innovative solu-
tion, implements a system/process, and continually improves its
performance.

1.4. Diffusion

In contrast to implementation which represents the successful adop-
tion of a system/process by a single organisation, diffusion represents
the spread of the system/process within a population of adopters. That
is, the diffusion of a solution occurs after the solution has been adopted
[64] or what we termed earlier as the Point of Adoption (PoA). However,
the mere acquisition of an innovative solution (e.g., a software) “need
not be followed by widespread deployment and use by acquiring orga-
nisations” [17, p. 256].

E.M. Rogers [67, p. 5] defines diffusion as the “process by which an
innovation is communicated through certain channels over time
among the members of a social system”, a definition that covers the in-
crease in “number of firms using or owning a technology (inter-firm dif-
fusion) [and the] more intensive use of the technology by the firm (intra
firm diffusion)® [77, p. 919, 44]. Diffusion is also identified as the third
and final phase of the well-noted Schumpeterian Trilogy: “invention
(the generation of new ideas), innovation (the development of those
ideas through to the first marketing or use of a technology) and diffu-
sion (the spread of new technology across its potential market)” I'77,
p. 918]. According to Stoneman [76], as discussed in Mahdjoubi | +.
p. 2], diffusion is the phase where the true impact of new technc .57 0.-
curs and thus “the measurement of impact is very much a mea_*re.nenc
of how the economy changes as new technologies are i itr¢ duce 1 and
used.”

There are numerous studies dedicated to innovation 'iftc ~1on across
a population of adopters [4,29,46,67]. These studies eii el explain and
expand-upon the S-curve diffusion pattern (Cumt'ative Normal Distri-
bution [68]) consistently encountered whenna'ys.ag the spread of in-
novation; or introduce diffusion models that “uepict the successive
increases in the number of adopters and ni 2a._t the continued develop-
ment of a diffusion process already in ,rogiess” [41, p. 2].

According to Geroski [20], ti:erv ai2 two main types of diffusion
models providing insights into the 1nanner and speed of technology
adoption — the epidemic model and the probit model. The ‘epidemic’
diffusion model attributes the diffusion of technology (software in par-
ticular) to a given population's knowledge of its existence; its compara-
tive benefits; and the spread of its use through word of mouth. As it
focuses on a whole population of adopters, the epidemic model is inter-
ested in the gradual, unfolding impact of a new system/process on a
market through its aggregate use. This contrasts with the ‘probit’ and
‘salience’ diffusion models which focus on the effect of individual
decision-making on the spread of innovation [20, p. 614, 78].

This individual decision-making affecting diffusion follows three
identifiable patterns — contagion, social threshold and social learning
[97, p. 4]: ‘Contagion’ represents how an industry player (e.g., an engi-
neering company) adopts an innovative system/process upon contact
with another player who has already adopted it; ‘social threshold’ rep-
resents how an industry player adopts an innovative system/process
when enough similar players have adopted it; and ‘social learning’

5 To avoid conceptual overlap, the spread of a solution within an organisational unit will
not be referred to as intra-diffusion but as improved implementation (or higher level of
maturity) across the whole organisation.

represents how an industry player adopts an innovative system/process
when enough proof is available of prior adopters finding it worth
adopting. These inter-organisational diffusion patterns are further ex-
plained by DiMaggio and Powell [14] as reflecting two sets of isomor-
phic pressures — competitive and institutional. Competitive isomorphic
pressures are market forces (e.g., supply and demand dynamics) driving
organisations towards similarity; while institutional isomorphic pres-
sures involve “organisational competition for political and institutional
legitimacy as well as market position” [55, p. 657]. As discussed by Di-
Maggio and Powell [14], institutional pressures can be understood
through their coercive, mimetic and normative effects. That is, organisa-
tions may adopt a specific system/process if it is coerced by either an or-
ganisation on which it depends, or the larger society it operates within
[65]. It may also adopt the system/process by mimicking other successful
organisations which have already adopted it [43]; or by following the
industry's norms, standards and regulations [87] which clearly favour
the new system/process.

These diffusion models, patterns, and pressures have been shown to
collectively describe and help predict the incremental diffusion of tech-
nological solutions across a popt iation. However BIM is not solely an in-
novative technological solutian proliferating incrementally across the
construction industry [18.58,23 but a an organisational and systemic in-
novation [88] of comp’ 2 ntary technologies, processes and policies.
While BIM may be i, tia'"; classified as a technical innovation [57], it
will need to be urguntly . eclassified - upon its transformative adoption
by organisatio 1s — s an organisational innovation characterised by the
“generat’on, ~ccozance, and implementation of new ideas, processes,
product= o1 services” [62,90, p. 2].

Ac cove ed in depth in earlier research [85] and briefly explored in
Fie. 2 b.l.1 adoption by an organisation pass through three adoption
poil.*s pertaining to three capability stages. Even if multiple organi-
setions pass through the first Point of Adoption (PoA) separating
ure-BIM status from minimum BIM capability (Stage 1), the spread
of modelling practices among this population does not necessarily
or automatically translate into a diffusion of multidisciplinary collabora-
tion or interdisciplinary integration practices (Stages 2 and 3 respective-
ly). Similarly, BIM is not a mere technological solution but reflects a
combinatory and mutational diffusion of technologies, workflows and
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Fig. 3. The BIM framework conceptual reactor v1.0 (full size, current version).
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Table 1
Macro-BIM Adoption models, matrices and charts.

Adoption model title Accompanying matrix or chart

Intended use + applicable organisational scales (OScales)

A Diffusion Areas model (Fig. 4) Diffusion Areas matrix (Table 2) + Diffusion Areas
sample chart (Fig. 5)
B Macro-Maturity Components Macro-Maturity matrix (Table 11)
model (Fig. 6)

C Macro-Diffusion Dynamics Macro-Diffusion Dynamics matrix (Table 12)
model (Fig. 7)

D Policy Actions model (Fig. 8) Policy Actions matrix (Table 13) + Policy Action
Patterns sample chart (Fig. 9)

E Macro-Diffusion Macro-Diffusion Responsibilities matrix (Table 14)
Responsibilities model (Fig. 10)

Establish the diffusion areas to be assessed

[Applicable at OScales 1-10]

Assess the BIM maturity of countries holistically using a comparative matrix or
granularly using component-specific metrics

[Applicable at OScales 1-7]

Assess and compare the directional pressures and mechanisms affecting how
diffusion unfolds within a population

[Applicable at OScales 1-7; another version at OScales 9-12]

Identify, assess and compare the actions policy makers take (or can take) to
facilitate market-wide adoption

[Applicable across all OScales]

Assess and compare the roles played by different stakeholder groups in facilitating
diffusion within and across markets

[Applicable at OScales 1-7; another version at OScales 9-12]

protocols [52,96]. This multi-stage, multi-component nature of BIM -
resembling a complex adaptive system [28] — prevents the effortless
application of technology-centric diffusion modelling and invites the
development of more representative BIM adoption models.

1.5. Diffusion modelling and adoption models

This paper differentiates between ‘diffusion modelling’ and ‘adop-
tion models’. Diffusion modelling uses mathematical means to under-
stand the “patterns innovations follow as they spread across a
population of potential adopters over time” [17, p. 256]. It serves in un-
derstanding the social forces underlying technology diffusion [10];
predicting the diffusion of products across a market [40]; describing
the time/speed of cumulative adoption of a specific innovation [24'
deciphering why some innovations are ‘imitated faster’ in some market:
[45]; or establishing the impact regulation has on innovation dific sion
[87].

Adoption models are conceptual structures describir, ho *aa.p-
tion - a term overlaying the definitions of implementatio: and liffu-
sion - occurs across a population of organisations. Ac op.io1. models
do not employ mathematical formulae to explain past or , vedict future
diffusion patterns but use inductive inference t~ g.neiate graphical
representations that reduce topic complexit; a.d promote under-
standing [53]. Each adoption model is forr~uitea through a process
of identification, classification and clustcrii g, which simplify a large
system by decomposing it into small = s 1b-systems [54]. From a util-
itarian perspective, adoption moacd's drovide a set of tools to assess
and develop policies which encourage implementation and facilitate
diffusion.

Before introducing five macro-BIM adoption models, the next sec-
tion clarifies the research methodology underlying their development.

2. Research methodology

This article is built-upon and further extends the BIM Framework
[79] by employing existing conceptual constructs - terms, classifica-
tions, taxonomies, models and frameworks - to identify, explain and
test new constructs. This cumulative theory-building exercise is
summarised in the BIM Framework Conceptual Reactor (Fig. 3) incorpo-
rating the Normal Research Cycle by Meredith [50].

The conceptual reactor (Fig. 3) represents how the BIM framework
can be continuously extended according to evolved research aims and
objectives (input 1). By integrating existing conceptual structures
(input 2) with new knowledge gained through literature reviews, and
data collection (input 3), the reactor can then generate new conceptual
structures (output) after passing through an iterative, three-stage
theory-building process. This process has been identified by J. Meredith

[50,51] and includes three repetitive stages — description, explanation
and testing.

First, the description stage de "eluns a description of reality; identifies
phenomena; explores events; ana locuments findings and behaviours.
According to Dubin [15, p 85! “t.ie more adequate the description, the
greater is the likelihoc i thaf t'.e units derived from the description will
be useful in subseque.t theory building.” Second, the explanation stage
builds upon Adescript.dns to infer a concept, a conceptual relationship
or a constri'ct; and *.en, develops a framework or a theory to explain
and/or predict behaviours or events. In essence, the explaining stage
deve'op- a te “table theoretical proposition which clarifies what has pre-
viously bec:, described. Third, the testing stage inspects explanations
ar d p1pusitions for validity; tests concepts or their relationships for
aCComly; and tests predictions against new observables.

Each macro-BIM adoption model, presented in this paper, follows a
similar cyclical path to that described by Meredith [50] — from describ-
ing; to explaining; to testing; and then back to describing. First, a de-
scription of each macro-BIM adoption model is generated through a
process of inductive inference [53], conceptual clustering [54] and re-
flective learning [92,94]. Second, conceptual models are developed to
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Fig. 4. Diffusion Areas model v1.0 (full size, current version).
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Policy

3PR: Integration Processes
Rate of adoption of integrated supply-chain

Table 2
Diffusion areas matrix (with sample granular metrics within each diffusion area).
Technology Process
Cumulative Integration 3TE: Integration Technologies
capability Rate of adoption of network-based
increase — interchange solutions (e.g., model

Collaboration

Modelling

servers); rate of proliferation of real-time
network-based integration across
disparate systems

2TE: Collaboration technologies

Rate of inter-organisational adoption of
model-sharing software and middleware
tools (e.g., Navisworks, Vico and
Ecodomus)

1TE: Modelling technologies

Rate of intra-organisational adoption of
BIM software tools (e.g., Revit and Tekla)
and their underlying hardware and
network requirements

processes across the whole supply chain; rate
of proliferation of interdisciplinary workflows
across all project life cycle phases

2PR: Collaboration processes

Rate of inter-organisational adoption of project
BIM roles (e.g., Information Manager); rate of
proliferation of multidisciplinary model-based
workflows; rate of proliferation of new
collaboration-centric business models

1PR: Modelling processes

Rate of intra-organisational BIM roles (e.g.,
model manager, and BIM trainer) and
model-based workflows

3PO: Integration Policies

Rate of adoption of integrated supply-chain
standards, protocols and contractual
agreements; rate of proliferation of
interdisciplinary educational programmes

2PO0: Collaboration policies

Rate of inter-organisational adoption of
modelling standards and collaboration
protocols; rate of proliferation of
collaboration-centric contractual agreements
and educational programmes

1PO: Modelling policies

Rate of intra-organisational adoption of
modelling standards (e.g., naming standards,
shared parameters, level of details, and
property sets) and file exchange protocols

visually explain the knowledge structures. Third, each model is tested
through either a focus group, peer-review or questionnaire.

The conceptual reactor with its core three-stage approach reflects
the researchers' underlying retroductive research strategy which fol-
lows a similar three-step approach. First, “the research starts in the do-
main of actual, by observing connections between phenomena |...]. To
do so, as a second step, researchers build a hypothetical model,

involving structures and cau-ai1 powers located in the domain of real,
which, if it were to exist and ac. in the postulated way, would provide
a causal explanation o’ th~ ol.enomena in question. The third step is
to subject the posii'ated explanation to empirical scrutiny” [35,
p. 635]. This retrod. ~tive research strategy represents a “logic of enquiry
associated wit': the »hilosophical approach of Scientific Realism” Blaikie
[6, p. 1021 Sm.'~r co deductive research, retroduction “starts with an
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Fig. 5. Diffusion Areas Comparison sample chart v1.0 (full size, current version).
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Fig. 6. The Macro-Maturity Components model v1.2 (full size, current version). Earlier ver-
sions of this model were presented in 2011-2013 at a number of industry events. This ver-
sion was first published as Item 26 on the BIM Framework blog — July 20, 2014.
Component numbers (I-VIII) has since been added to improve visual clarity; they are not
intended to imply priority or precedence.

observed regularity but seeks a different type of explanation”. Through
retroduction, events are explained by postulating and identifying struc
tures and causal powers capable of generating them [72]; and by locating,
the “real underlying structure or mechanism that is responsible for jto
ducing the observed regularity” [6, p. 25]. Retroduction use= “creativ »
imagination and analogy to work back from data to an<-xp! ... tiun”
and involves the “building of hypothetical models as 2 vay of
uncovering the real structures and mechanisms which ' re :ssumed to
produce empirical phenomena” [6, p. 25]. In constr icting these hypo-
thetical models, ideas are “borrowed from known . rL ctures and mech-
anisms in other fields” [2, p. 2].

Models are clarity-improvement tool. R generating adoption
models, this paper thus introduces an a ‘ty:~.7l reconstruction of reality
[51, p. 307], a hypothesis to be used in'.-.<¢ ssing and comparing BIM im-
plementation/diffusion across countiias

2.1. Built-in research limitations

BIM implementation and diffusion can be analysed across varied
organisational scales. In previous papers [81,80], we have identified
twelve organisational scales (OScales) spread across three organisational
clusters. These scales and clusters are intended to balance the dual no-
tions of flexibility, to cater for the uniqueness of each OScale; and unifor-
mity, to cater for the similarity between them. The Macro-cluster

Table 3
Availability of capability stages to guide market adoption metric.

includes market subdivisions, sectors, industries and specialities
(OScales 1-7); the Meso-cluster includes project-centric organisational
teams (OScale 8); and the Micro-cluster includes organisational subdivi-
sions, groups, and individuals (OScales 9-12). Although the models pro-
posed are applicable at a number of organisational scales, the focus of
this paper is exclusively on BIM adoption at the macro-cluster, and spe-
cifically at OScale 2 (defined markets or countries).

3. New model list

After clarifying the terminology used in this research, and identify-
ing the methodology adopted in generating new conceptual constructs,
this section introduces five macro-BIM adoption models (Table 1).

3.1. Model A: diffusion areas

This macro-adoption model clarifies how BIM field types (technolo-
gy, process and policy) interact with BIM capability stages (modelling,
collaboration and integration) to generate nine areas for targeted BIM
diffusion analysis and BIM difiasic 1 planning (Fig. 4).

The nine diffusion areas, expicred in Table 2, can be assessed inde-
pendently or collectively i ur example, the diffusion of BIM software
tools within a populatic.a (7a0delling technologies [1TE]) can be
assessed separately, ana ising different assessment methods, than
establishing the uicliteration of integrated project delivery contracts
(integration poli-ies (3PO]). Also, the diffusion of multidisciplinary
BIM educati. ~al «turicula (collaboration policies [2PO]) can be assessed
separately, >r 1., combination with, the proliferation of collaborative
BIM 1. 'es anv, responsibilities (collaboration processes [2PR]).

‘12 e diffusion areas, their structured subdivisions and combina-
ti¢ 1s, rrovide an opportunity for granular assessments of BIM diffusion
1 hin a population of adopters. Rather than being treated uniformly as
«Ingle set of data, or separated into disparate topics without an under-
lying conceptual structure, the Diffusion Areas' model (Fig. 4) allows the
generation of targeted ratings for comparative market analysis — as
exemplified in Fig. 5.

3.2. Model B: macro-maturity components

The macro-maturity components model identifies eight complemen-
tary components for measuring and establishing the BIM maturity of
countries and other macro-organisational scales: Objectives, stages and
milestones; Champions and drivers; Regulatory framework; Noteworthy
publications; Learning and education; Measurements and benchmarks;
Standardised parts and deliverables; and Technology infrastructure
(Fig. 6).

Macro-maturity components are assessed using the BIM Maturity
Index (BIMMI) which includes five maturity levels: [a] Ad-hoc or low
maturity; [b] Defined or medium-low maturity; [c] Managed or medium
maturity; [d] Integrated or medium-high maturity; and [e] Optimised or
high maturity [81]. When applying the BIMMI, assessments can be made
holistically (low detail ‘discovery’ assessments) or granularly (higher de-
tail ‘evaluation’ assessment). ‘Discovery’ assessments are beneficial for
comparing the relative maturity of each macro-component against the

a (low) b (medium-low) ¢ (medium)

d (medium-high) e (high)

There are no capability stages Capability stages are defined yet lack
separating lack of ability internal consistency or well-defined
from heightened boundaries (overlap with each other)
proficiency

Capability stages are well-defined
and consistent yet are not integrated
with objectives and milestones

Capability stages are
integrated with
objectives and
milestones

Capability stages are dynamically
optimised in response to changes in
other macro-maturity components

Other granular metrics include: the availability of long-term objectives to guide market adoption; and the availability of maturity milestones to guide market adoption.
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Table 4
Availability of a policy driver metric.

a (low) b (medium-low)

¢ (medium)

d (medium-high) e (high)

There is no designated policy
driver; market may include

volunteer champions by a clear mandate

There is a designated policy driver; driver The designated driver is
may not be influential or is not supported influential with a clear
wide-reaching mandate

Designated driver's activities
are integrated with other
macro-components

Driver's role no longer required
due to system/process infusion
across the market

Other granular metrics include: driver influence; driver mandate clarity; driver competency; and leadership style.

Table 5
Procurement policy metric.

a (low) b (medium-low) ¢ (medium)

d (medium-high) e (high)

Procurement policies do not
include any requirements for
digital workflows or
model-based deliverables

Procurement policies include
basic requirements for digital
workflows and model-based

deliverables deliverables

Procurement policies include
detailed requirements for digital and digital workflows are
workflows and model-based

Model-based deliverables Procurement policies are continuously
optimised to reflect industry best
practices for model-based deliverables

and digital workflows

integrated into all
procurement policies

Other granular metrics include: contractual coverage of digital workflows and model-based deliverables; extent of handover protocols for information-rich models; and proliferation of

integrated project delivery.

Table 6
Noteworthy publications relevance metric.

a (low) b (medium-low) ¢ (medium)

d (madiu.-high) e (high)

The noteworthy publication
includes out-dated
information which is no
longer usable or useful

is relevant, current and
contains actionable

information similar-topic NBPs

The noteworthy publication The noteworthy publication is
highly-relevant, well-cited and
well-used in comparison to other

Th note vorthy publication is The noteworthy publication
a. horative and impactful and is the most authoritative
~onsidered a reference (among other document covering a specific
references) topic

Other granular metrics include: distribution of noteworthy publications according to knowledge rlus.~ts aud labels.

Table 7
BIM infusion into tertiary curricula metric.

a (low) b (medium-low) ¢ med, ‘'m)

d (medium-high) e (high)

BIMis not  BIM is taught in separate learning unit(s) or
included introduced into existing units without altering .heii
in the formal (pre-set) delivery structures or pre-BIM

curricula learning objectives and deliverables

nit s cucture(s) and learning
0. i ctives are formally altered to
- ccommodate BIM tools, workflows

BIM tools and workflows
are inseparable from the
unit's structure and learning
objectives

Unit structure(s) and learning
objectives are integrated with and
complementary to all other
BIM-infused units

Other granular metrics include: multi-disciplinary integrati. 11 o curricula; use of simulated design, construction and operation environments; and expertise of learning providers.

other seven components — as re~re ented by the Macro-Maturity
Matrix (Table 11); while ‘evaluain.y’ assessments allow the detailed
analysis of each component using specialised metrics only applicable
to that component. Below is explanation of the eight macro-maturity
components including sample granular component-specific metrics
(Tables 3-10).

3.2.1. Objectives, stages and milestones

This component represents the availability of clear BIM-specific
policy objectives, intermediate capability stages, and measureable
maturity milestones separating current status from a quantifiable
future target. BIM policy objectives, stages and milestones may
exist separately or found embedded within a country's wider con-
struction strategy. For the purposes of macro-maturity assessment,
more-granular metrics can be used to evaluate objectives within
their respective contexts, analyse the clarity of pre-determined
stages, and compare the duration/effort separating different mile-
stones (Table 3).

3.2.2. Champions and drivers
This component represents the individuals, groups and organisa-
tions undertaking the task of demonstrating the efficacy of an innovative

system/process to a population of potential adopters. As early adopters
[67], champions can be individuals promoting a new software solution;
a community of practice promoting a new process; or an industry
association promoting a new standard. While champions are ‘volunteer
experimentalists’, drivers are ‘designated executors’ of a top-down
strategy (refer to Fig. 7) with a mandate to stimulate the adoption of a
designated technology, process or policy. Drivers may be individuals,
groups, institutions or an authority intent on communicating, encourag-
ing and monitoring the adoption of a system/process (refer to Fig. 8).

The positive impacts of champions/drivers on innovation have been
explored in numerous studies [7,27,59,67] especially if they exhibit clus-
tering and reach characteristics [ 73]. For the purposes of macro-maturity
assessment, the availability of champions/drivers within a market sig-
nals higher maturity when compared to markets lacking champions/
drivers, or where champions/drivers do not exhibit clustering and
reach characteristics. Additional granular metrics can be used to evalu-
ate the competency of individual drivers [86] or the championship/
leadership style across markets (Table 4).

3.2.3. Regulatory framework
This component describes the contractual environment, intellectual
property rights, and professional indemnity insurance underlying
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Table 8
Project performance benchmark metric.

a (low) b (medium-low) ¢ (medium) d (medium-high) e (high)

There are no common
or mandated project

Project performance benchmarks are
defined/agreed by industry

Project performance
benchmarks are centrally

Project performance benchmarks
are integrated with other

Project performance benchmarks are
continuously optimised to reflect

performance associations or mandated by collated and accessed by organisational and team emergent technologies, workflows and
benchmarks regulatory bodies stakeholders benchmarks protocols
Other granular metrics include: organisational capability benchmarks and individual competency benchmarks.
Table 9
Availability of an elemental classification system metric.
a (low) b (medium-low) ¢ (medium) d (medium-high) e (high)

The standardised elemental classification
system is continuously reviewed and

The standardised elemental
classification system is integrated with

A unified elemental classification
system is standardised and centrally

There is a number of
market-specific

There are no
market-specific

elemental elemental classification managed by a dedicated authority software tools and specification/costing  optimised to reflect international best
classification system regimes practices
system
Other granular metrics include: availability of national object libraries and availability of standardised model uses.
Table 10
Central model repository metric.
a (low) b (medium-low) ¢ (medium) d (medium-high) e (high)
There is no There is an optional or There is a central and The central model reposit. ‘v is . ategrated with The central model repository is
central feature-poor central mature system for multiple data sources, in. ast. *~ture models, continuously optimised to improve

repository for  repository for data-rich

submitting and querying

procurement sys.>m. first >sponders and the

stakeholder accessibility and allow

data-rich 3D
models

3D models data-rich 3D models internet of things (1. T) innovative uses

Other granular metrics include: data openness requirements; availability of e-submission sys.cins: .. software availability and affordability.

pressures from
other authorities

from same or
similar markets N

pressures

from similar
organizations or
associations from

other markets

MIDDLE -

pressures
from similar
organizations in
other markets

BOTTOM -

J(MeMemMen

Fig. 7. Macro-Diffusion Dynamics model v1.1 (full size, current version). An earlier version of this model was first published as Episode 19 on BIMThinkSpace.com — July 12, 2014.
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Fig. 8. Policy Actions model v1.4 (full size, current version).

collaborative BIM projects. Information-rich, model-based deliverables
require more detailed contractual, project and process management
protocols than their pre-BIM counterparts. Responsibilities pertaining
to shared models (e.g., elemental authorship and model ownership),
collaborative processes (e.g., overlapping project phases and early
involvement of subcontractors), and prescriptive protocols (e.g., ¢ ~.*a
exchange structures and information delivery standards) add ' ~vers ot
complexity to team interactions. This complexity and varied “isk 2nv:
ronment can be mitigated by the availability of a regulate.y ‘Tar. @=work
clarifying the rights, responsibilities and liabilities o1 o ie« project
stakeholders across overlapping - and even co.icu:ve. * - project
lifecycle phases.

For the purposes of macro-maturity assessr ent. the availability
of a regulatory framework - addressing pro .= ment, workflows,
deliverables, and stakeholder rights - -ig.. Is higher maturity.
More-granular metrics can be used fo ev.! rate the proliferation of
these sub-components across markuts (‘able 5).

3.2.4. Noteworthy publications

This component represents publically-available documents of rele-
vance, developed by influential industry stakeholders, and intended
for a market-wide audience. As covered in detail in Kassem et al. [31,
82], noteworthy BIM publications (NBP)s pertain to three knowledge
content clusters (guides, protocols and mandates) and eighteen knowl-
edge content labels (e.g., report, manual, and contract). For the purposes
of macro-maturity assessment, this component clarifies the availability
of noteworthy BIM publications within a specific market as a sign of ma-
turity. Additional metrics can be used to evaluate the distribution of
NBPs according to knowledge clusters/labels or the relevance of each
NBP when compared to similar publications from other markets
(Table 6).

3.2.5. Learning and education

This component represents market-wide educational activities cov-
ering BIM concepts, tools and workflows. These educational activities
are either delivered through tertiary education, vocational training or
professional development; either as competency-based or course-
based learning models [93,84].

For the purposes of macro-maturity assessment, this component
clarifies whether digital workflows and model-based deliverables are
included as learning topics within education/training programmes. Ad-
ditional metrics can be used to evaluate how BIM concepts, tools and
workflows are infused into curricula [25, p.8]; if varied learning require-
ments of professionals, paraprofessionals and tradespeople are met [1];
and whether these learning/education resources are affordable and
accessible (Table 7).

3.2.6. Measurements and benchmarks

This component represents market-wide metrics for benchmarking
project outcomes and assessing the capabilities of individuals, organisa-
tions and teams. The availability of market-specific - or the formal adop-
tion of international - benchmarks and metrics signifies a market's
ability to assess and potentially improve its performance. Additional
granular metrics are proposed in Table 8.

3.2.7. Standardised parts and deliverables

This component represents the standardised, data-rich model parts®
(e.g., walls, beams, HVAC unit. doors and furniture) which populate
object-based models. It also re pre ents model uses,” the standardisable
deliverables from gene.ating collaborating-on and linking object-
based models to extern.: uai ibases. For the purposes of macro-maturity
assessment, the aailchiity of standardised parts and deliverables
signals a maturc ma.ket. Additional granular metrics are proposed in
Table 9.

3.2.8. Teci. "olugy infrastructure

This ~o.nponent refers to the availability, accessibility and affordabil-
.ty < Liardware, software and network systems [12]. It also refers to the
vai'ability, usability, connectivity and openness of information systems
1 osting data-rich three-dimensional models. Additional granular met-
rics are proposed in Table 10.

3.2.8.1. Macro-maturity matrix. The macro-maturity matrix (Table 11)
provides a summary of the eight macro-maturity components (Fig. 6)
mapped against the five level of the BIM maturity index.

The macro-maturity matrix (Table 11) can be used in identifying the
comparative BIM maturity across markets. The matrix aggregates a
number of sub-topics within each component and is thus suitable for
low-detail ‘discovery’ assessment (Granularity Level 1), where the con-
tents of each cell represents - partially or fully - the current maturity
status. More detailed ‘evaluation’ assessments (Granularity Level 2)8
require the integration of a large number of metrics unique to each
component (refer back to Tables 3-10).

The macro-maturity components identify the areas to be addressed
by stakeholder groups (refer to Model E). While each component can be
measured using the five-level index, it can also be transformed into a set
of development activities that can be targeted for completion by policy
makers.’

3.3. Model C: macro-diffusion dynamics

According to Geroski [20, p. 621], “the real problem may not be un-
derstanding how the process of diffusion unfolds, but understanding
how it starts”. To allow a clearer understanding of from-where and
how a diffusion starts to unfold within a population, this macro-

6 Also typically referred to as elements, components, objects or families.

7 Model uses can be specific to the design phase (e.g., immersive environments), con-
struction phase (e.g., construction logistics and flow), operation phase (e.g., asset tracking),
or across all project lifecycle phases (e.g., cost-planning and lean modelling).

8 The varied applications of the four granularity levels and their applicability across
organisational scales have been discussed in detail in Succar [81], Table 2.

9 For an example of a similar approach, please refer to http://www.bimtaskgroup.org/
work-streams-wps/.
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Table 11
Macro-maturity matrix at granularity level 1.
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a

b

C

d

e

Low maturity

Medium-low maturity

Medium maturity

Medium-high maturity

High-maturity

11

VI

Vi

Objectives,
stages and
milestones

Champions
and drivers

Regulatory
framework

Noteworthy
publications

Learning and
education

Measurements
and
benchmarks

Standardised
parts and
deliverables

VIII Technology

There are no market-scale
BIM objectives or
well-defined BIM
implementation stages or
milestones

There are no identifiable
market-wide champions or
BIM implementation
drivers

There is no formal BIM-era
regulatory framework

There are no - or a small
number of - noteworthy
BIM publications (NBPs)
across the market

BIM learning topics are
neither identified nor
included within legacy
education/training
programmes; learning
providers lack the ability to
deliver BIM-infused
education

There are no market-wide
metrics applied in
measuring BIM diffusion,
organisational capability or
project performance

There no market-specific
object libraries (e.g., doors
and windows); service
delivery model uses (e.g.,
clash detection) and
operational data
requirements (e.g., COBie)

Non-existent, inadequ ‘tc

There are well-defined
macro-BIM objectives,
implementation milestones
and capability stages

There are one or more
volunteer champions and/or
informal BIM drivers
operating across the market
There is a formal regulatory
framework addressing basic
BIM-era rights and
responsibilities of a number
of stakeholders

There are many NBPs with
overlapping knowledge
content; some NBPs are
redundant or collectively
include knowledge gaps
BIM learning topics are
identified and introduced
into education/training
programmes; BIM learning
providers are available across
a number of disciplines and
specialties

Formal metrics are used to
benchmark project outcomes
and assess the abilities of
individuals, organisations
and teams across the market

Object libraries are vail2"le
yet follow vasiea moc -lling
and classificatic » nurms;
service duliverv model uses
and o} = ~t.nal data

re Ju.=ents are informally
de1 ned and partially used

The technology

BIM objectives, stages and
milestones are centrally
managed and formally
monitored

There is a unified task group
or committee driving BIM
implementation/diffusion
across the market

The formal regulatory
framework covers all
BIM-era rights and
responsibilities of all
stakeholders

NBPs are developed and/or
coordinated by a single
entity thus minimising
overlaps and knowledge
gaps

BIM learning topics are
mapped to current and
emergent roles; BIM learning
providers deliver accrc dite
programmes across
disciplines and specidl. s

Standardise” mq ‘rics are
used to ¢ ‘ntrai 7 benchmark
proje._.ou. on.es; certify the

*bil.%< o individuals,

. Ynic.aons and teams; and
accredit learning
piugrammes, software
systems and project delivery
mechanisms
Standardised object libraries
are available and used;
service delivery model uses
and operational data
requirements are formally
defined and used across all
project lifecycle phases

The technology

BIM objectives and stages are
integrated into policies,
processes and technologies
and manifest themselves
within all other
macro-maturity components

Driver(s) coordinate all
macro-adoption activities,
minimise activity overlaps,
and address diffusion gaps
The regulatory framework is
integrated into all
requirements, roles,
processes and deliverables

NBPs are authorirative,
interconnec-ed . \d
integrated acrc s | 0ject life
cycle phases and .1e whole
constr «ctinn suyply chain
BIM leainine, topics are

i~ tegr."ed across

~d. ~ational tiers (tertiary,
a1 d vocational) and address
*lie learning requirements of
all industry stakeholders

Standardised metrics and
benchmarks are integrated
into project requirements,
workflows and deliverables;
consistently used in defining
and procuring services; and
used to prequalify the
abilities of individuals,
organisations and teams
Standardised object libraries,
service delivery model uses,
and operational data
requirements are integrated
into, procurement
mechanisms, project
workflows and lifecycle
facility operations

The technology

BIM objectives and stages
are continuously refined to
reflect advancements in
technology, facilitate
process innovation, and
benefit from international
best practices

Driver(s) role is diminished,
replaced by optimised
systems, standards and
protocols

The regulatory framework is
continuously refined to
reflect technological
advancements and
optimised collaborative
workflows

NBPs are continuously
optimised to reflect
international best practices

BIM learning topics are
infused (not separately
identifiable) into education,
training and professional
development programmes

Standardised metrics are
continuously revised to
reflect evolving
accreditation requirements
and international best
practices

Standardised object libraries,
service delivery model uses
and operational data
requirements are
continuously optimised and
realigned to improve usage,
accessibility,
interoperability and
connectivity

The technology

infrastructure  or unaffordable techn.c gy infrastructure is of adequate  infrastructure is of high infrastructure is uniformly infrastructure is intuitive

infrastructure (software, quality and affordability to quality and affordability accessible and interoperable and ubiquitously accessible

hardware and networks) as enable BIM implementation  enabling the efficient allowing real-time allowing seamless

to prohibit widespread BIM  within organisations and exchange, storage and network-based integration interchange between all

adoption diffusion across varied management of complex, across disparate systems and users, virtual systems and
market sectors federated models among data networks physical objects across the

dispersed project teams whole lifecycle
Table 12

Macro-diffusion dynamics matrix.

Diffusion dynamic

Macro-actor, transmitter

Pressure mechanism

Pressure recipient, potential adopter

Isomorphic pressure type

Top-down

Middle-out

Bottom-up

Government or regulatory body

Large organisation or industry
association

Small organisation

Downwards

authority exerting pressure

Horizontal
Downwards

of industry associations

Upwards
Horizontal

the market

Upwards
Horizontal

All stakeholders falling within the circle of influence of the

Governments and authorities in other markets
Smaller organisations further down the supply chain; members

Governments and regulatory bodies within the market
Other large organisations and industry bodies within or outside

Larger organisations and industry bodies
Other small organisations

Coercive; normative

mimetic
Coercive; normative; mimetic

Normative
Mimetic; normative

Normative
Mimetic; normative
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Table 13
Policy actions matrix.

Approaches

[1] Passive

[2] Active

[3] Assertive

Activities [A] Make aware: the policy player informs stakeholders

and business benefits of, a system/process through
formal and informal communications

[B] Engage Encourage: the policy player conducts workshops
and networking events to encourage stakeholders to
adopt the system/process

[C] Monitor ~ Observe: the policy player observes as (or if)

stakeholders have adopted the system/process

Educate: the policy player generates
Communicate about the existence of, or the importance, challenges informative guides to educate stakeholders of
the specific deliverables, requirements and
workflows of the system/process

Incentivise: the policy player provides rewards, Enforce: the policy player includes
financial incentives and preferential treatment
to stakeholders adopting the system/process

Track: the policy player surveys, tracks and
scrutinises how/if the system/process is
adopted by stakeholders

Prescribe: the policy player details the
exact system/process to be adopted by
stakeholders

(favours) or excludes (penalises)
stakeholders based on their respective
adoption of the system/process
Control: the policy player establishes
financial triggers, compliance gates and
mandatory standards for the prescribed
system/process

adoption model identifies three diffusion dynamics — top-down,
bottom-up and middle-out (Fig. 7).

The three diffusion dynamics introduced in Fig. 7 embody horizontal
and vertical mechanics, and a combination of isomorphic pressures -
coercive, mimetic and normative - allowing innovation to contagiously
pass from ‘transmitters’ to adopters [78,14,11].

Horizontal mechanisms represent the mimetic effects organisations
have on their peers; while vertical mechanisms represent the upward
and downward pressures (normative and coercive) organisations
have on non-peer organisations across the supply chain. These dynam-
ics, mechanics and pressures are combined in Table 12.
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The three dynamics discussed in Table 12 identify the how the adop-
tion decision taken by one plav_r influences the adoption decisions of
other players. For example, tt = e.rly adoption of a policy player (an au-
thority) of an innovative policy 1. one market encourages later adopters
to make “the same cloir~s as early adopters without having gone
through the same ir., ~stm~at in learning by experience” [20, pp. 618-
619,74], a process »ftei, referred to as the ‘information cascade’ or
‘bandwagnn € fect’ [.0,43]. As explored by Simmons and Elkins [74,
p. 174], polic:r L'~y ers of a specific market “pay deliberate attention to
foreign mod'els und their outcomes [...as...] foreign models can encour-
age or exnedite adoption by inserting a policy innovation on a
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Fig. 9. Policy action patterns sample chart v1.1 (full size, current version).
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Fig. 10. Macro-Diffusion Responsibilities model v1.1 (full size, current version).

legislature's agenda. A foreign model may also offer a ready-made an-
swer to ill-defined domestic pressure for “change” and “innovation.”
Or it may legitimate conclusions or predispositions already held or
add a decisive data point in the evaluation of alternatives [5].” That is,
the adoption of a BIM diffusion policy by one authority within a specific
market may result — through mimetic and normative pressures — in the
adoption of similar BIM diffusion policies by other authorities in differ -
ent markets.

These top-down, bottom-up and middle-out dynamics are not .“w.~-
pendent: the diffusion of innovation at the lower-end of the .1pp'v
chain (e.g., within smaller organisations) will lead to the ~.eve ~nn, nt
of a diffusion phenomenon at the macro-scale. Similarly, t. - dif' asion
of innovation at the higher-end of the supply chain wi'l 1. flucnce the
behaviour of smaller organisations and individuals ope.ating at the
micro-scales [68, p. 13,28].

3.4. Model D: policy actions

Information provision by policy ma’“c.* to a target population of po-
tential adopters - highlighting the adva..tages of an innovative system/
process - will not necessarily encourage implementation or speed-up
diffusion [77]. However, policy makers may affect the adoption of an in-
novative solution through “a judicious mix of information provision and
subsidies” [20, p. 621].

This macro-adoption model focuses on the actions a policy maker
takes to influence the market-wide adoption of an innovative system/
process. The Policy Actions model (Fig. 8) identifies three implementa-
tion activities (communicate, engage, monitor) mapped against three
implementation approaches (passive, active and assertive) to generate
nine policy actions.

The Policy Actions model (Fig. 8) identifies nine actions (squares) and
represents the relation between them (directional arrows and dotted
connecting lines).'® The policy actions are briefly explained in Table 13.

10 The Policy Implementation Actions model is a visually-enhanced ‘concept map’ with
concepts represented as squares, relations represented as dotted lines, and textual labels
clarifying the ontological relation between concepts [89,26]. That is, action A1 (Make
Aware) is followed by either A2 (Educate), B1 (Encourage) or B2 (Incentivise). To disallow
a counter-intuitive bottom-up use of this model, top-down and horizontal-diagonal ar-
rows are added. For more information covering how concept maps are used to graphically
represent BIM Framework parts, please refer to Succar [79, p. 368].

The three approaches within each activity signify an increase in the in-
tensity of policy maker's involvement in facilitating BIM adoption, from a
passive stance to more assertive actions. Also, the three activities signify a
progression from clarifying the availability, benefit or necessity of a new
system/process, to assessing adoption behaviours, challenges and out-
comes. Each of the nine resulting policy actions can be further divided
into smaller policy tasks. For example, the incentivise action [B2] can be
subdivided into incentivise tasks — make tax regime favourable for BIM
adoption, develop a BIM procurement policy, and introduce BIM-
focused funding [8,9] - that can be undertaken by policy makers.

The nine actions can also be applied to the eight Macro-Maturity
Components (refer back to Model B). That is, a policy maker my Educate
[A2] stakeholders of the need for - or Prescribe [A3] the necessity of —
Measurements and Benchmarks (Component VI). It may also Track
[C3] the development of Educational Curricula (Component V), or
Enforce [B3] the use of standardised parts and deliverables (Component
ViI).

These activities, actions and tasks can be used as a template to
structure a policy intervention, or as an assessment tool to compare
policy actions across different cou.iries (Fig. 9).

The Policy Action Patterns samp'e chart (Fig. 9) allows a quick com-
parison of diffusion actions undei :aken by policy makers in different
markets.

3.5. Model E: mac o-a. fusion responsibilities

This macre aduption model (Fig. 10) analyses BIM diffusion through
the rnlec olay »d by industry stakeholders as a network of actors [37,91].
It first ‘de...fies nine BIM player groups (stakeholders) distributed
ac oss hree BIM fields (technology, process and policy) as defined with-
10 Lo 8IM framework [79]. The nine player groups are: policy makers,
edcational institutions, construction organisations, individual practi-
tioners, technology developers, technology service providers, industry
associations, communities of practice, and technology advocates.

The nine player groups'! belong to either BIM field or their overlaps.
Table 14 provides a succinct description of each player group followed
by how this subdivision can be used in evaluating BIM diffusion within
and across different markets.

Each of the nine player groups identified in Fig. 10 includes a number
of player types. For example, player group 3 (construction organisations)
is composed of varied player types including: asset owners, architects,
engineers and project managers. Also, player group 4 (individual practi-
tioners) is composed of professionals, associated professionals and
tradespeople. These distinctions between player groups, player types
and unique players (e.g., a specific person, group, association, company
or university) allow the targeted assessment and comparison of stake-
holders' involvement. For example, this macro-adoption model can be
used to:

compare the BIM diffusion activities of one player group to other
groups within the same market. An example assessment question
would be: “Which player group played a more leading BIM diffusion
role in ‘Country A’: Education Institutions or Industry Associations?”
compare the BIM diffusion activities of two or more player types with-
in the same player group. For example: “How does the role played by
asset owners in BIM diffusion differ from the role played by large
contractors?”

compare the BIM diffusion activities of players pertaining to the same
player type across different markets. For example: “Is the BIM
diffusion role played by large contractors in ‘Country A’ similar
to the role played by large contractors in ‘Country B’?”

isolate BIM players by their group/type and analyse their BIM diffusion

1" pending further research, the tenth player group at the intersection of the three fields
is intentionally excluded from this model.
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Table 14
Macro-diffusion responsibilities matrix (player groups with sample players — market scale).
Policy field Process field Technology field
1 Policy makers 3 Industry organisations 5 Technology developers
Authorities involved in mandating, regulating or Organisational players involved in deploying Software, hardware and network solution providers
facilitating the adoption of innovative systems/ innovative systems/ processes for commercial with offerings targeted at whole industries or specific
processes across an industry or whole markets advantage sectors, disciplines and specialties
e.g., the BIM Task Group in the UK and BCA in Singapore e.g., AECOM and Multiplex e.g., Autodesk, Leica and Acconex
2 Educational institutions 4 Individual practitioners 6 Technology service providers
Universities and other learning institutions developing Practitioners (including students/trainees) Commercial companies bridging the sales/services gap
and/or delivering educational programmes and related involved in learning or applying innovative between technology providers and end users
material systems/ processes
Policy-process overlap Process-technology overlap Policy-technology overlap
7 Industry associations 8 Communities of practice 9 Technology advocates
Associations representing the interests of their An informal grouping of individual practitioners A formal grouping of individuals and organisations
individual/ organisational members within a specific with a common interest in a specific software, focused on the development/ promotion of
industry, sector, discipline or speciality hardware or network solution technology-centric standards and policies
e.g., AIA, ACIF and APCC e.g., Revit user groups and SmartGeometry e.g., buildingSmart and Australian Computer Society

activities. For example: “What is the role played by Industry Associa-
tion X in facilitating BIM diffusion within its membership base?”

4. Conclusion

This paper introduced numerous new concepts, models and decision
support tools for macro-BIM adoption assessment and planning. It first
presented a number of delineations between readiness, capability and
maturity; between implementation and diffusion; and between diffu-
sion modelling and adoption models. Second, it introduced the Point
of Adoption (PoA) concept and linked it to previous BIM capability/
maturity research. Third, it clarified the research methodology, infro-
duced the BIM Framework conceptual reactor, and discussed 1.»
research's underlying retroductive strategy. Fourth, it exter. v tl e
BIM Framework by introducing five new adoption models, mavices
and charts applicable across multiple organisational scales (Tai'e 1):
Model A identified nine areas for targeted BIM difft:sic = ass: ssment
and planning; Model B introduced eight component< a. 1 « .«umber of
granular metrics for assessing and comparing the BIM n.~turity of coun-
tries; Model C identified three directional dynamic. the: clarify how dif-
fusion unfolds within a market; Model D defined 1;.cee activities, three
approaches and nine actions for assessing, con.paring and planning
adoption policies across markets; and ¢ le, £ defined nine groups to
be used in analysing the diffusion act'vities/roles played by industry
stakeholders.

Based on the above deliverables, chis research - presented in two
complementary papers - contributes to domain knowledge by:

setting the scene for macro-BIM adoption assessment based on an
established framework with a large set of interconnected terms, clas-
sifications, taxonomies and models;

refocusing the discussion away from software acquisition/imple-
mentation as a singular criterion for BIM diffusion surveys and
studies;

overlaying the concepts of BIM implementation and BIM diffusion
into a single term thus generating a unified view (Fig. 2) for estab-
lishing and comparing the readiness, capability and maturity of
organisations;

introducing five macro-adoption models, their companion matrices
and charts to be used in assessing and comparing BIM adoption across
countries;

identifying multiple avenues for domain researchers to adapt,
improve or correlate adoption models; each model represents a
separate opportunity for data collection and additional concep-
tual investigation; and

informing the development of country-specific BIM implementation

.

and diffusion strategies; poli.y makers can use these concepts and
knowledge tools to either « ssc=s their ongoing BIM adoption efforts
or to structure the developme ~t of new ones.

Research is crricntly being conducted to apply these concepts and

tools acrocs a wumbHer of countries. The results of these applications,
and the ¢>acuniaa calibrations that ensue, will be published in an up-
coming pap.r 1he deliverable of this research will instigate discussions
aiconz po.cy makers, encourage additional BIM implementation/
diffu_ion research, and hopefully contribute to the improvement of
BIM 1doption policies across a number of markets.
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