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Abstract: Building Information Modelling (BIM) for life cycle sustainability assessment is an emerging
development considered valuable given its importance in enhancing the environmentally friendly per-
formance of buildings by delivering eco-efficient structures. However, despite its benefits, adoption
is low. Thus, this study examines the key drivers of a building’s BIM-based life cycle sustainability as-
sessment. An interpretive structural modelling approach and Matrice d'Impacts croises-multipication
applique a classement (MICMAC) analysis were adopted for this study. Nineteen key drivers were
categorized into a seven-level ISM model, which revealed that the successful implementation of the
driving factors for BIM-based LCSA would increase its adoption and encourage users to be proactive
in exploring solutions, exerting best efforts, and advancing its usage. The primary drivers, such as
organizational readiness, personal willingness to use, procurement methods, and organizational
structure, amongst others, are crucial for discussing BIM-based LCSA adoption strategies and making
guidelines and design decisions to guide the process. This paper therefore contributes to the growing
discussion on BIM from the viewpoint of an assessment of a building’s life cycle sustainability. The
study concludes that organizational, governmental, and institutional support, as well as capacity
development, are essential to driving BIM-Based LCSA.

Keywords: drivers; building information modelling (BIM); life cycle sustainability assessment; LCSA;
ISM; interpretive structural modelling; MICMAC

1. Introduction

The significant contributions of the construction sector to the global economy make it
critical in enabling resilient and responsive socio-economic growth necessary for human
survival. The construction industry, which on average contributes 5 to 10% of worldwide
direct and indirect employment and 5 to 15% of global GDP, has the potential to accomplish
much more when its systems, processes, and workflows are improved to create sustain-
able infrastructures [1,2]. Significant among the factors limiting the potential of the built
environment to do more in driving socio-economic growth is the negative impact on the
environment of its whole life cycle process. As stated by Van Eldik et al. [1], the integration
of BIM into the life cycle assessment process is rarely implemented in infrastructure projects,
which is critical given how it limits the realization of sustainable development. However,
an understanding of what drives the integration of BIM with LCSA is currently lacking,
an absence which inhibits the goal of achieving sustainable infrastructure delivery. The
whole life cycle of infrastructure delivery is material-consuming. Bianchi et al. [2] state that
buildings consume 40% of total world energy, 60 percent of the world’s energy, 25 percent
of its water, and 40 percent of all resources produced, while creating approximately a third
of the planet’s greenhouse gas emissions. Due to limited resources, various obstacles and
difficulties prevent organizations from adopting a BIM approach to life cycle sustainability
assessment, although the use of digital technology is expected to result in enhanced sustain-
able development. Understanding the dynamics that influence the adoption of BIM-based
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LCSA is crucial for its more effective adoption. The growing interest in the digital trans-
formation of firms in the built environment raises the question of what factors motivate
firms to digitalize sustainability assessment through Building Information Modelling (BIM).
Thus, this study utilizes an interpretive structural modelling approach to examine and
understand the critical forces that drive BIM-based life cycle sustainability assessment
in the built environment. The results will be vitally useful in guiding government and
institutional policy decisions on the key considerations for prioritizing a BIM-based life
cycle sustainability assessment adoption framework.

2. Background to Study

The decision-making process for infrastructure projects is increasingly focusing on
sustainability. Globally, sustainable development is understood to mean balancing the
requirements of the present with those of the coming generations [3,4]. This has become
more critical given the projection by Bianchi et al. [1] that the global material footprint
will double by 2060 if the current traditional infrastructure delivery approaches are not
made sustainable [3]. This means the construction industry must reshape existing systems,
processes, and thinking towards sustainable approaches. While the developed world
directs the strategy, developing countries must not only catch up with the times but also
actively progress towards mitigating their built environments” material footprints. The
least able to mitigate and survive the effects of climate change-related conditions are
developing nations that have large environmental degradation effects [4-6]. Onososen
and Musonda [7] have argued that environmental considerations are not prioritized in
developing countries such as South Africa and Nigeria, which are heavily influenced by
the choice of materials for construction, traditional approaches to construction, cultural
factors, and weak institutions. A life cycle assessment (LCA) in the construction industry
assesses the environmental effects of construction, taking into consideration all impacts
from raw material extraction to transportation, building conceptualization, demolition, and
disposal of hazardous materials [8,9]. Due to flawed C&DW quantification and insufficient
information on building materials and components, the construction industry makes
decisions about reuse and recycling that are ineffective [10,11]. Economic development,
social development, and environmental protection are the three interrelated pillars of
sustainable development on a global scale [1].

2.1. Life Cycle Sustainability Assessment (LCSA)

Planning and integrating design decisions alongside environmental considerations
influences and enables the delivery of sustainable infrastructure. More people are using life
cycle assessment (LCA) as a quantitative method for evaluating environmental impact [12-14].
LCA evaluates the environmental impact of a product, process, or system throughout its
entire lifecycle per ISO 14040. Its benefits have been stated in extant studies [11], and the
integration of Building Information Modelling is increasingly overcoming its limitations.
This encourages its use as a strategy for reducing operational and embodied energy usage
during the life cycle stages of a structure. As identified by Soust-Verdaguer et al. [11],
combining BIM with LCA was founded on the automatic or semiautomatic collection of
the Bill of Material Quantities from the BIM model that was connected to the building life
cycle environmental data. In order to enable the editing of building materials and element
dimensions in BIM software while automatically providing insight into the environmental
effects of the adjustments, the authors created a BIM-based LCA technique. Life cycle
analysis (LCA) is now a widely accepted methodology for assessing the performance
of a material, product, or building [12,15]. Its application is directed toward ensuring
buildings perform well environmentally [2,16]. Based on the sustainability model, LCA
was developed as a life cycle sustainability evaluation that takes into account environmental,
social, and economic concerns (LCSA). Consequently, the LCSA combines the social life
cycle assessment (SLCA) and life cycle cost (LCC). It is challenging to incorporate social
factors, building materials, embodied energy, operational energy, and construction and
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demolition waste into design indices. Integrating the potential of building information
modelling (BIM) to drive the process significantly enables the realization of sustainable
building in the built environment. Bianchi et al. [1] adopted the use of AHP in a multicriteria
decision-making (MCDM) system which utilized AHP to present the decision-making
process on integrating LCA and LCSA in alternative building systems by evaluating social
interest housing (SIH).

2.2. Integrating Life Cycle Sustainability Assessment(LCSA) and Building Information
Modeling (BIM)

Depending on the use it is being put to, BIM is today recognized as both a technique
and a technology [13]. BIM is a design technology that makes it easier to use LCSA in the
construction industry [15,17]. Despite the potential advantages, gathering the data required
for a sustainability evaluation using BIM has not been done very frequently. Right now, BIM
is mostly used to support LEED evaluation in the categories of energy and environment,
materials, and resources [15]. Given the substantial amount of intricate and time-consuming
information required for the process, using BIM has become necessary [1,8]. Crippa et al. [8]
mentions that calculating a building’s specific carbon footprint is difficult, and most studies
are cradle-to-gate. Only a few cover every stage of the building life cycle, from the extraction
of raw materials through transportation, preuse, use, and final disposal. The manual
approach in LCA further compounds this problem as it is repetitive and often draws little
interest from companies to engage in LCA assessments. This has necessitated the need to
integrate BIM in the LCA process, given its ability to allow the incorporation of project-
related data into a model, and to represent this data virtually in a collaborative environment.
There is still a dearth of research taking into account all facets of sustainability despite
the recent trend of employing BIM for sustainability [15]. Combining BIM tools with the
LCA technique is viewed as a crucial step in supporting designers in their decision-making
processes in the construction industry in terms of the sustainability of building projects. As
stated by Bianchi et al. [1], the utilization of resources or plug-ins within the BIM modeling
tool itself results in the most advanced level of BIM and LCA integration. The limitations
of BIM-LCA tools include the required wide range of data in early-stage design models [9].
Carvalho [15] mentions that existing BIM software still has concerns with sustainability,
and exchange format files require more development. Moreover, the established tools
and plug-ins are limited in their extension since the BIM-LCA framework lacks a clear
data structure [18,19]. With building sustainability predicted to become more integrated
as BIM becomes more mature, this study aims to advance the required developments.
Crippa et al. [8] developed a methodology for using building information modeling (BIM)
and life cycle assessment (LCA) tools to get embodied carbon data. Santos et al. [13] also
established a framework to reduce human error and time spent on sustainability studies
of the model, simplifying the identification of the construction’s life cycle consequences
on the environment and economy and the interoperability of generated solutions. BIM
can be integrated with LCSA on three levels to achieve/improve sustainability: (i) LCI
data quantification using BIM, (ii) BIM-based environmental information management,
and (iii) the development of an automated process based on LCI data and software [20].
According to some studies, BIM integrated with LCSA might be classified as being at the
operational stage, which begins the modeling process by optimizing the energy analysis
based on the building geometry. The second stage, known as the preoperational stage
or “embodied phase,” entails the production and collecting of building materials. This
requires the use of LCI databases and size/number databases to compute the embodied
energy in architectural pieces (for upstream data) [20].

2.3. Drivers of BIM-Based Life Cycle Sustainability Assessment (LCSA)

The enormous advantages of BIM-based life cycle sustainability assessment (LCSA)
make research into its motivators essential. When BIM parametric models are combined
with LCSA, designers, architects, engineers, and managers may produce solutions while
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the project is still in progress, making it more efficient and sustainable [8]. Moreover, a
BIM-LCA method can be used in the early stages of a project to take the carbon footprint of
the building materials into consideration, as well as to make use of BIM tools to calculate
both the energy required and the CO2 emitted during the operating phase of the structures.
Government, enterprises, and researchers must therefore pay critical attention to its drivers
to obtain practical insights on efforts to promote its adoption. Crippa et al. [8] mention
that the actual application of BIM-based life cycle sustainability assessment (LCSA) is
becoming a priority for clients and organizations and that the process’s underlying prin-
ciples are crucial. BIM-based LCA is useful for refurbishing projects in determining the
most environmentally friendly scenarios among design possibilities [21,22]. BIM and LCA
together are a practical instrument for evaluating the environmental effects of the AEC
sector. However, the most challenging components of finishing such investigations are
the lack of standardized methodologies and problems with data transfer [21,23]. Table 1
below presents the drivers of BIM-based life cycle sustainability assessment identified in
the literature and confirmed by experts.

Table 1. Drivers of BIM-based life cycle sustainability assessment.

Drivers ID Reference
Organisation readiness D1 [24-26]
Quick and accurate data from building model D2 [27-30]
Drive by software vendors D3 [3,5,31,32]
Perceived ease of use D4 [14,33-36]
Stakeholders” awareness/demand D5 [37-39]
Personal willingness to use D6 [36,40,41]
Educational training/awareness D7 [36,39,42]
Statutory regulations and enforcement D8 [5,27,33]
Adequate financial capacity D9 [43-45]
Government incentives D10 [31-33,46]
Perceived usefulness (e.g., time
saving, cost reduction, higher D11 [31,38,43]
productivity, smooth workflow)
Government mandate D12 [35,45-47]
Adoption by competitors in the D13 [29,43,48-52]
market
Push by institutional bodies D14 [29,43,49,53-56]
Procurement methods/guidelines D15 [38,43,55]
Top management support D16 [38,39,51]
Value proposition/benefits D17 [29,35,39]
Visual interface D18 [35,38,52]
Appropriate organization culture D19 [29,35,43]

Therefore, this work improves strategies for ensuring infrastructure is provided,
run, or repurposed in an environmentally and resource-efficient way. To achieve this,
an examination of existing and new projects from a sustainability perspective through
integrating BIM with LCSA is encouraged by identifying critical drivers to promote the
system. The study is laid out as follows; Section 1 highlights the purpose and goal of this
work. The definitions and concepts pertaining to LCSA are explained in Section 2. The
research methodology is described in Section 3, and the findings are reported in Section 4.
Section 5 offers a discussion and Section 6 concludes the study.

3. Methods

The study engaged in a three-stage process to achieve its objectives. This is presented
in Figure 1.
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Figure 1. Research approach for the study as adapted from [40].

Stage 1: The first step of the methodological approach was the identification of the
drivers of BIM-based LCSA through a review of extant BIM-based LCSA studies using
publications from Scopus, Web of Science, and Google Scholar databases. As stated by
Onososen and Musonda [35], Scopus is reputable for its wide coverage, while Web of
science has more catalogues of important journals than other databases [36,56]. A critical
review approach, which focused on the drivers of BIM-based LCSA identified in the extant
publications, incorporated documents from journals, conferences, and book chapters to
eliminate bias.

Stage 2: The drivers identified from the literature review process were presented for
validation and representativeness in a group discussion with researchers in the life cycle
sustainability assessment domain with extensive professional and research experience. The
inputs from the discussion were adopted to improve the final ISM survey form.

Stage 3: The interpretive structural modeling (ISM) technique was applied in this work
as a resolution strategy. This technique, which was first put forth by J. Warfield in 1973, is
useful for handling complicated problems. It makes it possible for individuals or groups
to create a map of the intricate connections between the numerous components present
in a complex scenario. ISM was developed by Warfield [37] to explain the contextual
relationships amongst variables towards ensuring effective systems improvement and
implementation. Thus, as stated by Mor et al. [38], the approach requires knowledge and
experience from experts in examining complex scenarios and breaking them into multiple
subsystems. Furthermore, it was advanced by Warfield [37] to investigate complicated
socio-economic systems. It can be used as a scientific technique to identify contextual
interfaces between quantifiable components connected to the subject or problem under
investigation. As the approach targets quality rather than the number of responses, as
small as two knowledgeable and experienced participants are frequently needed [6,57,58].
The approach is group-discussion-oriented and especially adequate for research areas with
few experts [40]. Its usage in construction is attributed to its systematic thinking approach
and ability to transform ambiguous system models into well-defined models [6,43,59-62].
Many famous institutions, including NASA, have used it globally. To provide a way for
organizing complex problems, ISM combines three modeling languages: words, digraphs,
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and discrete mathematics. ISM is especially helpful and interpretative since it allows group
members who are working on the study to decide whether and how the variables are
related [41].

Mathiyazhagan [42] argues that a significant weakness in the ISM technique, which
was taken into account during the survey process, is the limitations of expert response
to their experiences. Another weakness is having difficult discussions decided upon by
majority opinion. The ISM approach starts by identifying variables (drivers of BIM-based
LCSA). The variables are then used to form a self-interacting structural matrix. This allowed
for contextual interactions between the system’s components. The SSIM’s goal is to develop
a preliminary reachability matrix. Checking the matrix for transitive linkages results in
the creation of the final reachability matrix. Suppose that element X and element Y are
connected, and element Y is connected to element Z. Then element X needs to be connected
to element Z. Dividing the reachability matrix into separate hierarchical tiers was performed
next. Identifying the driving and reliant power of drivers of BIM-based LCSA followed
next. The reachability matrix’s contextual interactions were used to build the digraph.

The transitive associations are cut off by substituting the element nodes with state-
ments to turn the directed digraph into an ISM model as shown in Figure 2. The conceptual
inconsistency of the model is reviewed and modified if necessary.

Identified Drivers of BIM-based Literature review of BIM-based

LCSA

< LCSA

Contextual relationship
the drivers (i)

|

Develop a structural self-
interaction matrix for the drivers

Remove transitivity from the | | Develop diagraph and MICMAC

diagraph

|

between

Expert's Opinion <

A

A\ 4

Develop reacheability matrix

|

Partition the reacheability matrix into different levels

l

‘ analysis

Replace variable nodes with

relationship statement
- Is there any
~ conceptual

inconsistency?

No

v

Represent the
relationship
statement into
model for drivers
of BIM-based
LCSA

Figure 2. The study’s Interpretive Structural Modeling (ISM) methodology as adapted from [56].
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3.1. MICMAC Analysis

Dupperrin and Gobet [43] developed Matrice d’Impacts croisés multiplication ap-
pliquée & un classement (MICMAC), which is known as Cross-Impact Matrix Multiplication
Applied to Classification. It entails building a graph to group the variables under exami-
nation based on their driving and dependent power. The driving power is the horizontal
sum (row-wise) of the relationship to and from a specific driver “i”, whereas the dependent
power is the vertical total (columnwise) of that relationship to and from a particular driver

j” [43,63]. The analysis includes variables from the independent, dependent, autonomous,
and linking categories.

3.2. Approach to Interpretive Structural Modeling
Structural Self-Interaction Matrix (SSIM)

The variables (drivers) were first identified through an extensive literature review.
They were then combined based on the conclusions of group discussions with three
researchers with post-PhD experience in BIM-based LCSA studies and finalized into
19 key drivers. Specific criteria were then applied to elicit the opinion of experts on the key
19 drivers. The distribution of experts is presented in Table 2. Experts’ selection criteria
included: Firstly, industry expertise with more than ten years of construction experience
and extensive experience using BIM in LCSA implementation. Secondly, experts in the
design of BIM tool and database development were identified as respondents. Thirdly,
participants were confirmed to have a wealth of expertise working in both the public and
private sectors. According to past studies, this approach was appropriate [43,61,63,64].

Table 2. Experts” distribution.

Demographics Type Percent
Architect 36%
Profession Engineer 28%
Quantity Surveyor 36%
Consultant 42%
Type Contractor 35%
Academia 23%
North America 30%
Continental Spread Europe 35%
Africa 35%

Twenty respondents were identified and administered the self-structural interaction
matrix (SSIM) through a snowball approach. Due to the nature of the SSIM, the survey
forms were created as fillable forms and distributed to the experts via emails with follow-up
emails and calls to ensure understanding.

Fourteen responses were received with a continental spread across North America,
Europe, and Africa to ensure a comprehensive opinion was articulated and to eliminate bias
to ensure the ability to generalize. Not all responses were received; as indicated in studies
such as [56,58], the ISM approach is technical and requires time and additional explanation
from the researchers, thus producing fewer respondents. Based on prior research valida-
tion of the ISM approach being sufficient with low respondents, particularly for studies
with fewer specialists, the responses were declared fit for analysis [42]. Studies such as
Mathiyazhagan et al. [42] used 10 responses to investigate the barriers to implementing
green supply chain management. A crucial strength of ISM is that it emphasizes expertise
and depth of responses rather than quantity due to its power in researching complex
systems, allowing it to be widely adopted in research. Hence, Shen et al. [45] based their
study on the responses of 7 identified experts. In benchmarking the interactions among
performance indicators in the supply chain, Mor et al. [38] based their findings on responses
from 11 experts. The team of experts that discuss, check, and oversee the ISM model is
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crucial to its validity; hence, in modelling cost overrun in building construction, Shahab [46]
pointed out that perspectives from 5 experts were sufficient to give quality insights to the
ISM model. This is further supported and similarly adopted in Azevedo et al. [47]. They
further pointed out that, although there may still be additional professionals in the sector,
difficulty in contacting them all can be appreciated. Obi et al. [48] adopted six experts in
studying BIM for deconstruction, and 13 experts were adopted in a study by Bridget and
Chan [49] in examining project risk dynamics in Sino-Africa public infrastructure delivery.
Therefore, there is no set standard for the number of experts to be employed, and the ISM
technique does not require a large number of respondents because it places a lot of empha-
sis on the respondents’ expertise and experience with the topic being studied. [30,49,50,62].
Given that the chosen experts are all from respected institutions, it is believed that their
perspectives would be useful for this study. Furthermore, after the experts’ responses, the
research team thoroughly examined the feedback data and made the necessary updates to
the data. Due to its logic and analytical rigour, the ISM generates trustworthy results even
with few experts [44,49].

The respondents with experience in BIM-based LCSA were asked for their viewpoints
and ideas on the interrelationship between the drivers, “i” and “j,” as shown by the four
symbols, “V, A, X, and O,” which signify their respective roles in the system:

(1)  V:Driver i aids in influencing driver j, but j does not affect driver i.

(2)  A:Driver j aids in influencing driver i while j is unaffected by driver i.
(3) X:Driver i aids in influencing driver j, and vice versa.

(4) O: Drivers i and j are not connected.

The criterion, “the minority gives way to the majority” was used to combine the data
after it had been collected, as mentioned in [64,65]. The matrix of structural self-interaction
is shown in Table 3.

Table 3. Structural Self-Interaction Matrix (SSIM).
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4. Results

Table 3 displays the survey responses as a Structural Self-Interaction Matrix (SSIM),
and Table 4 displays the drivers’ initial reachability matrix as derived from the SSIM.
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Table 4. Initial reachability matrix of the drivers derived from the SSIM.

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 Dle D17 D18 D19

D1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D2 1 1 0 1 1 1 0 0 0 0 1 0 0 0 0 1 1 0 0
D3 1 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0
D4 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0
D5 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0
D6 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
D7 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0
D8 1 0 0 0 1 0 1 1 0 1 0 1 1 1 0 0 0 0 0
D9 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0
D10 1 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0
D11 1 0 0 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0
D12 1 0 0 0 1 0 1 1 0 1 0 1 0 0 0 1 0 0 0
D13 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0
D14 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0
D15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
D16 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
D17 1 0 0 0 1 1 1 1 0 1 0 0 1 1 0 1 1 0 0
D18 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0
D19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

4.1. Initial Reachability Matrix

The results are combined and then turned into the ISM’s initial reachability matrix, as
presented in Table 4, using the guidelines outlined below.

If the cell (i, j) is V, then cell (i, j) entry is 1 and cell (j, i) entry is 0.

If the cell (i, j) is A, then cell (j, j) entry is 0 and cell (j, i) entry is 1.

If the cell (i, j) is X, then cell (i, j) entry is 1 and cell (j, i) entry is 1.

If the cell (i, j) is O, then cell (i, j) entry is 0 and cell (j, i) entry is 0.

As indicated in Table 3, D1/D19 is O, and when the matrix rules are applied, the cell
is identified as 0. Similarly, cell D4/D16 is V in Table 3 but is identified as 0 in Table 4.
This rule was subsequently applied for all the values in Table 3 to produce the variables in
Table 4.

4.2. Final Drivers Reachability Matrix Extracted from the SSIM

The initial reachability matrix is tested for transitivity using the ISM approach, which
assumes that if A is equal to B and B is equal to C, then A will also be equal to C, to generate
the final reachability matrix.

def transitivity (matrix):

result=""

length = len (matrix)

for i in range (0, length):

for row in range (0, length):

for col in range (0, length):

matrix [row] [col] = matrix [row] [col] or (matrix [row] [i] and matrix [i] [col])

result += (“\n W” + str (i) +” is:\n"+ str(matrix).replace (“],”,“]\n”) + “\n”)

result += (“\n Final Reachability Matrix is\n” + str(matrix).replace(“],”, “1\n"))

print (result)

return result

The Python function above was used to examine the transitivity of the initial reachabil-
ity matrix to produce the final reachability matrix as shown in Table 5. This was preferred to
the manual approach using loop statements which is error-prone and time-consuming [43].
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Table 5. Final reachability matrix of the drivers derived from the SSIM.

ID D1 D2 D3 D4 D5 De6e D7 D8 D9 D10 D11 D12 D13 D14 D15 Dle D17 D18 D19 Drp
D1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
D2 1 1 1* 1 1 1 1* 1* 0 1* 1 1* 1* 1= 0 1 1 0 1* 16
D3 1 0 1 0 1* 0 1 1% 0 1* 0 1* 1% 1 0 1 0 0 1* 11
D4 1% 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1% 5
D5 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1* 5
D6 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
D7 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1% 4
D8 1 0 1* 0 1 0 1 1 0 1 0 1 1 1 0 1* 0 0 1* 11
D9 1 0 0 0 1 0 1* 0 1 0 0 0 0 0 0 1 0 0 1* 6
D10 1 0 1 0 1 0 1* 1* 0 1 0 1* 1* 1* 0 1 0 0 1* 11
D11 1 0 1* 0 1 0 1* 1* 0 1* 1 1 1* 1* 0 1 0 0 1* 12
D12 1 0 1* 0 1 0 1 1 0 1 0 1 1* 1% 0 1 0 0 1* 11
D13 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1% 4
D14 1* 0 1* 0 1* 0 1 1* 0 1* 0 1 1* 1 0 1 0 0 1* 11
D15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
D16 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 3
D17 1 0 1* 0 1 1 1 1 0 1 0 1* 1 1 0 1 1 0 1* 13
D18 1* 0 1* 1 1* 1 1* 1* 0 1* 1 1* 1* 1* 0 1* 0 1 1* 15
D19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Dpp 16 1 9 3 11 4 12 9 1 9 3 9 11 9 1 15 2 1 16
Notes: * Transitive values; Dpp—dependence power; Drp—driving power.
4.3. Hierarchical Structure of the Drivers Derived from the SSIM Is Presented in Table 6
The final reachability matrix is used to identify the reachability set, antecedent set, and
intersection set for each driver to divide them into different tiers. A driver’s reachability set
comprises the driver and any other drivers having a value of 1 in the corresponding row.
The driver and other drivers are the antecedent set and are defined with a value of 1 in the
corresponding column. The drivers shared by the reachability and antecedent sets make
up the intersection set. The reachability set, antecedent set, and intersections are shown
in Table 6. In partitioning the drivers into levels, drivers that share the same intersection
set and reachability set are categorized in the same level. Table 7 presents the first level of
the hierarchical structure of the drivers using the final reachability matrix. Drivers D1, D6,
D15, and D19 were classified as level I drivers since they share the same reachability and
intersection set.
Table 6. Levels of the drivers from the final reachability matrix.
Drivers Reachability Set Antecedent Set Intersection
D1, D2, D3, D4, D5, D7,
D1 D1 D8, D9, D10, D11, D12, D1
D13, D14, D16, D17, D18
D1, D2, D3, D4, D5, D6,
D2 D7, D8, D10, D11, D12, D13, D2 D2
D14, D16, D17, D19
D1, D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
b3 D12, D13, D14, D16, D19 D14, D17, D18 D3, D8, D10, D12, D14
D4 D1, D4, D13, D16, D19 D2, D4, D18 D4
D2, D3, D5, D8, D9, D10,
D5 D1, D5, D7, D16, D19 D11, D12, D14, D17, D18 D5
D6 Do6 D2, D6, D17, D18 Dé6
D2, D3, D5, D7, D8, D9,
b7 b1, b7, bi6, D19 D10, D11, D12, D14, D17, D18 b7
D1, D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D8 D12, D13, D14, D16, D19 D14, D17, D18 D3, D8, D10, D12, D14
D9 D1, D5, D7, D9, D16, D19 D9 D9
D10 D1, D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12, D3, D8, D10, D12, D14

D12, D13, D14, D16, D19 D14, D17, D18
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Table 6. Cont.

Drivers Reachability Set Antecedent Set Intersection
D1, D3, D5, D7, D8, D10,
bi D11, D12, D13, D14, D16, D19 D2, b1, D18, bl
D1, D3, D5, D7, DS, D2, D3, D8, D10, D11, D12,
D12 D10, D12, D13, D14, D16, D19 D14, D17, D18 D3, Dg, D10, D12, D14
D2, D3, D4, DS, D10, D11,
D13 D1, D13, D16, D19 D12, D13, D14, D17, D18 D13
D1, D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D14 D12, D13, D14, D16, D19 D14, D17, D18 D3, D8, D10, D12, D14
D15 D15 D15 D15
D2, D3, D4, D5, D7, DS,
D16 D1, D16, D19 D9, D10, D11, D12, D13, D14, D16
D16, D17, D18
D1, D3, D5, D6, D7, D8,
D17 D10, D12, D13, D14, D16, D17, D2, D17 D17
D19
D1, D3, D4, D5, D6, D7,
D18 D8, D10, D11, D12, D13, D14, D18 D18
D16, D18, D19
D2, D3, D4, D5, D7, DS,
D19 D19 D9, D10, D11, D12, D13, D14, D19
D16, D17, D18, D19
Table 7. Level I of the hierarchical structure of the drivers using the final reachability matrix.
Drivers Reachability Set Antecedent Set Intersection Level
D1, D2, D3, D4, D5, D7,
D1 D1 D8, D9, D10, D11, D12, D1 1
D13, D14, D16, D17, D18
D1, D2, D3, D4, D5, D6,
D2 D7, D8, D10, D11, D12, D13, D2 D2
D14, D16, D17, D19
D1, D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D3 D12, D13, D14, D16, D19 D14, D17, D18 D3, D8, D10, D12, D14
D4 D1, D4, D13, D16, D19 D2, D4, D18 D4
D2, D3, D5, D8, D9, D10,
D5 D1, D5, D7, D16, D19 D11, D12, D14, D17, D18 D5
D6 D6 D2, D6, D17, D18 D6 1
D2, D3, D5, D7, D8, D9,
D7 D1, b7, D16, D19 D10, D11, D12, D14, D17, D18 b7
D1, D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D8 D12, D13, D14, D16, D19 D14, D17, D18 D3, D8, D10, D12, D14
D9 D1, D5, D7, D9, D16, D19 D9 D9
D1, D3, D5, D7, DS, D10, D2, D3, D8, D10, D11, D12,
D10 D12, D13, D14, D16, D19 D14, D17, D18 D3, D8, D10, D12, D14
D1, D3, D5, D7, D8, D10,
Dl D11, D12, D13, D14, D16, D19 D2, D11, D18, D11
D1, D3, D5, D7, D8, D2, D3, D8, D10, D11, D12,
D12 D10, D12, D13, D14, D16, D19 D14, D17, D18 D3, D8, D10, D12, D14
D2, D3, D4, D8, D10, D11,
D13 D1, D13, D16, D19 D12, D13, D14, D17, D18 D13
D1, D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D14 D12, D13, D14, D16, D19 D14, D17, D18 D3, b8, D10, D12, D14
D15 D15 D15 D15 1
D2, D3, D4, D5, D7, D8,
D16 D1, D16, D19 D9, D10, D11, D12, D13, D14, D16
D16, D17, D18
D1, D3, D5, D6, D7, DS,
D17 D10, D12, D13, D14, D16, D17, D2, D17 D17
D19
D1, D3, D4, D5, D6, D7,
D18 D8, D10, D11, D12, D13, D14, D18 D18
D16, D18, D19
D2, D3, D4, D5, D7, D8,
D19 D19 D9, D10, D11, D12, D13, D14, D19 1

D16, D17, D18, D19
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Tables 8 and 9 present the second and third levels of the hierarchical structure of
the drivers using the final reachability matrix. The reachability set, antecedent set, and
intersection are once more identified once partitioned drivers have been eliminated from

the iteration.

Table 8. Level II of the hierarchical structure of the drivers using the final reachability matrix.

Drivers Reachability Set Antecedent Set Intersection Level
D2, D3, D4, D5,
D2 D7, D8, D10, D11, D12, D13, D2 D2
D14, D16, D17,
D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D3 D12, D13, D14, D16, D14, D17, D18 D3, D8, D10, D12, D14
D4 D4, D13, Di6, D2, D4, D18 D4
D2, D3, D5, D8, DY, D10,
D5 D5, D7, Dle, D11, D12, D14, D17, D18 D5
D2, D3, D5, D7, D8, D9,
D7 D7, D16, D10, D11, D12, D14, D17, D18 D7
D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D8 D12, D13, D14, D16, D14, D17, D18 D3, D8, D10, D12, D14
D9 D3, D7, D9, D16, D9 D9
D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D10 D12, D13, D14, D16, D14, D17, D18 D3, D8, D10, D12, D14
D3, D5, D7, D8, D10,
bl D11, D12, D13, D14, D16, D2, D11, D18, b1
D3, D5, D7, DS, D2, D3, D8, D10, D11, D12,
D12 D10, D12, D13, D14, D16, D14, D17, D18 D3, D8, D10, D12, D14
D2, D3, D4, D8, D10, D11,
D13 D13, D16, D12, D13, D14, D17, D18 D13
D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D4 D12, D13, D14, D16, D14, D17, D18 D3, D8, D10, D12, D14
D2, D3, D4, D5, D7, DS,
Di6 Di6, D9, D10, D11, D12, D13, Di4, D16 I
Dl6, D17, D18
D3, D5, D7, DS,
D17 D10, D12, D13, D14, D16, D17, D2, D17 D17
D3, D4, D5, D7,
D18 D8, D10, D11, D12, D13, D14, D18 D18
D16, D18,
Table 9. Level III of the hierarchical structure of the drivers using the final reachability matrix.
Drivers Reachability Set Antecedent Set Intersection Level
D2, D3, D4, D5,
D2 D7, D8, D10, D11, D12, D13, D2 D2
D14, D17,
D3, D5, D7, DS, D10, D2, D3, D8, D10, D11, D12,
D3 D12, D13, D14 D14, D17, D18 D3, D8, D10, D12, D14
D4 D4, D13 D2, D4, D18 D4
D2, D3, D5, D8, DY, D10,
D5 D5, D7 D11, D12, D14, D17, D18 D5
D2, D3, D5, D7, D8, D9,
D7 D7 D10, D11, D12, D14, D17, D18 D7 I
D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D8 D12, D13, D14 D14, D17, D18 D3, D8, D10, D12, D14
D9 D3, D7, D9 D9 D9
D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D10 D12, D13, D14 D14, D17, D18 D3, D8, D10, D12, D14
D3, D5, D7, D8, D10,
DI1 B bis Did D2, D11, D18, DI1
D3, D5, D7, D8, D2, D3, D8, D10, D11, D12,
D12 D10, D12, D13, D14 D14, D17, D18 D3, Dg, D10, D12, D14
D2, D3, D4, D8, D10, D11,
D13 D13 Di2, D13, D14, D17, D18 D13 m
D3, D5, D7, D8, D10, D2, D3, D8, D10, D11, D12,
D14 D12, D13, D14 D14, D17, D18 D3, Ds, D10, D12, D14
D3, D5, D7, D8,
D17 D10, D12, D13, D14, D17 D2, D17 D17
D18 D3, D4, D5, D7, D18 D18

D8, D10, D11, D12, D13, D14, D18,
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Tables 10 and 11 presents the fourth and fifth levels of the hierarchical structure of
the drivers using the final reachability matrix. The reachability set, antecedent set, and
intersection are once more identified once partitioned drivers have been eliminated from
the iteration.

Table 10. Level IV of the hierarchical structure of the drivers using the final reachability matrix.

Drivers Reachability Set Antecedent Set Intersection Level
D2, D3, D4, D5, D8, D10, D11, D12
D2 D14, D17, D2 D2
D3, D5, DS, D10, D2, D3, D8, D10, D11, D12,
D3 D12, D14 D14, D17, D18 D3, D§, D10, D12, D14
D4 D4 D2, D4, D18 D4 v
D2, D3, D5, D8, D9, D10,
D5 D5 D11, D12, D14, D17, D18 D5 v
D3, D5, D8, D10, D2, D3, D8, D10, D11, D12,
D8 D12, D14 D14, D17, D18 D3, D§, D10, D12, D14
D9 D5, D9 D9 D9
D3, D5, D8, D10, D2, D3, D8, D10, D11, D12,
D10 D12, D14 D14, D17, D18 D3, D§, D10, D12, D14
D3, D5, D8, D10,
D11 D11, D12, D14 D2, D11, D18, D11
D3, D5, D8, D2, D3, D8, D10, D11, D12,
D12 D10, D12, D14 D14, D17, D18 D3, b8, D10, D12, D14
D3, D5, DS, D10, D2, D3, D8, D10, D11, D12,
D14 D12, D14 D14, D17, D18 D3, D§, D10, D12, D14
D17 D3, D5, D8, D10, D12, D14, D17 D2, D17 D17
D18 D3, D4, D5, D8, D10, D11, D12, D14, D18 DI8
D18,
Table 11. Level V of the hierarchical structure of the drivers using the final reachability matrix.
Drivers Reachability Set Antecedent Set Intersection Level
D2, D3, D8, D10, D11, D12
D2 D14, D17, D2 D2
D3, D8, D10, D2, D3, D8, D10, D11, D12,
D3 D12, D14 D14, D17, D18 D3, D§, D10, D12, D14 \
D3, D8, D10, D2, D3, D8, D10, D11, D12,
D8 D12, D14 D14, D17, D18 D3, D§, D10, D12, D14 \
D9 D9 D9 D9 \
D3, D8, D10, D2, D3, D8, D10, D11, D12,
D10 D12, D14 D14, D17, D18 D3, D§, D10, D12, D14 \%
D3, D8, D10,
D11 D11, D12, D14 D2, D11, D18, D11
D3, DS, D2, D3, D8, D10, D11, D12,
D12 D10, D12, D14 D14, D17, D18 D3, b8, D10, D12, D14
D3, D8, D10, D2, D3, D8, D10, D11, D12,
D14 D12, D14 D14, D17, D18 D3, D§, D10, D12, D14 \
D17 D3, D8, D10, D12, D14, D17 D2, D17 D17
D18 D3, D8, D10, D11, D12, D14, D18, D18 D18

Tables 12 and 13 present the sixth and seventh levels of the hierarchical structure of
the drivers using the final reachability matrix. The reachability set, antecedent set, and
intersection are once more identified once partitioned drivers have been eliminated from
the iteration.

Table 12. Level VI of the hierarchical structure of the drivers using the final reachability matrix.

Drivers Reachability Set Antecedent Set Intersection Level
D2 D2, D11, D17 D2 D2
D11 D11 D2, D11, D18, D11 VI
D17 D17 D2, D17 D17 VI

D18 D11, D18 D18 D18
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Table 13. Level VII of the hierarchical structure of the drivers using the final reachability matrix.

Drivers Reachability Set Antecedent Set Intersection Level
D2 D2 D2 D2 VII
D18 D18 D18 D18 VII

The partitioned ISM models are presented in a hierarchical structure in Figure 3.
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Figure 3. Interpretive structural model (ISM) for BIM-based life cycle sustainability assess-

ment drivers.

4.4. Matrice d’'Impacts Croises-Multipication Applique a Classement (MICMAC) ANALYSIS

The MICMAC analysis was performed utilizing the driving force and dependence
power for each driver. For variables employing the final reachability matrix table, the
driving power is the sum of all the values in the column, and the dependence power is the
sum of all the values in the row. This is presented below in Table 14. The digraph is plotted
using the driving force and dependency power which are classified into four groups, as
illustrated in Figure 4.
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Table 14. Dependence and driving power of the drivers.

LD. D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 Di6e D17 D18 D19

Dp power 16 1 9 3 11 4 12 9 1 9 3 9 11 9 1 15 2 1 16
Dr power 1 16 11 5 5 1 4 11 6 11 12 11 4 11 1 3 13 15 1

Diagraph and MICMAC Analysis of the Drivers to BIM-BASED LCSA
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Figure 4. Diagraph and MICMAC analysis of the drivers of BIM-based life cycle sustainability assessment.

Autonomous Drivers: These are drivers with weak driving power and weak depen-
dence power. They are disconnected from the main system and have few links. These
drivers are “Adequate financial capacity”, “Perceived ease of use”, “Procurement meth-
ods/guidelines”, and “Perceived willingness to use”.

Dependent Drivers: These are drivers with weak driving power but strong depen-
dence power. They are dependent on other drivers and can be addressed by addressing
related drivers. These drivers are “Stakeholders” awareness/demand”, “Adoption by com-
petitors in the market”, “Educational training /awareness”, “Top management support”,
“Organizational structure”, and “Organization readiness”.

Independent Drivers: These are drivers with strong driving power but weak depen-
dence power. These are considered the most important drivers. They are “Quick and
accurate data”, “Visual interface”, “Value proposition/benefits”, and “Perceived usefulness”.

Linkage category: These are drivers with both strong driving power and dependence
power. These drivers affect other drivers and have feedback on themselves. They are
“Government incentives”, “Institutional bodies support”, “Government mandates”, “Drive
by software vendors”, and “Statutory regulations/enforcement”.

5. Discussion

There has been growing interest in and usage of Building Information Modelling
(BIM) over the years to enhance information management in infrastructure delivery. Recent
efforts to drive digital transformation in the industry have further brought its importance
to the fore, alongside its critical value towards the life cycle sustainability of infrastructure.
What is important, however, is extending the value of managing project information across
the life cycle of infrastructure delivery. Growing global sustainability challenges and their
impact on safe human existence has required that the built environment integrates BIM
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into the life cycle assessment process, which is critical given how it enhances the realization
of sustainable development.

Questions have been raised about the effectiveness of government efforts/approaches/
mandates in driving BIM adoption. There has been little agreement on appropriate ap-
proaches to push BIM adoption, but discussions have identified understanding what drives
the system as critical to successful adoption efforts/policy. In this paper, the overarching
aim was to examine what drives BIM-based life cycle sustainability assessment adoption.
An extensive literature review and discussion with BIM-based life cycle sustainability
experts were used to identify and synthesize 19 major drivers. Following this, the drivers’
dynamics and relationships were tested using the interpretive structural modelling (ISM)
approach. The process involved seven iterations in decomposing the variables into subsys-
tems for easy understanding and identification of its hierarchal structure.

The structure is quite revealing in several ways. First, the most important drivers
partitioned in level I were identified as “Organization readiness”, “Personal willingness to
use”, “Procurement methods/guidelines”, and “Organizational structure”. Interestingly,
the findings support [43,65-69] which have similarly identified organization readiness as
critical, given that adoption cannot be achieved if the synchronization and coordination of
people, processes, systems, and performance measurement within the organization are not
in place. The grouping of personal willingness to use and organizational structure further
strengthens the position as it emphasizes the extent to which organizational members are
psychologically and behaviorally prepared to implement BIM-based LCSA systems, and
the availability of appropriate systems to support the adoption within the organization is
highly critical to achieving successful implementation. Undoubtedly, this demonstrates
that organizational readiness to adopt BIM-based LCSA depends on efforts to ensure
organizational members value the system and the extent to which they are favorably
disposed to available resources, task demands, guidelines, and the organizational structure.
Therefore, when organizational readiness is well established, users will be proactive in
exploring the solutions, exerting best efforts, and advancing its usage. Comparing the
results shown in level I with similar studies such as [43] where organizational readiness
and personal willingness to use are on different levels, it is worth noting that this is a
reflection of the participants’ opinions, and it provides an area for further development of
the presented framework based on larger groups of participants.

Top management support was identified as a level II driver in the ISM model. This
finding is consistent with [69,70], which identified management support as invaluable in
achieving adoption. That this comes after level I further validates the hierarchical structure
of the model. It is imperative to mention that management support goes beyond only
allocating budgets for adopting the system but also requires a people-centered direction,
including achieving user buy-in, capacity development, addressing users’ concerns, devot-
ing time to reviewing plans, constantly measuring output, and resolving challenges, which
are as important.

Level IIl involves the training /awareness driver and adoption by competitors in the
market. These findings further support the idea of developing the capacity to empower
employees as central to enhancing trust in the system, justifying the cost of investment,
achieving required results, and eliminating aversion to the system [27,71,72]. However,
training must not just be presented as a mere activity on a checklist but be rethought on
how it can deliver critical value to employees. Perceived ease of use and stakeholders’
awareness/demand, as indicated in level IV, are important and follow directly from level III
on the idea that when training/awareness is well deployed, perception of use is influenced.
An implication of awareness is the enhanced value/benefits acknowledged by stakeholders.
These two variables are very crucial.

Level V drivers consist of software vendors driving the adoption, statutory regula-
tions, adequate financial capacity, government incentives, government mandates, and
institutional bodies’ support. As stated by Saka and Chan [30], effective technology transfer
requires collaborative interaction between the technology, the people, the firm, and the ex-
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ternal environment. They are therefore important drivers; financial capacity is instrumental
to determine how much of a solution is adopted, an essential factor for SMEs. Furthermore,
while different silos and actors can implement independently, government support and
incentives offer more motivation in driving adoption.

Perceived usefulness and value proposition/benefits were categorized in level VI in
the ISM model. These results match those observed in earlier studies [73-76]. The drivers
are in the low tier, signifying that much is not regarded on the benefits of adopting the
systems and their perceived usefulness. This is a critical challenge in driving adoption
efforts and reveals the need to document projects using BIM-based LCSA and showcase
the values and benefits. Practical demonstrations and showcasing the value can enhance
the perceived usefulness and value of adopting BIM-based LCSA.

Quick and accurate data and the visual interface are important drivers classified in
level VII. Previous studies have stated that wrong results or inaccurate data from the
automatic calculation in designers” workflow can affect the system’s adoption [25,35,77].
It is therefore suggested that emerging advances in visualization, machine learning, and
artificial intelligence be integrated with as-built BIM models with the required information
for LCA that does not exist yet [25,76-78].

Although this study is based on a small sample of participants, the findings have
vital implications for policy making, government, industry, and academia. Sometimes,
government and policy makers are positively predisposed to adopting emerging sustainable
systems and technologies to enhance infrastructure delivery but are limited by the inability
to identify priority areas. This study helps to clarify priority areas in a hierarchical structure
for policy implementation.

Emerging studies have argued the effectiveness of mandating policy decisions, es-
pecially concerning digital systems. The driving framework presented demystifies the
mandatory approach and suggests an approach that eliminates the adverse perceptions of
BIM-based LCSA and an approach to secure all stakeholders” buy-in. It provides, and is
valuable as, a scientific and methodological evidential support to benchmark implementa-
tion strategies and organizational decision making.

The findings provide new understanding and insights to industry players/supply
chain ecosystems on priority areas to direct organizational plans. The presented hierarchical
framework can reduce risk and wastefulness in government and organizational investment
in adopting emerging sustainable approaches. This is in the face of recent reports reflecting
low outcomes from integrating digital transformation with organizational systems. This
has alluded to the error of prioritizing digital technologies rather than people-centered
adoption pathways. The framework is valuable for clarifying “where to from here” in
adopting BIM-based LCSA.

5.1. Implications for Academic Research

The delay in technology adoption is partly ascribed to the requirements of having the
right imperatives in place, which must be balanced with much-needed knowledge support.
Our research demonstrates several factors that influence BIM-based LCSA, supporting the
need to comprehend the forces that motivate a digital orientation. Thus, the presented
framework presents insight for further studies on how to achieve successful implementation
of BIM-based LCSA. This further helps to characterize and situate the need for training and
learning efforts by academic institutions.

5.2. Implications for Firms and Organizations

A change in how we carry out projects and increased use of technology in the pro-
cedures are necessary for the construction industry to sustain growth and productivity.
Digitalization of the built environment can lead to the necessary industry transformation,
but executives are recently at a loss on “how to approach digital transformation”, “what to
avoid”, and the “cost-benefit of investment”. Thus, for better firm and organizational adop-

tion, presenting critical drivers such as organizational readiness, organizational structure,
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and personal willingness to use demonstrates to firms the need to emphasize a people-
centered adoption in which reskilling and capacity development is prioritized as against
solely investing in the procurement of technology.

5.3. Implications for Policy Makers

A deeper knowledge of the factors influencing digital adoption will help policy makers
create initiatives to promote it. The presented framework advises policy makers to take
into account many dynamics that influence the use of Building Information Modelling
(BIM) in life cycle sustainability. For instance, level I reveals that stakeholder buy-in is
vital, including the need to ensure capacity development. Level II further emphasizes the
role stakeholder buy-in plays in driving digital adoption. The government may take into
account initiatives that could improve process digitalization given that process digitaliza-
tion is one of the factors determining digital adoption. This is further supported by the
presence of procurement methods/guidelines as a key driver in level L. Giving incentives to
encourage adoption while taking organizations’ financial capacities into account is essential.
This is what level IV highlights in also showing that statutory regulations can assure firms
about changing policies, which is key in enhancing positive disposition to adoption.

Limitations and Future Research

Two limitations of the study suggest areas for further investigation. First, the small
number of respondents which characterizes the interpretive structural modelling approach
restricts the generalizability of findings. However, the small sample is well justified and
supported in similar studies. Secondly, the snowball approach and the limited number of
countries restrict the study’s context. However, the experts’ selection criteria were rigorous
and based on experience and knowledge of the study domain. Moreover, the identified
drivers were selected based on expert opinion and their importance in previous studies.

6. Conclusions

The adoption of BIM-based LCSA is still nascent but offers immense potential through
integrating data from Building Information Models into life cycle sustainability assessment.
Towards ensuring sustainable development, this measure impacts throughout the life cycle
of the building. This study presented a hierarchical model of the major drivers of adopting
BIM-based LCSA. Through seven levels of critical drivers, the study revealed the differences
in the importance of 19 drivers and their implications for practice. By using BIM-based
LCSA experts to identify the relationship between the drivers and MICMAC analysis to
categorize the drivers into four categories, the study advances the need to synchronize
and coordinate people, processes, and systems within the organization in place. Further
important findings were the value of top management support and the need to develop the
capacity of employees and demonstrate/showcase the value of BIM-based LCSA to secure
much-needed stakeholder buy-in to drive adoption.

This study is essential in dissecting how to appropriately drive the adoption of BIM-
based LCSA, given executives’ present opinion of the benefits of investment in digital
transformation not meeting the heavy investment required. Studies have attributed this to
wrong approaches to adopting digital systems such as BIM-based LCSA. Thus, this study
fills that gap by offering perspectives that consider factors influencing successful adoption.
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