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Abstract

Building Information Modelling (BIM) represents a technological and organisational in-
novation transforming the architecture, engineering, and construction (AEC) industry by
embedding data-rich collaboration into project delivery. However, the diffusion of this
innovation is constrained by unresolved legal–contractual complexities, where conven-
tional frameworks often fail to manage BIM-specific risks, such as unclear responsibilities,
intellectual property, and dispute resolution. This study advances knowledge by conceptu-
alising a novel legal–contractual analytical dimension that systematically links risk factors
to tailored management strategies, enabling BIM innovation to be more effectively embed-
ded into organisational and contractual processes. A mixed-methods design was adopted.
An integrative review of Scopus- and Google Scholar-indexed studies, supported by the-
matic analysis in NVivo, generated a comprehensive legal–contractual Risk Breakdown
Structure (RBS) that organises fragmented knowledge of legal–contractual risks. Qualitative
content analysis, combined with survey and expert interview data, enabled triangulated
validation and the development of the BIM-RBS Matrix and BIM-RBS–MS Nexus. These
tools operationalise risk knowledge by quantifying risk severity (SPSS Version 29.0.1.0
(171)) and systematically aligning management strategies with specific risk categories.
The results highlight actionable innovations, such as enhanced cybersecurity protocols
(e.g., QR-based traceability) to strengthen cyber/data security and collaborative risk–
reward mechanisms to address contractual design ambiguities. The study makes three
primary contributions: (1) conceptualising a structured legal–contractual knowledge spec-
trum for BIM innovation, (2) advancing mixed-methods integration for legal–contractual
risk knowledge creation and validation, and (3) providing actionable frameworks that
support industry, policymakers, and researchers in embedding BIM innovation more
reliably. This study frames legal–contractual risk knowledge as a critical enabler of innova-
tion that extends theoretical understanding and offers globally relevant pathways for the
knowledge-based transformation of the AEC sector.

Keywords: BIM; risk breakdown structure; innovation; knowledge; legal-contractual;
risk management

1. Introduction
The architecture, engineering, and construction (AEC) industry is undergoing rapid

transformation driven by the adoption of digital technologies such as Building Information
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Modelling (BIM) [1]. BIM has evolved beyond a visual 3D tool into an integrated, data-
driven innovation that enhances coordination, reduces rework, and strengthens decision-
making across the project lifecycle [2–7]. By enabling a shared data environment and
collaborative workflows, BIM improves communication between multidisciplinary stake-
holders who traditionally operate in fragmented silos [8–12].

Despite these advantages, the full realisation of BIM’s benefits remains hindered
by persistent legal and contractual complexities. As BIM reshapes communication,
modelling processes, and role distributions, it simultaneously produces new risks as-
sociated with unclear responsibilities, intellectual property rights, liability, and model
ownership [2,3,8,13,14]. Unlike traditional delivery methods, where roles are clearly de-
fined, BIM-enabled collaboration blurs professional boundaries, complicating the allocation
of risk and accountability during contracting [5,6,10,14]. These uncertainties are amplified
when model modifications are undertaken by multiple contributors, making liability for
design errors difficult to establish [2,8].

Existing contract forms—such as NEC, JCT, CIOB, FIDIC, AIA protocols, and the CIC
BIM Protocol—provide useful foundations for BIM-enabled projects but remain insufficient
for addressing emerging complexities. Studies highlight mismatches between contractual
requirements and BIM-based work practices [15–18], variations in governmental regula-
tions across jurisdictions [13,19], and the absence of comprehensive provisions covering
cybersecurity, data governance, clash detection, or model integrity [3,4,6,10,11,14,20]. Fur-
thermore, the lack of clarity around IPR, version control, data security, and liability continue
to generate disputes and slow BIM adoption [6,21–23].

Although scholars have identified numerous risks associated with BIM, most studies
remain descriptive, listing legal and contractual challenges without providing integrated
frameworks that translate such risks into actionable management strategies. Many studies
list risks descriptively without providing an integrated view of how these risks interact or
how they can be operationalised into practical management strategies. This fragmentation
limits the industry’s ability to operationalise risk knowledge and constrains BIM’s role as
a technological and organisational innovation [24,25].

Accordingly, a clear research gap persists. Existing studies identify legal and contrac-
tual risks, yet they do not offer a structured system for categorising these risks, nor do
they link risk severity with tailored mitigation strategies. Current contractual addenda
and BIM protocols offer partial solutions [10,13,14,19], but they do not provide a cohesive,
empirically supported framework that integrates legal, contractual, technological, and
organisational dimensions.

To address this deficit, the scientific significance of this study lies in developing an
evidence-based, knowledge-driven structure that connects fragmented legal–contractual
risk factors into a coherent analytical system. By integrating thematic analysis, content
analysis, and mixed-methods validation, the study produces a structured representation of
BIM risks and strategies that has not previously existed in the literature.

This originality is further reinforced by reframing legal–contractual risks not merely
as barriers but as actionable knowledge components capable of enabling innovation, col-
laboration, and improved governance in BIM-enabled projects.

This study, therefore, conceptualises a legal–contractual knowledge framework that
classifies BIM risks using a Risk Breakdown Structure (BIM-RBS) and links them to tar-
geted management strategies through the BIM-RBS–MS Nexus. Guided by the Leav-
itt Socio-technical Model (LSTM), the study explores how legal–contractual risks desta-
bilise BIM-enabled systems and identifies response mechanisms capable of restoring
equilibrium [26–29].

The contributions and originality of this study are threefold:



Appl. Sci. 2025, 15, 13038 3 of 33

• It conceptualises a structured legal–contractual knowledge spectrum—an original con-
tribution that systematises legal and contractual BIM risks into a coherent framework
not previously developed in research.

• It integrates mixed-method evidence into a validated risk knowledge system (BIM-RBS
and BIM-RBS–MS), providing a novel methodological contribution that enhances the
scientific robustness of existing BIM risk studies.

• It generates actionable, empirically grounded strategies that address persistent gaps
in contractual instruments (NEC, JCT, CIC, AIA), offering new insights for industry,
policymakers, and researchers.

To guide the reader, Section 1.1 presents a structured literature review, categorised
into BIM adoption challenges, legal–contractual risks, existing frameworks, and gaps.
Section 1.6 outlines the theoretical framework and Section 1.7 research objectives, fol-
lowed by Section 2 describing the methodological design. Section 3 presents the results,
Section 3.5 discusses the implications, and Section 4 concludes with contributions and
recommendations for future research.

1.1. Literature Review

The literature on BIM adoption and implementation is extensive, reflecting its central
role in driving digital transformation across the AEC industry. However, existing research
often treats legal, contractual, organisational, and technological issues separately, creat-
ing fragmented perspectives that hinder unified understanding. This literature review,
therefore, organises current knowledge into four thematic domains: (1) BIM adoption
and collaborative practices; (2) legal-contractual risks associated with BIM; (3) existing
contractual frameworks; and (4) identified research gaps.

1.2. BIM Adoption and Collaborative Practices

BIM adoption continues to accelerate globally, driven by its ability to improve coordi-
nation, enhance data quality, reduce design errors, and support lifecycle management [2–6].
Collaborative environments enabled through BIM allow for multiple stakeholders to inte-
grate and share data in real time, reducing fragmentation and improving information flow
across project stages [8–11]. This shift represents a significant departure from traditional
siloed workflows, where limited interoperability and poor communication have frequently
led to disputes, delays, and cost escalation [4,6].

Despite these advantages, BIM implementation is influenced by numerous factors,
including organisational readiness, stakeholder competencies, digital literacy, and change-
management processes [3,5,8,15,30]. Studies indicate that BIM adoption is not purely
a technological shift, but a socio-technical transition requiring alignment between tools,
processes, and human behaviours [26,28,29]. Previous research mainly listed these factors
descriptively without exploring how they interact with contractual obligations. However,
existing studies tend to downplay how organisational and technological changes alter
contractual duties, risk ownership, and stakeholder accountability—issues that become
more pronounced as collaboration intensifies.

BIM’s requirement for integrated workflows also raises questions around trust, trans-
parency, and responsibility-sharing, which directly intersect with contract
management [9,10]. Therefore, while technological drivers of BIM adoption are well
documented, the contractual and legal implications of collaborative BIM practices remain
underexplored, reinforcing the need for structured investigation.
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1.3. Legal–Contractual Risks in BIM Projects

Legal and contractual risks represent some of the most persistent barriers to effective BIM
implementation [31,32]. Scholars consistently highlight uncertainties relating to intellectual
property rights, liability, data ownership, and model responsibility [2,3,8,13,14,16–18,33,34].
When multiple stakeholders modify, update, or federate models, the distribution of liabil-
ity becomes ambiguous, particularly in cases of design errors or conflicting information
[5,8,10,20,35]. This ambiguity creates vulnerabilities in procurement and contract adminis-
tration, increasing the potential for disputes [15–18].

Issues related to model authorship, licensing, version control, and the legal status of
BIM models also complicate project governance. Existing research emphasises that BIM
models often lack formal definition as either “contractually binding” or “for information
only,” leading to inconsistent interpretation across jurisdictions [3,4,6,13].

Furthermore, cybersecurity and data-protection obligations remain insufficiently
integrated into BIM-related contracts, despite increasing reliance on shared digital
platforms [10,14].

Another critical dimension concerns the allocation of roles and responsibilities within
collaborative BIM workflows. Traditional role demarcations (e.g., designer vs. contractor)
are blurred when stakeholders jointly contribute to a shared model [5,6]. This challenges
existing risk-sharing mechanisms and necessitates clearer contractual provisions.

Overall, the literature recognises legal and contractual risks as significant yet lacking
in integrated frameworks capable of categorising these risks or linking them to targeted
mitigation strategies, resulting in fragmented and inconsistent approaches across projects.
The fragmented nature of these discussions prevents the formation of a holistic understand-
ing of how legal–contractual risks interact with technological and organisational systems
within BIM workflows.

1.4. Existing Contractual Frameworks and Their Limitations

Several contractual instruments and protocols have been developed to support BIM-
enabled collaboration, including the NEC suite, JCT contracts, CIOB and AIA documents,
FIDIC conditions, and the CIC BIM Protocol. These frameworks provide clauses that
address model sharing, responsibilities, and data management [3,15–18,36]. However, the
literature has identified several critical limitations.

First, many frameworks lack comprehensive provisions addressing cybersecurity, clash
detection processes, data integrity, or digital data governance [4,6,10,35,37–39]. Second,
differences in contractual terminology, definitions, and model status create inconsistencies
across jurisdictions, exacerbated by variations in national legislation [13,19].

Studies further observe that while protocols, such as the CIC BIM Protocol, offer
guidance on information management, they do not sufficiently clarify ownership, liabil-
ity, or the legal precedence of BIM models in dispute scenarios [21–23]. Similarly, NEC
and JCT documents provide collaboration-oriented clauses, yet remain limited in ad-
dressing multi-authorship conflicts, intellectual property challenges, or responsibility for
model errors [6,14,20].

More importantly, none of these contractual tools provides a structured risk break-
down system, nor do they integrate risk severity with evidence-based management strate-
gies. Researchers also highlight significant jurisdictional variation in how BIM proto-
cols are enforced, further complicating adoption across global supply chains [13,19]. As
a result, current frameworks, while useful, are not comprehensive enough to manage
the full spectrum of BIM-enabled risk scenarios. This absence highlights the need for
innovation-driven frameworks that link legal risk knowledge with practical guidance for
contract administration.
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1.5. Gaps in Current Research and Limitations of Existing Models

Across the BIM legal–contractual literature, several gaps remain evident:

• Fragmented risk identification: Existing studies list numerous risks but fail to integrate
them into structured knowledge systems or risk breakdown frameworks [24,25].

• Limited empirical validation: A majority of legal–contractual discussions rely on
theoretical assumptions rather than empirical evidence from practitioners, reducing
applicability and generalisability [3,5,6,10].

• Weak links between risk factors and mitigation strategies: Few studies provide direct,
validated connections between identified risks and practical contractual strategies or
governance mechanisms.

• Insufficient integration with socio-technical systems thinking: While BIM involves
technological, organisational, and human interactions, existing research rarely em-
beds legal–contractual risk within system-theoretic models such as the Leavitt Socio-
technical Model (LSTM) [26–29].

• Lack of comprehensive frameworks addressing contractual misalignment: Current
contract forms (NEC, JCT, CIC, AIA, FIDIC) only partially address the complexities of
collaborative BIM practice, leaving practitioners exposed to ambiguity [10,13–15,19].

These gaps reveal the need for an integrated, empirically validated legal–contractual
knowledge framework—one capable of classifying BIM-related risks and linking them
to tailored, system-aligned mitigation strategies. This study’s development of the BIM-
RBS Matrix and BIM-RBS–MS Nexus directly addresses these deficiencies by presenting
a structured, multi-dimensional approach grounded in socio-technical theory and sup-
ported by mixed-methods evidence.

1.6. Theoretical Framework

The theoretical framework provides the structure foundation that integrates key
concepts, disciplinary theories and assumptions underpinning this research enquiry. The
literature indicates that although BIM adoption has been studied extensively, there remains
no descriptive legal theory that clarifies how contract law should interpret BIM-enabled
practices, nor a normative theory that addresses how legal frameworks ought to evolve
to manage BIM’s collaborative environment [25]. This gap confirms the need for a robust
theoretical grounding capable of supporting the interpretation, allocation, and management
of BIM-related risks within contractual environments.

First, the conceptual framework draws from tort theory, which focuses on legal con-
sequences, such as professional mishap and the pertinent forms of strict liability and
negligence. As indicated by [40], liability challenges arising from shared-design practices in
BIM tend to intensify under traditional tort interpretations, thereby requiring frameworks
that reflect the realities of multi-author digital models.

Secondly, the research is informed by contractual relationship management theory,
which emphasises the role of collaboration, trust, and structured agreements in shaping
project relationships [24,41]. BIM’s collaborative environment requires contractual mech-
anisms that support interdependence, transparency, and shared responsibilities. Third,
the research incorporates insights from contract theory, which examines how legal agree-
ments allocate rights, responsibilities, and risk among parties. As [40] argues, contractual
approaches are particularly important where issues of economic loss, intellectual prop-
erty, and professional liability arise—issues that are central to BIM-enabled workflows.
This perspective aligns with the reality that BIM is not simply a digital tool but a socio-
technical innovation that restructures how organisations collaborate, exchange data, and
manage risk.
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To integrate these perspectives, this study adopts the theoretical framework devel-
oped in [26], which conceptualises BIM implementation within a multi-dimensional eco-
system that connects legal–contractual risk factors with the broader domains of organisa-
tional, technological, and human behaviour. This framework links key components of the
study, including:

• BIM-RBS (Risk Breakdown Structure)
• BIM-RBS–MS (Risk Management Strategies)
• BIM-RBS Triangle, which conceptualises the interaction of risks, strategies, and BIM

dimensions within BIM-based construction networks (BbCNs)

The study further applies the extended Leavitt Socio-Technical Model (LSTM) as its core
analytical lens [27,42]. The LSTM consists of four interdependent components—technology,
actors, tasks, and structure—that collectively determine systemic equilibrium within BIM-
enabled environments. Disruptions to any of these components—such as ambiguous respon-
sibilities, inadequate data governance, or contractual inconsistencies—constitute risk factors
that shift the system from equilibrium to disequilibrium.

According to [26,28,29], equilibrium is restored when an appropriate management
strategy is applied, aligning with risk management principles. This provides a strong
theoretical justification for linking specific legal–contractual risks to actionable mitigation
strategies within the BIM-RBS–MS Nexus, transforming risk identification into usable
knowledge for industry practitioners and policymakers.

Overall, this integrated theoretical foundation:

• Bridges legal theories and socio-technical systems thinking
• Explains how legal–contractual risks emerge within BIM-enabled collaboration
• Justifies the systematic classification of BIM-related risks
• Supports the development of an evidence-based knowledge framework for

BIM innovation.

1.7. Research Objectives

The overall aim of this study is to develop a structured legal–contractual knowledge
framework that identifies, categorises, and operationalises BIM-related risks and links them
to targeted management strategies.

To achieve this aim, the study pursues the following objectives:

• To critically identify and classify legal–contractual risk factors associated with BIM
implementation using a structured Risk Breakdown Structure (BIM-RBS).

• To examine how legal–contractual risks influence the equilibrium of BIM-enabled
socio-technical systems using the Leavitt Socio-Technical Model (LSTM).

• To develop and validate a set of empirically grounded risk management strategies
(BIM-RBS–MS) that correspond to the identified risk factors.

• To construct an integrated BIM-RBS–MS Nexus that links risk categories with appro-
priate strategies, providing an actionable framework for practitioners.

• To contribute an innovation-oriented legal–contractual knowledge spectrum that sup-
ports improved governance, collaboration, and risk allocation in BIM-enabled projects.

These objectives collectively ensure that the study produces both theoretical in-
sights and practical tools, addressing a major gap in the current BIM and legal–
contractual literature.

2. Methodology
This section outlines the research design, data collection procedures, and analytical

techniques used to examine legal–contractual risks associated with BIM implementation.
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The methodological plan was constructed to align with the study’s objectives and the
theoretical foundations discussed earlier, particularly the Leavitt Socio-Technical Model
(LSTM) and the Risk Breakdown Structure (RBS). The approach combines integrative review
methods with mixed-methods data collection to systematically identify risks, evaluate
their magnitude, and link them to suitable management strategies within the BIM-RBS–
MS framework.

The study began with an integrative review, enabling the synthesis of legal–contractual
BIM risks across multidisciplinary literature. This approach was chosen because legal–
contractual issues in BIM cut across technical, organisational, and behavioural domains, re-
quiring a method that accommodates conceptually diverse evidence types. The integrative
review produced a structured foundation of BIM-RBS risk factors and preliminary manage-
ment strategies, which were further validated and refined through quantitative survey data
and qualitative interviews. This combined methodological strategy ensures triangulation,
enhances validity, and aligns risk identification with management strategy development.

2.1. Research Design and Paper Retrieval Process

The research design follows a multi-stage process (Figure 1), guided by the principles
of risk management and the LSTM equilibrium–disequilibrium logic. Figure 1 illustrates
the flow of analytical activities, linking the literature review, coding, strategy extraction,
survey assessment, and interview triangulation into a coherent methodological trajectory.
The initial paper retrieval process involved collecting Journal articles and conference
papers retrieved from the Scopus database because it provided extensive coverage of
multidisciplinary scientific literature [29,43,44]. Three keyword sets were used for risk
identification (“Building information modelling” and “risk” and “management”), and
for management strategies, the terms (“Risk management” and “management strategies”
and “BIM” or “Building Information Modelling”) were used. Effectively, the initial search
covered publications from 2000 to 2020 (Step 1). Publications published in the period
between 2000 and 2020 were screened, producing 326 initial records. After removing
non-English articles, duplicates, and irrelevant items, 94 papers were retained for risk
identification and 30 papers for management strategies, resulting in 124 relevant papers.
These were imported into RefWorks for organisation and then into NVivo 12 Pro for coding.
Open thematic coding was applied to classify risk factors, enabling the identification of
recurring legal–contractual issues, such as intellectual property, liability, authorship, data
governance, and contract misalignment [45,46]. Coding outputs directly informed the
construction of the BIM-RBS.

Thematic analysis enabled the extraction of risk factors from these relevant papers
by recognising that different fields describe risks using various terms such as “barriers,”
“threat,” “hazard,” and “challenges,” etc. [47] (Step 3). These identified risks were classified
and modified using the risk breakdown structure (RBS) technique based on the LSTM
theoretical perspective as presented in Section 1.2.

Management strategies were extracted using content analysis, based on established
principles such as knowledge reuse, learning from previous projects, and documented
mitigation approaches [48–50]. This enabled the development of BIM-RBS (risk factors) and
BIM-RBS-MS (management strategies), delineating variables utilised for the quantitative
approach (online survey) and subsequently the qualitative approach (online interviews).
However, the exposed gap in management strategies within the legal–contract spectrum of
BIM-RBS-MS was the criterion for developing the survey and interview questionnaires for
the next step.
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Figure 1. Flowchart diagram of the research design aligned with risk management process
(Author’s own).

A second retrieval process (2021–2025) was later conducted to update findings, adding an
additional 15 articles and ensuring the framework reflects current industry developments.

2.2. Survey and Interviews

The survey was designed to quantitatively assess the magnitude of legal–contractual
risk factors and evaluate the relevance of management strategies developed during the
integrative review. A 5-point Likert scale measured respondents’ perceptions of risk severity
in alignment with LSTM principles (equilibrium ↔ disequilibrium).

Sampling and Respondent Selection
A purposive sampling strategy was used because the research required participants

with demonstrable BIM experience and knowledge of legal–contractual issues. Recruitment
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occurred primarily through professional BIM groups on LinkedIn, where practitioners such
as BIM managers, project managers, architects, designers, and contract administrators were
invited to participate.

A total of 60 survey responses were collected (2024–2025). Although the sample size
is modest, the population targeted represents a highly specialised professional cohort,
and similar sample sizes are frequently used in BIM-related risk studies where expert
knowledge is required.

To enhance generalisability, participant diversity was maintained across:

• Sector (consultants, contractors, clients)
• Geographic region
• Years of BIM experience
• Professional role

A Respondent Composition Table is presented in (Appendix C).
Data Collection Tools
Surveys were administered via Microsoft Forms, with results exported into SPSS for

statistical analysis. The analysis utilised:

• Cronbach’s Alpha to test internal reliability of BIM-RBS items
• Simple Linear Regression (SLR) to explore relationships between BIM experience and

perceived risk magnitude.

Interview Sampling and Data Collection
To complement the survey, eight semi-structured interviews were conducted with

BIM professionals via Microsoft Teams. The interviews were selected through purposive
and snowball sampling, ensuring participation from individuals with substantial BIM and
contractual experience. Interview protocols followed an interpretivist epistemology [30],
allowing for nuanced exploration of legal–contractual challenges.

Interviews were recorded, transcribed, coded in NVivo, and analysed thematically.
Themes were triangulated with findings from the literature review and survey to strengthen
internal validity.

Validity and Reliability Measures

• Reliability: Cronbach’s Alpha = 0.947 (Very High Reliability) confirms strong
internal consistency.

• Construct validity: Achieved through alignment of survey items with the BIM-RBS
derived from the literature.

• Triangulation: Combining secondary data, survey data, and interview data ensures
methodological robustness.

• Data saturation: Achieved after the eighth interview, with no new themes emerging.

2.3. Mixed Methods

Implementing the mixed-methods approach integrates quantitative and qualitative
insights to refine different perspectives and paradigms in framing BIM-RBS and BIM-
RBS-MS. It comprises analysing both the qualitative (i.e., interview) and quantitative
(i.e., online survey) data based on LSTM principles (Step 5). This method assisted in
acquiring a holistic understanding of risk factors and management strategies, implementing
BIM from a legal–contractual perspective.

This integration was essential because legal–contractual risks manifest differently
across perspectives—contract managers emphasise liability allocation, BIM managers
highlight model governance, and project managers focus on workflow clarity.

The triangulation process included:

• Cross-checking risk factors across the literature, survey, and interviews



Appl. Sci. 2025, 15, 13038 10 of 33

• Comparing perceived risk magnitude with LSTM-equilibrium interpretations
• Aligning management strategies (MS) with specific risk categories
• Constructing the BIM-RBS–MS Nexus, linking each risk to a validated mitigation strategy

This multi-method analytical approach ensures that both the BIM-RBS Matrix (risk
severity model) and the BIM-RBS-MS Nexus (strategy model) are empirically grounded
and reflect real-world practice.

3. Results and Analysis
The results of this study integrate evidence from the literature review, expert inter-

views, and survey analysis, providing a comprehensive multi-layered understanding of
the legal–contractual risks associated with BIM-enabled project delivery. By combining sec-
ondary and primary data sources, the findings illuminate the systemic nature of these risks
and demonstrate how they contribute to organisational disequilibrium within BIM-based
socio-technical systems, as conceptualised in the Leavitt Socio-Technical Model (LSTM).
The integrated approach enables the classification of risks through the BIM-RBS Matrix
and the identification of relevant mitigation actions via the BIM-RBS–MS Nexus, which
collectively form the study’s core contribution.

Figure 2 presents the Legal–Contractual Risk Breakdown Structure (BIM-RBS) derived
from the integrative review (2000–2020). This figure provides the empirical foundation for
the subsequent analysis by illustrating how legal–contractual risks cluster across thematic
domains, such as liability, authorship, procurement misalignment, data governance, and
regulatory inconsistency. These clusters serve as the analytical scaffolding for triangulating
interview and survey findings and for constructing the BIM-RBS-MS knowledge system.

3.1. Secondary Data Analysis (Literature Review)

The secondary data analysis synthesised insights from four decades of BIM-related
research, offering a consolidated understanding of the legal and contractual challenges that
continue to undermine BIM-enabled collaboration. While BIM has been widely promoted
for enhancing coordination and information management, the literature consistently reveals
persistent risk categories that remain insufficiently addressed in practice, particularly in
relation to contractual responsibility, liability, intellectual property, and interoperability.

These risk categories were systematically coded into the BIM-RBS Matrix (Figure 2),
forming a structured taxonomy of legal–contractual risk domains.

Several studies have emphasised that BIM’s collaborative workflows intensify legal
uncertainties, particularly surrounding:

• unclear ownership and authorship of federated models;
• undefined roles and responsibilities across project actors;
• inconsistent or outdated government regulations;
• misalignment between BIM-enabled collaboration and traditional procurement

systems; and
• cybersecurity vulnerabilities associated with shared digital platforms [4,11,16,17].

Earlier work by [51] highlighted the legal implications of increased reliance on digi-
tal models, yet this review confirms an escalating complexity, as BIM is now embedded
in multi-organisational networks and cloud-based ecosystems. These persistent chal-
lenges underscore a fundamental misalignment between BIM’s socio-technical nature
and the legal–contractual instruments intended to govern it [52]. In LSTM terms, the
legal risks observed in the literature often reflect disruptions to the structure and task
dimensions—such as inadequate workflows, poor information governance, and contract
ambiguity—which subsequently destabilise the actor and technology components.
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Figure 2. Legal–contract Aspect BIM-RBS 2000–2020 (Author’s own).
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Scientific Insights Derived from the Literature
The review also uncovered several recurring strategic themes that informed the design

of the BIM-RBS-MS framework. Numerous scholars propose strategies aimed at mitigating
legal risks, including:

• Clear articulation of model authorship, ownership, and liability at the outset of BIM
adoption [4,16,17];

• Enhancing cybersecurity protocols through secure servers, encryption, QR coding,
and blockchain technologies [6,19,38,53];

• Developing BIM-specific contract addenda and protocol forms (e.g., CIC BIM Protocol,
PAS/ISO 19650 [54]) to clarify responsibilities and processes [14–19,55,56];

• Implementing version control and approval workflows to ensure traceability and
minimise legal disputes over model revisions [21].

These strategic recommendations informed the conceptual development of the BIM-
RBS–MS Nexus, providing a coherent link between risk identification and mitigation
strategy design. However, the literature also reveals fragmentation—while individual
risks and solutions are well-documented, few studies offer an integrated, empirically
validated framework for understanding how these risks interact or how strategies should
be prioritised. This underscores the novelty and scientific value of the BIM-RBS and
BIM-RBS–MS models developed in this study.

Advancing the Literature Through Structured Risk Classification
The integrative review, therefore, not only synthesised existing scholarship but also

progressed it by transforming a scattered body of knowledge into a structured, multi-
level hierarchy of risks. The BIM-RBS Matrix enables researchers and practitioners to
visualise relationships among contractual risks, trace their origins, and understand how
they propagate across a BIM-enabled socio-technical system. This systematic organisation
represents a significant contribution to the field, addressing a gap repeatedly identified
in scholarly critiques: the lack of a unified legal–contractual risk breakdown structure
for BIM.

3.2. Primary Data Analysis (Interviews)

The interview findings provide critical empirical insight into how legal–contractual
risks manifest within real, BIM-enabled project environments. The qualitative evidence
collected from eight BIM professionals enables a deeper understanding of how theoretical
risk categories identified in the literature (Section 3.1) operationalise in practice, particu-
larly across procurement, regulatory compliance, liability allocation, and organisational
coordination. The interviews not only validated the BIM-RBS risk classifications but also
revealed additional nuances related to insurance, contractual interoperability, and digital
information management that are less emphasised in prior studies.

Procurement Misalignment and Structural Disequilibrium
A dominant theme across interviews was the persistent misalignment between BIM

workflows and traditional procurement frameworks. Participants repeatedly highlighted
that existing procurement pathways, especially design–bid–build, lack the structural flexi-
bility required to support integrated digital collaboration, thereby increasing contractual
ambiguity and risk exposure.

For example:

• Participant A noted that “traditional procurement methods cannot handle BIM,”
emphasising that collaborative procurement systems remain underutilised despite
being more suitable for BIM-enabled projects.

• Participant G described the “garbage in, garbage out” dynamic, illustrating how errors
in early model inputs propagate contractual risks downstream.
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These insights reflect structural disequilibrium within the LSTM, where misaligned
procurement systems (structure) distort task execution (information exchange, design
coordination), directly impacting actor responsibilities and technological workflows. The
result is a cascade of contractual vulnerabilities and increased dispute potential.

Regulatory Fragmentation and Cross-Jurisdictional Legal Conflicts
Participants also highlighted inconsistencies in governmental regulations as a major

source of legal uncertainty. Outdated frameworks, limited BIM mandates, and inconsistent
requirements across jurisdictions were cited frequently:

• Participant E stressed that existing regulations “do not move with the pace of technology.”
• Participant G highlighted the challenge of working across regions with differing

BIM regulations (e.g., Canadian provinces), describing it as a significant legal and
operational barrier.

These findings reinforce the literature, noting that fragmented regulatory environ-
ments increase contractual ambiguity and hinder BIM adoption [11]. From a socio-
technical perspective, such inconsistencies disrupt the “structure” component of LSTM
by imposing incompatible obligations on multi-organisational project teams, leading to
systemic disequilibrium.

Absence of a Unified Legal Framework Across Organisations
Another key theme was the lack of a unified legal–contractual framework to guide BIM-

enabled collaboration across firms and sectors. Participants B, D, E, F, G, and H expressed
concerns regarding differing interpretations of BIM responsibilities, incompatible contract
clauses, and inconsistent risk-sharing practices:

• Participant A emphasised the absence of “intermediaries who understand both BIM
and the contract,” highlighting a gap in BIM-legal expertise.

• Participant G noted that organisations are increasingly looking for “technologies
downstream to mitigate risks before they escalate,” indicating a growing recognition
that the legal landscape is not keeping pace with technological advancement.

This reinforces the literature’s call for BIM-specific legal instruments and for
clearer contractual alignment between stakeholders operating within diverse legal
ecosystems [15,18,19,55].

Liability and Professional Indemnity Insurance (PII) Uncertainty
Insurance emerged as one of the most contentious and practically significant issues.

Interviews revealed that insurance frameworks frequently fail to account for BIM-enabled
co-authorship and shared responsibility:

• Participant D emphasised that “liability should not be shared” unless responsibilities
are contractually defined with clarity.

• Participant E highlighted significant variability in insurance coverage between firms.
• Participants F and G recommended proactive approaches such as subtrade bond-

ing, early clarification of coverage, and alignment of contractual definitions with
insurer requirements.

While the literature discusses liability in general terms, the interviews provide richer
detail on the operational and financial consequences of PII ambiguity—a dimension under-
represented in existing research.

Validation and Refinement of Management Strategies
Interview findings strongly corroborated the strategies identified during the literature

review, including:

• the adoption of BIM protocols (e.g., CIC BIM Protocol, ISO 19650 suite);
• rigorous definition of roles, workflows, and model responsibilities;
• enhanced cybersecurity and access control procedures;
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• version control mechanisms and model approval workflows;
• clear legal definitions of BIM processes and data-sharing rules.

Participants stressed that applying such strategies is not only beneficial but essential
for mitigating legal risk. This confirms the practical relevance of the BIM-RBS–MS Nexus,
which systematically links risk categories to targeted strategies.

Scientific Contribution of the Interview Analysis
The interview data contribute significantly to the scientific originality of this

research by:

• Offering empirical evidence explaining how and why legal risks emerge during BIM-
enabled collaboration;

• Validating and enriching the risk categories identified through the literature review;
• Demonstrating the real-world interplay between contractual frameworks, human

actors, digital technologies, and organisational structures;
• Providing practitioner-informed insight into the socio-technical pathways through

which risks propagate, thereby strengthening the theoretical integration of LSTM
within BIM legal studies.

Collectively, the interviews reveal that legal–contractual risks are not isolated technical
or legal issues but systemic socio-technical phenomena—highlighting the necessity of inte-
grated risk governance frameworks such as the BIM-RBS Matrix and BIM-RBS–MS Nexus.

3.3. Primary Data Analysis (Survey)

The survey results provide quantitative validation of the legal–contractual risk factors
identified in the literature review and interviews. The quantitative analysis strengthens the
empirical foundation of the BIM-RBS Matrix by assessing the internal consistency of risk
items, examining whether BIM experience influences risk perception, and comparing the
relative magnitude of each legal–contractual risk category. In line with the LSTM, the survey
results reflect the extent to which these risks contribute to socio-technical disequilibrium
within BIM-enabled project environments.

3.3.1. Reliability of Legal–Contractual Risk Constructs

Reliability analysis was conducted using Cronbach’s Alpha to evaluate the internal
consistency of the survey instrument. Cronbach’s Alpha yielded a high value. The analysis
produced an Alpha coefficient of α = 0.947 (Figure 3), indicating exceptionally high internal
reliability of the risk constructs. According to standard thresholds ([57] p. 744), values
above 0.9 indicate excellent internal consistency, confirming that the legal–contractual risk
items identified in the BIM-RBS Matrix are conceptually coherent and measure the same
underlying construct.

Figure 3. The Cronbach’s Alpha test results (SPSS).

This reliability evidence is crucial, as it validates the structural integrity of the BIM-RBS
risk categories and supports their use in further quantitative and qualitative analysis.
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3.3.2. Regression Analysis: The Influence of BIM Experience on Risk Perception

To determine whether years of BIM experience influence practitioners’ perception
of legal–contractual risk severity, a Simple Linear Regression (SLR) was conducted.
Figures 4–6 collectively present the SPSS outputs—Model Summary, ANOVA, and Coeffi-
cients, forming the statistical basis for interpreting the regression relationship.

Figure 4. Model summary (SLR) (SPSS).

Figure 5. ANOVA (SLR) (SPSS).

Figure 6. Coefficients (SLR) (SPSS).

The results indicate that while the regression model is statistically significant
(p < 0.001), the explanatory power is negligible:

• R2 = 0.005 (Model Summary, Figure 4)
• F = 0.265, p < 0.001 (ANOVA, Figure 5)
• B = −0.081, 95% CI [–0.394, 0.233] (Coefficients, Figure 6)

These results confirm that:

• legal–contractual risks are perceived consistently across experience levels;
• BIM experience alone does not meaningfully alter risk perception;
• The risks identified in the BIM-RBS are systemic, not dependent on individual expertise.

This finding aligns with LSTM-derived expectations that legal risks originate from
structural and procedural misalignments, not from individual competence.

The simple linear regression results are:
Model Summary: Figure 4 displays the descriptive statistics regarding the model/

regression overall: the R-value (R), the R-Squared Statistic (R Square), the F statistic mea-
suring change (F Change), and the p-value linked to the F stat change (Sig. F Change)

ANOVA: Figure 5 further illustrates the descriptive statistics with regard to the
model/regression overall: two different Degrees of Freedom (df), the F statistic measuring
change (F Change), and the p-value related to the F stat change (Sig. F Change).
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Coefficients: Figure 6 indicates the exact values of the constant and of the predictors,
it also expresses if the variables are significant (Sig.) and the 95% Confidence intervals
(95.0% Confidence Interval for B).

To predict the magnitude of the BIM-RBS legal–contract aspect (LCA) based on the
level of BIM experience, a simple linear regression was implemented. The results indicate
that experience had a momentous impact on the LCA, though it only accounted for less
than 1% of the variance seen in the LCA (F = 0.265, p = <0.001, R square = 0.005, R square
adjusted = −0.013). The regression coefficient (B = −0.081, 95% CI [−0.394, 0.233]) showed
that a rise in score of one point level of BIM experience would correspond averagely to
a reduction in BIM-RBS (LCA) score by −0.081 points.

Further research was vital to establish equilibrium-seeking strategies based on the
online survey. Analysing the magnitude of the risk factor regarding contract obligations
in certain countries caused by unified documentation in BIM projects is associated with
misaligned definitions in the contract between different parties. In total, 33% of participants
selected very effective, 27% somewhat effective, 29% neither effective nor ineffective,
0% somewhat ineffective, and 11% very ineffective, indicating a stable system based on
the results.

3.3.3. Magnitude of Legal–Contractual Risks

Survey respondents evaluated the severity of each legal–contractual risk identified
in the BIM-RBS Matrix. Across the instrument, 63% of the responses indicated a shift
toward socio-technical disequilibrium, reinforcing the multi-domain disruption highlighted
throughout this study.

Contract Obligations Misalignment

Figure 7 presents the risk magnitude relating to contract obligations caused by unified
documentation. Respondents demonstrated moderate-to-high concern, indicating that uni-
fied documentation, without BIM-specific contractual adjustments, creates misalignment
between digital workflows and legal responsibilities.

BIM-RBS (Magnitude of the risk factors) BIM-RBS-MS (Management strategies) 

Figure 7. Risk magnitude regarding contract obligations caused by unified documentation (MF).

This confirms interview evidence and supports claims in the literature that traditional
contract forms do not adequately reflect BIM-enabled processes [15,16,19].

Strategies to keep a balanced system involve country-specific legal expertise, by
seeking guidance from legal professionals with expertise in the specific country’s laws
and regulations. They can help identify and understand the contractual obligations
and requirements relevant to BIM projects in that jurisdiction. Reviewing and adapting
a unified documentation, such as contracts, agreements, and terms and conditions, to
ensure compliance with the specific contractual obligations of each country involved in
the project. This may involve incorporating country-specific clauses or provisions into
the unified documentation. Contractual flexibility, by considering managing and building
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flexibility into the contractual framework to accommodate variations in contract obligations
across different countries, ensuring they are cognisant of the changes required. This can
include mechanisms for contract amendments or addenda to address specific requirements
or obligations unique to each jurisdiction. Collaboration with local partners, by engaging
with them or consultants who have knowledge of the local legal and contractual landscape.
Effective communication with local experts can help ensure that the unified documentation
aligns with local requirements and that the project adheres to all necessary contractual
obligations. Conducting a regular contract compliance review throughout the project
lifecycle to ensure ongoing adherence to contractual obligations in each country involved.
This can involve monitoring changes in local regulations, evaluating contract performance,
and addressing any deviations or potential risks proactively.

Professional Licensing Issues

The risk of professional licensing issues in BIM projects can significantly impact project
effectiveness and success, particularly when there are regulatory requirements related to
professional licensing that must be met. These requirements vary across countries and
regions, and failure to comply with these requirements can lead to legal consequences,
delays in project delivery, and compromised quality of work. Additionally, licensing fees
are expensive for software, such as Revit (Version 2023) and CDEs. This can elevate the
cost for BIM and, as a result, be a barrier to adoption. Analysing the magnitude of the risk,
38% of participants indicated very effective, 29% somewhat effective, 23% neither effective
nor ineffective, 2% somewhat ineffective, and 8% very ineffective, indicating a shift to
a disequilibrium state by 67%. However, it is important to note that the level of risk can
vary depending on the specific regulatory environment and the complexity of licensing
requirements in different jurisdictions.

Figure 8 illustrates respondents’ perceptions of risks associated with professional
licensing within BIM projects. Elevated risk levels suggest concerns regarding:

• unclear definitions of professional responsibility in federated models;
• cross-disciplinary overlaps in design authorship;
• liability attribution across multi-author workflows.

BIM-RBS (Magnitude of the risk factors) BIM-RBS-MS (Management strategies) 

 

Figure 8. Risk magnitude of professional licensing issues in BIM projects (MF).

This aligns with interview findings on liability ambiguities and PII challenges.
The effectiveness of managing this level of risk to equilibrium status involves taking

several steps by ensuring a thorough understanding and familiarity with professional
licensing regulations applicable to the project’s location: (1) identify the specific licensing
requirements for professionals involved in the project, such as architects, engineers, or
other specialised roles; (2) require certifications to verify the qualifications, and licenses of
professionals before their engagement in the project by adhering to licensing regulations,
and maintaining compliance throughout the project duration; (3) establish effective collabo-
ration and communication channels with professionals overseeing compliance planning
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that include maintaining a register of licensed professionals, monitoring licensing renewals,
and keeping up-to-date records of compliance; (4) stay informed about any changes or
additional requirements that may affect the project, thereby adjusting plans and practices
accordingly to mitigate potential risks.

Lack of Supportive BIM-Collaboration Contract Forms

Figure 9 shows that respondents perceive a high level of risk stemming from the
absence of supportive BIM-collaboration contract forms. Traditional forms (e.g., JCT, NEC
without BIM addenda) fail to address:

• shared digital authorship;
• model management responsibilities;
• multi-disciplinary collaboration obligations.

BIM-RBS (Magnitude of the risk factors) BIM-RBS-MS (Management strategies) 

Figure 9. Risk magnitude due to lack of supportive BIM-collaboration contract form (MF).

This reinforces the need for updated protocols (e.g., CIC BIM Protocol, ISO 19650).
The risk associated with the lack of a supportive BIM-collaboration contract form due

to contract structure misalignment also stems from a real estate dynamic. Analysing for the
magnitude of risk factor, 33% of participants responded as very effective, 25% somewhat
effective, 21% neither effective nor ineffective, 6% somewhat ineffective, and 15% very
ineffective, indicating a slight shift to a disequilibrium state by 58%.

To effectively manage this risk for equilibrium status, the following steps can be benefi-
cial: (1) Organisations should consider customising existing contracts or contract templates
to incorporate BIM-specific provisions. This may involve adding clauses related to infor-
mation exchange protocols, data ownership, liability allocation, intellectual property rights,
and collaborative processes. (2) Seek legal expertise from professionals experienced in BIM
projects and contract law. They can provide guidance on adapting contracts to address BIM
collaboration requirements and help identify potential risks and liabilities associated with
the absence of a dedicated contract form. (3) Refer to industry standards and guidelines
that address BIM collaboration and contractual arrangements, such as those provided by
professional organisations or industry consortia. These resources can offer insights into best
practices and contractual considerations specific to BIM projects. (4) Consider implement-
ing separate collaboration agreements or Memoranda of Understanding (MoUs) between
project participants to address specific aspects of BIM collaboration. These agreements
can outline the roles and responsibilities of each party, data sharing protocols, and the
overall framework for collaboration. (5) Continuous review and improvement by regularly
updating the contract form and associated agreements as BIM practices evolve and project
requirements change. This ensures that contractual arrangements align with the evolving
needs of BIM collaboration and mitigate potential risks associated with outdated contract
forms. However, it is important to note that the effectiveness of these risk management
efforts can vary based on the specific contractual provisions and the legal frameworks of
different jurisdictions.
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Cross-Jurisdictional Legal Differences

Figure 10 captures the highest magnitude of risk in the survey: legal differences across
national and regional jurisdictions. Respondents noted that inconsistent BIM regulations,
contract standards, and liability frameworks significantly increase the likelihood of disputes,
especially on international projects.

BIM-RBS (Magnitude of the risk factors) BIM-RBS-MS (Management strategies) 

 

Figure 10. Risk magnitude relating to issues with legal differences in various countries’ laws (MF).

This risk aligns strongly with LSTM’s structural disruptions, where incompatible
external regulations destabilise internal project processes.

Analysing the magnitude of the risk factor, as it relates to the issue of legal differences
(i.e., the aspect related to law in different countries) when different organisations are
engaged in the BIM project, 27% of participants respond very effective, 40% somewhat
effective, 20% neither effective nor ineffective, 2% somewhat ineffective, and 11% very
ineffective, indicating a shift to a disequilibrium state by 67%.

3.3.4. Interpretation and Scientific Significance

To effectively manage the risk for equilibrium status, the following steps can be
crucial: (1) Engage legal professionals with expertise in international law or the legal
systems of the countries involved in the project. They can provide guidance on legal
disparities, assist in contract drafting and negotiation, and help ensure compliance with
relevant laws and regulations. (2) Develop a contract that addresses legal differences
and harmonises contractual provisions to the extent possible. Consider using dispute
resolution mechanisms that are internationally recognised, such as arbitration, to provide
a neutral and enforceable means of resolving conflicts. (3) Conduct a thorough legal risk
assessment to identify potential legal disparities and their impact on the project, which
can help anticipate challenges and develop strategies to mitigate or manage legal risks
effectively. (4) Establish protocols and discuss legal matters to ensure that all parties
are aware of their rights, obligations, and any legal implications by fostering an open,
transparent communication and collaboration among project stakeholders to address legal
differences proactively. (5) Seek advice from local legal professionals familiar with local
laws, regulations, and customs to navigate the legal intricacies of specific jurisdictions,
ensuring compliance to mitigate potential risks associated with legal differences. However,
it is important to note that complete elimination of such risks may not be possible. As
legal systems can be complex and subject to change, unforeseen legal challenges may arise
during the project lifecycle. Therefore, following ISO19650 as an international standard can
alleviate this risk.

Collectively, the survey results achieve the following:

1. Confirm the internal validity of the BIM-RBS risk categories through high reliability scores.
2. Demonstrate that legal risks are systemic, not user-driven, reinforcing socio-technical

interpretations of BIM risk.
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3. Identify the most severe risks, including cross-jurisdictional legal differences and
contract misalignment.

4. Provide quantitative grounding for the BIM-RBS–MS Nexus, linking risk magnitude
to targeted strategic responses.

This empirical evidence solidifies the scientific contribution of the study, establishing
a robust bridge between theoretical insights, practitioner experience and quantitative assessments.

3.4. Findings

The findings from the analysis present an up-to-date understanding of the aspects
and capabilities of “BIM-RBS Matrix and BIM-RBS-MS Nexus”, providing an innova-
tive knowledge framework of risk magnitude and management strategy in the legal–
contractual spectrum.

The findings in Table 1 present the average magnitude of the risk factors assessed
in this spectrum as a 63% shift to disequilibrium status. The dominant risk factor in
this category is associated with intellectual property rights, ownership, and licensing
issues, as shown in Table 2 and Figure 11. To minimise or eradicate this risk, as these
requirements vary across countries and regions, would involve an understanding of the
professional licensing regulations applicable to the project’s location. Early contractual
agreement establishing intellectual property rights, copyright ownership, and licenses for
the usage of the model, including verifying the qualifications and licenses of professionals.
Issues with contract obligations in certain countries caused by unified documentation
in BIM projects had a 60% shift to disequilibrium state and can be mitigated by seeking
country-specific legal expertise, the adaptation to unified documentation, and contractual
flexibility with negotiation points. The lack of a supportive BIM-collaboration contract
form had a 58% shift to disequilibrium status. To minimise this risk, it would be necessary
to customise existing contracts to incorporate BIM-specific provisions, such as separate
collaboration agreements or Memoranda of Understanding between project participants
to address specific aspects of BIM collaboration. The issues with legal differences in
various countries’ laws had a 67% shift to a disequilibrium state. To mitigate this risk,
it would be useful to engage legal professionals with expertise in international law and
develop a contract that addresses legal differences and harmonises contractual provisions
with dispute resolution mechanisms, such as arbitration. These strategies are innovation
in practice, not only from a legal–contractual perspective but also from a technological,
organisational, and social aspect. Therefore, the application of BIM-RBS Matrix and BIM-
RBS-MS Nexus will improve contractual management and collaboration mechanisms in
BIM projects.

Table 1. Risk magnitude summary (BIM-RBS Matrix). (Author’s own).

Categories Magnitude of Risk Factors

Legal–Contract Aspect Very Low
Risk Low Risk Medium

Risk High Risk Very High Risk

Contract obligations caused
by unified documentation 11 0 29 27 33

Professional licensing issues 8 2 23 29 38
Lack of supportive
BIM-collaboration
contract form

15 6 21 25 33

Issues with legal differences
in various countries laws 11 2 20 40 27

Average (%) 11.25 2.5 23.25 30.25 32.75

LSTM
<<<<<<<<

Equilibrium
state

>>>>>>>>

Disequilibrium
state
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Table 2. Legal–contract Aspect BIM-RBS and BIM-RBS-MS Nexus 2021–2025 (Author’s own).

BIM-RBS (Risk Factors) BIM-RBS-MS (Management Strategies) References

Conditions of the Agreement

Incorporate BIM standards and protocols into
the contract guidelines, such as:

- NEC3 and NEC4 contracts
- CIOB contract
- FIDIC contract
- AIA PPC 2000 contract
- JCT CE contract
- SBCC contract
- CIC/BIM Protocol
- Function: Add-on contract clauses
- Standards: BS 1192 [58]/PAS1192 [59]

Data security

Establish data security policies and inspection
procedures and assign responsibilities for data
backup and recovery. (model creation/signing
the contracts with their subsets)

ICT protocols and liability
Employ common data environment (CDE) and
BIM execution plan (BEP) to promote data
sharing and cooperation

Intellectual property and copyright
ownership
Model ownership

In the contractual agreement, establish
intellectual property rights, copyright
ownership, and licenses for the usage of the
model. (updating LOD table and modelling
requirements) (IFC) (BIM protocol)

Data infringement and confidentiality.
BIM data governance; protect confidential data
from corruption, theft, or manipulation by
project players

Hosting and archiving of BIM Files/Missing
files/Authenticity of the files/File
misuse/Adequacy and method of
transferred files

Define BIM, integrated model and
modelling requirements

Access rights to specify model users and the
authority to share information with
other parties

Define model element, production and
delivery table with naming convention

BIM model issues: quality control, errors,
inaccuracy, inconsistency; integrity and
responsibility of model.

Define LOD, availability of information and
technology, and licensing of model.

Method of resolving clashes Define model user and author
Contradiction between BIM and
construction method Define project information requirements

Unclear rights, legal obligations
and responsibilities

Define the role of BIM coordinator,
relationships between BIM stakeholders in the
contracts and appendix. Establish standards
and guidelines for BIM adoption.

Uncertainty of the current status of legal
system in country where BIM is adopted

Government schemes with clear
standard/duty of care for each
project stakeholder

Modification rights Seek permission from copyright owner

Legal status of the BIM Model as the ‘single
source of truth’

(Using metadata, e.g., Map viewer BIM
without disclosures) (BEP) (Addendum)
Industry-wide cultural change

Unclear BIM standards and protocols used
in contract (ISO; PAS; BSI Standards) CIC/BIM Protocol

[3–6,10,11,20,56]
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Figure 11. Legal–contract Aspect BIM-RBS-MS Nexus 2000–2020 (Author’s own).
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3.5. Discussion

The body of literature exploring legal and contractual issues, as assessed by various
scholars [3–6,10,11,20,56], has significantly advanced our understanding of BIM issues in
these key interrelated domains. BIM is a technological and organisational innovation, and
this research demonstrates how the legal–contract framework aligned with risk strategies
can enable its adoption. The integrative analysis of these findings highlights key areas
within BIM studies, presenting previously unexplored areas and identifying notable re-
search gaps at the intersection of legal and risk-management knowledge domains. The
above-mentioned scholars have independently identified singular dimensions of risk fac-
tors focused on legal and contractual issues, but these fragmented insights have not yet
been organised into a unified, theoretically grounded structure. This study addresses that
gap by developing the BIM-RBS Matrix, which consolidates these dispersed risk factors
into a coherent, hierarchical classification.

A novel methodological contribution of this research is the design of a risk-
management-aligned analytical process, extending from risk identification through to
risk response and treatment. This approach enabled the discovery of BIM-RBS-MS,
a structured set of management strategies aligned with the BIM-RBS risk categories, offering
a multi-dimensional but legally focused mitigation framework.

To achieve this, an integrative approach was employed, allowing systematic analysis
of retrieved papers on BIM integrated with risk management. Subsequently, NVivo-based
thematic and content analysis enabled the development of the BIM-RBS Matrix and the
identification of the BIM-RBS-MS. This approach ensured that risks and strategies were
examined from an integrated legal–contractual perspective rather than as isolated variables.

The subsequent statistical analysis using SPSS (Cronbach’s Alpha and regression)
validated the internal consistency of legal–contractual risks and assessed the extent to which
BIM experience influenced risk perception, grounded in the socio-technical theoretical
framework of [26]. These methods confirmed that the risk constructs are highly reliable and
structurally coherent, and that legal–contractual risks are systemic rather than dependent on
practitioner experience. This combined methodological approach enabled the clarification
of risk constructs and associated strategies, generating new terminology and structured
frameworks not previously explored in BIM legal–contractual studies.

Henceforth, this study contributes to a profound understanding of the root cause of
risk severity and provides deeper insights into the establishment of efficacious strategies.
By situating legal risks within a socio-technical and contractual knowledge intersection, this
research addresses root-cause misalignments that traditional contract-only or technology-
only approaches overlook. This confirms the theoretical assumption that socio-technical
legal issues can be meaningfully mitigated through contractually aligned strategies.

The construction industry is fragmented (and so is BIM); therefore, ref. [24] suggests it
is better to understand the processes behind the use of BIM rather than just BIM technology
itself, because contracts cannot realistically detail every technological component, even as
BIM maturity advances. The rapid evolution of BIM technologies heightens risk factors
and makes traditional static legal agreements insufficient, in that technologies evolve too
rapidly for conventional contract clauses to capture fully, which reinforces the value of
the BIM-RBS and BIM-RBS-MS frameworks in identifying and mitigating risks at their
structural origin.

This study not only augments existing knowledge but also prepares AEC professionals
with information that surpasses traditional disciplinary boundaries, enabling more inte-
grated and informed approaches to risk mitigation not previously provided in the existing
literature or contract documents, such as NEC or CIOB guidelines.
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Furthermore, the mixed-method approach—NVivo-based coding, survey analysis, and
triangulation—proved highly effective in developing and validating the BIM-RBS Matrix
and BIM-RBS-MS Nexus as robust knowledge frameworks for BIM-enabled projects. These
frameworks offer comprehensive decision-support and contract-drafting guidance that can
inform future updates to protocols such as NEC and the CIC BIM Protocol. Remarkably,
a key theoretical breakthrough of this study is the creation of a structured legal–contractual
risk and strategy system that methodically categorises risks across project stages and aligns
them with targeted mitigation strategies, strengthening both academic understanding and
industry practice.

Limitations:
It is essential to acknowledge certain limitations. Although the literature review,

survey, and interviews provide rich insights, they may not fully capture the dynamic
complexity of real-world construction environments. The absence of direct case-based
validation limits the application of some findings. The small sample size of 60 survey
responses is another potential limitation that limits generalisation, including a potential
response bias due to age or experience differences. Future studies should incorporate larger
samples and case-study validation to address these limitations.

Practical Implications:
The practical implications of this study are significant as the “BIM-RBS Matrix and

BIM-RBS-MS Nexus” provides a structured methodology to assist industry professionals in
identifying, assessing, and mitigating legal–contractual risks effectively. The potential for
generalisation and implementation is strong, as the frameworks’ versatility increases their
value across stakeholders such as contract managers, risk managers, project managers, and
policymakers. This research deepens academic understanding of legal–contractual BIM
issues and offers practical tools for improving BIM governance.

With the tendency to sway government regulations and guidelines regarding BIM
and risk management, the frameworks have the potential to influence regulatory develop-
ment and future contract reforms. Although rooted in construction, the frameworks offer
transferable legal–contractual innovation that is applicable across jurisdictions and sectors.
Thus, the study provides a unique contribution by addressing critical knowledge gaps and
offering globally relevant, innovative legal–contractual solutions for BIM.

4. Conclusions and Knowledge Contributions
This research positions BIM not only as a digital construction tool but as a technological

and organisational innovation whose diffusion is constrained by unresolved legal and
contractual complexities. By examining the intersection of legal governance, contractual
design, and socio-technical risk behaviour, the study provides a scientifically grounded
explanation of why BIM adoption continues to face systemic barriers and how these barriers
can be mitigated through structured knowledge frameworks.

The BIM-RBS Matrix and BIM-RBS–MS Nexus represent original, empirically vali-
dated knowledge-based frameworks that transform fragmented and tacit understandings
of BIM legal–contractual risks into structured, actionable insights. These frameworks
operationalise risk identification and mitigation by linking legal–contractual issues with
socio-technical mechanisms of disruption. In doing so, they extend existing BIM literature
by offering the first integrated, multi-level risk taxonomy and strategy mapping system
specifically aligned with BIM-enabled collaboration.

Practically, the framework provides a foundation for more consistent BIM governance,
supporting clearer contract drafting, improved risk allocation, and enhanced dispute avoid-
ance. They enable both industry and policymakers to embed innovation more effectively
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into project delivery, strengthening collaboration, reducing adversarial practices, and con-
tributing to the sector’s transition toward Construction 5.0.

The global relevance of this work lies in its adaptability. The proposed frameworks
can act as knowledge transfer mechanisms across diverse jurisdictions, legal systems, and
organisational contexts. They provide practical tools for contract drafting, risk alloca-
tion, and dispute resolution, while also advancing theoretical knowledge on the role of
legal–contractual arrangements in enabling innovation, extending and refining earlier
studies and contractual documents that have treated BIM legal risks in a fragmented man-
ner. Importantly, both frameworks are dynamic and capable of evolving in response to
emerging technologies, collaborative models, and regulatory changes, offering longevity
and future scalability.

This study makes several key scientific contributions: (1) conceptualising a novel
legal–contractual knowledge spectrum for BIM innovation by structuring risk domains into
an empirically validated Risk Breakdown Structure; (2) integrating mixed-method ap-
proaches to create, validate, and operationalise risk knowledge, providing methodological
originality in BIM legal risk studies; (3) developing actionable frameworks (BIM-RBS and
BIM-RBS–MS) that bridge theory and practice in supporting knowledge-based innovation
adoption in the AEC sector; (4) establishing a socio-technical theoretical grounding for
BIM legal risk, extending the Leavitt Socio-Technical Model into the construction legal–
contractual domain for the first time; and (5) providing evidence-based insights for policy-
makers and standard-setting bodies, demonstrating how structured knowledge frameworks
can inform future BIM mandates, contractual protocols, and procurement reforms. Together,
these contributions advance academic understanding, enrich theoretical foundations, and
provide practical pathways for strengthening BIM-enabled collaboration globally.

Future research should refine and test these frameworks across varied jurisdictions
and project scales, ensuring their robustness and wider applicability.

Future Research Direction, and Recommendations for Innovation and Knowledge Impact

This study highlights a significant gap in existing research, particularly at the inter-
section of legal and contractual domains in BIM-enabled projects. By developing and vali-
dating the BIM-RBS Matrix and BIM-RBS–MS Nexus, the study proposes both theoretical
advances and actionable tools that address persistent socio-technical and legal–contractual
tensions in BIM adoption. Building on these contributions, the study offers the following
recommendations to support knowledge-driven innovation adoption in the AEC sector
and beyond (Table 3).

For the Construction Industry:

• Adopt the BIM-RBS Matrix as a proactive tool during contract preparation and project
planning phases to clarify risk allocation, reduce disputes, and improve collaboration.

• Use the BIM-RBS–MS Nexus to guide the selection of tailored management strategies,
ensuring that digital, legal, and organisational risks are jointly addressed rather than
managed in isolation.

• Invest in training and capacity building to equip project managers, legal advisors, and
BIM coordinators with the skills required to operationalise these frameworks.

For Policymakers and Standard-Setting Bodies:

• Integrate the BIM-RBS framework into national and international BIM guidelines
(e.g., ISO 19650, NEC, JCT, CIC) to provide standardised guidance on risk allocation
and contractual provisions.

• Encourage the development of dispute resolution protocols specific to BIM by recog-
nising the unique challenges of shared digital environments.
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• Promote incentives for collaborative risk-sharing models, such as shared risk–reward
mechanisms, to align stakeholder interests and reduce adversarial practices.

Table 3. Recommendations for BIM-RBS adoption and knowledge impact. (Author’s own).

Stakeholder Recommendation Knowledge and Innovation Impact

Construction Industry
Adopt the BIM-RBS Matrix during
contract preparation and
project planning.

Converts tacit legal/contractual risks into
explicit knowledge, reducing disputes and
enabling collaborative innovation.

Use the BIM-RBS–MS Nexus to guide
tailored management strategies.

Integrates digital, legal, and organisational
knowledge streams to enable effective
innovation diffusion.

Invest in training and capacity
building for BIM managers, legal
advisors, and project leaders.

Builds absorptive capacity to operationalise
frameworks and embed innovation into
daily practice.

Policymakers and
Standard-Setting Bodies

Integrate the BIM-RBS framework into
BIM standards (e.g., ISO 19650, NEC,
JCT, CIC).

Standardises risk knowledge, ensuring
scalability and comparability across projects
and countries.

Develop dispute resolution protocols
tailored to BIM environments.

Provides knowledge-based mechanisms for
fair and timely resolution, enhancing trust
in BIM adoption.

Promote incentives for collaborative
risk-sharing (e.g., shared risk–reward).

Aligns stakeholder knowledge and interests,
fostering organisational innovation and
reducing adversarial practices.

Research and Academia
Extend investigations into
socio-organisational, eco-financial, and
techno-organisational perspectives.

Expands the knowledge base by embedding
multidisciplinary perspectives into
innovation adoption.

Empirically test the BIM-RBS Matrix
across jurisdictions and project scales.

Validates knowledge transferability,
ensuring global relevance and adaptability.

Advance theoretical development on
the legal–contractual dimension in
BIM adoption models.

Strengthens the knowledge foundations for
innovation governance in construction and
allied industries.

For Research and Academia:

• Extend investigations into socio-organisational, eco-financial, and techno-organisational
perspectives to build a richer understanding of BIM legal–contractual governance.

• Empirically test the BIM-RBS Matrix across jurisdictions, contract types, and project
scales to validate knowledge transferability and ensure global applicability.

• Advance theoretical development on the legal–contractual dimension within BIM
adoption models, strengthening innovation governance theory in construction and
allied industries.
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Figure A1. NVivo 12 Pro Data (Legal–contract Aspect).
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Appendix B

Table A1. Survey Questions.

Contract obligations in certain countries caused by unified documentation have been identified as a risk factor in
BIM projects. Agree or Disagree
Question 20A: How does it affect the implementation process
and what is the level of that risk?

Question 20B: What management strategy was used
to resolve or navigate through this issue?

Answer: Answer:

Level of risk
Very
Low Low Medium High Very

High

Professional licensing issues has been identified as a risk factor in BIM projects relating to this category. Agree
or Disagree
Question 21A: How does it affect the project? Please indicate
the level of risk.

Question 21B: What strategy was used to resolve
this issue?

Answer: Answer:

Level of risk
Very
Low Low Medium High Very

High

The lack of contract form that is BIM-collaboration supportive is identified as a risk factor in this category. Agree
or Disagree

Question 22A: How does it affect the implementation process
and what is the level of that risk?

Question 22B: What management strategy was used
in support of collaboration without the form
of contract?

Answer: Answer:

Level of risk
Very
Low Low Medium High Very

High

The issue with legal differences (i.e., aspect related to law in different countries) when different organisations come
together to work on a BIM project, has been identified as a risk factor in this category. Agree or Disagree
Question 23A: How does it affect the project? Please indicate
the level of risk.

Question 23B: How did they navigate through
these differences?

Answer: Answer:

Level of risk
Very
Low Low Medium High Very

High

Table A2. Interviews Questions.

Various studies have recognised that it is difficult to follow BIM-based work
practices in the procurement contracts. Agree or Disagree
Question 15A: What part of the work
practice made it difficult to follow the
contract? Indicate the level of risk?

Question 15B: What strategy did you
follow to minimise the risk of deviating
from the procurement contract?

Answer: Answer:
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Table A2. Cont.

The lack of contracts for specification of information exchange has been identified as a
risk factor in BIM projects. Agree or Disagree
Question 16A: How does it affect the
implementation process with regards to
information exchange and what are the
legal implications? Indicate the level
of risk?

Question 16B: What management strategy
was used without the contract for
specification of information exchange?

Answer: Answer:

Governmental regulations do not meet with current and future needs of the industry
relating to BIM implementation and is identified as a risk factor in this category. Agree
or Disagree
Question 17A: What are the requirements
of the industry that governmental
regulations are lacking and what are the
legal implications? Please indicate the
level of risk.

Question 17B: What type of strategy did
your organisation adopt to manage these
irregularities?

Answer: Answer:

Issues with Personal Indemnity Insurance (PII) covers not maintained due to unknown
liabilities on shared projects like organisations working together on a BIM project, has
been identified as a risk factor within the contractual/legal aspect. Agree or Disagree
Question 18A: What liability issue did
you encounter during the project that PII
doesn’t cover? Indicate the level of risk?

Question 18B: What strategy was
implemented to guide members working
together to avoid legal implications?

Answer: Answer:

The issue with the lack of a legal framework to manipulate the organisational
environment when different organisations are working together on a BIM project, has
been identified as a risk factor in this category. Agree or Disagree
Question 19A: What sort of problem
evolved relating to this issue? Please
indicate the level of risk.

Question 19B: How did you manage to
control the risk without legal implications?

Answer: Answer:
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Appendix C

Table A3. Interview schedule and classification.

Participants Profession BIM Experience Classification Time

A Programme leader More than 5 years XXX stars 15.00

B Senior project manager More than 5 years XXX stars 20.57

C BIM Engineer Less than 5 years XX stars 13.00

D Structural Engineer Less than 5 years XX stars 12:00

E Site Engineer More than 5 years XXX stars 14.30

F Site Engineer More than 5 years XXX stars 15.00

G BIM and VDC manager 18 years XXX stars 18.00

H Director General 9 years XXX stars 13.00

I Construction manager Less than 1 year X star 13.00

J Site Engineer Less than 1 year X star 14.30

K Structural Engineer Less than 1 year X star 14.00

L Manager Less than 1 year X star 13.00

M Marketing Engineer Less than 1 year X star 15.30

N Construction Less than 1 year X star 12.00

O Site Engineer Less than 1 year X star 13.30

P Site Architect Less than 1 year X star 15.30

Q Site Engineer Less than 1 year X star 16.00
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