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Abstract

Digital transformation in construction asset management
is advancing through Building Information Modelling
(BIM) and emerging tools such as Digital Twins (DT),
Blockchain (BC), and Artificial Intelligence (Al), yet
knowledge sharing in permitting and compliance remains
fragmented. A survey of 110 professionals, including 30
open-ended responses from the same sample, was
analysed using descriptive statistics, chi-square tests,
ordinal logistic regression, reflexive thematic analysis,
and concept mapping. Email and collaboration platforms
dominate (70%), while external sharing remains limited.
BIM (93%) and AI/ML (79%) show the highest adoption.
The study develops a refined hierarchical conceptual map
for digital permit certification and compliance checking.

Introduction

The construction industry faces critical challenges in
which effective Knowledge Management (KM) is
essential for successful asset management (Rezgui, 2001;
Boamah et al., 2022; Yepes and Lopez, 2021; Rezgui,
2011), especially in permitting and compliance checks.
Regulatory complexity increases uncertainty and costs
due to evolving codes and lengthy permit reviews
involving multiple steps and stakeholders, resulting in
inefficiency, rework, and delays (Yang and Zhang, 2024;
Bloch and Fauth, 2023; Ataide et al., 2023; Fauth et al.,
2023). Fragmented information silos, project data trapped
in disconnected teams and proprietary formats, undermine
traceability; without unifying standards or integrated
technologies, teams may apply different or out-of-date
rules, making compliance reviews inconsistent and
complicating constraint management and decision-
making (He et al., 2025; Beach et al., 2024). Skills gaps
and cultural resistance, including continued reliance on
paper/email workflows and limited Construction 4.0
competencies, further hinder the adoption of advanced
digital technologies such as Building Information
Modelling (BIM), Digital Twins (DT), Blockchain (BC),
and Artificial Intelligence (AI) (Alsaffar et al., 2025;
Siddiqui et al., 2023; Rinchen et al., 2024).

KM is vital for organisational success because it ensures
that knowledge is effectively stored, shared, and applied
to achieve strategic impact (Yeboah, 2023). In
construction, this underpins traceability of decisions,
supports legal defensibility, and reduces redundant
rework (Wang and Meng, 2021; Sik-wah Fong et al.,

2005; Xiahou et al., 2025). As projects grow in
complexity and regulatory requirements become more
demanding, effective knowledge sharing, accessibility,
and utilisation across organisational boundaries become
increasingly crucial (Maheshwari et al., 2025).
Knowledge sharing also requires balancing explicit
knowledge (documents and reports) with tacit knowledge
(experience-based know-how), which is harder to transfer
due to structural differences and expression challenges
(Chumg et al., 2014; Wang et al., 2014). A widely used
lens for understanding this process is the SECI model,
shown in Figure 1, which explains how knowledge cycles
between tacit and explicit forms through socialisation,
externalisation, combination, and internalisation (Nonaka
and Takeuchi, 1995; Aldmour, 2012; Gandomani and
Tavakoli, 2016; Shull et al., 2004).
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Figure 1: SECI knowledge creation model (Nonaka and
Takeuchi, 1995).

The SECI model provides a valuable framework for
analysing knowledge sharing in permitting and
compliance processes. This is particularly relevant in
construction, where knowledge sharing must account for
both documented information and experience-based
judgement (Chumg et al., 2014; Wang et al., 2014).

The ongoing Fourth Industrial Revolution (4IR),
described as a “fusion of technologies blurring the lines
between physical, digital, and biological spheres,” has
transformed how people connect and access knowledge
(Klaus, 2016). In construction, this convergence is



reflected in technologies such as BIM and platform-based
collaboration, where increased BIM implementation has
been shown to enhance knowledge sharing and
inter-organisational cooperation (Cheng et al., 2023). DT
technologies have also been associated with improved
efficiency and operational transparency in construction
and asset management (Alsaffar et al., 2025). BC
technologies further contribute to this convergence by
providing immutable, decentralised records that enhance
trust, traceability, and secure information exchange across
project stakeholders (Alsaffar et al., 2024). These tools
can support knowledge-creation and utilisation activities
broadly consistent with SECI (Nonaka and Takeuchi,
1995). BIM makes design intent explicit and shareable
(externalisation/combination), while DTs may, in later
lifecycle stages, support forms of learning and reuse that
are broadly aligned with internalisation. Importantly,
BIM-based as-designed information can support later
operational DT development across the asset lifecycle,
offering new opportunities for integrated, knowledge-rich
approaches to the built environment, although this role
remains emerging (Cheng et al., 2023; Alsaffar et al.,
2025; Peng and Liu, 2023).

Despite progress, the construction industry remains
fragmented, with knowledge confined to specific trades,
organisations, or project phases (Daniel et al.,, 2024).
Although there have been notable advancements in
capturing and sharing construction knowledge (Deng et
al., 2022), permitting and compliance processes remain
knowledge-intensive and still frequently rely on manual
expert review (Peng and Liu, 2023). Recent research also
reports that building-permit processes remain manual and
fragmented (Hagedorn et al., 2025) and that traditional
permit-management systems often lack transparency,
thereby complicating certification verification and
regulatory compliance (Alsaffar et al., 2024). This lack of
transparency underscores the need to consider
Blockchain-enabled certification mechanisms alongside
BIM and Digital Twins to support verifiable, trustworthy
permitting and compliance workflows (Alsaffar et al.,
2024). In practice, permitting involves multiple
stakeholders, including owners, designers, engineers,
contractors, and authorities, and requires extensive
coordination of technical and procedural knowledge.
However, barriers such as technical compatibility issues,
costs and limited digital literacy continue to constrain the
adoption of digital permitting solutions (Daniel et al.,
2024).

Nevertheless, empirical evidence remains limited
regarding how knowledge-sharing practices and enabling
digital technologies are used together in permitting and
compliance checking, and on the relationships between
key concepts involved in digital permit certification and
compliance checking. Accordingly, building on the SECI
knowledge lens and the context of digital transformation,
this study examines current knowledge-sharing practices
and evaluates the enabling digital technologies, including
DT, BIM, BC, and Al It is guided by the following
research questions:

RQ 1: “What knowledge-sharing practices and enabling
digital technologies are used in permitting and
compliance checking for construction asset
management?”

RQ 2: “What are the relationships between key
knowledge-sharing concepts in digital permit
certification and compliance checking?”’

Here, “digital permit certification and compliance
checking” refers to digital workflows for sharing,
checking, and verifying permitting and compliance
evidence across stakeholders in construction asset
management. This paper makes two contributions. First,
it reports empirical findings on knowledge sharing and
enabling digital technologies in permitting and
compliance checking. Second, it synthesises these
findings into a refined hierarchical conceptual map for
digital permit certification and compliance checking,
linking DTs as as-designed information extensions of
BIM, BC-enabled certification, Al-enhanced knowledge
management, and organisational/regulatory enablers. The
remainder of the paper presents the survey-based
methodology, discusses the results, and concludes with
implications and directions for future research.

Research Methodology

The research design follows the Research Onion
framework (Saunders, 2019) and adopts a mixed-
methods, cross-sectional survey strategy. The quantitative
component provides the primary empirical evidence,
while the qualitative component adds contextual depth to
interpret patterns in the numerical results. Figure 2
summarises the overall research workflow, from survey
development and data collection to analysis and
hierarchical conceptual mapping.
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Figure 2: Research workflow summarising the mixed-methods
design and analysis




Figure 2 also reflects the paper structure, in which survey
design and data collection are described in this section;
the quantitative and qualitative findings are reported in the
“Discussion and Result Analysis” section; and the
concept mapping synthesis and refined hierarchical
conceptual map are presented in the final part of that
section (Figure 4 and Table 7).

Data were collected through an online questionnaire
administered via the Qualtrics XM platform, targeting
construction professionals involved in asset management,
permitting, and compliance. The instrument comprised 25
questions: multiple-choice items (e.g., "Which of the
following digital technologies do you use to support
knowledge sharing in compliance and permitting?"), 5-
point and 6-point Likert-scale evaluations (e.g., rating
knowledge-sharing effectiveness), and open-ended
prompts (e.g., exploring barriers to knowledge sharing).
A pilot study (n=10) improved clarity and reliability
before full distribution (Dudovskiy, 2024). The final
dataset comprises 110 valid responses for quantitative
items, with a subset of 30 respondents also completing
qualitative open-ended prompts. The sample includes
respondents with substantial domain experience, with
over 87% reporting more than three years in compliance
and permitting roles. Participants represent engineers
(62%), project managers (52%), compliance officers
(43%), and regulatory authority staff (40%).

While the quantitative component primarily captures
what practices are used and to what extent technologies
are adopted, the concept-mapping synthesis identifies and
represents the relationships between key knowledge-
sharing concepts in digital permit certification and
compliance checking in a structured conceptual form.

Quantitative analysis used descriptive statistics
(frequencies, percentages, and means) to summarise
knowledge-sharing tools and practices, perceived
effectiveness, adoption levels of digital technologies, and
perceived barriers/benefits. Chi-square tests were applied
to explore whether selected perceptions differed across
respondent groups (e.g., by experience) (Kremelberg,
2010). To compare internal and external knowledge-
sharing frequency, an ordinal logistic regression was
conducted in R using the polr function from the MASS
package for ordered response categories (Agresti, 2019;
Chihara, 2011).

Qualitative responses were analysed using reflexive
thematic analysis (Byrne, 2022), in which data were
manually coded in Excel across six stages: familiarisation,
generating initial codes, searching for themes, reviewing
themes, defining themes, and reporting. This approach
enriched contextual insight and strengthened the
quantitative results, thereby providing deeper analysis and
a clearer understanding of the use of digital technology in
construction compliance.

Finally, concept mapping was used to synthesise the
survey findings into a refined hierarchical conceptual
map. Following Cafias and Novak (2008), the process
involved defining the domain, listing key concepts
(“parking lot”), organising concepts hierarchically,

constructing a preliminary map, identifying cross-links,
iteratively refining the structure, and checking it against
the empirical evidence. The central domain is “Asset
Management in Permitting and Compliance.” Key
concepts include Digital Technologies (BIM, DTs, BC,
and Al), KM (Knowledge Management System (KMS),
knowledge sharing, and documentation consistency),
Compliance Processes and Assurance, and Strategic
Barriers  (communication gaps, training/technical
expertise gaps, cultural resistance, infrastructure
deficiencies, and regulatory barriers).

To ensure methodological rigour and trustworthy
findings, the study adhered to ethical practices, including
obtaining informed consent, maintaining anonymity and
confidentiality, and handling data securely (Saunders,
2019; Creswell, 2023).

Discussion and Result Analysis

This section presents and analyses the findings in two
parts. First, it examines current knowledge-sharing
practices and enabling digital technologies in permitting
and compliance checking. Second, it presents a refined
hierarchical conceptual map of the relationships between
key knowledge-sharing concepts.

To address RQ1, the current practices and gaps analysis
shows that the 110 valid respondents hold roles directly
relevant to permitting and compliance workflows,
including Engineers (62%), Project Managers (52%),
Compliance Officers (43%), Regulatory Authority staff
(40%), and IT/BIM specialists (29%). More than 87%
report at least 3 years of compliance/permitting
experience. This high level of domain-specific experience
and the balanced representation across key stakeholder
roles (design, management, compliance, and IT) indicate
that the sample comprises highly qualified professionals
actively engaged in construction asset management and
regulatory processes.

As shown in Table 1, compliance-related knowledge
sharing is dominated by email, repositories (e.g.,
SharePoint), and collaboration platforms (each at 70%).
KMS and Common Data Environments (CDEs) are used
by around half of respondents, while paper-based
exchange persists (31%), indicating continued reliance on
a mix of digital and traditional approaches.

Table 1: Knowledge-sharing methods in use

Knowledge-sharing method  Count (n=89) %

Email 62 70%
Docu(rgg:;erpegfrls:)torles 62 70%
Colbmiveriioms o
iSERme s
Envic‘ignmmme?llzs?éths) >2 9%

Paper-based 27 31%




However, perceived effectiveness is mixed, as shown in
Table 2, where 22% rated them extremely effective, 18%
rated them very effective, while 22% rate them ineffective
or very ineffective. The weighted average of 3.91/6
(=65.2%) indicates only moderate performance, while the
remaining 34.8% highlights unrealised potential due to
inconsistent knowledge-sharing practice.

Table 2: Effectiveness Ratings of Knowledge-Sharing Practices

Effectiveness Level Count (n=87) %

1 (Very Ineffective) 7 8%

2 (Ineffective) 12 14%

3 (Somewhat Effective) 17 20%
4 (Effective) 16 18%

5 (Very Effective) 16 18%

6 (Extremely Effective) 19 22%

Internal exchange is substantially more frequent than
external exchange, as shown in Figure 3. External sharing
is “rarely” or “never” for a large share of respondents,
indicating that compliance-related knowledge is more
effectively circulated within organisations than across
stakeholder boundaries. Ordinal logistic regression
indicates higher-frequency sharing in internal channels
than in external channels (log-odds = 1.12; odds ratio =
3.07), highlighting a persistent constraint in
cross-organisational knowledge flow, which is critical for
permitting and compliance where coordination with
external stakeholders is essential.
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Figure 3: Comparison of the Frequency of Internal vs.
External Compliance Knowledge Sharing

This disparity indicates strong but isolated internal
communication and reveals significant gaps in external
engagement, underscoring the need for better integration
and more structured communication with external
stakeholders.

The most frequently reported barriers, as shown in Table
3, were captured through a multiple-choice question in
which respondents could select all applicable options.

Table 3: Common Barriers to Effective Knowledge Sharing

Barrier Count (n=87) %
Lack of communication 79 91%
between departments
Lack of technology 76 87%
Lack of a formal 69 79%

knowledge-sharing process
Inconsistent documentation 57 66%

In addition, a chi-square test indicates no statistically
significant association between the experience group and
the main barrier category (x2(3) = 4.78, p = 0.189),
suggesting that these barriers are widely shared across
respondents.

Separately, when asked about challenges to implementing
digital knowledge-sharing tools specifically, respondents
identified a lack of technical expertise (87%), resistance
to change (76%), high cost (71%), inadequate
infrastructure (69%), limited management support (58%),
and regulatory restrictions (43%). These results help
explain why reliance on email exchange remains high
despite interest in more advanced workflows.

In the adoption of digital technologies, as shown in Table
4, the findings indicate a layered digital landscape in
which mature tools such as BIM coexist with emerging
solutions, while widespread AI/ML uptake underscores
an increasing reliance on data-driven systems.

Table 4: Digital Technology Adoption

Technology Count (n=75) %
BIM 70 93%
AI/ML 59 79%
Blockchain 38 51%
Digital Twins 33 44%
IoT 33 44%

Respondents also report positive operational impacts:
49% report significant improvements in permitting and
compliance  processes, and 43% report slight
improvements. However, gap ratios (considering/using)
indicate that DT (0.74) have the greatest near-term scaling
potential, whereas BIM appears comparatively mature,
with a gap ratio of 0.055.



As shown in Table 5, the most valued benefits centre on
transparency/traceability and cost reduction, with data
security and operational efficiency also ranking highly.

Table 5: Perceived Benefits of Digital Technologies

Benefit Count %
(n=86)
Enhanced transparency & 63 73%
traceability
Cost reduction 62 72%
Increased data security 58 67%
Improved operational efficiency 54 63%
Real-time monitoring/decision 50 58%
making
Better collaboration & 45 52%
communication

These findings confirm that the industry recognises cost,
speed, and security as top priorities, reinforcing the
strategic value of digital adoption. Nevertheless, to
successfully implement these technologies, respondents
highlighted several key requirements. As shown in Table
6, the most critical needs are greater cross-departmental
integration and better staff training.

Table 6: Key Requirements for Digital Adoption

Requirement Count (n=82) %
Greater integration across 61 73%
departments
Better staff training on 59 71%
digital tools
Clearer regulatory 60 71%
guidelines/acceptance
Stronger leadership & 57 68%
stakeholder support
Increased investment in 56 67%

digital infrastructure

This data confirms that success requires not just the right
software but also supportive leadership, cohesive
organisational processes, and a friendly policy
environment. In addition, willingness to adopt is generally
positive, with responses indicating somewhat/very
willing (60%), neutral (29%), and unwilling (10%),
suggesting readiness if capability and governance
constraints are addressed.

In the qualitative analysis, open-ended responses from a
subset of the same survey sample (n=30) were synthesised
into four themes:

e Staff Training and Knowledge-Building:
emphasising skill gaps, need for training courses,
and even calls for dedicated KM departments.

e Centralised Systems: advocating for centralised
platforms and integrated systems to reduce
fragmentation.

e Leveraging New Technologies: highlighting Al-
driven systems, advanced KMS, blockchain-
based solutions, and the wuse of modemn
communication tools.

o Leadership Support and Cultural Adoption:
stressing that top management support and
cultural buy-in are essential for sustainable
change.

These themes indicate that technology adoption must be
matched with skills development, process formalisation,
and organisational support. Overall, these findings answer
RQ1 by characterising current knowledge-sharing
practices and the use of enabling digital technologies in
permitting and compliance checking, and by quantifying
key gaps (e.g., moderate effectiveness and lower external
knowledge sharing).

To address RQ2, concept mapping was used to identify
and represent the relationships between key knowledge-
sharing concepts in digital permit certification and
compliance checking within a refined hierarchical
conceptual map. The synthesis integrates four connected
areas: (i) Digital Technologies (BIM, DT, BC, and
AI/ML), (ii) KM (KMS, documentation consistency, and
knowledge-sharing practices), (iii) Compliance and
Assurance Processes (permit certification, automated
compliance checking, continuous compliance/operational
feedback, and data security), and (iv) Strategic Barriers
(communication gaps, cultural resistance, regulatory
barriers, infrastructure deficiencies, and training and
technical expertise gaps). The resulting conceptual
components, grounded in the survey evidence, are
summarised in Table 7, providing traceability from the
empirical findings to the structure shown in Figure 4.

Table 7: Concept-mapping components and survey evidence

Empirical justification

tual t .
Conceptual componen (survey evidence)

BIM for design-stage
compliance checking; DTs
for lifecycle monitoring

BIM 93%; DTs 44%
(gap ratio 0.74)

51% adoption; data
security 67%;
transparency/traceabilit
y 73%

79% adoption;
qualitative theme on

Al-driven systems and
advanced KMS

KMS 57%; CDE 59%;
inconsistency 66%;
effectiveness gap
34.8%; paper-based
31%

Communication gaps
91%; expertise deficits
87%; resistance 76%;
infrastructure 69%;
regulation 43%

BC for data security,
traceability, and auditable
permit certification

Al-driven knowledge
extraction and KMS
enhancement

KMS, documentation
consistency, and integrated
cross-department
knowledge sharing

Organisational and
regulatory enablement
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Figure 4: Refined hierarchical concept map for compliance-oriented asset management

Together, these components form an empirically
grounded conceptual mapping linking technologies,
knowledge processes, and implementation conditions.
BIM’s design-stage role is distinguished from DT’s
lifecycle-oriented monitoring role, with knowledge
sharing being re-established as a cross-cutting theme. A
lifecycle cross-link connects BIM-based design
information to an emerging operational DT beyond the
permit stage, and in this context, BC supports immutable
audit trails and auditable permit certification, while Al
contributes to knowledge extraction and KMS
enhancement.

Within permitting, DTs are treated as as-designed
information structures derived from BIM and
documentation, aligned with ISO 19650’s information-
management principles (BS ISO 19650-1, 2018), rather
than as mature permit-stage substitutes. They provide a
practical foundation for later operational DT development
and continuity from design information to inspection and
monitoring. Although not yet widespread, survey results
indicate emerging interest, with DT adoption at 44%.
Figure 4 integrates these relationships.

Overall, this synthesis answers RQ2 by representing the
relationships between key knowledge-sharing concepts in
digital permit certification and compliance checking
through the refined hierarchical conceptual map (Figure
4), supported by the survey evidence in Table 7.

Conclusions

This study examined how knowledge sharing and digital
technologies are currently used for permitting and
compliance, and how these findings inform a hierarchical
conceptual map of knowledge-sharing practices for

permitting and compliance checking in construction asset
management. The analysis draws on a survey of 110
professionals, with 30 respondents from the same sample
providing open-ended responses for reflexive thematic
analysis. In answer to RQI1, knowledge sharing on
permitting and compliance remains reliant on
conventional tools such as email and document
repositories, with external sharing notably limited. Digital
technology adoption is uneven: BIM and AI/ML are well-
established, while BC and DTs remain emerging, despite
recognised benefits in transparency, cost reduction, and
data security. These patterns are constrained by
interdepartmental communication gaps, limited technical
expertise, and cultural resistance.

To address RQ2, the empirical findings were synthesised
through concept mapping to represent the relationships
among key knowledge-sharing concepts in digital permit
certification and compliance checking within a refined
hierarchical conceptual map.

The study has limitations, as the sample may not reflect
global construction practice, self-reported data may
introduce subjectivity, and the cross-sectional design
cannot capture temporal changes in adoption.
Correlations between knowledge-sharing effectiveness
and mechanism type, or between sharing frequency and
organisational size, were not examined. As DT use in
permitting is still emerging, its internalisation benefits
remain prospective. Future work should operationalise the
conceptual components in prototype solutions, validate
them through case-based and longitudinal studies, and
explore such correlations to provide more granular
insights into optimal knowledge-sharing configurations.
Overall, the study clarifies current practice and provides a



structured conceptual map to guide digital permit
certification and compliance checking.
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