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Abstract: Artificial intelligence (AI), including machine learning and decision support systems,
can deploy complex algorithms to learn sufficiently from the large corpus of building information
modelling (BIM) data. An integrated BIM-AI system can leverage the insights to make smart
and informed decisions. Hence, the integration of BIM-AI offers vast opportunities to extend the
possibilities of innovations in the design and construction of projects. However, this synergy suffers
unprecedented challenges. This study conducted a systematic literature review of the challenges
and constraints to BIM-AI integration in the construction industry and categorise them into different
taxonomies. It used 64 articles, retrieved from the Scopus database using the PRISMA protocol,
that were published between 2015 and July 2024. The findings revealed thirty-nine (39) challenges
clustered into six taxonomies: technical, knowledge, data, organisational, managerial, and financial.
The mean index score analysis revealed financial (µ = 30.50) challenges are the most significant,
followed by organisational (µ = 23.86), and technical (µ = 22.29) challenges. Using Pareto analysis,
the study highlighted the twenty (20) most important BIM-AI integration challenges. The study
further developed strategic mitigation maps containing strategies and targeted interventions to
address the identified challenges to the BIM-AI integration. The findings provide insights into the
competing issues stifling BIM-AI integration in construction and provide targeted interventions to
improve synergy.

Keywords: artificial intelligence; building information modelling; challenges; construction industry;
systematic literature review

1. Introduction

The tidal waves of digital transformation in the construction industry gained mo-
mentum with traction in building information modelling (BIM) [1,2]. BIM is touted as a
digital solution to the persistent problems of fragmentation, stakeholder disintegration,
collaboration deficit, information islands, frequent change orders, requests for information,
and inconsistencies in construction project delivery [3,4]. It encompasses a set of interacting
policies, processes, and technologies, translating into a methodology for generating and
managing relevant building design and project data in a digital format throughout the
lifecycle of an asset [3,5].
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BIM simulates the construction project in a virtual environment. It digitally constructs
an accurate virtual model of the building, enabling the project team to visualise the pro-
posed asset in a simulated environment [6]. The completed BIM model usually contains
precise geometry and relevant non-geometry data required to support the design, procure-
ment, fabrication, construction, operation, maintenance, and end-of-life management of the
built asset [3,5]. Thus, BIM supports visualisation, fabrication/shop drawing, code reviews,
cost estimation, construction sequencing, clash detection, forensic analysis, and facilities
management [6,7].

While BIM may appear as an all-in-one solution to construction problems, it presents
novel challenges such as data processing and management. Large volumes of data (big
data) are produced and managed in the BIM workflows throughout the asset lifecycle [8].
While the large corpus of data from BIM models conforms to a structured schema and
constitutes a centralised machine-interpretable mine [9], prevailing decision support from
BIM models draws mainly on the metadata of objects. These metadata are augmented
with aggregate functions for the extraction of quantitative information, code reviews, and
clash detection based on geometrical inference, parametric design, and documentation [3].
Additionally, BIM models capture data that are not overtly specified but embodied in the
interrelation between the entities of a single model or in the interrelation of a large variety
of models [9]. Consequently, construction project teams have struggled to mine, process,
analyse, and transform the large corpus of implicit and explicit big data from the BIM mod-
els into valuable information and insights to inform decision-making throughout the project
lifecycle. This is due to the prevailing information and data processing limitations [7].

In contrast, artificial intelligence (AI) provides complementary opportunities, includ-
ing the computational power to analyse datasets, automate processes, and extract valuable
insights from different types and sources of data, including the BIM models [10]. AI refers
to algorithms, software, hardware, and systems having the capability to correctly interpret
external data, learn from such data, and use those learnings to achieve specific goals and
tasks through flexible adaptation [11]. AI leverages machine learning (ML), data analytics,
natural language processing, knowledge-based systems, computer vision, robotics, and
metaheuristics [12,13]. ML and decision support systems can deploy complex algorithms
to learn sufficiently robust data from multiple sources. Such learning and data insights are
used to adaptively inform smart decisions [13]. AI techniques offer vast opportunities to
transform massive big data into useful knowledge [14].

The integration of BIM-AI enables many possibilities for data handling in construc-
tion projects. These include autonomous design modelling, automated code compliance
checking, automated progress monitoring, and project performance control [7,13]. BIM-AI
integration presents endless opportunities and extends the possibilities of innovations in
the design and construction of projects [15,16]. Figure 1 shows the benefits of BIM-AI
integration throughout the construction project lifecycle.

However, BIM-AI faces practical, technical, commercial, cultural, and organisational
challenges in the construction industry [13]. For an industry among the least digitised in
the world, with a long-standing culture of resistance to change, limited automation, and
complex structure, BIM-AI integration faces more profound challenges than other industrial
counterparts [7]. Therefore, it is increasingly important to explore, identify, and address
these challenges if the construction industry aims to reap the benefits of holistic BIM-AI
integration. Although there is a growing body of literature focused on understanding and
addressing the challenges of BIM-AI integration [14], these challenges are often fragmented,
dispersed across various studies, and not thoroughly synthesised for practical application
in the construction industry [13]. As a result, these challenges remain poorly understood
and difficult to address within industry practice. This presents a gap that is targeted in the
current study.
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Figure 1. BIM-AI utilisation throughout the construction project lifecycle. VR = Virtual Reality,
AM = Additive Manufacturing, 3DP = 3D Printing, BCT = Blockchain Technology, JIT = Just in Time,
CV = Computer Vision, UAV = Unmanned Aerial Vehicle, IoT = Internet of Things, RFID = Radio
Frequency Identification, BDA = Big Data Analytics, AR = Augmented Reality, DMP = Digital
Material Passport, DP&B = Data Platforms and Banks. Note: All icons are from www.freepik.com
under free creative common license.

Accordingly, this study aims to investigate the challenges of BIM-AI integration in the
construction industry. There are three concomitant objectives:

1. To identify and extract the challenges of the BIM-AI integration;
2. To categorise the challenges of the BIM-AI integration into taxonomies;
3. To prioritise and propose a mitigation strategy map for the vital challenges of BIM-AI

integration in the construction industry.

This study uniquely addresses the underexplored challenges of BIM-AI integration
by not only categorising and prioritising these challenges, but also proposing practical
solutions to mitigate them. The lack of a clear framework for BIM-AI integration has
impeded the construction industry from realising its full advantages, such as improved
productivity, reduced mistakes, and enhanced decision-making. Through a comprehensive
review of the literature, this study brings together current knowledge, recognises gaps, and
presents actionable recommendations, enabling the industry to surmount these challenges
and seize the opportunities offered by integrated BIM-AI systems.

The following sections of this research are structured in the following manner: Section 2 pro-
vides an overview of the methodology employed for the systematic literature review. Section 3
presents the findings, which comprise a Pareto analysis and a mitigation strategy map. Section 4
delves into a discussion of the results, while Section 5 concludes the study with a summary of
the most important insights and conclusions.

www.freepik.com
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2. Materials and Methods
2.1. Research Strategy

This study used a systematic literature review (SLR) to identify, prioritise, categorise,
and develop mitigation strategies for the challenges of BIM-AI integration in the construc-
tion industry. SLR is a transparent, accurate, and robust scientific method for obtaining,
analysing, and interpreting the findings of comparable studies to develop new evidence,
knowledge, and theory [17,18]. It provides a rigorous methodology for the synthesis of the
available evidence [19]. The SLR process involves several stages, including formulating a
research question, developing a review protocol, literature sampling, selection of studies,
quality assessment, data extraction, data synthesis, and interpreting results [20,21]. Figure 2
shows a flow chart of the research process adopted in the current study.
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2.2. Review Protocol

This study developed a written protocol for the review, including a review question, a
search strategy, inclusion and exclusion criteria, and a risk of bias assessment following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement
protocol. By systematically identifying, screening, and including relevant studies, PRISMA
ensures a transparent and comprehensive review process. This methodology enables to
extract and synthesise challenges from the literature in a more organised and rigorous man-
ner, reducing ambiguity and providing a clearer understanding of the BIM-AI integration
challenges. The primary research questions (RQs) were as follows:

RQ1: What are the challenges of the integration of BIM-AI in the construction industry
from existing studies?

RQ2: How can the challenges of BIM-AI integration be categorised into meaning-
ful taxonomies?

RQ3: What strategies can be proposed to mitigate the vital challenges of BIM-AI
integration in the construction industry?

The search strategy comprised a selection of literature sources and keywords. The
literature sources included the Scopus database complemented with a snowball search
(forward and backward snowballing) [22]. Two sets of keywords were used in the literature
search to retrieve studies that address the challenges of BIM-AI integration. The eligibility
studies (i.e., inclusion and exclusion criteria) included journal articles published in the
English language, with full-text access, that addressed the challenges of BIM-AI integration
in the construction industry. Articles written in other languages and those without full text
were excluded. The study also excluded conference papers and grey literature, including
industry and government reports, due to the limited peer review process associated with
these sources [23]. The SLR process strictly adhered to PRISMA protocols to minimise the
risk of bias and increase scientific validity [18].

2.3. Literature Sampling

The search was conducted on Elsevier’s Scopus repository (8 July 2024). Several filters
were applied based on the review protocol. The document types were limited to article (ar)
and review (re). The language was limited to English, and the source type was limited to
journals only. The full search string is given below.

(TITLE (BIM OR “building information model” OR “building information modelling”)
AND TITLE (ai OR “artificial intelligence” OR “computational intelligence” OR “machine
intelligence” OR “machine learning” OR “knowledge-based system” OR “expert system”
OR “business intelligence” OR “decision support system” OR “computer vision” OR
“digital twin” OR “case-based reasoning” OR “robotics” OR “support vector machine”
OR learning OR regression OR “neural network” OR “fuzzy set theory” OR “fuzzy logic”
OR algorithm OR “natural language processing”)) AND (LIMIT-TO (DOCTYPE, “ar”) OR
LIMIT-TO (DOCTYPE, “re”)) AND (LIMIT-TO (LANGUAGE, “English”)) AND (LIMIT-TO
(SRCTYPE, “j”)).

The filtered search retrieved 211 articles. After an initial screening of the Titles, Ab-
stracts, and Keywords, 107 potentially relevant articles were identified. These articles
were downloaded for full-text evaluation against the inclusion and exclusion criteria. The
rigorous full-text evaluation highlighted 37 articles that addressed the challenges of BIM-AI
integration. To increase the sample size and achieve a comprehensive coverage of the
relevant studies, the 37 relevant articles formed the basis for forward and backward snow-
ball searches [22]. The backward snowballing involved searching the reference lists of the
included studies to identify additional relevant articles. The forward snowballing involved
using Scopus to track the articles that cited the eligible articles. The new studies identified
from the snowballing search became subjects of further forward and backward snowballing
until no new studies were found. The snowballing strategy helped gather 27 additional
relevant articles, increasing the valid sample size to 64 articles. Figure 3 shows the literature
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search and selection procedures. Appendix A (Table A1) summarises the references to the
reviewed articles.
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2.4. Metadata Extraction and Analysis

The study critically reviewed the eligible articles and extracted relevant metadata,
including publication year, research outlet, and the stated challenges of BIM-AI integration.
The metadata were recorded in a data summary sheet prepared in Microsoft Excel. The sheet
recorded the number of articles that cited each challenge to BIM-AI integration, forming
the basis for three levels of analysis: citation frequencies, taxonomies, and prioritisation of
challenges. First, the citation frequencies of the challenges were computed from the set of
citing articles. The citation frequencies for various challenges were recorded and used as a
surrogate indicator to rank the challenges of the BIM-AI integration. Second, the relevant
challenges were classified intuitively into taxonomies to generate a structured framework.
The mean citation frequencies of the taxonomies of the challenges of the BIM-AI integration
were computed using Equation (1).

Mean Citation Frequency
(
µj

)
=

∑n
j=1

(
Cj
)

n
(1)

where µj denotes the mean citation frequency of a taxonomy of the challenges, Cj represents
the citation frequency of a challenge in each taxonomy, and n denotes the number of
challenges in a taxonomy. The mean citation frequencies were used to rank the taxonomies
of the challenges of BIM-AI integration in the construction industry. Lastly, Pareto analysis
was conducted to prioritise the vital few challenges in each taxonomy. Pareto analysis
ranks data classifications in descending order, from the highest to the lowest citation
frequencies [24]. It is based on the heuristic of the “80/20” rule. In a Pareto chart, the total
(cumulative) frequency is equated to 100%, such that the “vital few” challenges occupy
a substantial amount (80%) and the “trivial many” occupy only the remaining 20% of
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the cumulative citation frequencies [25]. This study used Pareto charts to identify and
develop a conceptual map of the most important challenges of BIM-AI integration in the
construction industry. Subsequently, the study developed a mitigation strategy comprising
targeted interventions to address the challenges reported in each taxonomy.

3. Results
3.1. Ranking of the Challenges of BIM-AI Integration in the Construction Industry

This study identified thirty-nine (39) challenges to the integration of BIM-AI in the
construction industry. Table 1 summarises the frequency of occurrences and ranking of the
identified challenges. The top ten most documented challenges are:

1. High cost of software and hardware for integrated BIM-AI solutions;
2. High cost of training and re-engineering for the use of BIM-AI in construction;
3. Resistance to BIM-AI integration in strategic objectives;
4. Shortage of integrated BIM-AI specialists;
5. Inadequate experience in integrating BIM-AI;
6. Limited industry best practice guidelines and standards for BIM-AI integration;
7. Low interest of clients in integrated BIM-AI solutions in construction projects;
8. Interoperability and industry foundation classes issues with integrated BIM-AI solutions;
9. Data quality problems;
10. Unknown return on investment of integrated BIM-AI solutions.

Table 1. Frequency ranking of the challenges of BIM-AI integration.

ID Challenges F Rank

TC Technical challenges
TC1 Shortage of integrated BIM-AI specialists 40 4
TC2 Interoperability and industry foundation class issues with integrated BIM-AI solutions 36 8
TC3 Limited compatibility of BIM-AI during the early stages of projects 33 11
TC4 The complexity of the integrated BIM-AI requirements in the project lifecycle 15 28
TC5 Inadequate capabilities to use integrated BIM-AI solutions during design and construction 13 30
TC6 The increased workload required to adopt integrated BIM-AI solutions 13 30
TC7 Difficulties integrating AI with different LODs and dimensions of BIM 6 36
KC Knowledge-related challenges
KC1 Inadequate experience in integrating BIM-AI 39 5
KC2 Inadequate training and knowledge of BIM-AI integrated applications in construction projects 31 12
KC3 The unfamiliarity of the project teams and practitioners with BIM-AI integration 19 21
KC4 Poor understanding of BIM-AI requirements in construction projects 17 25
KC5 Insufficient BIM-AI technical knowledge among practitioners 16 26
KC6 Limited understanding of AI models and outcomes among construction professionals 5 38
DC Data-related challenges
DC1 Data quality problems 35 9
DC2 Data fragmentation, storage, licensing, and ownership issues 27 14
DC3 Poor BIM-AI data sharing and accessibility in the construction industry 19 21
DC4 Intellectual property rights and data ownership issues 14 29
DC5 Data loss, theft, virus attacks, and cyberattacks 6 36
OC Organisational challenges
OC1 Resistance to BIM-AI integration in strategic objectives 43 3
OC2 Lack of support from the top management of the construction organisation 30 13
OC3 Lack of integrated software providers and technological availabilities 26 15
OC4 Incompatibility of industry legacy systems with integrated BIM-AI solutions 20 20
OC5 Inadequate pilot projects and successful business models for integrated BIM-AI solutions 19 21
OC6 Unavailability of BIM-AI integrated software solutions 16 26
OC7 Inadequate network connectivity and power required to handle large data 13 30
MC Managerial challenges
MC1 Limited industry best practice guidelines and standards for BIM-AI integration 39 5
MC2 Low interest of clients in integrated BIM-AI solutions in construction projects 38 7
MC3 Lack of legal framework and contractual documents for integrated BIM-AI solutions 26 15
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Table 1. Cont.

ID Challenges F Rank

MC4 Lack of collaboration among project parties and other stakeholders 25 17
MC5 Extensive managerial changes required to support BIM-AI applications 22 19
MC6 Lack of dispute resolution and litigation protocols for integrated BIM-AI solutions 12 33
MC7 Poor industry risk allocation schemes for integrated BIM-AI solutions 9 35
MC8 Unsupportive project delivery and procurement systems 5 38
FC Financial challenges

FC1 High cost of software and hardware for integrated BIM-AI solutions 49 1
FC2 High cost for training and re-engineering for the use of BIM-AI in construction 46 2
FC3 Unknown return on investment of integrated BIM-AI solutions 34 10
FC4 Huge upfront investment costs to adopt integrated BIM-AI solutions 25 17
FC5 Lack of government promotions and financial incentives for integrated BIM-AI applications 18 24
FC6 Unproven project and business benefits of integrated BIM-AI solutions 11 34

3.2. Taxonomies of the Challenges of BIM-AI Integration in Construction

Cluster analysis indicated six taxonomies of the challenges to integrating BIM-AI in
the construction industry. These taxonomies are technical, knowledge, data, organisational,
managerial, and financial challenges. The labels and clusters assigned to the taxonomies
are ultimately subjective and should be treated as conceptual guides rather than discrete
categories. These taxonomies form the basis for mean citation and Pareto analyses.

3.2.1. Mean Citation Indices of the Taxonomies of Challenges of BIM-AI Integration

The number and total citation frequencies of the identified challenges facilitate the
computation of the mean citation indices of the taxonomies. Figure 4 shows the number
(n) of challenges, total citation frequencies (∑), and mean citation frequencies (µ) of the
taxonomies, including technical (n = 7, ∑ = 156, µ = 22.29), knowledge (n = 6, ∑ = 127,
µ = 21.17), data (n = 5, ∑ = 101, µ = 20.20), organisational (n = 7, ∑ = 167, µ = 23.86),
managerial (n = 8, ∑ = 176, µ = 22.00), and financial (n = 6, ∑ = 183, µ = 30.50) challenges.
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Figure 4. Mean citation ranking of the taxonomies of challenges of BIM-AI integration.

The top three taxonomies with the highest number of challenges are managerial,
organisational, and technical challenges. Collectively, the top three most cited taxonomies
of the challenges are financial, managerial, and organisational scores. Individually and
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on average, the mean scores indicate that the top three most profound taxonomies are the
financial, organisational, and technical challenges.

3.2.2. Pareto Analysis of the Taxonomies of Challenges of BIM-AI Integration

The following section provides a detailed description of the key challenges identified
in each taxonomy through the application of Pareto analysis. The analysis prioritises the
most significant challenges by highlighting the “vital few” that have the greatest impact.
These vital few challenges are targeted for mitigation strategies, serving as a foundation for
focused efforts to address the most pressing issues within each taxonomy.

Technical Challenges

Figure 5a shows the technical challenges to BIM-AI integration in the construction
industry. The most important challenges are listed as TC1 to TC3. The technical challenges
are associated with the level of understanding, knowledge, and expertise required for suc-
cessful BIM-AI-integrated applications in construction projects. The successful integration
of AI with BIM requires tailored deployment of hardware and software resources [13,14].
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The integration of BIM-AI needs requisite skills and experience. Currently, there is a
vast shortage of AI engineers and specialists with design and construction experience in the
industry (TC1) [26]. Although there are a few software solutions that provide bespoke AI
applications coupled with BIM, organisations resist utilising them due to interoperability
and IFC issues with the current BIM software solutions (TC2) [27]. The compatibility issues
caused by the interoperability attributes disturb the early-stage integration of BIM-AI in
construction projects (TC3) [28]. Not only do compatibility issues hamper the early stages
of the project, but additional costs are also incurred when implementing other technologies
in the design and construction stage. The additional workforce needed also reduce the
utilisation and integration of BIM-AI within construction organisations (TC5) [28].

Additionally, due to the tight schedule of the project, the restrictions in terms of
the capability of construction companies, and the complexities involved with BIM-AI
integration, the overall adoption level is low. This reduces the technological acumen of
the organisation (TC4) [7,29]. The cultural, managerial, knowledge, and organisational
challenges within the companies further add fuel to the low-burning desire for learning
and training with innovative BIM-AI prospects within construction companies [27]. The
highlighted technical challenges, along with a traditional mindset, stifle the adoption of the
BIM-AI processes in construction projects.

Knowledge-Related Challenges

Figure 5b shows the knowledge-related challenges of BIM-AI integration in the con-
struction industry. The most important challenges are listed from KC1 to KC3. The
knowledge-related challenges are linked to gaps and deficits in skills, awareness, and un-
derstanding of how to enable BIM-AI integration in the construction industry. The effective
application and utilisation of BIM-AI-integrated attributes in a project require bespoke
knowledge within the organisation. However, the knowledge distribution becomes difficult
to implement on a wide scale [30]. Organisations and relevant stakeholders do not have
the appropriate knowledge, experience, and capabilities to tailor tasks related to BIM-AI
synergy (KC1) [26]. For instance, there is ill-informed and tenuous knowledge as to how to
leverage BIM-AI to generate innovative, feasible, and best-working architecture and struc-
tural designs [31]. There is a severe challenge of finding AI experts with high knowledge
and understanding in the construction industry. Thus, companies cannot provide related
knowledge, training, and technical know-how of BIM-AI integration skills (KC2) [13].

The possibilities of BIM-AI integration are at a rudimentary scale. Construction organ-
isations find such integration difficult and unfamiliar due to a lack of information, drivers,
enablers, best practice guidelines, and proven studies (KC3) [26,27]. These challenges
around knowledge call for open sharing platforms and providers that respective govern-
ment or industry powerhouses may facilitate. Nevertheless, there is a huge shortage of such
platforms and mitigations to deliver custom-based BIM-AI solutions in the construction
industry [28]. These knowledge gaps and limitations in understanding the full potential of
BIM-AI capabilities hinder the wide acceptance and adoption in the construction industry.

Data-Related Challenges

Figure 5c shows the data-related challenges of BIM-AI integration in the construction
industry. The most important challenges are listed as DC1 to DC3. Due to the absence of
concrete rules and regulations based on ethics and governance of AI usage by government
and regulatory bodies, construction companies resist implementing BIM-AI integrated
solutions and face data quality problems (DC1) [13]. The unfettered AI implementation
could lead to issues with data and information security in the BIM model. This can com-
promise data security and lead to data theft and data loss concerns (DC5) [32]. Moreover,
IP issues, cyber-crimes, data and information phishing, intrusion by hackers, and security
become critical when dealing with sensitive projects, thus intensifying the requirements for
proper legal regulations (DC2) [26]. Additionally, the software providers need to assure the
construction companies of the licensing issues in the case of security attacks [1].
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Due to the lack of AI-related regulatory standards for utilisation with BIM, different
stakeholders are reluctant to hone AI capabilities within the project as the norms for
data and information sharing are unidentified (DC3) [10]. Further, client ignorance due
to perceived challenges in terms of extra time and cost for the project is overshadowed
by stakeholders’ opinions, resulting in a business-as-usual theory for most construction
projects [28]. This conforms with the famous “If it is not broken, don’t fix it” mindset of
traditional construction organisations. These significant data-related challenges pose a
threat to organisations that rely on BIM-AI synergy solutions and thus limit the adoption
on a wide scale.

Organisational Challenges

Figure 5d shows the organisational challenges to BIM-AI integration in the construc-
tion industry. The most important challenges are listed as OC1 to OC4. Organisational
challenges relate to structure, infrastructure, policy, management, governance, culture, and
facilities provided by construction organisations. The lack of management awareness and
traditional approaches to planning and administration relegates BIM-AI integration in most
construction companies’ strategic objectives (OC1) [33]. The lack of support from the top
management to develop effective, conducive business models restricts the decision-making
for BIM-AI implementation within the company (OC2) [26]. Further, the change manage-
ment that requires the shift from business-as-usual to a more disruptive ideology of BIM-AI
utilisation is hampered by a traditional mindset and culture within the organisation [15,16].

Moreover, there is a stark shortage of software providers specialised in delivering AI
solutions within the BIM environment (tools and applications) (OC3) [7]. Additionally,
using external software solutions brings in data fragmentation issues as the ethics, gover-
nance, and regulations are unknown while integrating different AI solutions within the BIM
paradigms [34]. Further, the web of various stakeholders in a construction project makes
it difficult to find parties utilising BIM-integrated AI in their respective tasks; thus, com-
patibility issues arise (OC4). These reported and cited organisational challenges limit the
readiness and capabilities for smooth operation and allocation of resources in developing
and adopting BIM-AI solutions.

Managerial Challenges

Figure 5e shows the managerial challenges related to BIM-AI integration in the con-
struction industry. The most important challenges are listed as MC1 to MC4. Managerial
challenges are ill-informed decisions, lack of business strategies, and weak coordination
and communication within organisations that effectively slackens BIM-AI integration. A
managerial barrier exists where limited practice guidelines for AI implementation in the
different stages of a construction project are available (MC1) [16]. Due to the absence of
clear rules and regulations based on ethics and governance of AI usage by government
bodies, construction companies resist implementing integrated BIM-AI solutions [13].

Further, client ignorance due to perceived challenges in terms of extra time and cost
for the project is overshadowed due to differing stakeholders’ opinions, resulting in the
business-as-usual theory for most of the construction projects (MC2) [28]. The availability
or absence of bespoke legal systems, frameworks, and suitable environments affects the
acceptance of BIM-AI solutions within the organisations. This further inhibits the rational
and measurable outcomes (MC3) [12,28]. Finally, stakeholder management is another
significant challenge that impedes the success of a construction project. This is because the
issue of communication and collaboration between different stakeholders is inherited in
the construction industry (MC4) [35,36]. These immature business models and processes
present unprecedented challenges, and stifle the transition to BIM-AI and make it difficult.

Financial Challenges

Figure 5f shows the financial challenges related to BIM-AI integration in the construc-
tion industry. The most important challenges are listed as FC1 to FC3. The monetary
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disincentives in terms of funding constraints, investment challenges, and capital allocation
impedes the successful deployment of BIM-AI integration within construction projects and
organisations [2,14]. The high upfront cost of software installation is a significant inhibitor
for many construction companies (FC1) [27]. The integration of AI attributes requires
bespoke coding and computational skills, which need a significant amount of finance for
training the workforce within the design and construction companies (FC2) [7,13].

The return on investment in BIM-AI solutions is unknown, and organisations fear it
will disturb their business values. With minimal use cases, success stories, and disruptive
companies in the construction domain, the business market is unpredictable, and value
is difficult to measure (FC3) [27]. Additionally, the high cost of owning and utilising
BIM-AI integrated solutions is challenging for construction companies. This is because the
integrative capabilities are not mature enough and need constant investment to be up to date
with the rising advancement of the trends (FC4) [33]. These financial challenges render BIM-
AI integration complex and unattractive to the key stakeholders of the construction industry.

3.3. Mitigation Strategy Map for BIM-AI Challenges in the Construction Industry

The Pareto analysis demarcated the top challenges in the various taxonomies which
hinder the integration of BIM-AI in the construction industry. The reviewed studies im-
plicitly and explicitly discussed strategies to address the various presented challenges.
However, the documented strategies are scattered in the corpus of the literature, incubating
a challenge for policymakers and industry practitioners to implement targeted interven-
tions. The critical evaluation of the literature formed the basis to identify, compile, and
allocate the strategies to the various challenges, resulting in more targeted intervention
mechanisms presented in this study.

Figure 6 presents the mitigation strategy map, matching targeted interventions and
strategies to the vital challenges in the various taxonomies identified in this study. The
literature analysis revealed that most of the interventions are already implemented in
practice, lending further credence to the feasibility and relevance of the strategy maps.
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For instance, the challenge of integrating BIM and AI during early project stages (TC3)
is largely due to differences in platforms and data formats between the two systems [14]. To
overcome this, the implementation of generative design enables a range of design scenarios
to be examined from the outset, thereby promoting greater alignment and compatibility as
the project advances [37]. This approach not only enhances collaboration but also minimises
the potential for integration problems emerging later in the project lifecycle.
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Additionally, inadequate training and knowledge regarding BIM-AI integrated appli-
cations in the construction industry (KC2) represents a significant challenge to effective
implementation [1]. A significant number of practitioners are presently lacking the neces-
sary expertise to utilise these advanced technologies to their full potential. To address this
issue, it is essential to establish specialised BIM-AI integrated courses that are specifically
designed to equip practitioners with the requisite foundational knowledge and practi-
cal skills [14]. Such courses will enable construction teams to effectively apply BIM-AI
solutions in their projects, thereby enhancing overall project performance and outcomes.

Further, data quality issues (DC1) pose a significant challenge to the dependability
of BIM-AI systems. Inadequate data quality can result in incorrect outputs and reduced
confidence in the integrated solutions [16]. The suggested solution includes the display
and benchmarking of data and projects at a minimal cost for academic institutions and
organisations. By promoting transparency and benchmarking, this strategy helps identify
areas in need of improvement for data quality [1].

Similarly, resistance to incorporating BIM-AI into strategic objectives (OC1) often
originates from a lack of comprehension or apprehension toward change among vital
stakeholders [7]. This resistance can impede the implementation of BIM-AI solutions
within an organisation. To mitigate this, educational programs, seminars, and tailored
presentations delivered by industry experts can be implemented to educate and inform
management and staff about the advantages and practical applications of BIM-AI [13]. By
showcasing successful case studies and demonstrating concrete benefits, these initiatives
can help align strategic objectives with technological advancements.

Moreover, the lack of comprehensive industry best practice guidelines and standards
for the integration of BIM-AI (MC1) hampers the adoption of these technologies [12].
In the absence of clear standards, project teams may find it challenging to implement
BIM-AI solutions efficiently. To address this issue, a mitigation strategy is proposed that
involves benchmarking existing best practices and enhancing theoretical foundations,
which can serve as a guide for organisations in the development and application of BIM-AI
standards [7]. This approach advocates for the establishment of standardised frameworks
that facilitate better collaboration and integration across projects.

Lastly, the significant challenge presented by the high cost of software and hardware
for integrated BIM-AI solutions (FC1) is particularly problematic for small and medium-
sized enterprises (SMEs) [12]. These expenses can be prohibitively limiting, hindering the
ability of smaller organisations to embrace BIM-AI technologies. To overcome this challenge,
a recommended strategy involves government backing and incentives, especially for SMEs
in the industry. By providing financial assistance, such as subsidies or tax incentives,
governments can alleviate the financial strain on these companies, enabling them to invest
in the necessary software and hardware [38].

Addressing the various challenges in BIM-AI integration through targeted mitiga-
tion strategies not only enhances technical compatibility, knowledge, and organisational
readiness, but also improves data quality and ensures financial feasibility, ultimately driv-
ing successful implementation across the construction industry through addressing these
issues [39,40].

4. Discussion

The integration of BIM-AI in the construction industry presents a variety of unprece-
dented challenges, significantly impeding its widespread adoption. Analysis reveals that
these challenges are deeply embedded in the industry’s existing technical limitations, or-
ganisational structures, and financial constraints. Specifically, the findings highlight a
fundamental deficit in comprehension regarding the potential benefits of BIM-AI synergy,
which is exacerbated by a lack of practical, evidence-based studies demonstrating the value
it can bring to project efficiency, cost reduction, and decision-making processes. Addressing
these barriers necessitates a concerted effort from industry stakeholders to realign strategic
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objectives with the technological advancements of BIM-AI, as well as to implement targeted
interventions aimed at overcoming these critical impediments.

The challenges identified in this study reveal interconnected technical, knowledge,
data, organisational, managerial, and financial issues that collectively constitute a multi-
faceted barrier to BIM-AI integration. Rather than considering these challenges in isolation,
our analysis suggests that addressing them holistically is crucial for the successful adoption
of BIM-AI. For instance, technical challenges cannot be decoupled from knowledge and
organisational challenges. The dearth of proficient BIM-AI specialists not only indicates a
technical deficiency but also underscores the industry’s challenge in attracting and retain-
ing personnel capable of implementing advanced digital solutions. This lack of expertise
directly contributes to organisational inertia and resistance to change.

Another significant aspect of this research is the emphasis on data governance and
legal frameworks as critical factors influencing BIM-AI integration. While previous studies
have acknowledged issues such as data fragmentation and ownership, this study clarifies
how these challenges are intrinsically linked to organisational and managerial capacities.
The absence of legal protocols for managing data exchange between BIM and AI systems
renders firms susceptible to disputes and data security risks. This finding underscores an
urgent need for policymakers to establish robust legal frameworks to facilitate data sharing
and collaboration, a topic that has been insufficiently explored in the BIM-AI literature.

Financial challenges, while widely acknowledged, are examined in this study through
a more comprehensive perspective. The findings demonstrate how financial constraints
are directly correlated with knowledge gaps and organisational readiness. The industry’s
emphasis on short-term cost reduction, rather than long-term value creation, exacerbates
the financial challenges associated with BIM-AI integration. The reluctance to invest
in workforce training and upskilling, for instance, increases implementation costs and
diminishes the potential for return on investment. This holistic view of financial challenges
provides a more nuanced understanding of how these challenges reinforce one another
and why they persist.

A significant characteristic of this study is the formulation of targeted mitigation
strategies. Rather than simply listing challenges, we present a thorough structure that
matches specific approaches with the most pressing concerns. This methodical approach
yields actionable insights for industry professionals and decision-makers, underscoring the
necessity for customised interventions to prevent these challenges. The mitigation strategies
serve to guide the prioritisation of investments, training programmes, and legal reforms,
thereby ensuring that resources are allocated towards the most pressing challenges.

Furthermore, this study shifts the perspective on BIM-AI integration from being
solely a technological advancement to being part of a larger organisational transformation.
Successful integration necessitates more than merely adopting new tools, and it requires
changes in leadership, culture, and business models. This research challenges the conven-
tional view of BIM-AI as a purely technical implementation, proposing that its success is
contingent upon a broader transformation of organisational strategies and processes.

The findings of the study have theoretical, managerial, and policy implications. The-
oretically, this study is a pioneering attempt to establish a comprehensive checklist of
the challenges and constraints to BIM-AI integration in the construction industry. The
identified challenges form the basis for future studies. The developed taxonomies of the
challenges constitute the building blocks for theorising the inertia associated with the
BIM-AI integration. Thus, the findings provide a more holistic understanding of why the
widespread integration of BIM-AI is stifled in the construction industry.

The managerial implications of the findings are two-fold. First, the study provides
construction organisations and project teams with a brief understanding of the benefits
of BIM-AI integration through the lifecycle of construction projects. Second, it highlights
the organisational, managerial, and technical changes required to leverage the vast oppor-
tunities associated with the BIM-AI integrations. The targeted intervention mechanisms
constitute the starting points for construction organisations and firms to explore BIM-AI
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integration in the construction industry. The findings also provide policymakers and
relevant stakeholders with the financial and data changes required to create an enabling
environment for BIM-AI integration in the construction industry.

5. Conclusions

This study investigated the challenges to the integration of BIM-AI in the construc-
tion industry. The study relied on Scopus and the snowballing search strategy to identify
sixty-four (64) studies addressing the challenges of BIM-AI integration in the construction
industry. The included studies were examined using frequency analysis, mean citation
ranking, and Pareto analysis. The frequency analysis revealed thirty-nine (39) challenges.
The top five most-cited challenges and constraints to the BIM-AI integration are the high
cost of software and hardware for integrated BIM-AI solutions, the high cost of training
and re-engineering for the use of BIM-AI in construction, resistance to BIM-AI integration
in strategic objectives, shortage of integrated BIM-AI specialists, and inadequate expe-
rience in integrating BIM-AI. Further, a cluster analysis derived six taxonomies of the
challenges of the integration of BIM-AI in the construction industry. These taxonomies
include technical (n =7, ∑ = 156, µ = 22.29), knowledge (n = 6, ∑ = 127, µ = 21.17), data
(n = 5, ∑ = 101, µ = 20.20), organisational (n = 7, ∑ = 167, µ = 23.86), managerial (n = 8,
∑ = 176, µ = 22.00), and financial (n = 6, ∑ = 183, µ = 30.50) challenges. A Pareto analysis
revealed twenty (20) vital challenges and constraints to the BIM-AI integration in the
construction industry. The study identified and matched targeted interventions to address
the vital challenges, resulting in a novel mitigation strategy map for enabling BIM-AI
integration in the construction industry.

This study developed taxonomies of the challenges, providing a more holistic un-
derstanding of the competing issues stifling BIM-AI integration. It offers construction
organisations and stakeholders the knowledge of the relevant changes required and strate-
gies to successfully integrate BIM-AI in the construction industry. The research presents
a comprehensive framework for addressing the vital challenges to the integration of BIM
and AI, along with corresponding mitigation strategies. This framework may serve as a
reference for policymakers in developing guidance mechanisms, and regulatory measures
to create an environment favourable to the adoption of BIM-AI technologies within the
construction sector. However, one of the limitations of this study was that it exclusively
utilised the Scopus database for identifying pertinent articles, which potentially may have
diminished the scope of the literature review.

Nonetheless, future research can perform modelling of the causal relationships be-
tween identified challenges to comprehend their interdependencies and compound effects.
Additionally, including industry stakeholders’ insights via interviews or surveys could
enhance the understanding of practical challenges and refine mitigation strategies. Last
but not the least, longitudinal studies tracking the impact of BIM-AI integration over time
would also offer valuable insights into long-term benefits and challenges, thereby guiding
informed decision-making in the industry.
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Appendix A

Table A1. List of reviewed articles.

ID Reference ID Reference ID Reference

1 Heidari et al., 2024 [1] 23 Khawaja and Mustapha 2021 [29] 45 Babatunde and Ekundayo 2019 [41]

2 Behzad et al., 2024 [31] 24 Babatunde et al., 2021 [36] 46 Marefat et al., 2019 [42]

3 Rangasamy and Yang, 2024 [2] 25 Arroteia et al., 2021 [43] 47 Liao et al., 2019 [44]

4 Abdulfattah et al., 2023 [8] 26 Wu et al., 2021 [35] 48 Zhou et al., 2019 [45]

5 Zhang et al., 2022 [14] 27 El Hajj et al., 2021 [46] 49 Gamil and Rahman 2019 [47]

6 Singh et al., 2022 [15] 28 Al-Yami and Sanni-Anibire 2021 [48] 50 Oesterreich and Teuteberg 2019 [49]

7 Pedral Sampaio et al., 2022 [16] 29 Khawaja and Mustapha 2021 [29] 51 Blay et al., 2019 [50]

8 Durdyev et al. 2022 [51] 30 Alemayehu et al., 2021 [52] 52 Chan et al., 2019 [53]

9 Hyarat et al., 2022 [54] 31 Ademci and Gundes 2021 [55] 53 Dao et al., 2019 [56]

10 Olanrewaju et al., 2022 [57] 32 Olanrewaju et al., 2020 [58] 54 Fitriani et al., 2019 [59]

11 Ma et al., 2022 [60] 33 Mostafa et al., 2020 [61] 55 Elagiry et al., 2019 [62]

12 Saka and Chan 2021 [63] 34 Saka and Chan 2020 [64] 56 Dao et al., 2019 [56]

13 Munir et al., 2021 [65] 35 Farooq et al., 2020 [66] 57 Olawumi et al., 2018 [67]

14 Lesniak et al., 2021 [68] 36 Al-Hammadi and Tian 2020 [69] 58 Hatem et al., 2018 [70]

15 Umar 2021 [71] 37 Van Roy and Firdaus 2020 [72] 59 Belayutham et al., 2018 [73]

16 Evans and Farrell 2021 [74] 38 Ma et al., 2020 [75] 60 Costin et al., 2018 [76]

17 Hire et al., 2021 [77] 39 Deng et al., 2020 [78] 61 Sreelakshmi et al., 2017 [79]

18 Olugboyega and Windapo 2021 [80] 40 Tan et al., 2019 [81] 62 Bosch-Sijtsema et al., 2017 [82]

19 Manzoor et al., 2021 [83] 41 Oraee et al., 2019 [84] 63 Li et al., 2017 [85]

20 Nguyen and Nguyen 2021 [86] 42 Li et al., 2019 [87] 64 Enshassi et al., 2016 [88]

21 Durdyev et al., 2021 [89] 43 Zhang et al., 2019 [90]
-

22 Casasayas et al., 2021 [91] 44 Dixit et al., 2019 [92]
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