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ABSTRACT

Large Language Models (LLMs) have revolutionized industries worldwide, and the construction industry is

no exception. LLMs enhance digital solutions for construction design and management. It further promotes

stakeholder collaborations and assists in decision-making by processing large datasets and evaluating

embedded systems in modular designs. This study explores the impact of LLMs in the construction industry

through a bibliometric analysis of 24 documents retrieved using the Elsevier Scopus database with keywords

“large,” AND “language,” AND “models,” AND “construction,” AND “industry” spanning 2000 to 2024. Using a

VOS viewer, the research maps the bibliometric relationships among these documents to uncover key themes,

trends, and research gaps in applying LLMs in construction. The analysis identifies four clusters with emerging

themes, including Digital solutions for Construction Design and Management, Systems Engineering and

Modular solutions for Sustainable Development, AI-driven Language Processing in Construction modelling

and Automated Information Processing and Compliance in Large Datasets. The findings also reveal significant

gaps in research. Despite the evident potential of LLMs in streamlining construction industry processes, there is

a substantial research gap in addressing the customization and domain-specific adaptation of LLMs to meet the

specific requirements of construction industry tasks. Existing studies primarily focus on generic applications of

LLMs, such as information retrieval and data processing, but lack exploration into their tailored integration for

complex tasks like regulatory compliance, modular construction optimization, and sustainable development.

Furthermore, geographic limitations with the United States of America and China leading in research in existing

literature highlight a lack of studies focused on developing countries, where the industry is rapidly growing

but struggles with adopting digital innovations like LLMs. While the study provides valuable insights, it is

limited by the relatively small dataset of 24 documents and the narrow focus of the Scopus search criteria.

Future research could expand the dataset by including broader keywords or alternative databases and examine

deeper into cross-regional comparisons. Notwithstanding these limitations, the study significantly contributes

to the growing body of knowledge in understanding the integration of LLMs in the construction industry and

provides a foundation for further exploration.
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INTRODUCTION

Large Language Models (LLMs) have revolutionized industries worldwide,
including construction. LLMs are a subset of Natural Language Processing
(NLP) models equipped with advanced machine learning capabilities. While
NLP serves as the overarching discipline focused on language-related
computational tasks, LLMs are specific models within this field that
achieve advanced language processing capabilities, pushing the boundaries
of what is possible in automated language understanding and generation
(Balasubramaniam et al., 2024). They utilize machine learning algorithms
to analyze and process vast amounts of pre-existing data, such as text,
code, videos, and audio to generate new and meaningful content. As
a key aspect of Generative Artificial Intelligence (GenAI) within the
machine learning field, LLMs have the potential to redefine innovation
and productivity. By leveraging advancements in NLP, LLMs are trained on
massive datasets, enabling them to analyze big data with significantly higher
accuracy compared to traditional NLP methods (Akhtar, 2024). LLMs like
GPT-3.5 and GPT-4.0 are transforming construction processes by leveraging
advanced natural language processing for tasks such as project planning,
safety management, and knowledge sharing. Applications include extracting
structured data from construction documents, project scheduling, and real-
time monitoring, reducing errors and improving efficiency (Xue et al., 2022;
Yi et al., 2024; Hassan and Le, 2022). They also enhance risk mitigation by
analyzing site data like quality control and safety inspections (Chen et al.,
2024). Studies highlight their potential to improve workplace safety through
hazard identification, streamlined communication, and decision support,
while automating repetitive tasks and enabling data-driven decision-making
(Charalampidou et al., 2024; Cruz Castro et al., 2024).

This study uses a bibliometric analysis to explore the depth and scope
of LLM applications in the Construction Industry and their impact on
innovation, productivity, and sustainability. Also, explore research done
over the years, and future opportunities, employing the Elsevier Scopus
as the primary database. What distinguishes this study is its use of a
bibliometric approach to identify gaps and opportunities in the existing
body of knowledge. The findings provide a strong theoretical foundation for
further research and practical applications in the construction industry. The
structure of the paper is as follows: the next section presents a comprehensive
review of the relevant literature, followed by a description of the research
methodology employed. The fourth section details the bibliometric analysis
conducted using the VOS viewer text-mining software. Finally, the paper
concludes with a discussion of the key findings.

LITERATURE REVIEW-LLMS IN CONSTRUCTION INDUSTRY

The emergence of Large Language Models (LLMs) has marked a paradigm
shift in leveraging Artificial Intelligence (AI) in construction project
implementation processes. LLMs, such as GPT-4, utilize deep learning
techniques to process, understand, and generate human-like language. Their
applications span diverse tasks, from text summarization and question
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answering to complex decision-making processes. In construction, LLMs
address long-standing challenges, including inefficiencies in communication,
project delays, and safety risks, by automating documentation, enabling real-
time collaboration, and improving knowledge management. As a result, these
tools not only enhance operational efficiency but also ensure firms to meet
the growing demand for innovation in the built environment (Charalampidou
et al., 2024; Ghimire et al., 2024; Prieto et al., 2023).

LLMs are increasingly used in construction processes for safety
management, project planning, and data analysis. For instance, in
safety management, LLMs assist in hazard identification and mitigation
by analyzing large volumes of project data and providing actionable
insights. This capability has been particularly significant in addressing
workplace safety challenges, where human errors often have catastrophic
consequences. Furthermore, LLMs aid in automating project documentation
and streamlining workflows, such as generating contracts, updating progress
reports, and creating detailed technical specifications. These applications
reduce administrative burdens and improve accuracy in data-intensive
processes (Cruz Castro et al., 2024; Lee et al., 2024).

One significant advantage of LLMs in construction is their capacity for
adaptive learning and scalability. LLMs can analyze and interpret evolving
project requirements, ensuring dynamic adaptability to changes in scope or
regulations. This scalability is critical in large-scale construction projects,
where compliance and stakeholder alignment are essential. Moreover, the
ability of LLMs to process unstructured data, such as site inspection reports
and maintenance logs, allows construction firms to derive actionable insights
and optimize resource allocation (Ghimire et al., 2024; Saka et al., 2024). In
addition to improving operational efficiencies, LLMs promote sustainability
in construction practices. By integrating predictive models, LLMs can
optimize material usage, reduce waste, and enhance energy efficiency in
project designs. It can further advance material design through Knowledge-
Driven Design (KDD) adoption and design of sustainable building concrete.
LLMs can leverage a variety of expert-designed tools, including web and
literature searches, specialized molecular and reaction utilities, and even
the operation of laboratory hardware, thereby enhancing performance
in chemistry-related tasks (Völker et al., 2024). These outcomes align
with global sustainability goals and enable firms to contribute positively
to environmental conservation while meeting industry demands for green
construction practices (Regona et al., 2024). Furthermore, the role of LLMs
in promoting knowledge sharing and capacity building within construction
teams ensures that firms remain competitive and innovative (Prieto et al.,
2023).

The underpinning theory of Artificial Intelligence (AI) innovative tools
in the built environment lies in computational intelligence and machine
learning principles (Mhlanga, 2023). These tools, including LLMs,
depend on algorithms that learn patterns from vast datasets, enabling
predictive analytics, automated reasoning, and decision support (Holzmann
and Lechiara, 2022). The integration of AI in construction is rooted
in the diffusion of innovation theory, which posits that technological
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advancements drive productivity, reduce costs, and foster competitive
advantage (Mariani et al., 2023; Wang et al., 2023). In the built environment,
these tools support sustainable practices, enhance resource management, and
improve stakeholder engagement by aligning technological capabilities with
project objectives.

LLMs in the construction industry are transforming traditional
workflows, driving efficiency, innovation, and sustainability. As AI
technologies continue to evolve, the adoption of LLMs will likely expand,
creating new opportunities to address complex challenges in the built
environment.

RESEARCH METHODOLOGY

This study employed a bibliometric approach to identify and map core
knowledge domains and research trends in the field of large language models
(LLMs) in the construction industry. Using the Scopus database, renowned
for its extensive and reliable literature coverage (Aliu and Aigbavboa, 2023),
a retrieval schema combining “large,” “language,” “models,” “construction,”
and “industry”was applied to titles, abstracts, and keywords for publications
from 2000 to 2024. The search yielded 24 English-language documents after
filtering. VOS viewer software was utilized to analyze bibliometric networks,
focusing on publication types, geographical distribution, temporal trends,
and keyword co-occurrence. A keyword co-occurrence map was generated,
followed by cluster analysis, to visualize the structural and physical aspects
of research within this domain. This structured methodology provided
a systematic and comprehensive exploration of the literature, uncovering
key trends, gaps, and knowledge domains in LLM applications in the
construction industry. Figure 1 outlines the research methodology employed.

Figure 1: Research methodology employed source: researcher’s construct, 2025.
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BIBLIOMETRIC ANALYSIS AND DISCUSSION

Yearly Publications and Documents by Type

The analysis included 24 documents: 9 journal articles, 11 conference
papers, 3 review papers, and 1 book chapter. The lower number of
journal articles likely reflects the stringent peer-review process, while the
higher count of conference papers may result from their quicker publication
timelines and alignment with relevant conference themes. Figure 2 highlights
the distribution of publications over the years (2000–2024). From 2000
to 2015, the number of publications remained relatively low and stable,
fluctuating between 1 and 2 publications annually. The output briefly
dropped to 1 publication in 2014 and 2016. Between 2017–2022, there
was a slight upward trend starting in 2017, with 2 publications in most
years and a peak of 3 in 2022. Then in 2024, there is a dramatic spike in
publications observed in 2024, reaching 8 publications, which is the highest
in the period analyzed. This suggests that in 2024 major developments and
increased research were seen due to LLMs like GPT-4 and its successors
having reached unprecedented levels of sophistication, making them highly
applicable to niche industries like construction. Post-pandemic challenges
also accelerated the integration of digital solutions in the industry. This led
to the recognition and application of LLMs in Construction processes such
as Automating project schedules, enhancing stakeholder collaborations and
predictive modelling for risk management (Aghimien et al., 2021; Hassan
and Le, 2022; Yi et al., 2024; You et al., 2023; Yuan et al., 2024).

Figure 2: Publications per year.

Publication Per Country

This section presents the global distribution of publications on LLMs in
construction research, highlighting the number of documents and citations by
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country. Using a VOS viewer with a minimum threshold of one publication
per country, the analysis identified 13 countries contributing research
outputs. The United States of America (USA) leads in publication volume
(9 publications, 52 citations) but has a lower impact per paper, while the UK
(4 publications, 76 citations), UAE (1 publication, 60 citations), and Canada
(1 publication, 55 citations) demonstrate high research quality and influence
despite smaller publication numbers. China performs well in both volume
and total impact (6 publications, 75 citations) following second after the
USA. These patterns suggest varying research priorities: the USA and China
focus on broader exploration, while the UAE,Canada, and the UK emphasize
quality and innovation. Publications from the UAE, Canada, and the UK
have received a high number of citations, indicated their significant impact
and suggesting that these studies are widely referenced in the context of LLM
applications within the construction industry. It could also be attributed to
the high-impact journals in which the papers are published (Elsevier and
Multidisciplinary Digital Publishing Institute “MDPI”) (Amyot and Eberlein,
2003; Chen et al., 2024; Prieto et al., 2023). The other countries all had one
publication: Indonesia and Taiwan (22 cites), Hong Kong and South Africa
(12 cites), and Germany (1 cite).

The top 5 countries with the most citations are illustrated in Table 1.

Table 1: Publication per country (top 5 countries).

Country Documents Citations

United States of America 9 52
China 6 75
United Kingdom 4 76
United Arab Emirates 1 60
Canada 1 55

Source: Researcher’s construct, 2025

Analysis of Co-Occurring Keywords

Using Scopus data retrieved and the VOS viewer text-mining tool, a
visualization map was created to analyze keyword co-occurrence and
research topic networks. This analysis identified research trends and
thematic clusters related to the impact of LLMs in the construction
industry. The keyword similarity indicates the rate of co-occurrence, and
the analysis identified four significant keyword clusters. A network was
created from 319 keywords, of which 39 met the threshold of at least two
keyword co-occurrences. This is visualized in the network map presented in
Figure 3.

Cluster 1: AI-Driven Language Processing in Construction Modelling
(Red Cluster). The first cluster has keywords such as Building Information
Modelling (BIM), Language Models, Language Processing, Natural
Language Processing, Information Retrieval, Modelling Languages, and
Construction Industry. The integration of LLMs into construction modelling
processes, such as Building Information Modelling (BIM), enhances the
ability to process and retrieve complex information. LLMs enable efficient
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natural language processing, allowing stakeholders to query and analyze
construction data, generate reports, and communicate project requirements
seamlessly. These tools also facilitate the integration of knowledge graphs
and information retrieval systems, improving the interoperability and
accuracy of construction models (Chen et al., 2024; Fard and Touran,
2011; Lin et al., 2022; Zheng and Fischer, 2023). Cluster 2: Digital
Solutions for Construction Design and Management (Green Cluster). This
cluster comprises keywords such as Programming languages, ChatGPT,
Database systems, Project management, Architectural designs, Structural
designs, Interoperability, Construction projects, Industry Foundation Classes
(IFC), and Application programs. LLMs significantly enhance digital
solutions for construction design and management as revealed in several
studies. By leveraging programming languages and database systems,
LLMs support activities such as generating design alternatives, streamlining
project management workflows, and facilitating collaboration through tools
like ChatGPT. Their ability to ensure interoperability between Industry
Foundation Classes (IFC) and other systems is crucial for effective integration
across architectural design, structural engineering, and construction project
management (Fard and Touran, 2011; Hu et al., 2016; Prieto et al.,
2023; You et al., 2023). Cluster 3: Systems Engineering and Modular
Solutions for Sustainable Development (Blue cluster). The keywords in the
third cluster include Architectural Analysis and Design Language (AADL),
Avionics, Computer Architecture, Embedded systems, Large-scale systems,
Modular Construction, Systems engineering, Problem-oriented languages,
and Decision-making. In the context of systems engineering and modular
construction, LLMs assist in decision-making by processing large datasets
and evaluating embedded systems in modular designs. They aid in sustainable
development by optimizing resource use and predicting the long-term impact
of architectural and engineering choices. Additionally, LLMs enhance large-
scale systems analysis, enabling effective problem-solving in sustainable
construction initiatives (Gullaksen, 2020; Lewis, 2007; Schwenk, 2017).
Cluster 4: Automated Information Processing and Compliance in Large
Datasets (Yellow cluster). This cluster comprises keywords, Automation,
Computational Linguistics, Classification of information, Large datasets,
Information theory, and Regulatory compliance. LLMs improve automation
and classification processes in construction, particularly in managing large
datasets and ensuring regulatory compliance. Their computational linguistic
capabilities support real-time decision-making by analyzing compliance
standards and automating documentation. By integrating information theory
with advanced language processing, LLMs reduce manual errors and enhance
the accuracy of regulatory checks and project documentation (Aghimien
et al., 2021; Chen et al., 2024; Deligiannis et al., 2008; Gullaksen,
2020; Hassan and Le, 2022; Lin et al., 2022; Saparamadu et al.,
2024).
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Figure 3: Network visualization map source: Vos viewer software 1.6.19.

CONCLUSION

The study findings revealed the publication activity was relatively consistent
with low output until 2022, followed by a sharp increase in 2024; countries
with fewer publications, such as the UAE and Canada, are producing highly
impactful research, while the USA and China have higher volumes but
relatively lower per-paper influence. Overall, North America (USA and
Canada) dominates in terms of total publications (10 documents combined)
but shows contrasting trends; Asia (China, UAE) also demonstrates
strong research contributions, with China leading in volume and the UAE
making a significant contribution with one highly impactful paper. The
UK balances both quality and quantity, producing fewer papers than the
USA or China but achieving the highest total citation count. South Africa
was the only African country represented in the publications, with a
single study that garnered twelve citations, highlighting its relevance and
impact. While LLMs show great potential for streamlining construction
processes, research is lacking on their customization for industry-specific
tasks, such as regulatory compliance, modular construction optimization,
and sustainable development. Existing studies focus on generic applications
but neglect tailored integration with construction tools like BIM and IFC.
This would ensure seamless integration across architectural, engineering,
and project management domains. Bridging this gap could maximize
LLMs’ transformative impact on construction workflows and the industry
globally.
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