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Abstract 

This study employs a comprehensive bibliometric analysis to examine the evolving landscape of 
Artificial Intelligence (AI) research within the Architecture, Engineering, and Construction (AEC) 
industry over the past decade. Through systematic analysis of 68 publications from the Scopus 
database, utilizing co-authorship networks, citation analysis, and keyword co-occurrence mapping, 
the research reveals significant patterns and trends in AI adoption and research focus. The findings 
indicate a rapid growth in research output, with China, the United States, and the United Kingdom 
emerging as leading contributors. The analysis identifies four primary research clusters: AI 
integration across AEC processes, building lifecycle applications, digital technologies convergence, 
and automation techniques. A temporal evolution is observed, transitioning from basic automation 
to sophisticated applications involving machine learning, digital twins, and deep learning. The study 
highlights geographical disparities in research contributions and emphasizes the need for 
standardization in AI implementation. By providing insights into research trends, collaborative 
networks, and evolving focus areas, this analysis contributes to a deeper understanding of AI's role 
in transforming the AEC industry. The findings can guide future research directions, inform industry 
practitioners about emerging technologies, and support policymakers in developing frameworks for 
AI adoption in construction, ultimately facilitating more effective and responsible integration of AI 
technologies in AEC practices. 

Keywords: Artificial Intelligence; AEC industry; digital technologies; architecture; engineering; 
construction; Internet of Things 
 

1. Introduction 

Artificial Intelligence (AI) has emerged as a transformative force across numerous sectors, 
promising to revolutionize traditional practices and unlock new possibilities through its capacity to 
process vast amounts of data, recognize patterns, and make intelligent decisions [1]. As we stand on 
the cusp of what many consider the Fourth Industrial Revolution (4IR), AI technologies 
encompassing machine learning, deep learning, neural networks, and other computational 
approaches that simulate human intelligence are reshaping industries and redefining the boundaries 
of what machines can achieve [2]. From healthcare and finance to manufacturing and transportation 
[3], AI's impact is profound and far-reaching, with global AI revenue projected to reach $554.3 billion 
by 2024 [4]. The architecture, engineering, and construction (AEC) industry is experiencing a 
significant transformation driven by technological advancements, particularly in the realm of 
Artificial Intelligence (AI). As one of the largest sectors globally, the AEC industry has traditionally 
been characterized by its labor-intensive processes, fragmented nature, and resistance to 
technological change [1,5]. However, the emergence of AI technologies presents unprecedented 
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opportunities to address longstanding challenges in construction productivity, safety, and quality 
[6]. 

AI, encompassing machine learning, deep learning, and neural networks, has demonstrated 
remarkable potential in revolutionizing various aspects of the AEC industry. From automated design 
optimization and construction robotics to predictive maintenance and safety monitoring, AI 
applications are reshaping traditional practices [7]. Recent studies indicate that AI-powered solutions 
can potentially increase construction productivity by up to 50% and reduce project costs by 20-45% 
[1,8–11]. Despite these promising prospects, the AEC industry's adoption of AI remains relatively 
slow compared to other sectors such as manufacturing or finance [12]. Several challenges impede the 
widespread implementation of AI in the AEC industry. These include data quality and availability 
issues, lack of standardization, privacy and security concerns, and resistance to change among 
industry practitioners [13]. Additionally, the complex and unique nature of construction projects 
poses significant challenges for AI implementation, as each project typically involves different 
stakeholders, specifications, and site conditions [1,7]. The fragmented nature of the industry further 
complicates the adoption of AI technologies, as different stakeholders may have varying levels of 
technological readiness and willingness to invest in AI solutions [6]. 

Given these challenges and opportunities, there is a growing body of research exploring various 
aspects of AI in the AEC industry. Understanding the evolution and current state of this research 
landscape is crucial for several reasons. First, it helps identify emerging trends and potential research 
gaps that need attention [14]. Second, it provides valuable insights for industry practitioners and 
policymakers to make informed decisions about AI adoption and implementation [15]. Finally, 
analyzing research trends can facilitate more effective collaboration between academia and industry, 
ensuring that research efforts align with practical needs and challenges [16]. Despite the importance 
of understanding AI research trends in the AEC industry, there has been limited systematic analysis 
of the existing literature using robust bibliometric approaches. While several literature reviews exist, 
they often focus on specific applications or technologies rather than providing a comprehensive 
overview of the field [7]. Bibliometric analysis, as a quantitative approach to analyzing research 
patterns and trends, can offer valuable insights into the evolution and current state of AI research in 
the AEC industry [14]. 

Therefore, this study aims to conduct a comprehensive bibliometric analysis of AI research in 
the AEC industry to map out the intellectual landscape, identify key research themes, and highlight 
potential areas for future investigation. By employing various bibliometric techniques, including 
keyword co-occurrence, and citation analysis, this study seeks to provide a holistic understanding of 
the field's development and current status. The findings of this study will be centered on the 
objectives, which are to: 

• Identify the countries and authors with the highest focus on artificial intelligence in the AEC 
industry in the last 10 years, 

• Identify the most cited published works and sources on artificial intelligence in the AEC industry 
in the last 10 years, 

• Map out research focus on artificial intelligence in the AEC industry in the last 10 years; and  
• Identify the research trends in artificial intelligence in the AEC industry. 

2. Research Methodology 

This study employs a bibliometric approach to systematically analyze research trends in 
Artificial Intelligence (AI) within the Architecture, Engineering, and Construction (AEC) industry. 
Bibliometric analysis, a quantitative method that applies statistical and mathematical techniques to 
examine patterns in publication data and citations [17], has been widely recognized as an effective 
tool for mapping the intellectual structure of research fields and identifying emerging trends [14]. 

The Scopus database was selected as the primary source for data collection due to several key 
factors. First, it is the largest abstract and citation database of peer-reviewed literature [18]. Second, 
it provides comprehensive coverage of scientific fields [19]. Third, it offers superior functionality for 
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bibliometric analysis compared to other databases [20]. While Web of Science is also recognized for 
bibliometric studies, Scopus has been found to have wider coverage, particularly in newer research 
areas [21]. 

The search strategy was carefully designed to ensure comprehensive yet focused results. The 
following keywords were used in combination: "Artificial Intelligence" OR "AI" AND "Architecture 
Engineering and Construction" OR "AEC". These terms were searched within article titles, abstracts, 
and keywords of publications. Boolean operators were employed to ensure the retrieval of relevant 
documents while minimizing noise in the dataset [22]. The search was limited to publications from 
2014 to 2024, providing a ten-year window for analysis. This timeframe was chosen to capture the 
recent surge in AI applications within the AEC industry while ensuring a sufficient temporal scope 
to identify meaningful trends. 

To ensure the quality and relevance of the analyzed documents, specific criteria were applied. 
The inclusion criteria encompassed publications in English, documents focused on AI applications in 
AEC industry study areas (such as engineering, computer science, and environmental science), and 
various document types including conference proceedings, journal articles, books, and book 
chapters. Exclusion criteria removed publications not directly related to AEC applications and 
duplicated records. The initial search yielded 70 documents, which was reduced to 68 after applying 
these criteria. This filtering process was conducted automatically using the Scopus database's refine 
search feature, followed by a manual review to ensure the relevance and quality of the final dataset 
[16]. 

The analysis was primarily conducted using VOSviewer (version 1.6.20), a software tool 
specifically designed for constructing and visualizing bibliometric networks [23]. VOSviewer was 
chosen for its ability to handle large datasets and create various types of bibliometric visualizations 
[24]. This approach aligns with similar methodologies used in previous studies, such as Aghimien 
[12], who conducted a bibliometric literature review on robotics and automation research in 
construction-related studies. Figure 1 shows the framework adopted for the research. 

 
Figure 1. Framework adopted for the research.. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 July 2025 doi:10.20944/preprints202507.0520.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.0520.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 21 

 

2.1. Types of Analyses Performed 

Five main types of analyses were conducted: 

1. Publication Trends Analysis: Examining the temporal distribution of publications to identify 
research growth patterns over the past 10 years, including analysis by country or region. 

2. Source Analysis: Evaluating the distribution of publications across different journals and 
conference proceedings to identify key venues for AI in AEC research. 

3. Citation Analysis: Examining citation patterns to identify influential publications and authors, 
including both document citation analysis and author citation analysis [25]. 

4. Authorship and Co-authorship Analysis: Investigating collaboration patterns between authors 
to identify key research clusters and collaborative networks [26]. 

5. Keyword Co-occurrence Analysis: Analyzing relationships between keywords to identify major 
research themes and their evolution over time, effectively mapping the conceptual structure of 
the research field [27]. 

Prior to analysis, the data was preprocessed to ensure consistency in author names, institutional 
affiliations, and keywords. This involved manual checking and standardization of terms to avoid 
fragmentation due to variations in naming conventions [28]. For example, during manual checking, 
it was detected and corrected that China and Hong Kong were initially analyzed as two different 
countries instead of one. The results from these analyses were visualized using network maps and 
overlay visualizations, allowing for both structural and temporal understanding of the research 
landscape. These visualizations were complemented with quantitative metrics to provide a 
comprehensive view of the field's development [29]. 

3. Results and Discussion 

3.1. Publication Trends Analysis 

3.1.1. Publications per Year 

A total of 68 articles on the application of AI in the AEC industry were reviewed, categorized 
into different publication types. Among these, 29 were conference proceedings, 19 were journal 
articles, 17 were review articles, 5 were book chapters, and 1 was a book. The distribution of 
publications over the years is illustrated in Figure 2, which shows a growing interest in AI in the AEC 
industry and its related fields from 2018 to 2024. 

The analysis reveals a notable growth trajectory in AI-related publications within the AEC 
industry from 2018 to 2024, albeit with some fluctuations. The significant increase from 2 publications 
in 2018 to 10 in 2019 aligns with the broader trend of AI adoption across industries during this period. 
This surge coincides with what Darko [7] identified as a pivotal moment when the AEC industry 
began recognizing AI's potential to address longstanding challenges in productivity, safety, and 
decision-making processes.  

The sharp decline in publications during 2020, with only 4 recorded papers, can be largely 
attributed to the global COVID-19 pandemic's impact on research activities. Pan and Zhang [30] 
noted that many research institutions faced disruptions, leading to delayed or suspended projects 
across various fields, including AI research in construction. However, the quick recovery and 
sustained growth in 2021 and 2022, with 10 publications each year, demonstrates the resilience and 
growing importance of AI research in the AEC sector. This resurgence reflects what Leontie [31] 
described as an accelerated digital transformation in the construction industry, partly catalyzed by 
the pandemic's challenges. 

The continued upward trend reaching 12 publications in 2023 and peaking at 20 in 2024 signifies 
a maturing research field. This pattern is consistent with observations by Mardiani and Iswahyudi 
[32], who highlighted an increasing recognition of AI's transformative potential in construction 
processes, from design optimization to project management. The distribution of publications over the 
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document types is illustrated in Figure 3, which shows predominance of conference proceedings (29) 
over journal articles (19) suggesting a field that is rapidly evolving, with researchers prioritizing 
faster dissemination of findings through conferences. This publication pattern aligns with Salehi and 
Burgueño's [33] assessment that emerging technological fields often see higher conference 
participation as they allow for more immediate sharing of developments. 

The presence of 17 review articles within this timeframe indicates a field that is actively 
consolidating knowledge and establishing theoretical frameworks. Jin [34] argue that such review 
papers are crucial in emerging fields for synthesizing scattered findings and identifying future 
research directions. The inclusion of book chapters and a complete book further suggests the field is 
reaching a level of maturity where comprehensive, long-form treatments of the subject are becoming 
necessary and valuable. 

 

Figure 2. Number of publications per year. 

 
Figure 3. Number of publications per document type. 

3.1.2. Publications per Country 

In analyzing the number of studies per country of origin, the results revealed that some articles 
had multiple countries listed in their title or affiliation, resulting in some overlap. Similarly, some 
countries produced only one article within the 10-year span, and these were eliminated from 
consideration under the assumption that they may simply reflect overlaps. Therefore, only countries 
with at least two research articles originating from them were included in the analysis. As illustrated 
in Figure 4, China tops the list with a total of 13 research papers and 613 citations. This is followed 
by the United States of America, contributing 20 papers with 278 citations. The United Kingdom is 
next with 6 papers and 440 citations, while Australia has 8 papers and 391 citations. Sweden (3 papers, 
155 citations), Italy (6 papers, 110 citations), and Turkey (2 papers, 98 citations) also feature 
prominently. 

Other countries with notable contributions include Portugal (4 papers, 10 citations), Switzerland 
(3 papers, 37 citations), and Iran (4 papers, 61 citations). Additionally, Brazil and Canada each 
produced 2 papers with 17 citations, while South Korea (2 papers, 16 citations), Spain (2 papers, 13 
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citations), Poland (3 papers, 12 citations), and Taiwan (2 papers, 10 citations) round out the list of 
countries with at least two published research articles. 

 

Figure 4. Number of publications and citations of leading countries. 

The geographical distribution of AI research in AEC reveals interesting patterns of global 
engagement and impact. China's dominant position, with 13 highly-cited papers (613 citations), 
reflects its broader strategic focus on AI development and application across various sectors. This 
aligns with China's national AI strategy, which has positioned the country as a global leader in AI 
research and development [35]. The high citation count suggests that Chinese research is not only 
prolific but also influential in shaping the field's direction. 

While the United States produces the highest number of papers (20), its relatively lower citation 
count (278) compared to China, the UK, and Australia is noteworthy. This pattern may reflect what 
Pan [36] identified as a shift in global research influence, particularly in technology-focused fields. 
The strong showing of European countries, including the UK, Sweden, and Italy, aligns with the 
European Union's coordinated efforts to advance AI research and application in various industries, 
including construction [37]. 

The presence of emerging economies like Turkey, Iran, and Brazil in the list indicates a growing 
global interest in AI applications for AEC. However, the notable absence of African countries mirrors 
findings from other technological domains, such as Building Information Modeling (BIM), where 
Saka and Chan [38] identified a significant knowledge gap in African research contribution. This 
geographical disparity could potentially hinder the global adoption of AI in construction, as region-
specific challenges and applications may remain unexplored 

The variation in citation impact across countries is particularly striking. For instance, Turkey's 
two papers garnered 98 citations, while Portugal's four papers received only 10 citations. This 
suggests that the influence of research is not necessarily correlated with quantity of output. As Hou 
[39] noted in a broader study of scientific impact, factors such as international collaboration, research 
focus, and alignment with industry needs can significantly affect citation rates. Developed Asian 
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economies like South Korea, and Taiwan show moderate engagement in AI-AEC research. This is 
somewhat surprising given their general technological advancement and strong construction sectors. 
However, as Li [16] observed, some Asian countries may focus more on practical implementation 
rather than academic research in construction technology. 

3.2. Source Analysis 

The number of extracted papers per source title was evaluated. The 68 publications were sourced 
from 47 different sources, of which 37 had only one publication within the assessed 10-year time 
frame. Table 1 presents the sources that published at least two papers on AI in the AEC industry, 
each with a minimum of 10 citations. "Automation in Construction" topped the list with 6 
publications and 495 citations. According to Aghimien [12], this is unsurprising, as the journal focuses 
on research that explores the use of information technology in the design, engineering, construction, 
management, and maintenance of construction facilities. It is followed by "Applied Sciences 
(Switzerland)" with 2 papers and 106 citations, and "Construction Innovation" with 2 papers and 91 
citations. Other notable sources include "Lecture Notes in Civil Engineering" (4 papers, 31 citations), 
"Buildings" (4 papers, 11 citations), and "Engineering, Construction, and Architectural Management" 
(4 papers, 10 citations). 

Table 1. Number of publications per source 

Source Documents Citations 
Automation in Construction 6 495 

Applied Sciences (Switzerland) 2 106 
Construction Innovation 2 91 

Lecture Notes in Civil Engineering 4 31 
Buildings 4 11 

Engineering, Construction, and Architectural Management 4 10 

The analysis of publication sources reveals important insights into the scholarly landscape of AI 
research in the AEC industry. The dominance of "Automation in Construction" with 6 publications 
and 495 citations indicates not only the quantity but also the significant impact of AI-related research 
published in this journal. This aligns with previous bibliometric studies in construction technology, 
where "Automation in Construction" has consistently emerged as a leading venue for advanced 
technological applications in the built environment [12,40,41]. The journal's focus on information 
technology applications in construction makes it a natural home for AI research, as noted by Li [16] 
who found that construction automation increasingly relies on AI technologies. 

The presence of both specialized construction journals and broader scientific publications in the 
top sources suggests a multi-disciplinary approach to AI in AEC. "Applied Sciences" and 
"Construction Innovation," with their notable citation counts despite fewer publications, indicate 
high-impact research that bridges the gap between theoretical AI advancements and practical 
construction applications. This mirrors the findings of Almatared [42], who observed that impactful 
construction technology research often emerges from the intersection of computer science and 
construction management. 

The relatively high number of sources (47) publishing AI-related research, with most (37) having 
only one publication, suggests a broad but fragmented research landscape. This dispersion of 
publications across many venues could indicate the emerging nature of AI applications in AEC, as 
noted by Darko [41] who found similar patterns in early-stage construction technology research. 
However, it may also pose challenges for knowledge consolidation and could slow the field's 
development, as argued by He [43] in their analysis of emerging technologies in construction. 

The presence of "Lecture Notes in Civil Engineering" and "Buildings" among the top sources, 
despite lower citation counts, suggests these venues may be important for disseminating newer 
research that hasn't yet accumulated citations. This pattern aligns with Cao's [44] observation that 
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emerging research topics often appear first in such outlets before gaining traction in higher-impact 
journals. 

3.3. Citation Analysis 

To fully understand the research landscape of AI in the AEC industry, it was essential to analyze 
the extracted papers to identify the most cited documents and their areas of concentration. Among 
the 68 extracted documents, only 12 have gathered 20 or more citations, as shown in Table 2, 
indicating a concentrated impact among select publications. This pattern suggests that while the field 
is growing, certain influential works have disproportionately influenced the research landscape.  

Table 2. Top cited publications. 

Source Title Citations Method Focus 

[7] 

Artificial intelligence in the AEC industry: 
Scientometric analysis and visualization of 

research activities 341 

Scientometric 
analysis, 

Visualization 
techniques 

Comprehensive review of 
AI applications in AEC, 
Research trend analysis 

[30] 

Integrating BIM and AI for Smart Construction 
Management: Current Status and Future 

Directions 108 

Literature review, 
Integration 

framework analysis 

Building Information 
Modeling (BIM), AI 

integration, Construction 
management 

[45] 
An adapted model of cognitive digital twins for 

building lifecycle management 90 

Model development, 
Conceptual 
framework 

Cognitive digital twins, 
Building lifecycle 

management 

[46] 

Application of terrestrial laser scanning (Tls) in 
the architecture, engineering and construction 

(AEC) industry 69 

Technology 
application analysis 

Terrestrial Laser 
Scanning (TLS), AEC 

applications 
 

[47] The hype factor of digital technologies in AEC 65 

Critical analysis Digital technology hype, 
Impact assessment in 

AEC 

[48] 

Automated design and modeling for mass-
customized housing. A web-based design space 

catalog for timber structures 64 

Web-based modeling, 
Automated design 

Mass-customized 
housing, Timber 

structures 

[49] 
Trustworthy AI and robotics: Implications for the 

AEC industry 47 

Implications analysis Trustworthy AI, Robotics 
in AEC 

 

[50] 

Towards digital architecture, engineering, and 
construction (AEC) industry through virtual 

design and construction (VDC) and digital twin 47 

Conceptual analysis Virtual Design and 
Construction (VDC), 

Digital twin technology 

[51] 

Conversational artificial intelligence in the AEC 
industry: A review of present status, challenges 

and opportunities 42 

Literature review Conversational AI, 
Current status, and 

challenges 

[52] 

Assessing the capabilities of computing features 
in addressing the most common issues in the 

AEC industry 26 

Capability assessment Computing features, 
Common AEC industry 

issues 

[53] 

Metrological Issues in the Integration of 
Heterogeneous IoT Devices for Energy Efficiency 

in Cognitive Buildings 23 

Metrological analysis IoT device integration, 
Energy efficiency in 
cognitive buildings 

[54] 
From 3D point clouds to HBIM: Application of 

Artificial Intelligence in Cultural Heritage 23 

AI application 
analysis, 3D point 
cloud processing 

Heritage Building 
Information Modeling 

(HBIM), Cultural heritage 
preservation 
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The analysis of highly cited works reveals evolving trends in AI applications within the AEC 
industry, from broad systematic assessments to specific technological implementations and ethical 
considerations. The most influential work, by Darko [7] with 341 citations, employed scientometric 
analysis to comprehensively review AI applications in AEC. This study's significant impact 
underscores the industry's crucial need for systematic understanding of AI integration, setting a 
foundation for subsequent research directions [16]. 

Building upon this broad assessment, the field has seen a shift towards integration of AI with 
existing digital tools, particularly Building Information Modeling (BIM). Pan & Zhang's [30] work on 
BIM and AI integration for smart construction management, garnering 108 citations, exemplifies this 
trend. This integration represents a crucial development in advancing construction management 
practices [55], with cognitive digital twins emerging as a critical research area, as evidenced by 
Yitmen's [45] 90 citations. The significant attention to digital twins reflects the industry's progression 
towards sophisticated digital representations of physical assets, enabling more efficient building 
lifecycle management [56]. 

Parallel to these developments, research has focused on practical applications of AI in specific 
construction technologies. Studies on Terrestrial Laser Scanning [46] and automated design for mass-
customized housing [48] have received substantial attention, indicating the industry's interest in 
concrete applications that enhance efficiency and customization in construction processes [57]. 

Recent developments in the field show an evolution beyond purely technical considerations. 
Emaminejad & Akhavian's [49] work on trustworthy AI and robotics signals a growing emphasis on 
ethical implementations, while studies on conversational AI (Saka et al., 2023) and virtual design and 
construction [50] point to new frontiers in human-AI interaction. These emerging research directions 
represent potential paradigm shifts in how AEC professionals interact with AI systems [58], 
suggesting a maturation of the field from basic implementation to more nuanced and responsible 
deployment of AI technologies.  

This evolution in research focus, from broad assessments through specific applications to ethical 
considerations and human-AI interaction, reflects the AEC industry's growing sophistication in 
understanding and implementing AI technologies. The high citation counts across these various 
aspects indicate a vibrant and rapidly evolving research landscape, with implications for both 
theoretical understanding and practical applications in the AEC sector. 

3.4. Authorship and Co-Authorship Analysis 

In terms of authorship, the 68 assessed documents involved a total of 242 authors, including 
both lead authors and their collaborators. With the minimum number of documents per author set at 
2 and the minimum number of citations per author set at 10, only 6 authors were identified as meeting 
these criteria. As shown in Table 3, the top authors contributing to AI research in the AEC industry 
and who are well-cited include Hosseini, M. Reza (2 papers, 367 citations), Darko, Amos (2 papers, 
341 citations), Nabizadeh, Amir Hossein (2 papers, 61 citations), Akhavian, Reza (3 papers, 56 
citations), Emaminejad, Newsha (3 papers, 56 citations), and Zhang, Cheng (2 papers, 23 citations). 

The overlay visualization of the co-authorship network, illustrated in Figure 5, reveals four 
distinct clusters of collaboration. The earliest set of authors who began publishing in AI in the AEC 
industry includes Hosseini, M. Reza, Zhang, Cheng, and Darko, Amos. Their collaborations, 
represented in deep purple to light blue on the map, span from 2021 to 2022. More recently, the 
authors Emaminejad, Newsha, Akhavian, Reza, and Nabizadeh, Amir Hossein have emerged as 
active contributors to AI research in the AEC industry. Their publications, which began in mid-2022 
and continue to the present, are visualized in the green and yellow cluster on the right corner of the 
map. 
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Table 3. Number of publications and citations per author. 

Author Affiliation  Documents Citations 

Hosseini, M. Reza School of Architecture and Built Environment, Deakin University, 
Geelong, 3220, Australia 

2 367 

Darko, Amos 
Department of Building and Real Estate, The Hong Kong Polytechnic 

University, Hong Kong 2 341 

Nabizadeh, Amir 
Hossein 

Medical Informatics Research Center, Institute for Futures Studies in 
Health, Kerman University of Medical Sciences, Kerman, Iran, 

INESC-ID, Lisbon, 1000-029, Portugal 
2 61 

Akhavian, Reza 
Department of Civil, Construction, Environmental Engineering, San 
Diego State University, 5500 Campanile Dr., San Diego, 92182, CA, 

United States 
3 56 

Emaminejad, Newsha 
Dept. of Civil, Construction, and Environmental Engineering, San 

Diego State Univ., San Diego, 92182, CA, United States 3 56 

Zhang, Cheng Dept. of Construction Science and Organizational Leadership, 
Purdue Univ. Northwest, Hammond, IN, United States 

2 23 

The analysis of authorship patterns reveals interesting insights into the scholarly landscape of 
AI research in the AEC industry. The relatively small number of authors (6) meeting the criteria of 
multiple publications and significant citations suggests that AI research in AEC is still an emerging 
field with a limited but growing core of dedicated researchers. This aligns with observations by Pan 
and Zhang [6], who noted that AI applications in construction are still in their early stages compared 
to other industries. 

 
Figure 5. Overlay visualization of co-authorship network. 

The prominence of researchers like Hosseini and Darko, who have achieved high citation counts 
with relatively few publications, indicates the significant impact of their work in shaping the field. 
This phenomenon of high impact from a select few authors is typical in emerging research areas, as 
observed by Jadidi [59] in their analysis of nascent technological fields. The high citation counts of 
these authors (367 and 341 respectively) suggest that their work has been instrumental in establishing 
foundational concepts and methodologies for AI applications in AEC. 

The temporal analysis of co-authorship networks reveals an interesting evolution in the field. 
The transition from the earlier cluster of authors (Hosseini, Zhang, and Darko) publishing in 2021-
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2022 to a new group (Emaminejad, Akhavian, and Nabizadeh) emerging in mid-2022 indicates a 
rapid expansion and diversification of research perspectives. This swift evolution mirrors patterns 
observed in other technological fields within construction, such as Building Information Modeling 
(BIM), where Santos [15] documented similar rapid expansions in research networks over short 
timeframes. 

The formation of distinct collaborative clusters, as visualized in the co-authorship network, 
suggests the emergence of specialized research focus areas within AI applications for AEC. This 
specialization is typical of maturing research fields, as noted by Wang [60] in their analysis of 
construction technology research trends. The presence of four distinct clusters might indicate 
different approaches to AI implementation in AEC, possibly reflecting various application areas or 
methodological approaches. 

3.5. Keyword Co-Occurrence Analysis 

3.5.1. Research Focus Based on Co-Occurring Keywords 

In analyzing research focus through keyword co-occurrence, methodological considerations 
played a crucial role in ensuring meaningful results. The study adopted a threshold of 4 co-
occurrences, striking a balance between VOSviewer's default of 5, which proved too restrictive 
(yielding only 27 keywords), and lower thresholds of 2-3, which produced excessive redundancy 
with 70 keywords. This methodological decision aligns with previous bibliometric studies in 
construction-related fields [12] while being tailored to the specific characteristics of AI research in 
AEC industry. This means that for a keyword to be included in the analysis, it must have appeared 
at least 4 times in the author and source-indexed keywords. The analysis revealed a total of 717 
keywords across all 68 publications, out of which 41 met the threshold of 4 co-occurrences. These 
keywords were then grouped into 4 clusters. It is important to note that the closer the keywords are 
to each other on the map, the higher their co-occurrence, as highlighted by Aghimien [12]. Figure 6 
shows the network visualization map of the 41 co-occurring keywords and their corresponding 
clusters. At the center of this network are the keywords "Artificial Intelligence" and "AEC," to which 
all other keywords are linked, indicating their central role in the thematic areas of research within AI 
and the AEC industry. 

Cluster 1 - Highlighted in red on the map, consists of 13 co-occurring keywords. The central 
keywords in this cluster are "Artificial Intelligence" and "AEC Industry," which have strong links to 
several significant terms. These include "accident prevention," "AEC," "architecture," "architectural 
engineering," "automation," "construction," "construction industry," "design and construction," 
"digitization," "information management," "project management," and "systematic review." The 
analysis of co-occurring keywords reveals significant patterns in AI research within the AEC 
industry. The emergence of "Architectural Engineering and Construction industry" as a primary 
cluster, encompassing 13 interconnected keywords, suggests a strong focus on the integration of AI 
across various aspects of architectural engineering and construction processes. This finding aligns 
with previous research by Pan and Zhang [6], who noted that the AEC industry is increasingly 
embracing AI technologies to enhance efficiency and innovation across multiple domains. The 
prominence of keywords such as "accident prevention" and "automation" within this cluster indicates 
a growing emphasis on leveraging AI for safety and process optimization in construction. This trend 
corresponds with observations by Darko [7], who found that safety enhancement and automation are 
primary drivers for AI adoption in the construction industry. The inclusion of "digitalisation" as a 
key term further supports the industry's ongoing digital transformation, as highlighted by Forcael 
[61] in their comprehensive review of construction digitalization. The strong connection between 
"information management" and "project management" within the cluster suggests that AI 
applications are increasingly being viewed as essential tools for effective project delivery. This 
observation is consistent with findings by Zhang [62] who demonstrated that AI-driven project 
management systems can significantly improve decision-making processes and project outcomes in 
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construction projects. The presence of "systematic review" as a keyword indicates a methodological 
trend in AI research within the AEC industry, pointing to efforts to consolidate and synthesize 
existing knowledge. This reflects a maturing field of study, as noted by Sacks [63], who emphasized 
the importance of systematic approaches in understanding the impact of AI on construction practices. 

 
Figure 6. Network visualization map of co-occurring keywords. 

Cluster 2 - Represented in green on the map, initially contained twelve keywords, but some were 
repetitions due to spelling errors. After removing these duplicates, eight distinct keywords remained: 
"architectural design," "artificial intelligence (AI)," "building information modeling (BIM)," "deep 
learning," "information theory," "learning systems," "lifecycle," and "machine learning." The 
emergence of a distinct cluster linking artificial intelligence with building lifecycle processes 
highlights the growing integration of AI technologies throughout the entire construction value chain. 
This cluster's keywords suggest a significant focus on leveraging AI, particularly machine learning 
and deep learning, to enhance various aspects of building design, construction, and management. 
The strong association between AI and Building Information Modeling (BIM) within this cluster is 
particularly noteworthy, as it indicates a trend toward the integration of intelligent systems with 
digital building representations. This alignment supports the findings of Pan and Zhang [6], who 
identified BIM as a crucial enabler for AI applications in construction, providing the structured data 
necessary for machine learning algorithms. The presence of "lifecycle" as a key term alongside AI 
technologies suggests an industry shift toward utilizing intelligent systems throughout a building's 
entire lifespan, from conception to demolition. This holistic approach aligns with research by Salehi 
and Burgueño [33], who emphasized the potential of AI to optimize decision-making across all 
phases of construction projects. The inclusion of "architectural design" in this cluster indicates a 
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particular emphasis on implementing AI in the early stages of building development. This trend is 
supported by Pena [64], who documented the transformative impact of machine learning on 
architectural design processes, enabling more data-driven and optimized design solutions. The 
prominence of different AI methodologies within this cluster - specifically deep learning, machine 
learning, and learning systems - reflects the diverse approaches being explored in the AEC industry. 
According to Darko [7], this variety is essential as different construction challenges require different 
AI solutions. The connection between these AI methods and information theory suggests a focus on 
not just implementing AI, but also on understanding and optimizing how these systems process and 
utilize construction-related data. 

Cluster 3 - Represented in blue on the map, initially contained nine keywords, but after removing 
two repetitions, seven distinct keywords remained. These keywords are: "AEC industry," 
"augmented reality," "digital technologies," "digital twin," "engineering education," "internet of 
things," and "virtual reality." The emergence of digital technologies in AEC industry as a significant 
cluster in AI research within the AEC industry reflects the sector's ongoing digital transformation. 
This cluster's keywords highlight the convergence of various digital technologies that are reshaping 
traditional AEC practices. Virtual Reality (VR) and Augmented Reality (AR) have gained 
considerable traction in the industry, with studies showing their potential to enhance visualization, 
improve design processes, and facilitate more effective collaboration among project stakeholders [65]. 
These technologies enable professionals to interact with digital models in immersive environments, 
leading to better decision-making and reduced errors in the construction phase [66]. The presence of 
Internet of Things (IoT) in this cluster indicates its growing importance in connecting physical 
construction elements with digital systems. IoT applications in AEC range from real-time monitoring 
of construction progress to managing building systems post-completion [67]. This connectivity forms 
the foundation for the Digital Twin concept, another key keyword in the cluster. Digital Twins 
provide a bridge between physical and virtual worlds, enabling real-time monitoring, simulation, 
and optimization of construction projects and completed buildings [68]. The integration of these 
technologies is transforming how projects are delivered, with studies indicating improved efficiency, 
safety, and sustainability outcomes [69]. The inclusion of "engineering education" within this cluster 
suggests a recognition of the need to prepare future AEC professionals for this increasingly 
digitalized industry. Research indicates that incorporating digital technologies into engineering 
curricula is essential for developing the skills required in modern construction practices [70]. This 
educational focus reflects the industry's acknowledgment that successful digital transformation 
depends not only on technological advancement but also on developing a workforce capable of 
effectively utilizing these tools. 

Cluster 4 - Represented in yellow on the map, consists of seven keywords: "computer-aided 
design," "construction projects," "decision making," "fuzzy logic," "genetic algorithms," "knowledge-
based systems," and "robotics." The emergence of a distinct cluster focused on automation in AEC 
highlights the industry's growing emphasis on computerized and algorithmic approaches to 
traditional processes. This cluster's keywords reflect a shift from manual to automated decision-
making systems, leveraging various computational techniques. Computer-aided design (CAD) has 
been a cornerstone of this transformation, fundamentally changing how construction projects are 
conceptualized and executed [71]. The integration of CAD with other automated systems has enabled 
more efficient project planning and implementation, reducing errors and improving overall project 
outcomes [72]. The presence of decision-making and knowledge-based systems in this cluster 
indicates a move toward more intelligent automation in AEC. These systems, often powered by fuzzy 
logic and genetic algorithms, are capable of handling complex, multi-variable problems that are 
common in construction projects [6]. For instance, genetic algorithms have been successfully applied 
to optimize construction schedules, resource allocation, and cost estimation, demonstrating superior 
results compared to traditional methods [73]. Similarly, fuzzy logic systems have proven valuable in 
dealing with the uncertainty and imprecision inherent in construction decision-making processes, 
particularly in risk assessment and quality control [74]. The inclusion of robotics in this automation 
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cluster signifies the industry's recognition of the potential for physical automation beyond digital 
tools. Robotics in construction has evolved from simple repetitive tasks to more complex operations, 
guided by the knowledge-based systems and decision-making algorithms identified in this cluster 
[75]. This integration of physical and digital automation represents a significant step toward more 
comprehensive automation in the AEC industry, although challenges remain in terms of 
implementation and widespread adoption [76]. 

3.5.2. Research Focus Based on the Year of Publication  

The temporal analysis of research keywords reveals a clear evolution in the focus of AI 
applications within the AEC industry. Figure 7 presents the overlay visualization network map for 
co-occurring keywords across different years of publication. With a minimum of five occurrences, 
several research trends have been identified based on the year of focus.   

 

Figure 7. Overlay visualization map of co-occurring keywords. 

From 2020 to 2021, research related to "Automation in AEC" and "Digital Technologies in the 
AEC Industry" was more prominent. During this period, significant keywords include "robotics," 
"knowledge-based systems," "engineering education," "fuzzy logic," "genetic algorithms," "computer-
aided design," "architectural engineering," and "construction projects." These keywords are depicted 
in the purple and blue clusters on the map, reflecting a concentration on automation and digital 
technology advancements within the AEC sector. In the 2020-2021 period, the emphasis on 
automation and digital technologies aligns with the industry's broader push toward digitalization 
and Industry 4.0 principles. This focus on robotics, knowledge-based systems, and computer-aided 
design reflects what Maskuriy [77] identified as the initial stage of AI adoption in construction, where 
the industry sought to automate existing processes and integrate basic digital tools. The presence of 
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keywords related to engineering education during this period also suggests an acknowledgment of 
the need to prepare the workforce for technological transformation, a challenge highlighted by Pan 
and Zhang [6].  

Between 2021 and 2022, the research emphasis shifted towards topics such as "machine 
learning," "architectural design," "artificial intelligence," "decision making," "automation," 
"augmented reality," "AEC industry," "information management," "learning systems," "information 
theory," and "architecture." These are indicated in the dark green cluster on the map, suggesting a 
deeper exploration of AI applications and learning systems within architectural practices and 
decision-making processes. The shift toward machine learning and more sophisticated AI 
applications in 2021-2022 indicates a maturation in the industry's approach to AI. This evolution 
mirrors the trajectory observed by Darko [7], who noted that as AI technologies became more 
accessible and proven, AEC practitioners began exploring more advanced applications beyond 
simple automation. The emergence of augmented reality and information management as key themes 
during this period also suggests a growing recognition of AI's potential to enhance decision-making 
processes, a trend previously identified by Elghaish [78]. 

Publications from 2022 to 2023 saw an increased focus on AI in the AEC industry, particularly 
in areas such as "project management," "virtual reality," "digital twin," "life cycle," "architectural 
engineering," "Internet of Things," "building information modeling," "machine learning," 
"construction," "digitization," "systematic review," and "AEC." These keywords, indicated in light 
green on the map, highlight the expanding role of AI in project management, digital twins, and BIM 
integration during this period. The period from 2022 to 2023 marked a significant expansion in the 
scope of AI applications, particularly in project management and digital twin technologies. This 
broadening of focus aligns with Sacks [63] observation that the AEC industry was moving toward 
more holistic, lifecycle-oriented approaches to digital technology implementation. The integration of 
AI with Building Information Modeling (BIM) and Internet of Things (IoT) during this period reflects 
what Tang [79] described as the convergence of multiple digital technologies to create more 
comprehensive solutions for the AEC industry. 

Finally, from 2023 to 2024, research focused on issues such as "accident prevention," "deep 
learning," and "artificial intelligence," as depicted in the yellow cluster on the map. This recent shift 
reflects a growing interest in safety measures and the more advanced applications of AI, such as deep 
learning, within the AEC industry. Most recently (2023-2024), the emphasis on accident prevention 
and deep learning indicates a shift toward more specialized and sophisticated AI applications. This 
focus on safety aligns with Xu [80] findings that AI's potential to enhance construction safety was 
becoming a primary driver of its adoption. The emergence of deep learning as a key theme suggests 
that the industry is beginning to explore more advanced AI techniques, a development that Kor [81] 
predicted would lead to more transformative applications of AI in construction. 

This temporal evolution in research focus suggests a maturing approach to AI in the AEC 
industry, moving from basic automation to more sophisticated and integrated applications. 
However, as Delgado [76] note, the industry still faces significant challenges in fully realizing AI's 
potential, particularly in terms of data quality, standardization, and workforce skills. The ongoing 
emphasis on education and training throughout the analyzed period indicates a recognition of these 
challenges. 

4. Conclusion and Recommendations 

This comprehensive bibliometric analysis of Artificial Intelligence (AI) research in the 
Architecture, Engineering, and Construction (AEC) industry reveals a rapidly evolving landscape 
characterized by growing sophistication and expanding applications. The study identified several 
key trends and patterns that provide valuable insights into the current state and future directions of 
AI in AEC.  

The temporal analysis of publications from 2018 to 2024 demonstrates a clear upward trajectory 
in research output, despite a brief downturn during the global pandemic in 2020. This resilience and 
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subsequent growth indicate the industry's strong commitment to AI advancement. The dominance 
of conference proceedings over journal articles suggests a field that prioritizes rapid knowledge 
dissemination, typical of fast-evolving technological domains. However, the emergence of review 
articles and books signals a maturing field that is beginning to consolidate its knowledge base. 

Geographical analysis reveals a concentrated but globally distributed research landscape, with 
China, the United States, and the United Kingdom emerging as leading contributors. The high 
citation impact of publications from these countries indicates their significant influence in shaping 
the field's direction. However, the notable absence of contributions from certain regions, particularly 
Africa, highlights a geographical disparity that could potentially limit the global applicability of AI 
solutions in construction. 

The co-authorship network analysis identified distinct collaborative clusters, indicating the 
emergence of specialized research focus areas within AI applications for AEC. The evolution from 
earlier collaborations focusing on broad assessments to more recent work on specific applications 
and ethical considerations reflects the field's maturation. This progression suggests a deepening 
understanding of both the potential and challenges of AI implementation in construction contexts. 

Keyword co-occurrence analysis revealed four primary clusters of research focus: integration of 
AI across AEC processes, building lifecycle applications, digital technologies convergence, and 
automation techniques. The temporal evolution of keywords indicates a shift from basic automation 
and digital tool integration toward more sophisticated applications involving machine learning, 
digital twins, and deep learning. This progression demonstrates the industry's growing capability to 
leverage AI for increasingly complex construction challenges. 

Based on these findings, several recommendations can be made for future research and industry 
practice: 

• Standardization Initiatives: There is a pressing need for the development of standardized 
frameworks for AI implementation in AEC. Future research should focus on creating industry-
wide standards for data collection, AI model development, and implementation protocols to 
facilitate broader adoption. 

• Cross-Regional Collaboration: Efforts should be made to promote research collaboration 
between established and emerging regions in AI-AEC research. This could help address the 
current geographical disparities and ensure AI solutions are applicable across diverse 
construction contexts. 

• Integration of Ethics and Safety: As AI applications become more sophisticated, future research 
should prioritize the development of ethical guidelines and safety protocols specific to AI use in 
construction. This includes addressing issues of data privacy, algorithmic bias, and the 
responsible implementation of AI in safety-critical construction applications. 

• Education and Training: The industry should invest in developing comprehensive education 
and training programs to prepare the workforce for AI integration. This includes both technical 
skills development and fostering an understanding of AI's capabilities and limitations in 
construction contexts. 

• Interdisciplinary Approach: Future research should emphasize interdisciplinary collaboration, 
particularly between construction professionals, computer scientists, and ethicists, to ensure AI 
solutions are both technically sound and responsibly implemented. 

• Validation and Verification: There is a need for more research on methods to validate and verify 
AI systems in construction applications, ensuring their reliability and safety in real-world 
settings. 

Limitations of this study include the focus on Scopus as the sole database and the potential 
impact of publication lag on the analysis of very recent trends. Future bibliometric studies could 
benefit from incorporating multiple databases and considering alternative metrics to capture the 
impact of AI research in construction. While AI research in the AEC industry has made significant 
strides, there remain substantial opportunities for growth and improvement. By addressing the 
identified gaps and following the recommended directions, the industry can work towards more 
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effective and responsible integration of AI technologies, ultimately enhancing construction practices 
and outcomes. 
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