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Abstract: Artificial intelligence (Al) has emerged as a revolutionary force that radically transforms the
technological landscape and opens up a multitude of possibilities across various sectors. The architecture,
engineering, and construction (AEC) industry is no exception, and fully capitalizes on the potential of Al. This
technology is being crucially integrated into its processes, not only to improve operational efficiency and reduce
costs but also as a driving force behind innovations that redefine building and infrastructure design and
construction. The incorporation of Al into the AEC industry can lead to significant improvements in planning,
design, resource management, and maintenance, thereby increasing productivity and promoting sustainability.
Moreover, Al can optimize the use of materials, predict potential failures, and enhance safety at construction sites,
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resulting in safer and more efficient projects. However, the integration of Al is not without challenges and risks,
which must be managed responsibly and prudently. These challenges include issues related to Al ethics, safety,
reliability, transparency, inclusion, regulation, and long-term sustainability. This article aims to explore the various
applications of Al in the AEC industry, highlighting both the opportunities it offers for innovation and efficiency,
and the challenges inherent in its integration into everyday processes. By unraveling the impact of Al, we seek to
not only understand its current role but also project its future influence in creating more innovative and sustainable
built environments. Through a detailed analysis, we aim to shed light on how Al can transform the industry and
contribute to more efficient ecological development, ensuring that technology is used ethically and responsibly for
the benefit of all.

Keywords: artificial intelligence; architecture; engineering and construction; machine learning; building
information modeling

REFEA. TENMBFTVATERNATRT: JB5Hk%

HE: A8 (Al
EEEA—BREGENE EHEIZTTHEARRD, AZRNTEFRET RS AREM ., BH.
TiEMET (AEC)

T tTEN, EXRSFATALIZERME D, XIMBEAREHRXBEHEBSEHRRES, T
AILIREEEMEMBERAR, MEIRAILIRNEH E X BRMEMIERZITHIE 6%
BERMIENA, FALEEERA AEC
Tl B EN. &, BREEMMER, MMIREEF A REATHFEEME, ot
AT EREAMUMMAEMEOER, TUEERE, FREEIIINESE MMIHERS
. EEMINB. AW, AILZMEBEFIESERLINE, AMASEMEERERE,
XERGDIES N THEEE. T4, AR, BHE. 8. BEMRKAEFEEE
XA, AXEEIRTAIEREE AEC
TR BTN AR, ERNBATEENCIFHIRERREMNS, UREFERABERERE
ARk, BIBRATEREMEN, EIITNSFLETHRILIMNER, mMELHETUUE
O E T ECUFT M AT B FIRE PR KR, EDIFM ST, BISEEAA
TEENAIHTTIFREHESRNESKE, BEUSTFEEMOIIMNAREREA,
ERATA A
XigiE . ATER &85, LREMEL, flssZF>, 2REEEE

pe]

1. Introduction

Artificial intelligence (Al) has driven a significant
shift in society, as reflected in the strategic vision of
business leaders worldwide. According to a study
conducted by Deloitte (an international professional
services network), which surveyed approximately 2600
global business leaders, 94% believe Al will be crucial
for business success in the next five years. This
consensus underscores the growing competition in
adopting Al-based technologies, where companies not
only improve their efficiency and reduce costs, but also
generate new market opportunities and foster
innovation in their products, contributing significantly
to increasing revenues. The broad acceptance of Al

among business leaders, as the above study indicates,
clearly indicates its relevance to the immediate future
of business. This global trend highlights the importance
of identifying and exposing specific applications of Al
in critical sectors such as architecture, engineering, and
construction [1].

Mexico’s construction industry faces several
challenges that have hindered its growth. Resistance to
digitalization in the industry complicates collaboration
between organizations and their remarkable
development. Organizational factors influence the
adoption of these technologies, such as satisfaction
with proprietary systems and the existence of
Information Technology infrastructure [2].

The adoption of collaborative technologies has
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become essential for optimizing and streamlining
processes that are redundant, tedious, and monotonous,
making times more efficient and productive [3].
However, as highlighted in [4], Al is an invaluable tool
capable of significantly minimizing the time spent on
repetitive tasks by efficiently handling large volumes of
data (Big Data) and optimizing work procedures. Other
challenges are encountered in increasing participation
in the design and planning processes, which results in
slowness and higher costs associated with decision-
making. This is because involving more stakeholders in
the process can lead to longer and more complex
discussions, which can delay project completion [5].
According to [6], Al can examine a wide range of
design-related factors to identify the most efficient and
eco-friendly options, in addition to the Building
Information Modeling (BIM) tool, which offers an
environment in which these design solutions can be
visualized and managed. Similarly, integrating Deep
Learning, an advanced branch of Al, further expands
the analytical and predictive capabilities of the
industry. As argued in [7], deep learning has been
implemented to overcome challenges in the
construction sector, such as structural monitoring,
workplace safety, building occupancy simulation, and
energy consumption estimation.

Overall, Al is optimizing efficiency and expanding
creative capabilities. However, the rapid advancement
of this technology presents significant challenges.
Ethical dilemmas emerge when considering the
autonomy of technology and moral implications of its
use. The need to address the risks inherent in
technological development is recognized to avoid
negative consequences [8]. Porcelli [9] raised the
importance of developing updated legislation that
aligns with technological progress to effectively
manage Al to ensure that regulations safeguard the
interests of the population and encourage technological
advancement that is ethical and responsible.

The main objective of this research is to examine
multiple applications of Al in the AIC industry.
Additionally, it highlights the strengths of innovation
and efficiency. We consider the weaknesses that their
incorporation into daily processes in the industry
entails. It also highlights technological developments
and innovations that are transforming the way projects
are designed and built. Automation of design tasks,
automatic generation of BIM models, quality control
and automated inspection, risk and conflict prediction,
among others.

2. Methodology

2.1. Word Map of Evidence-Based Learning
Strategies
This research adopted an inductive and qualitative
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analytical approach to understand the phenomenon
studied intensely. Through a detailed descriptive
analysis, we sought to capture the essence and
particularities of the reported literature, thus allowing a
richer and more contextualized interpretation of the
results (Figure 1).

To select literature, a three-stage process consisting
of search, selection, and snowball sampling was
conducted.

A detailed review of scientific literature on Al
applications in the AEC industry was conducted.
Scopus was used as the main database for the literature
review. In the first stage, searches were conducted
exclusively in English, the dominant language in
science and technology, and these databases mostly
contain articles in this language.

Higher order categories deduced
Sub- categories deduced and compared

+

Meaning units compared between
transcripts and video files. Compared for
similar or varying themes.

L t

Line-by-line coding of transcripts and video
files. Meaning units created.

validity =~ ——

Transcripts and video files organised in
Nvivo. Transcripts re-read and videos
watched several times. Immersed in data.

*
Reliabilit Audio interviews transcribed. Transcription
y checked for errors
A

Research question specified

Figure 1. Word map of evidence-based learning
strategies [7]

The article search strategy consisted of compound
keywords such as “artificial intelligence” AND
“architecture industry” OR “construction industry.” The
search was performed in the “subject” category, which
included searching for keywords in the title, abstract,
and keywords of the articles. This search yielded 1,023
documents, which were filtered by language: English,
document type: article, and publication date: 2014-
2024, resulting in 307 articles that were sorted
according to relevance. Articles were selected by
reading the first 100 titles; thus, an initial sample of 50
articles with titles most closely related to the theme was
selected.

In the second stage, the abstracts of this initial
sample were read, discarding those that were not
completely related to the theme or that addressed other
topics but were from the same AEC branch, resulting in
a second sample of 42 articles. In the third stage,
according to these 42 articles, a “snowball sampling”
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strategy was applied, which consisted of an initial
selection of articles that met the research criteria. New
relevant works have been identified and added through
the references of these articles, forming a growing chain
of references [10]. Using this strategy, seven articles
were identified, to which the same selection criteria
were applied, resulting in five selected articles.

Upon completing these three stages, the search was
completed and a final sample of 47 articles was
consolidated, as shown in Table 1. After identifying and
selecting relevant references, qualitative analysis was
conducted using an inductive method. This process
allowed for a detailed description, identification of the
authors’ key conclusions, and reporting on the
applications of Al in the AEC industry.

2.2. Descriptive Analysis of the Articles Reviewed

Following the parameters established for the choice,
and after carrying out the three stages of the search,
forty-seven articles were selected, where some of their
most  relevant characteristics were highlighted,
including the title, year of publication, focus, and
theme.

2.2.1. Years of Publication

The years of publication of the selected articles
cover the last ten years since it was considered a
significant period that allows the analysis of trends and
advances in the subject studied. Showing the results
through a graph, an upward trend was observed in the
number of articles published from 2014 to 2022, the
peak year of publications with 17 articles, followed by
a drastic decrease in publications for the year 2024

(Figure 2).
1st stage |

» Searchm the “topic™ category, refurning
1,023 documents.

» Application of filters, language: English,
document tvpe: arficle, and publication
date: 2014-2024, giving 307 articles.

* Reading the tifles of the first 100
articles, giving a first sample of 50
articles.

$| 2nd stage

* Reading of abstract of the first sample. M
Discard articles not attached to the main
theme.

* Selection of 2nd sample. giving 42
selected articles.

vy
$ 3rd stage
~

* “Snowballing” strategy application,
leaving a selection of 7 articles

* Discard articles not attached to the main
theme. Giving a selection of 5 items.

vy

U

[ Final sample = 47 articles ]

Figure 2. Process selection (the authors’
elaboration)
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2.2.2. Methodological Approach

Each article addressed a set of procedures and
techniques for its conception. Nine qualitative articles
were obtained, followed by 14 quantitative articles. The
majority of articles (49%) used the mixed approach,
representing a total of twenty-two articles.

2.2.3. Theme

Continuing the analysis, the main topics addressed
in the articles were identified. The topics that led the
list were Implementation Strategies (14 articles, 31%),
prediction (13 articles, 29%), and Challenges and
Solutions (eight articles, 18%). More participation is
required in the following topics: risk and safety
assessment, estimates and costs, challenges and
solutions, and generative design.

Based on the analysis of the abstracts of the selected
samples, five general main themes with specific
subthemes were identified (Table 1).

Table 1. Themes. (The authors’ elaboration)

Theme Subthematic Authors
Integration Strategies and [2], [11]-[25], [27]
of Al in determining
Project factors in the
Management implementation
of Al
Challenges and [2], [16]-[21]
opportunities in
Al
implementation
Monitoring Real-Time [23]-[25]
and Monitoring and
Evaluation Risk
with Al Assessment
Workplace [26]
safety training
Prediction and [28]-[32]
Quality Control
Innovation Generative [33]-[37]
and Design and
Generative Building
Design Information
Modeling
Applications of [38]-[39]
Industry 4.0 and
Circular
Economy
Costs and Cost Estimation [40]-[43]
Productivity and Control
Productivity and [44]-[45]
Work
Optimization
Sustainable Sustainable [46]-[47]
construction Supply Chain
Energy [48]-[49]
efficiency of
buildings
Future perspectives [4], [22]
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3. Implementation

The first group identified in this literature review
relates to the integration of Al into project management
in the architecture and construction industry. Articles
addressing this topic explain  strategies for
implementing Al in the sector.

In the growing technological transformation within
the industry, various Al implementation strategies have
been addressed to redefine processes, increase
efficiency, and overcome traditional industry
challenges. These strategies also provide determining
factors for the adoption of this technology.

Some authors have proposed implementation
strategies using technologies, such as BIM, DT, and
ML. As reported in [27], BIM models, in conjunction
with models developed using digital twins (DTs), are
essential for implementing Al tools. This can help
investors and innovators assess the soundness of
startup technology and business strategies. The use of
methods that encompass the Lean Construction
methodology (LC) was suggested in [11], such as BIM
(Building Information Modeling), LPS (Last Planner
System), VM (Value Management), and Just-in-Time,
as Al implementation strategies within the industry. In
addition to the employment of Machine Learning (ML)
techniques, Artificial Neural Networks (ANN) and
Support Vector Machines (SVM) have been proven to
have positive effects on project management processes
within the AIC industry. The most recent strategies
were discussed in [12], who proposed a strategy
focused on fine-tuning Large Language Models
(LLMs), which consists of training an existing LLM
with its data to improve its performance in specific
tasks, provide domain knowledge, and improve the
fairness and reliability of the results.

4. Results

Some authors proposed that Al implementation
strategies should depend on user perceptions [2], [13].
Understanding public perception helps to understand
how the public perceives Al and its applications in
construction, which guides the adoption and
development of Al-related policies. According to [13],
strategies should be guided by the perceived ease of
use, utility for continuous use, and technological
satisfaction. In addition, organizations must establish
customized strategies according to their size, which
must consider internal factors, such as organizational
competence and perception of technology. Large
corporations have the advantage of implementing
large-scale capital and providing human resources for
technological innovation. In addition to agreeing with
these ideas, it was highlighted in [14] that these
organizations have more opportunities to develop
customized technology more efficiently, positively
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impacting perceived ease of use. They also propose
strategies such as investment in capital and education,
and the capacity for technological innovation.

External variables must also be considered.
Technological attributes, personal  competence,
organizational competence, and social influence are
determinants of Al acceptance [13]. Five essential
formative constructs for the successful adoption of Al
in health and safety management systems in the AIC
industry were identified in [15]: knowledge, operation,
management, integration, reliability, and adaptability.
Considering these factors, methodology selection is
crucial for achieving more accurate results.

Exploring the challenges and opportunities in Al
implementation is critical for navigating today’s
complex technological landscape and unlocking the
transformative potential of this technology in the
industry.

According to the analysis, several authors agree that
the biggest challenge when implementing this
technology within the AIC industry is the fragmented
nature of the industry itself. As argued in [16], the
fragmented construction industry makes it challenging
to implement innovative technologies uniformly.
According to [17], this fragmentation resulted in data
acquisition and retention issues and hindered focused
and cohesive research and development.

The need for personnel with academic knowledge
and professional education was highlighted in [18] to
improve the accuracy of Al R+D models and processes.
It requires human intervention, from data acquisition to
guality assessment. Moreover, according to [19], many
professionals have yet to receive training in Al or take
courses at universities, and most companies do not
offer Al training.

The adoption of Al in the AIC industry is still being
determined, particularly in organizations in developing
countries, mainly because the benefits of Al are yet to
be seen in these nations [20]. In addition, implementing
this technology comes with physical challenges, such
as injuries due to interactions with automated
machinery or Al systems, accidents caused by software
errors, or failures in automated decision-making.
Moreover, sociopolitical challenges range from job
displacement due to automation to ethical issues related
to Al decision-making in construction projects. It also
highlights the impact on data privacy and security as
well as the legal and financial implications of
implementing Al technologies [21].

Despite all the challenges already mentioned, there
is awareness that Al is a valuable tool for risk analysis
and can add value to daily work [19]. Integrating Al
into the industry can improve efficiency, timeliness,
operational effectiveness, and process quality. In
addition, Al is helpful in planning and improving the
accuracy of projects by forecasting events, risks, and
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costs. It also makes work more efficient, reducing the
time spent on repetitive tasks and optimizing processes
by analyzing big data [2], [16].

According to [16], integrating 10T, Al, and Cloud
Technologies (Fog  Computing)  provides an
opportunity to obtain significant benefits in terms of
reliability, performance, availability, automation, data
security, and energy efficiency. Processing and merging
data on devices close to a construction site improves
the network quality of service, reduces network traffic,
and improves data privacy and security.

4.1.1. Impact and Prospects of Al

The study of Al applications in the AIC industry in
recent years has generated significant impacts on the
industry itself and on humanity, and has also provided
future perspectives.

Al has affected the development of genetic
algorithms, neural networks, and knowledge-based
systems. With the increase in data generated during the
construction lifecycle, Al can leverage these data to
improve construction processes, offering the potential
for more accurate predictions, as with Deep Learning
[4], [22].

Some of the prospects of Al in the industry focus on
the continued reinforcement and development of BIM,
loT, quantum computing, augmented reality,
cybersecurity, blockchain, ubiquitous computing,
context-aware systems, human-machine interfaces, and
embedded systems. In addition, it is anticipated that
growing support for the construction industry will
motivate more publications on intelligent systems, as
this industry requires further research [4].

Monitoring and evaluation in construction with Al
is a fundamental pillar for the evolution of the AIC
industry, as it provides significant advantages that help
foresee, predict, or avoid situations that affect process
compliance.

It was proposed in [23] to implement edge
computing technology that allows data processing close
to the source, which is a crucial aspect for real-time
monitoring. Similarly, Kumar [24] stated that designing
and developing a robust architecture of Artificial
Intelligence of Things (AloT) nodes/devices that
communicate and extract real-time data from various
parameters allows construction companies to
proactively address potential hazards and improve
safety measures. The extracted data were analyzed
using an Al model to obtain meaningful information
regarding the current condition and risk assessment.
Thus, any danger to humans or assets can be prevented,
and the efficiency of the work environment can be
improved through specific and noticeable metrics.

Moreover, one of the most recent technological
advances has been addressed in [25], who reported the
design of an algorithm model using Al and BIM to
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identify damage to bridge structures using neural
networks, where a significant improvement in the
accuracy of damage recognition was observed using an
improved neural network algorithm compared to a
classical one; the average error of the classic was
0.77%, while the average error of the improved model
was 0.56%.

Safety in the industry is a significant factor, as
workers can put their lives at risk if they do not
perform their tasks correctly. The use of low-cost
chatbots was proposed in [26] as an experimental tool
for designing construction safety awareness and
training, targeting novice and less-experienced workers
on-site. This approach represents a significant advance
in construction safety training, offering an accessible
and adaptable alternative that could be particularly
useful for training workers with various levels of on-
site experience.

5. Discussion

The introduction of Al into this industry has caused
remarkable transformation, optimizing processes, and
increasing efficiency in various areas. Al applications
include technologies such as Building Information
Modeling (BIM), digital twins (DT), and machine
learning (ML). These technologies have revolutionized
project management, cost estimation, and quality
control. In addition, Al-based generative design is
improving the planning and construction of sustainable
urban spaces, enabling the creation of predictive
models that optimize the labor productivity and energy
efficiency of buildings.

The strengths of Al in the AIC industry are vast. Al
facilitates emission reduction, improves resource
management through sustainable construction, and
enables better coordination in the supply chain and
real-time monitoring, resulting in a faster response to
problems. However, Al adoption also faces significant
weaknesses, such as resistance to digitalization, the
need for advanced training, and the management of
large volumes of data. Furthermore, the involvement of
multiple stakeholders can slow decision making and
increase Costs.

To overcome the challenges of the industry, future
research should focus on overcoming them and
discovering innovative applications, with an emphasis
on strategic adoption that considers technological and
organizational aspects. Ethics and regulations are
critical to ensuring technological progress, which is
ethical and beneficial to society. The synergy between
Al and emerging technologies, such as cloud
computing and the Internet of Things (loT), opens
avenues for innovation and sustainable efficiency in the
AIC industry. Altogether, Al is redefining the industry,
driving a more sustainable and efficient future, with
research continuing to promise transformations that
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will benefit industry and human well-being globally.

6. Conclusion

Based on this study, several key aspects should be
considered to promote the effective adoption of Al in
this industry. Some possible recommendations are as
follows.

1) Training and  continuing  education:
Implementation of training programs for architecture,
engineering, and construction professionals so that they
can acquire the necessary skills to use Al technologies.

2) Investment in Technological Infrastructure:
Increase investment in technological infrastructure that
allows the implementation of Al solutions at all project
levels.

3) Collaboration between Sectors: Promote
collaboration between the academic, government and
private sectors to develop and implement innovative
Al-based solutions.

4) Policies and Regulations: Develop policies and
regulations that support the adoption of Al and ensure
its ethical and responsible use.

5) Promotion of Research and Development:
Encourage research and development of new Al
applications specific to the AIC industry in Mexico.

These recommendations seek to maximize
opportunities and mitigate the challenges presented by
the adoption of Al in this industry, thus promoting
innovation and efficiency in projects.

Analyzing the literature on Al applications in
architecture, engineering, and construction (AEC) in
Mexico would provide valuable insights into the
adoption, challenges, and potential impact of Al
technologies in these sectors within the country. The
following are some potential results that may be found:

1) The literature may reveal the current status of Al
adoption in the AEC industry in Mexico. This could
include information on which sectors (architecture,
engineering, or construction) lead to Al integration, the
types of Al technologies adopted, and the scale of
implementation (e.g., large firms vs. small and
medium-sized enterprises).

2) This review identifies specific Al applications in
Mexico’s architecture, engineering, and construction
practices. This includes generative design, predictive
analytics for project planning and scheduling, virtual
reality (VR) and augmented reality (AR) for design
visualization and client presentations, and Al-driven
robotics for construction tasks.

3) It would likely outline Al’s benefits of Al in the
AEC industry in Mexico. These include increased
efficiency in project delivery, cost savings through
optimized resource utilization, improved safety at
construction sites, enhanced design capabilities, and
better decision-making through data-driven insights.

4) The literature review highlights the challenges
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and barriers hindering the widespread adoption of Al in
Mexico’s AEC sector. These could range from data
quality and availability issues to concerns about job
displacement due to automation, cultural resistance to
technology adoption, regulatory hurdles, and the need
for specialized skills among professionals.

5) Case Studies: This review might feature case
studies or examples of successful Al implementations
in architecture, engineering, and construction projects
in Mexico. These real-world examples, with their
practical applications and tangible results, would
provide valuable lessons learned and insights into best
practices for leveraging Al technologies effectively,
fostering a sense of engagement and connection with
the material.

6) Policy Implications: Finally, the literature review
discusses the policy implications of Al adoption in
Mexico’s AEC industry. This might include
recommendations for policymakers to support
innovation and technology adoption but also to foster
collaboration between industry stakeholders and
academia. This emphasis on collaboration underscores
the value and importance of the audience’s expertise
and involvement in the research process, making them
feel valued and integral to it.

By synthesizing these results, stakeholders in the
AEC industry, including practitioners, policymakers,
and researchers, can gain a comprehensive
understanding of the current landscape of Al
applications in architecture, engineering, and
construction in Mexico. This understanding can pave
the way for exciting opportunities for further research,
investment, and collaboration, fostering a sense of
optimism and anticipation of potential innovation and
growth that Al adoption can bring to the industry.
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