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ABSTRACT

This paper analyzes the application of artificial intelligence (AI) techniques in lean construc-
tion (LC) and their potential to enhance project management (PM) for improved cost and
schedule efficiency. The PRISMA methodology is used to select relevant articles in four steps.
Furthermore, a bibliometric analysis of keywords and their occurrences is conducted. The
study emphasizes the different methods of utilizing lean tools and Al techniques to attain
optimal results in the construction industry. By combining a variety of tools and techniques, it
is possible to create an environment that fosters improved project outcomes while minimiz-
ing risks and inefficiencies. According to the articles reviewed, the LC methodology and its
tools are becoming increasingly relevant in general practice (GP). Machine learning (ML) tech-
niques, particularly artificial neural networks (ANN), have been extensively researched as a
tool to enhance construction projects by minimizing delays, fostering collaboration, cutting
costs, saving time, and boosting productivity. Combining LC with ML can enhance profitability
and align with lean principles, leading to successful outcomes for construction projects.

KEYWORDS
construction project management, lean construction, lean tools, artificial intelligence,
machine learning

1  INTRODUCTION

Construction projects are self-contained systems with the goal of completing
a building, and their efficient management is crucial for success within the estab-
lished parameters [1]. Project management (PM) must identify and overcome several
challenges in order to achieve higher productivity and greater efficiency on the job
site [2]. Construction PM experts and enthusiasts are seeking innovative models that
incorporate lean construction (L.C) methodology tools and strategies to enhance the
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performance of the sector [3-5]; as well as the utilization of machine learning (ML)
techniques [6-8]. LC’s philosophy focuses on identifying and eliminating waste and
maintaining a steady flow work. and properly managing of resources to avoid delays
and additional costs while improving efficiency and productivity [9]. ML, a subfield
of artificial intelligence (AI) [10], is capable of analyzing large amounts of data, gen-
erating predictive or control models to optimize performance [11], and learning from
the information it analyzes. [12], [13]; it also helps the manager to better monitor the
project, thereby improving PM in terms of cost, time, and risk [14]. Combining I.C and
ML improves job performance, even in real time [15]. Productivity indicators in the
construction industry have not improved since the 1950s [16]. Therefore, continuous
improvement is necessary for performance and production in construction projects.
The integration of L.C and ML is used to effectively maximize these objectives [17].
Similarly, their combination is used to automate processes and gather information
from different sectors, enabling the prediction of when maintenance or quality con-
trol is needed [18] [19]. The objective of this paper is to explore the scope of Al tech-
niques in LC methodology and how they can revolutionize PM. By harnessing these
advanced technologies, it is possible to achieve remarkable results in terms of cost
and time efficiency, ultimately leading to improved project outcomes.

2 REVIEW OF RELATED

The LC methodology aims to enhance the value of construction projects while min-
imizing project waste. Scholars and academics have extensively researched this issue.
For example, in reference [20], lean tools and techniques used in construction proj-
ect management are analyzed to evaluate their impact on productivity improvement
and delay reduction. Similarly, in [21], various lean practices are identified and clas-
sified along with their advantages. It also highlights that the last planner system (LPS)
and just-in-time (JIT) are the most commonly used tools in the construction industry.
It is argued that understanding the challenges of implementing lean methodology is
crucial to achieving its benefits. The construction industry faces several obstacles that
impede project objectives. In [22], various technological methods and innovative tools
aimed at developing construction projects within the initial parameters are analyzed.
The methods used to achieve the objective involve planning, ML, and optimization.
In [23], the utilization of Al in engineering and construction is examined, revealing
a growing interest in its potential to automate processes, mitigate risks, enhance effi-
ciency through digitization, and employ computer vision technology. In [24], the use
of Al in software projects, PM, and development estimation are explored. The result
is enhanced accuracy and predictability for projects. The paper also explores how Al
can enhance decision-making in PM and its advantages over traditional methods. The
study concludes that the implementation of Al has significant potential to enhance
accuracy, efficiency, risk management, and cost-effectiveness in engineering con-
struction projects. In [25], the potential and limitations of using Al in PM construction
are examined. The study shows that, while its application is not yet widespread, Al is
used to plan, schedule, and monitor projects. Similarly, in [26], the results demonstrate
that ML is highly beneficial for construction PM due to its capacity to enhance plan-
ning, measurement, performance, and decision-making. In [27], it is demonstrated
that Al has a positive impact on risk management, cost efficiency, and time efficiency.
It also enhances productivity by overcoming barriers caused by project variability,
uncertainty, and complexity. In [28], methods for construction risk management are
compared and evaluated. Suggestions are provided for the implementation of Al at
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various management levels. The study also examines the most effective and accurate
Al tools for addressing the shortcomings of construction risk management. In [29], the
author examines the use of Al in LC PM and concludes that combining it with visual-
ization and optimization techniques can enhance waste reduction, process improve-
ment, workflow efficiency, and productivity. In [30], the primary machine learning
techniques and algorithms utilized in construction project management are analyzed.
It also presents a model that generates digital building models partially by analyzing
historical data using the building information modeling (BIM) methodology.

3  METHODOLOGY

The present systematic literature review (SLR) research was conducted using
the PRISMA methodology to gather concise information from articles related to the
main topic. The objective is to present the analyzed publications in a more com-
prehensive and accurate manner, aiding interested stakeholders in evidence-based
decision-making [31]. The PRISMA statement is a structured guide that helps to orga-
nize and clarify research development. It consists of several methodological steps.

e Relevant and significant documents pertaining to the subject under study are
identified.

e The articles are analyzed, exclusion and inclusion criteria are applied, and dupli-
cate documents are eliminated.

e An eligibility analysis is conducted.

e Final papers are chosen for thorough review.

3.1 Research questions

Selected articles and papers that examine the LPS methodology and its strategies,
supported by ML techniques for enhancing PM in the construction sector, are ana-
lyzed. The following research questions (RQ) have been formulated to conduct the
systematic literature review:

e RQ1:¢Qué herramientas y estrategias L.C utiliza la GP constructivos?

e RQ2:;Cudles son las técnicas y/o algoritmos de la TA mds utilizados en la gestion
de proyectos constructivos y como se integran con la filosofia L.C para mejorar la
eficiencia y productividad en la construccion?

e RQ3: ¢Cuéles son los principales beneficios y ventajas de la combinacion de las
estrategias LC y ML en la gestion de GP, en términos de costos, tiempos y riesgos?

3.2 Search strategy

To conduct the research, a specific search string is developed, and different
filters are applied to each of the databases used, including EBSCOhost, IEEE Xplore,
ScienceDirect, Scopus, SpringerLink, and Web of Science. The criteria are detailed in
Table 1. The search process aims to identify documents relevant to the research topic
and then apply the inclusion and exclusion criteria, as detailed in Table 2 according
to the PRISMA statement, to determine which documents will be selected and used
in the paper, using an SLR matrix.
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Table 1. Search string and filters applied to each database

Data Base Equation Filters
EBSCO HOST (Construction Project Types of sources: Scholarly publica}tions . . _ .
M Thesaurus term subject: Construction Project management, Construction projects, lean Construction,
anagementAND | v cial intelligence, Project t, machine Learning, 20182023
Lean Construction) | ttficial intelligence, Project management, machine Learning, 2018
IEEE Xplores | OR (Construction Filters Applied: Journals learning (artificial intelligence), optimization, deep learning (artificial
Project Management | intelligence) neurales nets, construction industry, project management. 2018-2023. Open Access.
ScienceDirect AND Lean TOQLS) Refine by: Years: 2018-2023. Article type: Research articles. Piblucation title: Automation in
OR (Construction : L - s : L .
) construction, Engineering Applications of Artificial Intelligence, Advanced Engineering Informatics.
Project Managerent Subject areas: Engineering. Acces type: Open Access
AND Artificial ) - ENBINEENng: ACCes ype: Up
Scopus Intelligence) OR (LIMIT-TO (OA, “all”)) AND (LIMIT-TO (PUBYEAR, 2023) OR LIMIT-TO (PUBYEAR, 2022) OR LIMIT-TO
(Construction Project | (PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO
Management AND (PUBYEAR, 2018)) AND (LIMIT-TO(DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”)) AND (LIMIT-TO
Machine Learning) | (SUBJAREA, “ENGI”)) AND (LIMIT-TO (EXACTKEYWORD, “Project Management”) OR LIMIT-TO
OR (Lean Tools (EXACTKEYWORD, “Artificial Intelligence”) OR LIMIT-TO (EXACTKEYWORD, “Lean Construction”) OR
AND Machine LIMIT-TO (EXACTKEYWORD, “Machine Learning”)) AND (LIMIT-TO (LANGUAGE, “English”))
Web I{ealrnjlkri\%))(l)%Rt('Iﬁeari Refine by: Open Access, Publication Years: 2023 or 2022 or 2021 or 2020 or 2019 or 2018. Citation
of Science IOO lsl riica Topics Meso: 4.61 Artificial Intelligence & Machine Learning or 6.3 Management. Document Types:
ntelligence) Review Article or Article
Table 2. Criterio de inclusion, exclusion y justificacion
Include studies related to the LC methodology and/or its strategies or tools applied to construction PM.
Include studies that apply LC techniques in construction PM.
Include studies published in the last 6 years (2018-2023).
Articles in reliable database.
Short papers.
Articles older than 6 years.
Studies that are not related to the subject matter.
Articles in Spanish
The PRISMA statement consists of four phases for selecting scientific articles for

research (see Figure 1). The initial phase involves identifying 43,654 articles using
a search string in selected databases. In the second phase, filters are applied based
on inclusion and exclusion criteria, resulting in 376 articles. Next, eligibility is deter-
mined by analyzing the titles using specific phrases related to the research objective,
resulting in 168 selected and 208 excluded. Finally, relevant articles are selected by
carefully reviewing the abstracts related to the topic, resulting in 63 articles that will
support the following areas of research:

e The tools and strategies of L.C used in PM construction.

e The most commonly used Al techniques in project management and how they
integrate with the LC philosophy to enhance efficiency and productivity in the
construction industry.

e The main benefits and advantages of integrating L.C and modern methods of con-
struction (MMC) strategies in PM include cost reduction, time efficiency, and risk
mitigation.
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Fig. 1. Scientific flow diagram for the selection of articles following the PRISMA methodology

4  RESULTS AND DISCUSSION

The initial section of the text involves a hibliometric analysis and provides a detailed
examination of 63 articles. The second part analyzes LC tools, strategies, the benefits of
their application, and ML techniques presented by researchers in their studies, as well
as the main advantages of combining I.C with ML for construction project management.

4.1 Bibliometric analysis

The VOSviewer program is utilized for conducting bibliometric analysis and
visualizing the connections between journals, researchers, or publications based on
citation data. The study uncovers the keywords and their occurrences related to
LC strategies and Al techniques applied in construction PM. In Figure 2, the biblio-
metric map shows the connections and relationships between the keywords, which
are classified into 24 groups. The most common keywords are LC, IA, ML, BIM, and
construction management.
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Fig. 2. Bibliometric map of the relationships between keywords
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4.2 Manuscript analysis

Five databases were selected for article retrieval: EBSCOhost, IEEE Xplore,
ScienceDirect, Scopus, and Web of Science. The initial search yielded 43,654 articles.
After applying the PRISMA methodology and the agreed-upon criteria, 63 relevant
articles were obtained and included in the research. Scopus has the largest number
of articles selected, with 40 documents, representing 63% of the total. It is followed
by EBSCOhost with 19%, ScienceDirect with 11%, IEEE Xplore with 3%, and WoS
with 2%. This information can be seen in Figure 3, which shows that the number of
research studies on the discussed topic has increased since 2018, with a decrease in
2023 due to reaching the halfway point. Scopus had the highest number of articles
published between 2018 and 2023, reaching peaks in 2020 and 2022 with seven
and ten articles, respectively. The highest number of articles was published between
2021 and 2022, with a total of 13 and 14, respectively.

Cant

Revision of titles and elimination of duplicates = 168

CONTINENTE

Fig. 4. Izquierda: Cantidad de articulos por pais de publicacion; Right: Number of articles per continent

China and the UK have the highest number of publications, with 12 and 10 arti-
cles, respectively, followed by India and Spain, with four articles each respectively.
According to Figure 4, Australia, Canada, Egypt, and the USA have three individ-
ual articles, while other countries have only one or two publications. In Figure 4,
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Europe and Asia have the highest number of published articles, with 25 and 21,
respectively. The Americas have ten publications, while Africa and Oceania have
only four and three, respectively.

4.3 RQ1: What LC tools and strategies does the constructive PM use?

Lean construction is strengthening its position in the construction industry by focus-
ing on continuous improvement and resource optimization. The use of LC methodol-
ogy for PM has become almost mandatory as it leads to greater efficiency. As a result,
[22] examines delays in construction projects to identify new technologies that can
reduce them. One of the conclusions drawn is that the adoption of building information
modeling (BIM) platforms is highly competitive and beneficial for project development
in the construction industry. Similarly, in [20], lean tools used in PM are identified to
achieve the benefits offered by LC, such as 5S, LPS, BIM, JIT, visual management (VM),
and others. Similarly, in [21], 32 LC practices are identified, with LPS and JIT being the
most extensively researched and documented in the industry. Table 3 presents the lean
tools utilized in construction PM, as identified in this literature review:.

Table 3. Lean techniques and/or tools applied to PM construction

LC Techniques/Tools Reference

iJOE | Vol. 20 No. 3 (2024)

1|58 [32]
2 | Augmented Reality — AR [33-35]
3 | Big Room [32]
4 | BIM 4D [36]
5 | Building Information Modeling — BIM [32], [34], [35], [37-59]
6 | Integradet Project Delivery — IPD [44], [55]
7 | Justin Time — JIT [45], [57], [60-62]
8 | Kanban [63]
9 | Last Planner System — LPS [36], [39], [48], [51], [54], [57], [61-68]
10 | Lean Six Sigma — LSS [61]
11 | Look Ahead [36], [48]
12 | Percent Plan Completed — PPC [62]
13 | Plan Do Check Adjust — PDCA [62], [63]
14 | Prefabrication, and Modularization [61], [69]
15 | Pull Planning [55], [69]
16 | Six Sgima —SS [45], [60], [61], [68]
17 | Interdependency Structure Matrix — ISM [70]
18 | Takt Time [63]
19 | Total Quality Management — TQM [57], [61]
20 | Value Stream Mapping — VSM [68], [69]
21 | Virtual Design and Construction — VDC [44], [56]
22| Virtual Reality — VR [33], [34], [50]
23 | Visual Management — VM [45], [54], [57], [61], [62]
24 | Yokoten [45]
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4.4 RQ2: What are the most commonly used AI techniques and/or algorithms
in constructive PM and how do they integrate with the LC philosophy
to improve efficiency and productivity in construction?

This study identifies the most commonly used Al techniques to enhance PM in
construction. In [26], ML is presented as a powerful tool in Al that relies on classify-
ing and predicting information. It utilizes a range of architectures and algorithms
to learn from the input data, ultimately resulting in the creation and training of a
model capable of making predictions based on the analyzed and learned informa-
tion. One of the main techniques used in machine learning is artificial neural net-
works (ANNs), which emulate the human brain and utilize other architectures, such
as convolutional neural networks (CNN) and recurrent neural networks (RNN). It
also utilizes methodologies such as fuzzy approaches and decision trees, as well as
algorithms such as the backpropagation neural network (BPNN). The text also dis-
cusses deep learning (DL), a subfield of ML that utilizes a multi-level architecture
and nonlinear analysis to process input and output information. In addition to
CNNs and RNNs, DL also utilizes deep neural networks (DNN), among other tech-
niques. The article also discusses natural language processing (NLP), which aims
to facilitate communication with humans and extract information from written
language. It also encompasses Al-based heuristics, reasoning methods based on
partial evidence, as well as algorithms such as random forest (RF), support vector
machine (SVM), and k-means. Researchers are studying ML techniques and tools
that align with specific objectives. Choosing the appropriate tool can result in more
precise and potent outcomes. Similarly, the article [30] highlights the most com-
monly used ML techniques, such as SVM, decision trees, RF, k-nearest-neighbor
(kNN), ANN, and CNN. The research aims to automate the creation of precise digital
building models using the mentioned algorithms, leveraging existing data such
as plans or images, and employing BIM methodology. In reference [29], the study
examines the synergy achieved by using LC tools such as VSM, BIM, discrete-event
simulation, VR, etc., with the support of ML techniques. The ML techniques that are
most conducive to achieving LC objectives in construction PM, such as ANN, fuzzy
logic, decision support/expert systems, and genetic algorithms (GA), are identified
and correlated. Tables 4 and 5 are presents the techniques and algorithms identi-
fied in the systematic literature review (SLR) that are used to enhance construction
project management.

Table 4. Al techniques most commonly used in construction project management

Item Al Field/Subfield Techniques References
1 ML Artificial Neural Network — ANN [42], [53], [71-77]
2 Convolutional Neural Network — CNN [76], [78-81]
3— Deep Recurrent Neural Network — DRNN | [82]
4— ML/DL Graph Neural Network — GNN [83]
5— Long Short-Term Memory (LSTM) [76]
6— Multilayer Perceptron [76]
7 ML/SL Decision Tree [76]
8 Natural Language Processing (NLP) | Fast Recurrent Neural Network — Fast-RNN | [81]
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Table 5. AT algorithms most used in construction project management

Item Al Field/Subfield Algorithms References
1 ML/Clustering — Optimizacion/ | Genetic Algorithm based [84]

Clustering optimization K-means — GA-K-means
2 ML/DL Backpropagation Neural [85]

Network — BPNN

3 C4.5 [71]
4 k-Nearest-Neighbors — kNN [71]
5 ML/SL Naive Bayes — NB [59], [71], [76]
6 Random Forest — RF [71], [75], (861, [87]
7 Support Vector Machine — SVM | [71], [73], [75], [76], [88], [89]
8 Computer vision YOLO You Only Look Once [81]

4.5 RQ3: What are the main benefits and advantages of the combination of
LC and ML strategies in constructive PM, in terms of cost, time and risk?

[29] argue that the benefits provided by the use of LC tools with the support of
ML techniques are directly related to the principles of the Lean philosophy, such as:
(1) waste reduction; (2) time reduction; (3) reduction of variability in terms of time,
costs, workflows, and processes; (4) improved safety management; (5) increased
productivity; (6) development of a system for project delivery; and (7) improved
construction efficiency. For the present research, Table 6 presents the benefits iden-
tified in SLR, which are categorized into four general levels encompassing benefits
in this area: efficiency, quality, and safety; optimization of schedules and budgets;
and risk reduction.

Table 6. Benefits of the combination of LC and ML strategies in constructive PM

Item Category Benefits References

1 Efficiency Elimination of construction waste and losses. [34], [36], [47], [58],
Optimization of processes and work flow. [73], [75], [76],
Estimates, improves and automates productivity and labor performance. [82], [83]
Increased efficiency in resource allocation.
Improved information processing.

2 Quality and Safety Real-time remote monitoring support. [71], [79], [88]
High accuracy of generating intelligent reports in time on the development of the
construction.
Continuous monitoring.
Increased focus on job site safety.

3 Optimization of Improves project planning and scheduling. [34], (531, [76], [77],

deadlines and budgets | Estimates construction schedules. [82], (831, [87], [89]

Performs budget and cost estimates.
Generates higher profitability.

4 Risk Reduction Identifies and predicts potential risks. [501, [58], [59], [74],
Reduces unexpected problems. [81], [84], [871], [90]
Facilitates decision making
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5  CONCLUSIONS

The reviewed articles demonstrate a growing interest in the L.C methodology and
its tools for construction PM, which confirms its position and relevance in the sec-
tor. The most researched tools in this SLR are BIM and LPS, with 25 and 13 articles,
respectively. These two tools are considered to be the most representative of the
group. They are followed by VM and JIT, each with five research articles.

It is important to conduct further research on additional lean tools and their syn-
ergies to enhance the management of construction projects.

Researchers agree that the BIM methodology is competitive and effective in reduc-
ing delays and improving collaboration among all parties involved. LC researchers
have discovered similar advantages, including enhanced operational efficiency with
decreased waste, process optimization, increased productivity and performance,
and reduced time and costs.

The most studied ML technique in the reviewed articles is ANN, followed by
SVM. All of the ML tools presented demonstrate positive effects on PM processes. It
is important to choose the ML technique that is suitable for the specific objectives in
order to achieve more accurate results with greater precision and power.

The use of LC and ML strategies in construction PM allows for the improve-
ment of costs, schedules, processes, and productivity, aligning with Lean prin-
ciples. This combination is a potent tool for achieving success and efficiency in
the industry.

Limitations encountered in this research on the integration of LC strategies
with ML techniques include the availability and quality of the data used to train
the algorithms, potential bias in the selection of studies for the literature review,
inherent limitations of ML techniques, the scarcity of specific research in this field,
and challenges in integrating these methodologies in the construction industry
due to resistance to change. Addressing these aspects is crucial to their successful
application.

To delve deeper into the practical application of combining I.C and ML in con-
struction project management, the author recommends conducting case stud-
ies and pilot projects to validate real-world results. Specific tools and platforms
should be designed to integrate ML techniques into the industry. Customized
algorithms tailored to meet project management requirements should be
developed, along with cost-benefit analyses to assess economic viability. These
approaches will enhance efficiency, reduce costs and risks, and promote sustain-
ability in construction.
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