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ABSTRACT

Lean Construction is a philosophy grounded in production theory that play a crucial role in
promoting efficient, sustainable, and cost-effective practices across the Construction and
Engineering Management (CEM) sector. To understand its impact, it is important to analyze
the related concepts, synergies, information gaps, potential research paths, and new terms
associated with such domain. Therefore, this research paper aims to develop a graphical and
quantitative analysis of the LC literature using Semantic Network Analysis (SNA). The analysis
builds a large network of interactions between concepts related to the implementation of the LC
philosophy in construction projects, offering a novel perspective on reviewing the LC literature.
It provides metrics and graphical tools to characterize, quantify, and interpret LC concepts such
as Building Information Modelling (BIM), Integrated Project Delivery (IPD), Last Planner
System (LPS), and Sustainable Construction, and enables the observation of emerging
relationships with opposing concepts such as Earned Value Management (EVM) or information
gaps related to Risk Assessment, Decision-Making, or Planning Reliability, which are equally
crucial for the implementation of CEM. Overall, this study offers valuable contributions to the
IGLC community by providing new perspectives on potential research routes and emerging
concepts in the LC literature. It achieves this by synthesizing the relationships between LC
ideas and concepts that are not traditionally connected to LC principles, such as Earned Value
Management (EVM).
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INTRODUCTION

Researchers in the field of Construction and Engineering Management (CEM) have developed
useful methodological tools by leveraging quantitative and graphical analysis of bibliographic
reviews (Herrera et al., 2020). While Lean Construction (LC) has been thoroughly studied over
the past decades, there is a notable gap in the CEM domain when it comes to the integration of
LC with other essential concepts in the construction industry (Heigermoser et al., 2019). Based
on that, this study aims to address this gap by examining the relationships between LC studies
and other relevant investigations focused on concepts, such as Building Information Modelling
(BIM), Integrated Project Delivery (IPD), Earned Value Management (EVM), and
sustainability.

In order to develop a quantitative and graphical synthesis of LC and its connection with
other relevant concepts in the CEM domain, the study utilizes Semantic Network Analysis
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(SNA) (Salazar et al., 2021). This analytical tool allows for the development of networks
between associated concepts in a literature review, making it possible to analyze LC and its
synergies with other important ideas (Wen & Qiang, 2016). By characterizing, quantifying, and
interpreting concepts that are commonly associated with LC and other terms with wide
application in the construction sector, this analysis aims to provide a set of metrics and graphical
tools that researchers can use to gain a deeper understanding of LC (Castelblanco et al., 2021).
Thus, examining the integration of LC and CEM ideas.

POINTS OF DEPARTURE
LEAN CONSTRUCTION

Lean Construction is a philosophy grounded in production theory that play a crucial role in
promoting efficient, sustainable, and cost-effective practices across the Construction and
Engineering Management (CEM) sector (Koskela et al., 2002). The main focus of this
philosophy is on improving the management and administration of construction projects by
continuously improving processes, reducing waste, and increasing the final value of the
construction product for the customer (Koskela et al., 2002). The adoption of this philosophy
leads to higher productivity in processes, which in turn results in increased profitability of
projects while minimizing the processes associated with the loss of value of the final product
(Aslam et al., 2020). Hence, LC is considered a vital tool for optimizing resources and
eliminating waste (Igwe et al., 2020).

SEMANTIC NETWORK ANALYSIS

SNA is a methodological approach for the analysis of dense networks between associated
concepts, provides a quantitative, qualitative, and rigorous analysis of the existing synergies
between concepts in literature (Motter et al., 2002; Pishdad-Bozorgi et al., 2017). Based on the
development of networks of related words, this association analysis enables the extraction of
metrics and the production of clear objectives and complex analyses related to the general
structure of the relationships (Motter et al., 2002). The structure of this methodology involves
creating a network of interconnected nodes from a set of words. If words are not associated
with other nodes, this methodology reveals isolated connections or relations of interdependence
between them (Herrera et al., 2020; Motter et al., 2002).

Using SNA allows for quantitative analyses of keywords from different articles and
provides graphic and mathematical results (Zhai et al., 2014). Moreover, this technique enables
the analysis of large databases with low computational requirements, making literature reviews
more complex and comprehensive (Han et al., 2018). Therefore, this study employs SNA in
evaluating and analyzing the LC and CEM literatures.

CONTENT ANALYSIS

Content analysis (CA) is a valuable technique that complements the SNA methodology. It
involves a set of methodologies that allow researchers to extract information from a qualitative
or quantitative interpretation of texts (Yearworth & White, 2013). By filtering, categorizing,
and classifying information, researchers can carry out objective analyses that are suitable for
graphic and mathematical analysis (Elo et al., 2014). In this study, the authors used content
analysis to group themes, select fundamental concepts, evaluate trends, establish recurrences,
and facilitate the SNA study of LC. In combination with SNA, content analysis enables a
comprehensive and in-depth analysis of the literature on LC.

COMMUNITY ANALYSIS

Community analysis is a quantitative strategy used to understand and analyze the behavior of
related concepts within a small group compared to the main network being studied (Newman,
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2004). This tool helps researchers observe the grouping of sets of nodes that share similar
characteristics. Community analysis is highly useful for characterizing underlying communities
in large databases (Blondel et al., 2008). It also provides graphical complements that aid in
understanding the overall network of nodes (Newman, 2004). By combining SNA, CA, and
community analysis, this study analyzed LC and identified associated concepts and main
networks from a rigorous selection of 500 research articles from bibliographical resources.

RESEARCH METHODOLOGY

The integration of SNA, CA, and community analysis in this study provides a synthetic view
of the key concepts associated with LC. This methodology generates quantitative metrics that
reveal significant relationships between LC and other concepts, while graphical representations
visually demonstrate the density of these connections. The approach comprises six steps, as
presented in Figures 1 and 2, and discussed below.

FIRST STEP — PAPER SELECTION STRATEGY

This stage involved the search for relevant articles on the Web of Science database. From the
selected articles, a set of core concepts were extracted to establish the scope of the SNA network
and to guide the search patterns used in the Web of Science and Scopus search engines (Doerfel
& Barnett, 1999). This search yielded approximately 1,800 records. For the first search cycle
only the term Lean Construction was used. After finding a first group of high-recurrence
keywords, the search was supplemented with a second cycle that included keywords as Building
Information Modelling, Last Planner System, Integrated Project Delivery, and Sustainability.

SECOND STEP — PAPER FILTERING AND CATEGORIZATION

After obtaining an initial total of 1,800 records in the Web of Science database, only the highest
quartiles (1, 2) and records related to CEM were selected, resulting in a final set of 500 articles
based on citation rates (de Castro e Silva Neto et al., 2016). The objective of this selection was
to define the scope of the research and obtain a set of highly relevant articles for the SNA study.
Moreover, this set of 500 articles was classified based on their type and central theme to identify
research trends and recurrent thematic nuclei in academic research (Castelblanco et al., 2021).
This exercise enabled the observation of the most recurrent themes in LC academic research,
with the involvement of peer reviewers.

THIRD STEP — KEYWORDS SELECTION

This phase focused on extracting keywords from the 500 research articles (Bao et al., 2018).
Titles, abstracts, and introductions of each article were analyzed, along with keywords
suggested by the author, journal, and database. The extracted keywords were then filtered based
on their significance and recurrence within the article. A maximum of 10 keywords were
selected from each article to enhance SNA analysis by concentrating computational efforts on
the most relevant and representative words (Eteifa & El-adaway, 2018). A standardization
process was carried out to eliminate keyword redundancies, leading to a final set of 975
keywords across all 500 articles. This standardized approach improved the interpretation of the
research articles by highlighting their core ideas, communicative intent, and content, and
provided greater clarity for the subsequent SNA and CA analyses.

FOURTH STEP — MATRIX DEVELOPMENT

This step involved a quantitative analysis to determine the recurrence ratio of each keyword in
the 500 articles. A matrix was constructed with 975 rows and 500 columns, where each row
represented a keyword and each column represented an article (Castelblanco et al., 2021). A
value of 0 was assigned to the intersection of a keyword and article if the word was absent from
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the article and 1 if it was present. Subsequently, the transposed matrix was created, with the
number of articles in the rows and the total number of keywords in the columns (Hanneman &
Riddle, 2005). This matrix allowed for the identification of the recurrence relationship between
pairs of words. Finally, the multiplication of the keyword adjacency matrix and its transposed
matrix was carried out to complete the process. This methodology enabled the identification of
the most important and recurring keywords in the literature related to Lean Construction (LC)
and their relationships with other concepts.

FIFTH STEP — NETWORK DEVELOPMENT

A general network was built, and it was possible to observe the geometric configuration of
concepts, density of the network, key concepts, and the periphery of the network. This graphical
analysis can show isolated or less relevant concepts. A specific network was built for specific
subgroups (sub-communities) with high relevance in the main network.

SIXTH STEP — SNA METRICS AND VALIDATION

The collected data was analyzed for coherence and consistency, and validated using UCINET,
Gephi, and Microsoft Excel software. It is important to acknowledge that the methodological
categorization of keywords can be subjective, leading to limitations in generalizing the state of
the art in LC (Bao et al., 2018). However, this article followed a rigorous validation process,
including peer review to filter keywords, and verification of connection nodes across different
software platforms.
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Figure 2: Methodology

RESULTS

The methodology stage yielded a set of networks (1 general structure and 5 sub-structures) that
reflect the overall behavior of the LC-related literature and its primary relationships with
recurring keywords within the CEM domain. It is noteworthy that the primary outcome is the
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creation of a semantic network between the 975 filtered keywords and a specific analysis of the
sub-communities identified in the modularity coefficient analysis. To fully comprehend the
significance of the centrality and cohesion metrics acquired in this study, several concepts have
been defined in Table 1, as shown below.

Table 1: SNA Metrics

SNA metric Meaning

Density The number of co-occurrences between all keyword pairs as a percentage of the
total number of coexistences between all keywords is referred to as density.
(Hanneman & Riddle, 2005).

Clustering Metric used to quantify how closely related concepts are to one another. It is higher
Coefficient when particular thematic groups show strong internal interconnection (Freeman et
al., 1991).

Modularity The density of links within communities as opposed to links between communities is
measured by a scalar value between -1 and 1, which is known as modularity.
(Blondel et al., 2008).

Number of The quantity of connections between nodes serves as a measure of connectivity and
Connections the significance of each individual node inside a network. (Eteifa & El-adaway, 2018).

GENERAL NETWORK

Table 2 summarizes the cohesion metrics found in the semantic network of LC. The general
network consists of 975 nodes and is formed by several sub-communities. These communities
share common characteristics and are grouped based on color patterns to facilitate separate
study. The analysis of communities provides valuable insights to researchers into the
interrelationships between different concepts across the field of LC.

The network presented in Figure 3 shows the principal concepts observed in the center of
the graph and less important concepts observed in the periphery. A summary of the nodes with
the greatest impact is shown in Table 3, along with some of the most relevant centrality
measures for this study.

PROJECT MANAGEMENT AND ORGANIZATIONAL CULTURE

The first sub-community identified on the main network is Project Management, as shown in
Figure 4. This network comprises a high number of nodes, representing approximately 28.7%
of the total network. The next community identified within the main network is Organizational
Culture, which is the largest community, accounting for 36.5% of the nodes, as shown in Figure
5. Table 3 group the main nodes, which exhibit high level of density for both structures.

PRODUCTION PROCESS AND MODEL ANALYSIS

Production Process is the smallest community in the whole network. It includes 10 nodes and
17 relationships, comprising around 1% of the main network, as shown in Figure 6. On the
other hand, Model Analysis entails roughly 8% of all keywords with 75 nodes and 149
connections. It shows few relationships per node despite exhibiting strong modularity indicators,
low density, and high fragmentation as shown in Figure 7.

CONSTRUCTION PROCESS

This community is a medium-sized network with 77 nodes and 139 relationships. Metrics
indicate high modularity and low density, with nodes exhibiting few relationships, as compared
with other communities. Furthermore, this community also presents a small number of
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relationships, as shown in Figure 8, but it still represents a sizable portion of the total nodes,

comprising about 8% of them.

Table 2: Network-based Measures

Nodes Number of Density Clustering Modularity
Connections Coefficient
General Network 975 11852 0.025 0.774 0.226
- Project Management 280 4137 0.106 0.749 0.148
'g Organizational Culture 356 1218 0.019 0.742 0.708
E Model Analysis 75 149 0.054 0.901 0.91
§ Construction Process 77 139 0.048 0.867 0.931
@ Production Process 10 17 0.378 0.75 0.612
Table 3: Node-based Measures
General Network
ID Keyword Number of Degree Centrality Eigenvector Betweenness
Connections Centrality Centrality
A454 Lean Construction 1678 0.008 0.302 0.102
A337 Green building 911 0.006 0.296 0.071
A52 BIM 880 0.001 0.015 0.001
A145 Construction Industry 870 0.009 0.179 0.031
A405 IPD 789 0.009 0.245 0.015
Project Management (Sub-Community 1)
ID Keyword Number of Degree Centrality Eigenvector Betweenness
Connections Centrality Centrality
A454 Lean Construction 1185 0.599 0.252 0.112
A52 BIM 648 0.473 0.226 0.052
A337 Green Building 636 0.032 0.017 0.001
A145 Construction Industry 621 0.444 0.229 0.033
A405 IPD 563 0.419 0.223 0.025
Organizational Culture (Sub-Community 2)
ID Keyword Number of Degree Centrality Eigenvector Betweenness
Connections Centrality Centrality
A966 Workflow 47 0.115 0.559 0.195
A267 Earn Value Method 39 0.085 0.260 0.101
A461 Lean Production 38 0.090 0.490 0.085
A154 Construction Planning 24 0.065 0.296 0.053
A567 Organizational Culture 23 0.068 0.304 0.077
Production Process (Sub-Community 3)
ID Keyword Number of Degree Centrality Eigenvector Betweenness
Connections Centrality Centrality
A489 Machine learning 2 0.333 0.458 0.183
A529 Mining industry 2 0.333 0.199 0.211
A933 Variation In Production 2 0.222 0.410 0.067
A951 Waste In Construction 2 0.222 0.381 0.071
A974 Worker Change 2 0.222 0.109 0.066
Model Analysis (Sub-Community 4)
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ID Keyword Number of Degree Centrality Eigenvector Betweenness
Connections Centrality Centrality
A120 Computation Modelling 4 0.068 0.351 0.141
A548 Multiple Regression Model 4 0.068 0.203 0.239
A870 Task Duration 4 0.068 0.386 0.063
A889 Time Buffer 4 0.068 0.471 0.077
A553 Nonlinear Dynamic Analysis 4 0.068 0.212 0.021
Construction Process (Sub-Community 5)
ID Keyword Number of Degree Centrality Eigenvector Betweenness
Connections Centrality Centrality
A170 Construction system 5 0.079 0.782 0.311
A146 Construction innovation 3 0.053 0.010 0.083
A406 Integrated Project Team 3 0.053 0.010 0.105
A4T1 Line of balance 3 0.053 0.619 0.191
AB09 Policymaking 3 0.053 0.001 0.049
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Figure 3: General Network Figure 4: Project Management

Figure 5: Organizational Culture Figure 6: Production Process
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Figure 7: Model Analysis Figure 8: Construction Process

DISCUSSION

The review of literature derived from the SNA model yielded important results regarding the
current state of art of Lean Construction (LC). The analysis shed light on concepts of greater
proximity, the intensity of the interrelationships, and most importantly, the existing knowledge
gaps between LC and some of the most recurring concepts aimed at optimizing and improving
processes in the CEM domain.

Firstly, as expected, LC is the term with the highest recurrence in the main network.
Concepts such as the Last Planner System (Ballard, 2000), Integrated Project Delivery (Eckblad,
2007), and Building Information Modelling (Sacks et al., 2010) are the closest concepts to LC
in current literature, which aligns with Lean principles (Power & Taylor, 2019). In contrast,
concepts such as Target Value (Gomez & Rameson, 2019), Flow Value, and choosing by
advantages (Schéttle et al., 2019) are concepts that not appear because they are within the
principles of LC and are a type of redundance inside the SNA model.

Secondly, the network analysis mathematically confirms the existing relationship between
LC, Integrated Project Delivery, Last Planner System, and Building Information Modelling, but
it also identifies new terms that are not conventionally associated with LC. Particularly, the
emergence of Green Building (Pasquire & Ebbs, 2017; Sarhan et al., 2018) within the five most
important nodes around LC is an interesting discovery. While LC is commonly associated with
value generation, waste reduction, or continuous improvement (Landim et al., 2022), its
association with sustainable development and environmental responsibility concepts is
relatively novel. This reveals a new avenue of research that delves into understanding the
synergy between LC and the implementation of sustainable projects (Sarhan et al., 2018).
Recent construction projects have shown a trend towards coordinated implementation of LC
principles and environmental impact mitigation strategies, which is compatible with the
findings in this research article (Francis & Thomas, 2019). Furthermore, terms such as Green
Building (Ruiz & Guevara, 2021) are shown to be more prominent than terms such as Project
Performance, Productivity, or Process Optimization. This highlights the dynamic nature of LC
and its ability to adapt to the new requirements and needs of the environment.

Thirdly, while the network analysis confirms the quantitative relationship of LC with
traditional and new concepts, it also highlights gaps in literature regarding LC philosophy.
Issues such as risk assessment and mitigation (Andenaes et al., 2019) are not extensively
documented in relation to LC, and concepts such as Planning reliability or Decision-Making
(Abdel-Jaber et al., 2022) are not explicitly linked to LC, but are undoubtedly critical to the
structuring and execution of construction projects. Similarly, the lack of connection between
LC and quality or innovation indicates gaps in knowledge and presents opportunities for new
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lines of research aimed at continuing to refine, understand and implement LC. In this way, the
proposed SNA methodology enabled the verification of relationships, identification of new
synergies, and characterization of knowledge gaps.

In addition, it is important to mention that despite the existing relationship between EVM
and LC, EVM has been characterized as not being fully compatible with LC implementation
(Kim & Ballard, 2010). However, the relationship between these two concepts exists and is
strong due to recurring research that criticizes, compares, and/or combines EVM with LC
principles (Candido et al., 2014). Accordingly, this study not only finds LC linkages with
compatible concepts that present synergy and complement each other but also finds terms or
concepts that, despite seemingly going against LC postulates, are necessary to explain and
deepen the existing knowledge. This also denotes that researchers around the world are
examining the possibility of combining EVM with Lean, which is a preliminary indication of
how construction projects are being developed worldwide (Candido et al., 2014).

Finally, the results highlight the importance of variability in the execution of construction
projects and their relationship with LC. For example, the process-oriented philosophy of LC,
which emphasizes continuous improvement, is closely linked to reducing variability in
processes, durations, and methods (Fischer et al., 2021). Therefore, investigating the
relationship between LC implementation and variability reduction through performance metrics
and indicators could provide valuable insights for future research.

IMPLICATIONS

The current research has practical implications for academics and practitioners in the CEM
domain, as the employed methodology improves transparency and highlights semantic
connections in a synthetic manner. As demonstrated in Table 3 and Figures 3-8, this study
establishes links between LC keywords and critical CEM concepts. This is particularly relevant
for those who are not familiar with the LC philosophy.

Results show that Machine Learning has emerged as a powerful tool in LC research
(Pasquire & Ebbs, 2017). Technological innovations and computational developments have
opened up new avenues for research that complement traditional methods and have provided
new opportunities to study and deepen LC principles through modelling or numerical analysis
tools. This development suggests that LC is increasingly being analyzed through data-based
reasoning, a trend that is likely to gain more popularity in the years to come.

Furthermore, this study highlights the close association between non-linearity and
complexity in the context of construction, which is a significant knowledge gap in LC literature
(Murguia & Urbina, 2018). This gap indicates the need for future research to explore the
complexity of construction projects, their uncertainty, and dynamics in greater detail through
emphasizing LC ideas. It is found that LC has a determinant impact on the construction industry,
as other economic sectors such as the mining industry have been interested in adopting LC
philosophies for the execution of their processes (Castillo et al., 2015).

The analysis also reveals that the term "construction system" is commonly used in LC
literature, implying that future research can focus on a systemic view of construction processes
(Vasquez-Hernandez et al., 2022). This view emphasizes construction as a large system with
elements that are interconnected, interdependent, and constantly evolving.

CONCLUSION

The literature review presented in this study provided a visual and quantitative analysis of the
linkages between LC and CEM concepts. The study reveals significant knowledge gaps that are
linked to the interior of construction projects but are absent in their relationship with LC. These
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findings have the potential to reveal a new landscape for LC research, with knowledge gaps
that are likely to continue existing due to the evolution of LC.

The proposed literature review highlights the significance of LC in the CEM domain and
the close synergies it shares with essential concepts such as IPD, LPS, BIM, and Green Building.
The SNA offered the authors the opportunity to visualize the nodes associated with LC and the
communities underlying this large network. The study reveals approximately 975 keywords
grouped in a network with high values of clustering coefficient, density, and modularity.

The fragmentation of nodes in smaller communities with similar characteristics suggests
that concepts associated with LC exhibit modular behaviors. This indicates that there are groups
of nodes that tend to be more related to specific groups of keywords, making it difficult for a
node to connect with other communities. However, terms such as LC, LPS, IPD, and Green
Building tend to have low modularity and are often related to more than one community. This
implies that most communities have low density values because they are not significantly
related to each other.

The also study shows that there are critical gaps in academic research related to LC and
concepts such as Risk Assessment, Decision Making, Artificial Intelligence, Planning
Reliability, and Innovation in Technology. This finding highlights the importance of utilizing
graphical and quantitative tools to identify current relationships, discover new links, and
identify information gaps to further advance researchers' understanding and application of LC
in the construction industry.

Overall, this study offers valuable contributions to the IGLC community by providing new
perspectives on potential research routes and emerging concepts in the LC literature. It achieves
this by characterizing the relationships between LC ideas and concepts that are not traditionally
connected to LC principles, such as Earned Value Management (EVM).

REFERENCES

Abdel-Jaber, O., Itani, A., & Al-Hussein, M. (2022). Hybrid Lean Decision-Making
Framework Integrating Value Stream Mapping and Simulation: A Manufacturing Case
Study. 153—163. https://doi.org/10.24928/2022/0118

Andenaes, E., Time, B., Torp, O., Kvande, T., & Lohne, J. (2019). Risk Management in
Procurement of Blue-Green Roofs — A Project Owner Perspective. 97—-108.
https://doi.org/10.24928/2019/0263

Aslam, M., Gao, Z., & Smith, G. (2020). Framework for selection of lean construction tools
based on lean objectives and functionalities. International Journal of Construction
Management. https://doi.org/10.1080/15623599.2020.1729933

Ballard, G. (2000). The last planner system of production control [Dissertation]. Univ. of
Birmingham.

Bao, F., Chan, A. P. C., Chen, C., & Darko, A. (2018). Review of Public—Private Partnership
Literature from a Project Lifecycle Perspective. Journal of Infrastructure Systems, 24(3),
04018008. https://doi.org/10.1061/(ASCE)IS.1943-555X.0000424

Blondel, V. D., Guillaume, J.-L., Lambiotte, R., & Lefebvre, E. (2008). Fast unfolding of
communities in large networks. Journal of Statistical Mechanics: Theory and Experiment,
2008(10), P10008. https://doi.org/10.1088/1742-5468/2008/10/P10008

Candido, L. F., Heineck, L. F. M., & Neto, J. P. B. (2014). Critical Analysis on Earned Value
Management (EVM) Technique in Building Construction. /n:, Kalsaas, BAnnual
Conference of the International Group for Lean Construction., 159-170.

Castelblanco, G., Guevara, J., Mesa, H., & Sanchez, A. (2021). Semantic Network Analysis of
Literature on Public-Private Partnerships. Journal of Construction Engineering and
Management, 147(5), 04021033. https://doi.org/10.1061/(ASCE)C0.1943-7862.0002041

Lean Theory 569



Semantic Network Analysis of a Lean Construction Literature

Castillo, G., Alarcon, L. F., & Gonzilez, V. A. (2015). Implementing Lean Production in
Copper Mining Development Projects: Case Study. Journal of Construction Engineering
and Management, 141(1). https://doi.org/10.1061/(ASCE)C0.1943-7862.0000917

de Castro e Silva Neto, D., Cruz, C. O., Rodrigues, F., & Silva, P. (2016). Bibliometric Analysis
of PPP and PFI Literature: Overview of 25 Years of Research. Journal of Construction
Engineering and Management, 142(10), 06016002.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0001163

DOERFEL, M. L., & BARNETT, G. A. (1999). A Semantic Network Analysis of the
International Communication Association. Human Communication Research, 25(4), 589—
603. https://doi.org/10.1111/j.1468-2958.1999.tb00463.x

Eckblad, S. (2007). Integrated project delivery—A working definition.

Elo, S., Kéédridinen, M., Kanste, O., Polkki, T., Utriainen, K., & Kyngis, H. (2014). Qualitative
Content Analysis. SAGE Open, 4(1), 215824401452263.
https://doi.org/10.1177/2158244014522633

Eteifa, S. O., & El-adaway, 1. H. (2018). Using Social Network Analysis to Model the
Interaction between Root Causes of Fatalities in the Construction Industry. Journal of
Management in Engineering, 34(1), 04017045. https://doi.org/10.1061/(ASCE)ME.1943-
5479.0000567

Fischer, A., Grimm, N., Tommelein, I. D., Kessler, S., & Fottner, J. (2021). Variety in
Variability in Heavy Civil Engineering. 807—-816. https://doi.org/10.24928/2021/0204

Francis, A., & Thomas, A. (2019). Integrating Lean Construction and Sustainability via a
System Dynamics Framework. 1187—-1196. https://doi.org/10.24928/2019/0187

Freeman, L. C., Borgatti, S. P., & White, D. R. (1991). Centrality in valued graphs: A measure
of betweenness based on network flow. Social Networks, 13(2), 141-154.
https://doi.org/10.1016/0378-8733(91)90017-N

Gomez, C. P., & Rameson, N. (2019). Sustainable Transit-Oriented Development: A ‘Target
Value’ Planning &amp; Development Strategy. 491-502.
https://doi.org/10.24928/2019/0230

Han, Y., Li, Y., Taylor, J. E., & Zhong, J. (2018). Characteristics and Evolution of Innovative
Collaboration Networks in Architecture, Engineering, and Construction: Study of National
Prize-Winning Projects in China. Journal of Construction Engineering and Management,
144(6), 04018038. https://doi.org/10.1061/(ASCE)C0.1943-7862.0001499

Hanneman, R., & Riddle, M. (2005). Introduction to Social Network Methods. In Book
Introduction to Social Network Methods.

Heigermoser, D., Garcia de Soto, B., Abbott, E. L. S., & Chua, D. K. H. (2019). BIM-based
Last Planner System tool for improving construction project management. Automation in
Construction, 104, 246-254. https://doi.org/10.1016/j.autcon.2019.03.019

Herrera, R. F., Mourgues, C., Alarcon, L. F., & Pellicer, E. (2020). Understanding Interactions
between Design Team Members of Construction Projects Using Social Network Analysis.
Journal of Construction Engineering and Management, 146(6), 04020053.
https://doi.org/10.1061/(ASCE)C0O.1943-7862.0001841

Igwe, C., Hammad, A., & Nasiri, F. (2020). Influence of lean construction wastes on the
transformation-flow-value process of construction. International Journal of Construction
Management, 1-7. https://doi.org/10.1080/15623599.2020.1812153

Kim, Y.-W., & Ballard, G. (2010). Management Thinking in the Earned Value Method System
and the Last Planner System. Journal of Management in Engineering, 26(4), 223-228.
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000026

Koskela, L., Ballard, G., Howell, G., & Tommelein, 1. (2002). The foundations of lean
construction. Design and Construction: Building in Value.

Proceedings IGLC31, 26 June - 2 July 2023, Lille, France 570



Leon William, and Guevara Jose

Landim, G. L., Rocha, L. de M., Nogueira, R. N., & Neto, J. de P. B. (2022). The Synergies
Between Lean and BIM: A Practical and Theoretical Comparison. 611-622.
https://doi.org/10.24928/2022/0165

Motter, A. E., de Moura, A. P. S., Lai, Y.-C., & Dasgupta, P. (2002). Topology of the
conceptual network of language. Physical Review E, 65(6), 065102.
https://doi.org/10.1103/PhysRevE.65.065102

Murguia, D., & Urbina, A. (2018). Complex Production Systems: Non-Linear and Non-
Repetitive Projects. 858—868. https://doi.org/10.24928/2018/0222

Newman, M. E. J. (2004). Analysis of weighted networks. Physical Review E, 70(5), 056131.
https://doi.org/10.1103/PhysRevE.70.056131

Pasquire, C., & Ebbs, P. (2017). Shared Understanding: The Machine Code of the Social in a
Socio-Technical System. 365-372. https://doi.org/10.24928/2017/0342

Pishdad-Bozorgi, P., Austin, R. B., & de la Garza, J. M. (2017). Network Analysis of Flash-
Track Practices. Journal of Management in Engineering, 33(1), 04016024.
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000466

Ruiz, A., & Guevara, J. (2021). Energy Efficiency Strategies in the Social Housing Sector:
Dynamic Considerations and Policies. Journal of Management in Engineering, 37(4).
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000937

Sacks, R., Radosavljevic, M., & Barak, R. (2010). Requirements for building information
modeling based lean production management systems for construction. Automation in
Construction, 19(5), 641-655. https://doi.org/10.1016/j.autcon.2010.02.010

Salazar, J., Guevara, J., & Verhoest, K. (2021). Inferential Analysis of Road Infrastructure PPP
Sponsor  Networks.  Journal  of  Management in  Engineering,  37(6).
https://doi.org/10.1061/(ASCE)ME.1943-5479.000097 1

Sarhan, S., Elnokaly, A., Pasquire, C., & Pretlove, S. (2018). Lean Construction and
Sustainability Through IGLC Community: A Critical Systematic Review of 25 Years of
Experience. 933-942. https://doi.org/10.24928/2018/0274

Schottle, A., Gigler, L. M., & Mingle, B. (2019). From Concept Development to
Implementation: Choosing by Advantages Across an Organization. 987-998.
https://doi.org/10.24928/2019/0205

Vasquez-Hernandez, A., Ortega, J., Giménez, Z., & Alarcon, L. F. (2022). Method of
Industrialization ~ Potential — Analysis  of  Construction  Systems.  433-444.
https://doi.org/10.24928/2022/0147

Wen, Q., & Qiang, M. (2016). Coordination and Knowledge Sharing in Construction Project-
Based Organization: A Longitudinal Structural Equation Model Analysis. Automation in
Construction, 72, 309-320. https://doi.org/10.1016/j.autcon.2016.06.002

Yearworth, M., & White, L. (2013). The uses of qualitative data in multimethodology:
Developing causal loop diagrams during the coding process. European Journal of
Operational Research, 231(1), 151-161. https://doi.org/10.1016/j.ejor.2013.05.002

Zhai, L., Yan, X., Shibchurn, J., & Song, X. (2014). Evolutionary analysis of international
collaboration network of Chinese scholars in management research. Scientometrics, 98(2),
1435-1454. https://doi.org/10.1007/s11192-013-1040-6

Lean Theory 571



