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Abstract

:

The competitiveness in the construction industry is leading companies to implement the Lean philosophy to improve project management and prepare to begin the adoption of Construction 4.0. However, this implementation generates several barriers, depending on the type of company and the country where it is implemented. For this reason, the following research aims to identify the barriers generated in implementing the Lean philosophy in Peru and SMEs. The following study began with a literature review, followed by a questionnaire, which six Lean experts evaluated. Then, 127 Peruvian professionals answered the survey, and the data were analyzed with RII and Exploratory Factor Analysis. As a result, the barriers to Lean Construction were grouped into four groups to analyze their impact on the industry: collaboration, education and implementation, organizational vision and system; Lean theory and philosophy; and Lean tools, coordination, and information flow. Barriers were also analyzed by project type, stage, and organization size to conclude that implementation barriers are directly related to company size. Finally, the obtained barriers are discussed, and Construction 4.0 is proposed to reduce their impact on construction projects. These results can be helpful for implementers to plan strategies, improve knowledge about Lean Construction implementation, and adopt new techniques that could help improve the construction industry’s productivity.
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1. Introduction


The construction industry has lower productivity than other industries, such as manufacturing [1]. The temporality of projects, uniqueness of production, and the complex communication between the actors do not allow control over production, high rates of variability, unsatisfied customers, and waste of resources (workforce, activities, time, and money), resulting in projects with cost overruns and delays [2]. Lean Construction (LC) started its diffusion as a viable solution to the problems, achieving until today its implementation in building projects, road infrastructure, sanitary, mining, industrial plants, and energy and oil project [3].



Lean Construction applies the principles and tools of the Lean philosophy during the entire project lifecycle, from conception, execution, and commissioning [4]. Lean focuses on people as the main actor to improve the organization’s management [2]. In addition, Lean encourages teamwork, improves communication, helps people focus on the value activities of the external and internal customer, knows the entire production flow, and identifies errors in the early stages [5]. As a result, Lean Construction has shown benefits of improving the project’s overall productivity, reducing accidents, avoiding rework, satisfactory results for the customer, anticipating conflicts between project participants, and achieving project execution at the estimated cost and time [6].



The implementation of LC in projects is not simple. LC is not a set of tools or recipes; on the contrary, it is a construction management approach. LC implementation requires focusing on many factors. In addition, all organizations have multiple subcultures that generate a variety of conflicts of interest [7,8,9]. Moreover, integrating multiple cultures creates impressions among teams of activity overload, psychological fatigue, and increased resources to meet project goals [10]. These factors are known as barriers, resulting in the spread of lean with negative results and increased waste in different project stages [11].



Barriers to LC implementation are related to geographic factors of similar economic and cultural contexts [12,13,14]. These factors are common in most Latin American countries, with the limited implementation of LC in the private sector [15]. The need to implement LC in all sectors, with innovations in design, construction, technology, and materials, could help to efficiently optimize the use of resources (economic, materials, and others) to reduce the infrastructure gaps in about 42 million families [16].



Peru has not had a study identifying the main barriers professionals face. This problem generates concern because of the lack of a priori knowledge of the challenges that will be faced. Therefore, during the implementation, it generates excessive effort in the team, or they desist from using it in the project. Furthermore, Murguia [17] mentions that the company’s size determines Lean implementation because it influences communication, complexity, maturity, and coordination effort. Therefore, this study aims to identify the main barriers to Lean implementation perceived by LC practitioners in Peru and to group them by company size. It performs a relationship and correlation analysis to find the most relevant factors for implementation.



SMEs are the companies that predominate in quantity and are the backbone of economic agility and job creation in any country [18]. SMEs are motivated by the positive benefits achieved by large organizations and adopt the lean philosophy [19,20,21]. In addition, SMEs are directly related to each other; e.g., small companies are active participants as subcontractors of medium and large companies [22]. However, the low Lean competence of small companies does not allow them to collaborate with large companies to transfer value directly to the customer (due to their agility in decision-making and direct dealings with the customer). Moreover, small companies can maintain competitiveness and adapt quickly to the strategies of large organizations [20,23]. For example, the investment of resources in implementation is a determining factor for decision-making in small companies and, to a lesser degree, in medium and large companies [11]. In addition, the maturity of LC implementation is different by the size of the organization; medium and large companies have more significant benefits in the long term by attracting talent, capabilities to negotiate with multiple suppliers, subcontractors, and rethinking strategies [24]. For the adoption of Lean in SMEs to be successful, it is necessary to manage implementation barriers, develop strategies to reduce their impact, and anticipate problems [11,25].




2. Literature Review


Increasing productivity in products or services through investment focused on technology has given good results in manufacturing, which is why gradually, it has been seeking to implement technology in the construction sector through the implementation of Construction 4.0 [26,27] and Lean Construction 4.0 [28]. However, the construction industry has temporary projects that do not justify personnel training and research in the long term [29]. Therefore, organizations have started to use Lean tools in specific projects [30]; some are successful, others do not obtain the expected results, and they return to traditional management systems [30]. Ballard et al. [31] suggest starting implementation by motivating project leaders, training all project members, implementing tools to form habits, forming a culture over time, and moving on to using the Lean philosophy for continuous improvement. Salvatierra et al. [32] suggested that it is necessary to maintain a balance between tools, culture, and philosophy, to maintain good Lean practices in the long term.



Organizations that implement Lean in their projects have challenges in adopting the philosophy of their workers, processes, and management. For example, in the United States, there are challenges with low commitment from top management, low awareness of Lean practices, and poor communication between teams to share information [12]. On the other hand, the United Kingdom has the barriers of lack of knowledge of Lean by professionals, resistance to change, and difficulty in adopting the Lean culture [33]. In Colombia, there are barriers such as the perception of uncertainty to obtain positive results, the transparency of information between teams, and state laws that do not allow flexibility for Lean projects [34,35]. Finally, in Chile, the challenge is distributing information at all levels and implementing the project in the long term [36].



2.1. Global Barriers to LC Implementation


Lean Construction has been implemented in more than 48 countries for more than 20 years, and its evolution has been recorded in more than 1382 research papers [37]. Moreover, most publications are reported from the United States and Europe; however, the Lean system has spread and has a growing adoption in countries such as Brazil, Chile, and Peru. However, many organizations report that they cannot achieve the maximum benefit from the Lean philosophy due to multiple factors [30]. Globally, among the countries that have implemented Lean in construction, 110 barriers were identified, which are grouped into three categories: people (29%), including education, management, operation, and culture; production process (20%) focused on customer identification, management, planning and control; production management and logistics processes (51%) involving governance, long-term business philosophy, processes and system [13]. In the USA, it was identified that the main barrier is in people, especially in their educational and leadership training [12], as well as the scarce standardization of knowledge and Lean concepts, which do not agree among experts, creating learning complexity in beginner practitioners. Colombia has barriers such as resistance to change, high implementation costs, and information transparency manipulation [35,36]. Chile showed that the lack of support from top management and vertical information, which does not reach all levels of the organization, delays decision-making in implementation [38].



Moreover, short-term thinking does not allow solving problems entirely, creating vicious circles that repeat the same [32]. In Peru, the most relevant barriers are the lack of State policies to involve its institutions in Lean projects, the low collaboration between academia and industry, and a perceived high cost of implementation [39]. In addition, resistance to change [40] and problems in the construction stage are carried over from the design stage, making little or no improvement in the construction stage, affecting the degree of customer satisfaction, cost overruns, rework, and project stoppages [41].




2.2. Local Implementation Barriers


Barriers to Lean implementation have varied according to each country’s socio-cultural conditions and technical capabilities [30]. Therefore, it was necessary to align the barriers from the literature and add the barriers perceived by the experts throughout their implementation experiences and to have a complete information base of the study phenomenon. The diversity of the experts in building projects (educational institutions, shopping malls, multi-family buildings, among others), infrastructure (road works, sanitation, railroads), energy, oil, industrial plants, and mining allowed adjusting the questionnaire to meet the objectives.



Most of the researchers and implementers evidenced that the main barrier to Lean is short-term thinking, so the good practices developed in the project are not managed to improve the next project [42]. The study focused on an exploratory study using Exploratory Factor Analysis, and to cover the study phenomenon; it was chosen to group the barriers in the sustainability model of Lean practices of the GEPUC triangle [32]. The GEPUC triangle is composed of culture, tools, and philosophy; the weakness of any of them leads to the implementation not obtaining the maximum benefit or falling over time. The expert interview and literature review could help adapt the barriers to the study phenomenon and achieve the study’s objectives. In addition, the grouping in the GEPUC triangle could help to organize and maintain the balance between the barriers.





3. Research Methodology


The methodology of the study is shown in Figure 1. It includes the three stages, the tools used, and the activities of each process to achieve the study’s objectives. The present study starts with a literature review followed by a valid survey design through semi-structured interviews with six Peruvian experts. The survey was designed with closed and semi-open questions, using the mixed method to understand the study phenomenon better. The figure below shows the process followed in the research.



Through a literature review, the first stage identified the main barriers to implementation that the professionals have evidenced and obtained a list. Then, the best way to classify the barriers was reviewed, concluding by grouping them into three groups philosophy, tools, and Lean culture. On the other hand, implementation models were reviewed to be able to relate the barriers to the steps or raise barriers. Finally, libraries of Scopus, Web of Science, Google Scholar, International Group for Lean Construction (IGLC), ASCE, Lean Construction Journal, and the central repository of theses of Peru were consulted; comprised between the years 2000 to 2020, with keywords such as “Lean Implementation”, “Lean challenges”, “Lean barriers”, and “Lean Construction”.



In the second stage, researchers selected six experts from ten candidates with the following characteristics: (a) more than 12 years of experience as a Lean implementation leader and (b) experience in project diversity, university teaching, research, and Lean consultants. The general information of the experts is shown in Table 1. The general information of the experts is shown in Table 1.



The questionnaire was evaluated and guaranteed with the opinion of six experts, who, based on their experience, suggested adding the barriers of: “Low capacity of people to identify waste” and “Lack of leadership and empowerment of people”, which were searched in the literature, finding similarities in manufacturing. The questionnaire underwent three reviews by six experts, all with clear objectives and aligned to the study.



3.1. Research Design and Data Collection


The mixed method was used to take a holistic “snapshot” of the study phenomenon [43], simultaneously integrating qualitative and quantitative questions. The mixed method allows obtaining a wider range of perspectives of the problem in terms of frequency, generality, complexity, magnitude, and understanding. Quantitative to identify the company’s size, years of experience, and frequency of use of good practices. Qualitative to describe their experiences, personal difficulties, or particular experiences. Integrating both methods allowed the questionnaire to be improved by the experts. After the pilot plan, new questions were identified and readjusted thanks to the corroboration of qualitative and quantitative data.



The survey followed a cross-sectional process to obtain the most significant amount of data and ease of remote response. The questionnaire had 40 open-ended and closed-ended questions. The barriers were evaluated with a Likert scale from 1 to 5 points, asking the respondents to assess which variables they most frequently experienced in their project and were evaluated as “Never = 1, Rarely = 2, Occasionally = 3, Frequently = 4, and very frequently = 5”.



In addition, the questions of the questionnaire were changed to positive or neutral syntax, with the objective of not influencing the answers or sympathizing [44], avoiding having answers directed to the aim of the study. For example: what is the frequency you experience your team’s reflections of the activities performed and suggestions for good practices? The respondent can choose to rate on a scale of 1 to 5. Therefore, the higher frequency of use is a common practice among professionals, and the lower use of practices causes barriers that prevent the development of the implementation.



The questionnaire was disseminated in Spanish through emails, social networks, and professional networks. Peruvian lean dissemination organizations and LC practitioner companies were invited to participate in the study. The survey was distributed virtually through Microsoft Forms. The evaluation survey can be found in supplemental material.




3.2. Population and Sample


The Last Planner System (LPS) is the commitment and variability control system for excellence [45]. Starting the implementation with LPS allows the control of setbacks and uncertainties, self-criticizing and enabling team members to identify problems and propose improvements [46,47]. Based on the premise, the study population was limited to all Peruvian professionals with more than two years of experience implementing LPS or participating in projects managed with LPS. The Peruvian Chapter of Lean Construction (LCI Peru) registers as of January 2021, a number of 1360 professionals registered and certified in its Lean Construction training program, which is composed of one year of theoretical training and requires the application of LPS for at least one project, which supports the certification and the ability to implement Lean Construction in more than 2 years.



In addition, the study used non-probabilistic and snowball sampling [48] to obtain as much data as possible under the conditions of the objectives of the study. The survey was disseminated from 18 february 2021 to 24 april 2021. A total of 127 professionals responded to the survey, and data from 125 professionals were used for the statistical analysis of the study. Unfortunately, one was discarded for not completing the questionnaire and the other for presenting strange variations in the correlation. The general data are shown in Table 2.




3.3. Validity Test and Data Analysis


The reliability of the data was determined by Cronbach’s coefficient (α), whose values higher than 0.7 represent data with homogeneous distribution; therefore, they are reliable and solid data for the research [48].



The Exploratory Factor Analysis is composed of three main stages: (a) Assessment of the suitability of data for use in the EFA, the Kaiser–Maier–Olkin (KMO) measure, and Bartlett’s test of sphericity were used to check the adequacy of the sample and the correlation between variables to test the adequacy of the sample and the correlation between variables. KMO values greater than 0.5 were accepted to perform EFA with data between 100 and 200. In order to reject the null hypothesis of Bartlett’s test and show that the data are highly correlated, the matrix determinant is required to be less than 0.001 and have a significance of less than 0.05 [49,50,51]. (b) For extraction of factors or grouping of variables, Principal Component Analysis (PCA) generates a common grouping of data “commonality”, whose commonality is accepted as EFA factors to maintain the greatest amount of information according to the objectives of the study, as well as to reduce the components as necessary [49,50,52]. (c) For rotation and interpretation of the grouping of variables, the orthogonal rotation Vari-max was used, which allows for a better and simple interpretation of the data; in addition, it allows to reduce the number of variables that have a high weight load in the factors, a recommended load is of 0.4 [52,53].



The data analysis was conducted with the statistical package for social sciences (SPSS) v25.0, reliability analysis, descriptive statistics, and Kruskal–Wallis tests (H) to differentiate the barriers by study groups. The Kruskal–Wallis test is a rank-based test for non-parametric variables, i.e., to compare more than two independent samples. The analysis starts with the hypothesis that the variables come from the same sample. If the Kruskal–Wallis statistic is significant (p ≤ 0.05), the non-parametric multiple comparison tests indicate that the initial hypothesis is accepted; otherwise, it is assumed that the variables have independent provenances [54].



In addition, Microsoft Excel was used for the Relative Importance Index (RII) analysis to discuss priority barriers according to the segmented groups. RII allows the analysis to distribute the variance explained among multiple predictors to better understand the role played by each of them in a regression equation [55].


  R I I =   ∑ w   A . N .    








where w is the frequency given to each factor by respondents (1 to 5); A is the highest frequency of each factor, 5 in this example; and N is the total number of respondents, 125 in this example.





4. Results


The literature review resulted in a list of lean implementation barriers, as shown in Table 3.



Table 4 shows the most relevant data from the semi-structured interviews with the experts. The interviews were semi-structured, opting for open and semi-open questions to obtain qualitative data and the most significant amount of information. In addition, the study phenomenon is relatively new in the country, so it is required to have a complete picture of the phenomenon [44].



4.1. Descriptive Analysis of the Barriers in SMEs


The reliability of the data is α = 0.924, which allowed the following analyses to be performed. Table 5 shows the barriers to implementation in SMEs and is ranked according to the results of the RII. The CEI1 barrier “lack of collaborative work between academia and industry” has a more significant impact on SMEs compared to large companies; SMEs do not create links with academia; the reason is that they are focused on their processes and perceive these relationships as over costs. In addition, the projects they present are very temporary and have low investment, so they require high agility without losing resources [20].



The TFL1 barrier, “low knowledge in professionals”, has a significant impact on SMEs, i.e., the academy does not meet the competencies required by the companies to implement LC in their projects, and therefore, they have a long learning process in the members of their projects [78]. The large company has developed academies in its organization with customized knowledge, reducing the impact of this barrier [79].



From the table above, we can indicate that SMEs have three high-impact barriers, such as “Lack of collaborative work between academia and the construction industry” (CEI1), “Low knowledge in Lean in professionals graduated from the university” (TLF1), and “Lack of commitment of top management with the implementation” (CEI3) and are forcing the slow progress of Lean implementation in organizations.




4.2. Difference in the Evaluation of the Barriers


The Kruskal–Wallis test analysis was performed on the barriers to lean implementation grouped into (a) project stages (design, construction, and operation), (b) project types (buildings, infrastructure, energy, and mining), and (c) by company size.



The results and analysis of the Kruskal–Wallis tests determine that the barriers to implementation in the stages and types of projects are similar; therefore, their study is not significant. On the other hand, the result of the Kruskal–Wallis test of the SME groups and large companies had 76% of different barriers, with independent impacts and difficulties. Therefore, the study focuses on the barriers to lean implementation by company size, similar to other studies [18,22,80].



For the exploratory factor analysis (EFA), the KMO was greater than 0.5, and Bartlett’s sphericity or correlation matrix was not an identity matrix (approx. Chi-square = 2755.743, p-value = 0.000). Therefore, the researchers can say that factor analysis is useful with these data, and the sample is adequate for analysis and representation. By using a loading of 0.4 and a Varimax rotation, the results of the EFA analysis showed that the barriers could be classified into four factors, as shown in Table 6.





5. Discussion


The group of barriers “collaboration, education, and implementation” is perceived with more impact in large companies; respondents argue that it is because of the large number of people to train, adapting the areas of logistics, administration, resources, and others. In addition, the excessive effort to control many processes and people; in addition, it requires investment for massive training and multiple professionals with knowledge in Lean. On the other hand, the SMEs can start the implementation by hiring people with expertise in Lean and perform other functions simultaneously, which does not take them many resources. They have the facility to manage small groups of people. Similar results were obtained in [81] From the point of view of Construction 4.0, the use of BIM and Artificial Intelligence [82] and Cloud Computing [83] can help us to improve the identification of waste and mitigate the barrier CEI10. Moreover, to promote greater collaboration and communication among project stakeholders, Construction 4.0 components such as BIM [82,84] and social media [85,86] reduce the impact of the barrier CEI9. In addition, the use of IoT (Internet of Things) [87], artificial intelligence [88], and data analysis [89,90] help us to improve lean planning in construction projects and hence mitigate the impact of the barrier CEI5.



The group of barriers to “organizational vision and system” is closely related to the lack of knowledge on the part of the clients, the permanence of the people during the implementation, and the company’s offer. SMEs compete for the new market, reach directly to the customer and try to offer Lean-based services. However, customers are unaware of the lean philosophy and subcontractors and suppliers. SMEs significantly impact their barrier due to the high level of informality in their projects [91] and the hiring of professionals with low knowledge of Lean. As a result, they perceive the industry as non-productive [92,93]. In addition, large companies work with large investment projects; these projects are awarded in most cases by the government. However, the government has institutions that do not require the use of Lean. Likewise, when large companies use Lean, they cannot integrate state agencies due to their low knowledge, little knowledge of the project’s value, and a low response to the acceptance of decisions [65]. Regarding this group of barriers, Construction 4.0 proposed the use of BIM [84] and augmented reality [94] to improve scope definition, customer value, and information sharing, thereby reducing the presence of VOS 1 and VOS 3 barriers. In addition, elements such as ECD (Common Data Environment) [84,95,96,97], cloud [83,84,98], data sharing [84,99], and social media [84,86,100] will help us to improve information sharing between teams, suppliers, and subcontractors, decrease fragmentation in the construction industry, helping the organization to combat the barrier VOS 3.



The group of barriers “Lean theory and philosophy” refers to the learning process of Lean, which should be formed from the university stage [101] and requires that leaders support the implementation by motivating the team, sustaining the practices, and supporting their learning [102]. It seems contradictory that SMEs have a more significant impact on these barriers concerning large companies, despite having few workers, and it should be easy to train, monitor performance, progress the team, and implement. However, the cause is that SMEs execute short-duration small projects with very temporary workers. Construction 4.0 can help us reduce this group’s barriers by transferring knowledge using cloud computing [97].



The group of barriers “Lean tools, coordination, and information flow”, SMEs tend to hide information to evade taxes and not abide by labor laws; this is a factor that overflows and affects professionals, obtaining a work culture of distrust between themselves and the other actors of the project. In addition, if the work team does not record data of problems and the best solution, they do not take advantage of solutions to similar problems and therefore do not have data support to select the right tool [103]. Likewise, the SME’S projects that are in progress do not have time to plan, coordinate and train the work teams; therefore, it requires quick actions of key tools of simple understanding for people. However, the teams are more focused on putting out fires, and the implementer has a false perception of low experience and knowledge.




6. Conclusions


The barriers of “lack of collaborative work between academia and the construction industry”, “high cost of implementation”, and “contracts do not require the use of Lean” are of direct impact on the implementation of Lean. Moreover, actions are required with solutions to improve the productivity of construction in general according to the size of the companies. Most studies explored barriers to LC implementation in large organizations. However, small and medium-sized companies are part of the world’s economic engine, and their distinctive characteristics cause different impacts on LC implementation barriers.



Before the study, there was only evidence of barriers focused on Lean tools and no analysis of the type of companies. However, the study showed that the impact of Lean barriers in Peru is focused on the size of organizations. Moreover, this may help educators, implementers, and researchers to focus on adapting Lean thinking to the size of their organization, leaving aside the type of project (buildings, infrastructure, etc.) and the stages of the project (design, construction, operation, etc.). In addition, it is recommended that educators link curricula to the demands of companies and that companies invest in funded research to address the problems in their projects. Moreover, many professionals select incorrect tools when faced with a problem or otherwise work with Lean tools but are unaware of the theoretical underpinnings and are unable to obtain the full potential of Lean.



Finally, the study is biased toward the snowball sampling model, where the sample was selected conveniently to obtain results related to the study’s objectives. Reducing the impact of barriers on LC implementers can help facilitators take precautions and rethink their implementation strategies. Moreover, for future research, consider strategies to reduce the impact of lean barriers, and create a roadmap. The roadmap must incorporate the lean principles, implementation barriers, construction 4.0, and lean maturity models; verify the implementation barriers through a lean maturity assessment in the organizations to corroborate the responses of the interviewees; and finally, perform a validation of the grouping of barriers through lean principles.
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Figure 1. Research Methodology. 
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Table 1. Information from lean experts.
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	Professional Expert
	Academic Degree
	Project Experience





	Lean Expert 01
	Civil Engineer with more than fifteen years of experience as a consultant, practitioner, teacher, and advanced instructor Lean.
	Buildings, roadways, and energy infrastructure projects.



	Lean Expert 02
	Civil Engineer with more than twelve years of experience as a consultant, lean practitioner, and public sector consultant.
	Railway, buildings, and hospital projects



	Lean Expert 03
	Civil Engineer with more than thirteen years of experience implementing lean, consultant, and advanced instructor lean.
	Mining, buildings, infrastructure, and urban facilities projects



	Lean Expert 04
	Civil Engineer with more than ten years of experience implementing lean, production, planning, and design engineer
	Education, hospital, commercial, and building projects.



	Lean Expert 05
	Civil Engineer with more than thirteen years of experience as a project manager, company owner, and advanced instructor lean.
	Buildings, commercial, and roadways projects.



	Lean Expert 06
	Civil Engineer with more than twelve years of experience as a university teacher, investigator, and consultant.
	Railway, buildings, commercial, sports infrastructure, and mining projects.
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Table 2. Demographic profile of the interviewed.
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Demographic Characteristics

	
Frequency

	
Percentage






	
Experience

	
1–5 years

	
82

	
66.39%




	
6–10 years

	
24

	
19.33%




	
11–15 years

	
10

	
7.56%




	
16–20 years

	
6

	
5.04%




	
More than 20 years

	
2

	
1.68%




	
Experience working with lean

	
2–3 years

	
51

	
41.13%




	
3–5 years

	
38

	
30.65%




	
5–8 years

	
21

	
16.94%




	
8–10 years

	
12

	
9.68%




	
More than 10 years

	
2

	
1.61%




	
Enterprise type

	
Construction

	
92

	
73.95%




	
Consulting and project supervision

	
9

	
7.56%




	
Project formulation and design

	
8

	
6.72%




	
Project logistics and maintenance

	
4

	
2.52%




	
suppliers

	
2

	
1.68%




	
other

	
9

	
7.56%




	
Project Type

	
Buildings

	
59

	
47.50%




	
Infrastructure

	
37

	
30%




	
Industrial plants

	
7

	
5%




	
Energy and oil

	
6

	
4.17%




	
Other

	
15

	
11.67%




	
Size of enterprise

	
micro (1 to 10 people)

	
27

	
22%




	
small (10 to 50 people)

	
32

	
26%




	
medium (50 to 250 people)

	
30

	
24%




	
Large (more than 250 people)

	
35

	
28%
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Table 3. List of lean implementation barriers.
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	Barrier
	Code
	Reference





	Lack of collaborative work between academia and the construction industry
	CEI1
	[56,57]



	Extensive duration of the Lean learning curve
	CEI2
	[58,59]



	Lack of top management commitment to the implementation
	CEI3
	[47,60]



	Lack of time to implement lean in ongoing projects
	CEI4
	[32,36]



	Lack of up-front work planning and realistic scheduling using Lean tools
	CEI5
	[59,61]



	People use tools without sustaining them with culture and philosophy
	CEI6
	[13,32,62]



	Lack of improvement culture throughout the organization
	CEI7
	[38,63]



	Inability to measure performance and team progress
	CEI8
	[64]



	Lack of collaborative planning among project stakeholders
	CEI9
	[34,65]



	The low ability of people to recognize waste
	CEI10
	[46,66]



	Low knowledge in Lean in professionals who graduated from university
	TFL1
	[17,67]



	Lack of knowledge of the fundamental purpose and rationale of Lean implementation
	TFL2
	[63,66]



	Lack of knowledge and experience in the implementers
	TFL3
	[68]



	Replicating another organization’s lean strategy
	TFL4
	[58,69]



	Low organizational commitment
	TFL5
	[13,69]



	Lack of leadership and empowerment of people in the project
	TFL6
	[39]



	Local and not global flow optimization
	TFL7
	[66,68]



	Lack of centralized stored and shared information to generate continuous improvement cycle
	HCF1
	[13,66,70]



	Lack of collaboration of all project stakeholders at all levels and early stages of design and production (suppliers, subcontractors, etc.)
	HCF2
	[65,71]



	Wrong selection of Lean tools
	HCF3
	[72,73]



	Lack of self-criticism to learn from mistakes and identify problems
	HCF4
	[74]



	Lack of transparent information between team members and management, reducing reliability in Lean
	HCF5
	[75]



	The difficulty of top management communication with improvement initiatives
	HCF6
	[12,32,72]



	Lack of clear definition of scope, identification of value, and definition from the customer’s point of view
	VOS1
	[63,69]



	Lack of long-term thinking in the organization for the implementation of Lean
	VOS2
	[13,71]



	Lack of information exchange between teams, suppliers, and subcontractors
	VOS3
	[13,76]



	People in meetings do not respect the opinion of others and impose their ideas
	VOS4
	[77]
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Table 4. Results of interviews with experts.
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	Activity
	Description





	Collecting barriers identified by the experts
	General data was obtained from the experts, implementation experiences, and barriers specific to project participation.



	Analysis of the list of barriers by the experts
	An interview was conducted with the experts, and each expert evaluated the barriers identified in the literature with a degree of priority. A total of 25 out of 68 barriers were used for the survey.



	Validation of barriers with experts
	The experts add barriers from their own experience, and two barriers are added in this process, ending the survey with 27 barriers.
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Table 5. Barrier impact by project stage, type of project, and company size. Data sorted by RII.
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	Barrier
	Construction
	Design
	Other Stages
	Buildings
	Infrastructure
	Other Sectors
	Long Enterprise
	SMEs





	CEI1
	69.40%
	56.90%
	66.30%
	67.90%
	70.00%
	58.60%
	58.80%
	70.90%



	TFL1
	60.60%
	66.20%
	56.30%
	61.60%
	60.80%
	55.70%
	50.30%
	64.30%



	CEI3
	58.30%
	58.50%
	52.50%
	55.90%
	61.70%
	51.40%
	49.10%
	60.70%



	CEI2
	57.90%
	60.00%
	57.50%
	56.20%
	61.70%
	54.30%
	53.30%
	59.80%



	CEI4
	55.40%
	55.40%
	56.30%
	54.90%
	59.60%
	44.30%
	45.50%
	59.10%



	TFL2
	55.20%
	61.50%
	52.50%
	55.20%
	59.20%
	44.30%
	47.90%
	58.30%



	CEI5
	52.10%
	66.20%
	57.50%
	55.90%
	55.00%
	44.30%
	43.60%
	58.00%



	TFL3
	54.20%
	58.50%
	48.80%
	53.70%
	57.10%
	44.30%
	43.00%
	57.80%



	HCF1
	55.00%
	56.90%
	55.00%
	56.50%
	55.40%
	48.60%
	50.30%
	57.00%



	CEI6
	54.40%
	60.00%
	48.80%
	53.30%
	57.50%
	47.10%
	47.30%
	56.70%



	TLF6
	54.40%
	53.80%
	52.50%
	52.70%
	58.30%
	45.70%
	46.70%
	56.70%



	HCF2
	55.80%
	50.80%
	45.00%
	54.00%
	56.30%
	45.70%
	47.30%
	56.30%



	CEI8
	51.30%
	50.80%
	48.80%
	50.20%
	55.40%
	38.60%
	38.80%
	55.20%



	TFL4
	53.10%
	53.80%
	51.30%
	51.70%
	55.40%
	50.00%
	47.90%
	54.80%



	HCF3
	53.30%
	55.40%
	48.80%
	53.30%
	53.80%
	48.60%
	51.50%
	53.50%



	CEI7
	51.00%
	55.40%
	50.00%
	50.20%
	53.80%
	48.60%
	45.50%
	53.50%



	TLF7
	51.50%
	58.50%
	48.80%
	50.50%
	54.60%
	48.60%
	48.50%
	53.00%



	HCF5
	51.70%
	46.20%
	42.50%
	50.20%
	50.80%
	45.70%
	42.40%
	52.60%



	TFL5
	52.50%
	49.20%
	47.50%
	50.20%
	53.30%
	51.40%
	49.10%
	52.40%



	HCF6
	50.40%
	47.70%
	46.30%
	50.50%
	50.80%
	41.40%
	43.60%
	51.70%



	HCF4
	50.80%
	53.80%
	42.50%
	50.20%
	51.30%
	45.70%
	47.30%
	51.10%



	VOS2
	46.50%
	56.90%
	47.50%
	46.70%
	50.00%
	44.30%
	38.20%
	51.10%



	VOS3
	45.00%
	61.50%
	51.30%
	45.10%
	50.80%
	47.10%
	39.40%
	50.40%



	CEI9
	46.90%
	55.40%
	45.00%
	47.90%
	50.00%
	37.10%
	39.40%
	50.40%



	VOS1
	48.80%
	52.30%
	42.50%
	45.70%
	53.30%
	42.90%
	43.60%
	50.00%



	CEI10
	45.80%
	50.80%
	37.50%
	44.10%
	49.20%
	37.10%
	37.60%
	48.00%



	VOS4
	44.80%
	46.20%
	42.50%
	43.80%
	45.80%
	44.30%
	38.80%
	46.70%
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Table 6. Exploratory factor analysis-rotated factor matrix for SMEs lean implementation barriers.
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Code

	
Factor




	
1

	
2

	
3

	
4






	
Collaboration, education, and implementation.

	
CEI1

	
0.541

	

	

	




	
CEI2

	
0.614

	

	

	




	
CEI3

	
0.641

	

	

	




	
CEI4

	
0.782

	

	

	




	
CEI5

	
0.728

	

	

	




	
CEI6

	
0.640

	

	

	




	
CEI7

	
0.635

	

	

	




	
CEI8

	
0.706

	

	

	




	
CEI9

	
0.702

	

	

	




	
CEI10

	
0.417

	

	

	




	
Lean theory and Philosophy.

	
TFL1

	

	
0.602

	

	




	
TFL2

	

	
0.595

	

	




	
TFL3

	

	
0.605

	

	




	
TFL4

	

	
0.727

	

	




	
TFL5

	

	
0.608

	

	




	
TFL6

	

	
0.531

	

	




	
TFL7

	

	
0.414

	

	




	
Lean tools, coordination, and information flow.

	
HCF1

	

	

	
0.755

	




	
HCF2

	

	

	
0.608

	




	
HCF3

	

	

	
0.825

	




	
HCF4

	

	

	
0.610

	




	
HCF5

	

	

	
0.589

	




	
HCF6

	

	

	
0.550

	




	
Organizational vision and system.

	
VOS1

	

	

	

	
0.516




	
VOS2

	

	

	

	
0.549




	
VOS3

	

	

	

	
0.792




	
VOS4

	

	

	

	
0.620
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