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Abstract 

Lean Construction (LC) holds potential benefits for individual project productivity; however, its 

impact on the industry has not been significant. One reason affecting LC performance is the self-

interested behavior of stakeholders, called Autonomous Agents (AAs) in Game Theory. AAs make 

decisions for their own benefit rather than for the project itself. This paper explores the potential impacts 

that the AA behavior of subcontractors have on the performance of LC tools such as the Last Planner 

System (LPS). A qualitative approach was employed to collect data through personal interviews of 74 

participants, across eight projects throughout Texas, built by four construction companies. A quantitative 

approach was used to analyze the interviews. Findings indicate that: (1) subcontractors behave as AAs; 

(2) LPS does not prevent the AA behavior of subcontractors, but it supports managing the associated 

issues; and (3) the AA behavior of subcontractors affects LPS performance. This study identified a 

problem affecting LC performance, prompting academics and practitioners to investigate into solutions 

that will further benefit the construction industry’s productivity. 
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Introduction  

Labor productivity in the U.S. construction industry has declined over the last 50 years (Teicholz 

2013). This situation is an industry specific problem, because labor productivity of other non-farm 

industries in the U.S. reflects a positive trend in the same period (Teicholz 2013). Scholars worldwide 

have identified productivity as an important research topic (Bertelsen and Sacks 2007; Eastman and Sacks 

2008; Hendrickson 2005; Rojas and Aramvareekul 2003; Shen et al. 2010; Teicholz 2013). Even though 

traditional project management tools and methodologies have tried to address the low productivity issue, 

the gains have not extended to the industry (Alarcón 1997; Forbes and Ahmed 2011; Teicholz 2013).  

Alarcón (1997) indicates that Lean Construction (LC) is a project management methodology, 

adapted from the manufacturing industry, with the purpose of improving construction productivity. LC 

addresses the need for an adapted theory of production for the construction industry (Koskela 2000). LC 

has been categorized as the project management tool that could potentially change the negative trend of 

construction productivity (Ballard 2008; Ballard and Howell 1994; Forbes and Ahmed 2011). 

Ballard (2000), in response to the need for work flow improvement in the industry, proposed one 

of the most widely used tools in the LC movement, the Last Planner System (LPS). The LPS focus is to 

holistically enhance the overall performance of a construction project through variability and workflow 

smoothness, so all resources can be maximized (Forbes and Ahmed 2011). Fernández-Solís et al. (2015) 

and Sacks and Harel (2006a) state that one of LPS’s main challenges is that it does not contemplate the 

real strategic situation of all stakeholders involved in a project. This means that correct resources are 

allocated in the project, as long as contractors do not have another more important compromise 
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somewhere else, for example, a multiple project situation with shared responsibility (Fernández-Solís et 

al. 2015; Sacks & Harel 2006a). 

Fernández-Solís (2008) indicates that the general economy may be the starting point for the 

previous situation, because it dictates the general rules by which the global economy flows and in which 

direction. That direction is informed by game theory in which “Autonomous Agents” (AAs) play a game, 

making decisions according to their interior strategic plans with the final goal of pursuing their own 

benefit (Fernández-Solís 2008; Myers 2013). Gaming should be relevant to the construction industry 

because every project’s overall performance is affected directly or indirectly by external factors, thus it is 

necessary to establish an effective control tool that considers this situation (Fernández-Solís 2008). 

The research question for this paper is: does the stakeholder as AA affect the performance of the 

LPS? The answer for this question will identify the existence of a problem, namely the behavior of AAs 

affecting the efficiency of LC tools, thus the construction productivity of LC projects. By identifying the 

problem, academics and practitioners may put forth possible solutions. The methodology used herein is 

formed by: (1) a qualitative approach through a structured literature review (SLR); and (2) a qualitative 

and quantitative approach to analyze interviews data of construction practitioners regarding the research 

question. Expected results point out that stakeholder AA actually affect LPS performance. 

Structured Literature Review 

Economic Principles and the Construction Industry 

 The general economy affects the performance of the construction industry (Myers 2013), such 

that positive economic indicators push investment in the construction industry (see Figure 1). Cleaver 

(2014) indicates that economics is concerned with the allocation of a fixed set of resources; in the 

construction industry, this means the allocation of what, when, how and for whom investments should be 

made. Fernández-Solís (2008) and Pryke (2004) define the construction industry as a complex system, 

due to its inherent non-linear nature of events affecting every corner in a construction project.  
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Fig. 1. General economy effects in the construction industry 
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Due to the industry’s complexity, the relatedness between stakeholders increases, as does the 

competition between them. As indicated by Basilgan and Christiansen (2014), game theory, a branch of 

economics, studies factors of competition between stakeholders. For this competition analysis, game 

theory uses the concept of autonomous agents (AA) to study interactions between self-interested agents 

(Parsons and Wooldridge 2012). Bertelsen (2003) and Fernández-Solís et al. (2015) define the AA in 

construction as the stakeholder making tactical decisions for its own interest with asymmetrical 

information about the project. Bertelsen (2003) and Fernández-Solís (2008) identify the behavior of AAs 

as present at any type of firm at any company level: strategic, logistic, and tactical. 

Myers (2013) indicates that game theory explains how a firm’s project outcome plan will be 

ultimately affected by the planned outcomes of the other firms in the project, due to AA behavior. 

Subcontractors are widely seen as the typical example of AAs due to their self-interested behavior (Asgari 

and Afshar 2008; Miller et al. 2012; Sacks and Harel 2006b; Wang 2010). 

Construction Productivity 

Even after initiatives over the last five decades, using new techniques and technologies, research 

indicates that the construction industry has made no significant improvements in labor productivity 

(Teicholz 2013). Figure 2 suggest that labor productivity for the overall construction industry presents a 

negative tendency over the last five decades. The adjusted line trend indicates a reduction of 0.32% per 

year, when in the nonfarm industries there has been a 3.06% positive trend per year (Teicholz 2013). 

Fig. 2. Labor productivity in the construction industry. Reprinted from Teicholz (2013), 

with permission 
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Academia and practitioners debate the reasons for low productivity in the construction industry. 

Forbes and Ahmed (2011) argue that the main reason is a lack of effort in research and development. 

Bertelsen and Sacks (2007) attribute the problem to the industry’s natural characteristics, specifically the 

tendency to behave as a dynamic complex system, which requires integrated and collaborative effort for 

stabilization. Although it has not been effectively addressed as of this writing, the problem is significant 

for the construction industry because the issue is global (Bertelsen and Sacks 2007). 

The construction industry, aware of its poor productivity image and high waste, has implemented 

a number of techniques such as Critical Path Method (CPM), Total Quality Control, Bridging, Project 

Evaluation and Review Technique (PERT), several Project Delivery Methods, Resource Leveling, Line-

of-Balance and others (Alarcón 1997; Forbes and Ahmed 2011; Koskela et al. 2014). The sum of these 

efforts has not generated a significant impact on the trend, as indicated by Teicholz (2013). The effects of 

this negative trend are captured by reports indicating an industry wide successful accomplishment rate of 

50% of weekly scheduled activities (Alarcón 1997; Ballard 1999; Ballard and Howell 1994; Ballard and 

Howell 1999; Forbes and Ahmed 2011). This negative trend has pushed the industry to explore new 

management methodologies to improve construction productivity, such as Lean Construction.  

Lean Construction 

Lean Construction (LC) is a project management movement, derived and adapted from the 

manufacturing industry (Alarcón 1997; Forbes and Ahmed 2011). The creation of LC was rooted in 

Koskela’s (1992) proposal to adopt a new production philosophy based on the Toyota Production System, 

which is the basis of all Lean Manufacturing philosophy (Liker 2004). With this philosophy, a significant 

improvement in productivity is expected, because it was achieved in the manufacturing industry (Koskela 

1992). LC’s purpose is to increase productivity by assisting the team in identifying and eliminating all 

kinds of waste, and by improving production flow within a continuous improvement model (Alarcón 

1997; Forbes and Ahmed 2011). Lean methods optimize activities at the project level, while traditional 

methodologies typically focus on improving individual activities (Forbes and Ahmed 2011). 

LC’s impact on the construction industry has been a topic of focused research, and preliminary 

rough findings indicate that there are some benefits when applied to construction projects. Alarcón et al. 

(2011) suggest that the benefits include improved plan reliability, an improved Plan Percent Complete 

(PPC) indicator (the basic metric in LC for plan reliability), and overall improved project performance. 

Mace (2016) estimates that, on average, construction projects with a High Lean Intensity are three times 

more likely to finish ahead of schedule and two times more likely to finish under budget.  

The Last Planner System 

Conceived and developed by Ballard (1994), one of the main tools in LC is the Last Planner 

System (LPS). The LPS is an open platform that aims to reduce the inefficiency of hierarchical layers in 

construction management, and to empower field stakeholders actually doing the work (Ballard 2000; 

Baldwin and Bordoli 2014). The expected outcome of the LPS is optimizing the available resources and 

reliability in the planning and execution processes (Ballard 2000; Forbes and Ahmed 2011).  

Sacks and Harel (2006a) argue that even though the LPS seems to be the ideal solution to a 

traditional problem in construction, a deep understanding of the relationship between plan reliability and 

reliable relocation of resources is needed. In other words, LPS application does not automatically 

guarantee waste elimination and increased productivity. The problem is that every project is invariably 

completed by different subcontractor crews and therefore, represents an everlasting training situation.  

The available research suggests benefits of the LPS in individual projects, but research analyzing 

the benefits to the industry as a whole has been very limited (Alarcón et al. 2011; Baldwin and Bordoli 

2014; Hamzeh and Bergstrom 2010; Fernández-Solís et al. 2013; Formoso and Moura 2009; Johansen 

and Porter 2003; Kalsaas et al. 2009; Porwal 2010; Viana et al. 2010). Fernández-Solís et al. (2013) argue 

that addressing the challenges will increase the confidence level of construction stakeholders about its 
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usage, potentially improving the value of construction productivity for the overall industry. Ballard and 

Howell (2003) indicate that the lack of research is one of the greatest challenges of the LPS, specifically 

research that compares projects with and without the use of the LPS. 

Autonomous Agents and Construction Productivity 

Over time, subcontracting in construction has become an important structure in project operation, 

because project requirements require higher trade specialization, increasing off-site pre-fabrication, and 

agility in adjusting capacity to fluctuating work demand with general contractors (Hinze and Tracey 1994; 

Sacks 2014). The outcome of this is that subcontractors must work on different projects at the same time, 

also known as a meta-project, balancing resources among them (see Figure 3).  

Subsequently, Fernández-Solís et al. (2015) and Sacks (2014) have identified one gap in 

knowledge about LC and the LPS: the consideration of a multi-project environment in which 

organizations interact with different projects. The problem with the meta-project scenario is that 

subcontractors act strategically when making decisions in different projects. So, it is critical to understand 

how subcontractors make these decisions affecting management tools such as the LPS. Sacks and Harel 

(2006b) discovered how resource allocation works in projects by applying a game theory model to a 

multi-project scenario of subcontractors. 
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AA behavior is a strong concept for understanding how subcontractors make strategic decisions 

in projects in their own interest, rather than in the project’s interest. Using Social Network analysis, 

Figure 4 explains the conceptual network of meta-projects created by AAs in construction projects. A 

subcontractor workforce in a project is directly responsive to its subcontract company, which typically 

have several projects undergoing at the same time. Current scheduling efforts assume that “our” project is 

the only one in a vast void universe. However, reality is much different, as a catastrophe in any project at 

any one time will affect “our” project.  

 Sacks and Harel (2006b) found that if plan reliability in a project is low, then the resource 

allocation of subcontractors enters into a defensive status, in which fines and rewards are ineffective, 

because subcontractors tend to demonstrate sub-optimal behavior to protect their interests. Fernández-

Solís (2008) states that subcontractors are an example of stakeholders acting as AAs in critical situations 

of construction projects. In this case, subcontractors allocate resources between their different ongoing 

projects, based on the local plan of a project per contract and a game plan to maximize profits and 

minimize risks by considering what is happening in other projects (O'Brien and Fischer 2000). 

Subcontractors behaving as AAs make these decisions based on their individual strategic plans, in 

response to the general economy: in good times, they grow to survive the next downturn, and in bad 

times, they survive to grow when the economy turns (Fernández-Solís et al. 2015).  

 The available research proposes that the AA behavior of stakeholders in the construction industry 

has a potential effect on the performance of LC methodologies (Sacks and Harel 2006a; Fernández-Solís 

et al. 2015). However, there are no research efforts that confirm the existence of this problem through 

actual data from the field. This study addresses that gap in the knowledge. 

Research Methodology 

Research Strategy Definition 

 As per Leedy and Ormrod (2010), Naoum (2012), and Tashakkori and Teddlie (1998), three main 

research strategies are used in academia: (1) quantitative research, (2) qualitative research, and (3) mixed 

methods research. The Structured Literature Review (SLR) findings suggest a preponderance of similar 
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work with a qualitative approach. However, as the researchers want to reduce the effect of bias of the 

researchers while analyzing the qualitative data of practitioner’s opinions, it was decided to pursue a 

combined research strategy that quantitatively analyzes the qualitative data. In this study, all qualitative 

data (interviews) from the research process were analyzed through quantitative methods.  

Data Collection Method 

The authors defined two proposed methods to obtain the perceptions of LC practitioners about the 

problem of this study: interviews and surveys. Since this study’s objective is to capture the perception of 

practitioners at any hierarchical level (e.g. from foreman to CEO), interviews allow researchers to deeply 

explain in person the questions’ objective, while surveys do not. Surveys have limited capabilities in 

explaining this type of research topics to a section of our target subjects, construction workers or foremen. 

Hence, the data collection method for this paper is through personal interviews.  

Questionnaire Construction 

 As per Knight and Ruddock (2009), there are two types of personal interviews: structured and 

unstructured. In structured interviews, one person asks another person a list of predetermined questions, 

with the objective of finding an opinion about the research topic (Knight and Ruddock 2009). Structured 

interviews were used in this study as the intent was to analyze the results through quantitative methods.  

 The questionnaire design used the structure proposed by Naoum (2012) and Kvale (2008). The 

first step in the design process was to define the research objectives through the SLR. The main objective 

was to define if the behavior of AAs affects performance in LC projects. The second step was to identify 

the main issues, topics and ideas to clarify through questions. They are: (1) understand the interviewee’s 

background, (2) understand interviewee knowledge about LC, (3) define the interviewee’s position 

regarding the study’s question, and (4) understand the effects of the study’s problem in the current 

project. The last step in the questionnaire design was to define the specific questions to be included in the 

questionnaire, which would address the main issues, topics, and objectives. 

The final questionnaire is shown in Table 1, and comprises 29 questions and 5 sections. Section 1 

defines the subject’s background. Sections 2 and 3 are merely introductory, defining the subject’s 

knowledge about LC and LPS. Section 4 attempts to define the effects of AAs in projects, which is the 

main objective of this paper. Section 5 summarizes the different questions from sections 2 to 4 to identify 

the specific effects on the participants’ current projects. The questionnaire was designed to last a 

maximum of 25 minutes per interview. 
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Table 1. Questionnaire for interviews 

Section Question 

Section 1 1. What is your name? 

 2. What is your position in the company? 

 3. What is the name of the company that you work for? 

 4. How many years have you worked for this company? 

 5. Did you have different previous positions in this company? 

 6. Approximately, how many years of experience do you have in the construction industry? 

 7. Please provide a description of your main responsibilities on this project. 

 8. On what type of projects have you previously worked? Please assign approximate percentages for 

these categories: Commercial, Residential, Industrial, Civil or Others. 

 9. What percentages can you assign to the quantity of projects types you have participated in: either 

Private sector or Public sector? 

Section 2 10. Have you participated in LC projects in the past? What projects? 

 11. What is your understanding of LC culture and practices? 

 12. What are some of the benefits of implementing LC in projects?  

 13. What are some of the challenges of implementing LC in projects? 

 14. Did you experience any specific issues that you may note with the initial implementation phase of 

LC in projects? 

Section 3 15. In your own words, what is your understanding of the LPS? 

 16. In your experience, what are the main benefits of using the LPS? 

 17. In your opinion, what are the main challenges of implementing the LPS? 

 18. In your experience, do you think the LPS is complicated? 

 19. Typically, do you think subcontractors really buy into the LPS? 

 20. What improvements, do you suggest, can be implemented to the LPS to facilitate buy-in for this 

system from the subcontractors? 

Section 4 21. Have you experienced project situations in which the subcontractors underperform, due to external 

issues (events that happen in other projects where manpower has to be shifted to a subcontractor 

accommodate emergency) in external projects? 

 22. When experiencing underperformance of subcontractors due to external issues in external projects, 

how do you typically handle the situation? 

 23. In your opinion, is there any tool in the LC practices or the LPS that specifically prevents the 

possible situation of underperformance of subcontractors, due to external issues in external projects? 
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 24. How would you propose to adapt LC practices or the LPS, in order to try to address that issue. 

Section 5 25. Have you experienced on this project any underperformance issue with a subcontractor, due to 

external issues (something happening in other projects that the sub is also working on)? How was this 

situation handled? 

 26. Do you think the LC practices and the LPS have affected or benefited this particular project you 

are working on? 

 27. Do you think the LPS was, or is, effectively carried out on this project? 

 28. If you could have changed anything on the implementation phase of the LPS in this project, in 

order to facilitate this initial process, what would that be? 

 29. On this project, if no LC practices nor the LPS were implemented at all, this means that only 

traditional project management techniques were used. What do you think would be the consequences? 

Interview Recruitment Process 

The target companies for the study have the next profile: (1) general contractors, (2) based or 

with offices in the State of Texas, U.S., (3) experienced with LC, and (4) with LC commercial projects 

underway in the State of Texas, U.S. 

The interviewees’ profiles should reflect direct or indirect exposure to the main problem for this 

study. For this purpose, the interviewees’ profiles included: (1) experience in at least one LC project, and 

(2) holding one of the following positions: foreman, superintendent, engineer, coordinator, project 

manager, consultant, project executive, VP, CEO. Subjects fulfilling the profile were contacted by the 

researchers directly at the job site and were asked for voluntary participation in this study. 

Two measures were established to define the minimum number of interviews: (1) discussions 

within the research team, which determined that, based on experience, this type of study requires a 

minimum of 50 interviews, and (2) the individual statistical results would be checked through one-sided 

sample tests (power analysis) to confirm any problems with the experimental design. 

During 2016, a total of 74 structured interviews were held at eight LC project jobsites of four 

general contractors. Jobsites were located at Dallas, Houston, San Antonio, and College Station in Texas. 

All of the companies and interviewees fulfill the target profiles. Interviews were tape recorded in 

compliance with research regulations. All interviews were transcribed for further analysis. 

Statistical Analysis 

Phase 1: Qualitative Analysis of the Interviews 

For the quantitative analysis, all answers for each question were analyzed on content and 

simplified to a single word describing the whole answer’s meaning. A matrix was created with the counts 

of each synthesized answer (a single word) per question. Next is an example of such analysis: 

Question: What are some of the challenges of implementing LC in projects? 

Answer: Challenges range from people wanting to do things the way they've always done it, 

nobody wants change, change is difficult. I think that's probably the biggest thing that we run into 

this business. They say why would I need to change? How will the sticky notes on the wall help 

me make more money? As soon as they see the benefits for them, most people get on board. 

Synthesis: “Change” 

In the previous example, “Change” describes the answer of the interviewee to the question. 

Subsequently, all answers to the same question meaning the same idea were marked with the word 

“Change,” such as resistance to change, difficulties with cultural change, trying LC but going back to 
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traditional methods too soon, difficulties with onboard adaptation, and others. In some cases, when 

answers suggested two or more synthesized answers, all of them were included in the matrix.  The same 

procedure was applied to all answers from all 74 interviews. In the cases of interviews conducted in 

Spanish, the synthesized words were translated to the English language. This procedure standardizes all 

answers into categories for trend identification, and allows a quantitative analysis of the qualitative data.  

Phase 2: Quantitative Analysis of the Interviews 

 To answer the main research question using the interview answers, a set of subtopics was defined 

by means of the literature review. Subtopics structure the answers for the main research question. In this 

case, subtopics helped define if one example of the AA (the subcontractor) affected the performance of 

the LPS. Subtopics include: 

1. Define if the subcontractors are behaving as AAs in LC projects and can be considered as such 

for the rest of the analysis. 

2. Define if the LPS prevents or manages the behavior of AAs in LC projects. 

3. Define if the AA behavior of subcontractors is affecting the LPS performance in LC projects. 

Each research subtopic is analyzed with different considerations, in order to conduct appropriate 

interpretation of the questionnaire answers. Interpreting the answers related to each subtopic is necessary 

because there are no direct questions answering the research subtopics. The questionnaire was designed in 

such a way that any individual at a job site, with any level of education, could answer the questions and 

still provide the factual information needed for this study. A statistical analysis was performed on each 

subtopic as explained in the next sections. Statistical software was used for this purpose. 

Research Subtopic I 

The first research subtopic is: Define whether subcontractors are behaving as AAs in LC projects 

and can be considered as such for the rest of the analysis. To address this subtopic, question 21 in the 

interview questionnaire fully describes the situation in the research subtopic. Question 21 describes the 

typical situation in which subcontractors act as AAs by relocating resources of the current project to 

another project where they have difficulties; these decisions ultimately affect the current project’s 

performance. Possible synthesized answers to this question are Yes (in favor), No (against), and N/A (no 

answer). The N/A answers were dismissed from the statistical analyses in the entire study, as they 

provided no information in favor of or against the topics.   

To verify the results of the first test, two statistical analyses were performed: Test Probabilities 

and Confidence Interval (CI). In this case, the null hypothesis to test through a statistical analysis is 

whether the probability of obtaining the answer of the variable “Yes” is at most 0.5. If the null hypothesis 

can be rejected with 99% confidence, then the proportion of successes of the variable “Yes” is the 

majority in the population fraction with 99% confidence. In other words, there is 99% confidence that the 

majority of the population supports the assessment that subcontractors behave as AAs.  

To verify the statistical results of the first test, a CI was tested for each answer with an  error of 

0.05. If the null hypothesis was rejected from the first test, then the CI should be greater than 0.5 to 

confirm that with 95% confidence, the proportion of successes in the population fraction of the variable 

"Yes" is within those limits; hence a majority of the population answered as such. A one-sided sample 

size test was conducted with the probability of the variable “Yes” having an  error of 0.05, 80% power 

and H0 of 0.5, to verify the statistical significance of the results with the total sample size. 

Research Subtopic II 

The second research subtopic is: Define whether the LPS prevents or manages the behavior of 

AAs in LC projects. To address the answer to this topic, question 23 in the interview questionnaire fully 

describes the situation in the research subtopic. Question 23 asks directly if LPS practices prevent the 
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behavior of subcontractors behaving as AAs in LC projects. Possible synthesized answers to this question 

may be Yes (in favor), No (against), and N/A (no answer).  

During the interview process, the researchers noticed a trend in the answers to question 23: 

respondents offered an alternative answer or explanation of the original question. Numerous interviewees 

indicated that even when they do not think the LPS prevents the AA behavior of subcontractors, they do 

think the LPS supports them in managing situations due to the AA behavior when issues happen. For 

example, if a subcontractor needs to relocate manpower from a LC project to another project with an 

emergent problem, the LPS does not prevent that from happening, but it supports the contractor in 

managing or alleviating the situation. Consequently, during the interview analysis, the researchers added 

part B to question 23: Do you think the LPS supports you in managing the issue when subcontractors 

underperform as per the situation in the previous question? Possible synthesized answers to this question 

are Yes (in favor), No (against), and N/A (no answer). Part B of question 23 was not an expected 

outcome, because the researchers expected only an answer about the “preventive” capabilities of the LPS 

with AA behavior. Two statistical analyses were conducted on questions 23 and 23-B: Test Probabilities 

and a CI to verify the results of the first test.  

In the case of question 23, the null hypothesis is whether the probability of obtaining the answer 

“No” is at most 0.5. If the null hypothesis can be rejected with 99% confidence, then the proportion of 

successes of the variable “No” is the majority in the population fraction with 99% confidence. In other 

words, there is 99% confidence that the majority of the population supports the concept that the LPS does 

not prevent the behavior of AA in subcontractors. The statistical tests performed in this case are the same 

as in Research Subtopic I, but analyzing the answers of the variable “No”. 

 In the case of question 23-B, the null hypothesis is whether the probability of obtaining the 

answer of the variable “Yes” is less than 0.5. If the null hypothesis can be rejected with 99% confidence, 

then the proportion of successes of the variable “Yes” is the majority in the population fraction with 99% 

confidence. In other words, there is 99% confidence that the majority of the population supports the 

concept that LPS helps them to manage a situation in which subcontractors behave as AAs. The statistical 

tests for this case are the same as in the Research Subtopic I but with the answers of the variable “Yes”. 

Research Subtopic III 

The third research subtopic is: Define whether the AA behavior of subcontractors affects the LPS 

performance on LC projects. To address the answer to this topic, a two part analysis was performed.  

Part 1 of the analysis involves question 19 of the questionnaire as it describes the situation in the 

research subtopic. Question 19 describes a situation in which the self-interested behavior of 

subcontractors permits them to really buy into the LPS. Because there are several possible synthesized 

answers in this question (e.g., Yes, No, Eventually, etc.), each synthesized answer was categorized as 

“Effect” if the answer suggests that the behavior of subcontractors affects the performance of the LPS or 

“No Effect” if it is the opposite. For example, the synthesized answer “Yes” (in favor) was categorized as 

“No Effect,” because the answer suggests that subcontractors typically buy into the LPS, so their behavior 

does not necessarily affect the LPS performance. The same procedure applies to the rest of the 

synthesized answers in question 19. 

Part 2 of the analysis involves questions 13, 14, 17, 27, and 28 of the questionnaire because they 

ask about challenges seen in the LC and LPS practices. Some of those challenges are directly related to 

the self-interested behavior of subcontractors. Because there are several possible synthesized answers in 

this question (e.g., training, participation, change, etc.), each answer was categorized as “Effect” if the 

answer suggests that the behavior of subcontractors affects the performance of the LPS or “No Effect” if 

it is the opposite. For example, the synthesized answer Change (meaning reluctance to change) was 

categorized as “Effect,” because the answer suggests that subcontractors are reluctant to adopt changes 
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brought by the LPS, so their behavior affects the LPS performance. The same procedure applies to the 

rest of the synthesized answers in question 13, 14, 17, 27, and 28.  

Two statistical analyses were conducted for Parts 1 and 2: Test Probabilities and a CI to verify the 

results of the first test. In this case, the null hypothesis is whether the probability of obtaining the answer 

categorized as the variable “Effect” is at most 0.5. If the null hypothesis can be rejected with 99% 

confidence, then the proportion of successes of the answers categorized as the variable “Effect” is the 

majority in the population fraction with 99% confidence. In other words, there is 99% confidence that the 

majority of the population supports the idea that subcontractors behaving as AAs affect the performance 

of the LPS since they do not buy into the system. The statistical tests performed in these cases are the 

same as in the Research Subtopic I but analyzing the answers categorized as the variable “Effect”. 

Discussion 

 The objective of this paper is to define whether the behavior of stakeholder AAs gaming in the 

general economy affects the performance of the LPS, thus affecting the performance of LC in the 

construction industry. To address this topic, three subtopics were defined from the main research 

objective. Table 2 summarizes the results of the statistical analysis of each of the subtopics. 

Table 2. Summary of findings 

Subtopic Variable 

of Interest 

in the 

Results 

Bino-

mial 

Test 

P = 

Confi-

dence 

interval 

(CI) 

Interpretation 

1. Define if the 

subcontractors are 

behaving as AA in LC 

projects and can be 

considered as such for 

the rest of the analysis. 

(Question 21) 

Yes 0.000

1 

0.851388 

to 

0.970796 

99% confidence that the majority of the 

population supports the concept that 

subcontractors behave as AAs. Evidence 

indicates that for such data, the CI is within the 

range above 0.5, hence a majority in the 

population answer of the variable “Yes” with 

95% confidence. 

2. Define if the LPS 

prevents the behavior of 

AA in LC projects. 

(Question 23) 

No 0.000

1 

0.61946 to 

0.821472 

99% confidence that the majority of the 

population supports the concept that the LPS does 

not prevent the behavior of AA in subcontractors. 

Evidence indicates that for such data, the CI is 

within the range above 0.5, hence a majority in 

the population answer of the variable “No” with 

95% confidence. 

2. Define if the LPS 

manages the behavior of 

AA in LC projects. 

(Question 23-B) 

Yes 0.000

1 

0.785316 

to 

0.949961 

99% confidence that the majority of the 

population supports the concept that the LPS 

helps them to manage a situation in which 

subcontractors behave as AA. Evidence indicates 

that for such data, the CI is within the range 

above 0.5, hence a majority in the population 

answer of the variable “Yes” with 95% 

confidence. 

3. Define if the AA 

behavior of 

subcontractors is 

affecting the LPS 

performance in LC 

Effect 0.000

1 

0.684307 

to 

0.869479 

99% confidence that the majority of the 

population supports the concept that 

subcontractors behaving as AAs affects the 

performance of the LPS. Evidence indicates that 

for such data, the CI is within the range above 
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projects. (Part 1 – 

Question 19)  

0.5, hence a majority in the population answer of 

the variable “Effect” with 95% confidence. 

3. Define if the AA 

behavior of 

subcontractors is 

affecting the LPS 

performance in LC 

projects. (Part 2 - 

Questions 13, 14, 17, 27, 

28) 

Effect 0.000

1 

0.619192 

to 0.73614 

99% confidence that the majority of the 

population supports the concept that 

subcontractors behaving as AAs affects the 

performance of the LPS. Evidence indicates that 

for such data, the CI is within the range above 

0.5, hence a majority in the population answer of 

the variable “Effect” with 95% confidence. 

For the first subtopic, it is evident that the population identifies subcontractors as being 

stakeholders behaving as AAs in LC projects, thus they can be considered as such for the rest of the 

analysis. For the second subtopic, it is evident that the LPS does not prevent the AA behavior of 

subcontractors affecting projects. However, it is evident that the LPS is a supportive tool for managing the 

issue in case it happens. Having defined the first two subtopics is a prerequisite to confirm the findings of 

the third subtopic analysis: it is evident that the AA behavior of subcontractors affects the performance of 

the LPS in projects.   

Thorough literature review suggested the existence of an AA behavior of subcontractors possibly 

affecting the performance of LC projects. Findings in the analysis of the research subtopics come from 

data of interviews to LC practitioners. This study narrows the gap in the knowledge identified in the 

literature review, as it identified an AA behavior of subcontractors affecting the performance of LC 

projects. This is the start point for academics and practitioners to propose solutions for this problem. The 

AA behavior affects LC performance on projects as the decisions of stakeholders are purely based on 

individual goals rather than project based goals, totally opposite to the essence of LC.  

Limitations for the study include: (1) data comes from the analysis of commercial projects 

utilizing LC methodologies, so similar research should be performed for industrial or residential projects; 

(2) results were influenced by the number of participants in the study, however one-sided sample size 

tests were conducted to verify the statistical significance of the results; (3) the profile selection provided 

the grounds to assume the interviewees provided quality information about the problem statement; (4) the 

possible solutions for the problem statement were not analyzed in this study but were defined for future 

research; and (5) the literature available and related to this topic is representative of the topic.  

Conclusions 

 This research demonstrates that the behavior of AAs affects the performance of the LPS. 

Subsequently, if LPS performance is affected, then LC performance in the construction industry is 

affected as well. This is one reason why, over the course of more than 20 years of development and 

implementation, the LC movement has not been able to significantly affect productivity in the overall 

construction industry.  

Through qualitative (interviews) and quantitative (statistical analysis) methods in the study found 

significant evidence of this problem by obtaining data directly from LC practitioners. After identifying 

that the AA behavior is a problem for the industry, researchers and practitioners may work to address its 

challenges. Similar studies should be performed in countries other than the U.S., so this problem may be 

generalized for the industry. 

 LC practitioners should consider the effects of AA behavior in their decisions with the objective 

of increasing construction productivity. Solution proposals obtained from the interviews address the issue 

of preventing AA behavior in LC projects. Each proposal should be analyzed for future research: 
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1. Demonstrate the financial and scheduling benefits of LC to subcontractors so they buy in to this 

methodology.  

2. Plan manpower requirements in Pull Planning Sessions. 

3. Track manpower in daily huddles and Weekly Work Plan meetings. 

4. Establish a rigorous and standardized pre-qualification process to bid projects with vendors. 

Include the analysis of capabilities and current load of work. 

5. Create a monthly one-day buffer available for the schedule of all subcontractors, so in case they 

need it, they use it. Reward them if it is not used.  

6. Create a strategy that allows trades to relocate resources to external projects, in the specific cases 

that buffers allow it in certain specific activities of the current project. The goal is to reduce the 

likelihood that external situations will affect the resource allocation of the current project. 

7. Assess the effects of having LC and the LPS as requirements in the contract, which may include 

commitment of manpower or resources.  

Data Availability 

The complete research data is available at: http://hdl.handle.net/1969.1/161495 
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