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Abstract

:

Despite significant research and development on lean construction over the last two decades, cases of sustained lean transformation are few. Readiness for lean transformation is considered an essential requirement. Several studies have been conducted to identify lean readiness factors and develop assessment frameworks in other sectors such as manufacturing, healthcare, pharmaceutical, emergency, higher education, etc., but none in construction. The main objective of this study is to identify the lean readiness factors for the successful lean transformation of construction organizations. Mixed methods of research have been adopted. Factors initially identified from the literature in other sectors and lean construction were further validated by a large team of lean experts. Seventy-three factors were identified, and a questionnaire survey was conducted to identify the critical lean readiness factors for construction organizations. One hundred and two responses were collected from expert lean practitioners and academicians from all over the world. The factors were ranked based on the Importance Index (II). Reliability analysis and ANOVA tests have been conducted. Support from top management, the process of understanding customer requirements, emphasis on team-working, critical data analysis, and constraint removal were found to be the top-ranked lean readiness factors. The study opens up new research directions in lean readiness evaluation and ensures sustained lean transformation of construction organizations.
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1. Introduction


Construction projects underpin economic development [1] and the progress of all nations. The construction industry adds significantly to the Gross Domestic Product (GDP) in a vast majority of countries with nearly 13% of the global GDP [2,3]. However, construction projects are seldom completed within the planned time and cost [4]. Projects linger with management change problems, time overruns, cost escalations, claims, and disputes [5] resulting in huge wastages of time, effort, and all resources. It has also been a concern that over the years construction productivity has remained flat as compared to the manufacturing industry, and this lag translates to about USD 1.6 trillion of loss every year [6]. Research studies have indicated that construction sector productivity can be boosted by 5 to 10 times in some areas by adopting a manufacturing-style production approach [6].



The lean production system originated from Toyota’s production system which, when implemented properly, has provided significant dividends to organizations. Despite the huge benefits of the lean production system, many organizations have been unsuccessful in their journey towards lean transformation and most organizations failed to reach the summit stage [7]. Successful lean transformation requires a transformation in the organizational culture [8]. If not addressed appropriately, the project of introducing lean culture into an organization may not only end up as a failure but may also significantly impair the prevalent practices and routine business processes of the organization as well [9].



Organizational lean readiness reflects upon the organization’s ability to undergo a smooth and sustainable lean transition and is developed by setting up practices, conditions, and resources facilitating lean change [10]. Studies have indicated lean implementation failure is also attributed to the fact that little attention is paid to organizational lean readiness [11,12]. To eliminate/reduce the failures in lean implementation, there needs to be an assessment of the organizational readiness levels before committing [13,14]. To ensure successful lean transformation, there needs to be an assessment of the organizational readiness levels [14]. This prior assessment of organizational readiness is intended to cut down the wasted effort and any waste during the process of lean transformation and will help ensure minimum disruption to the organizational process and business [8]. A planned organizational change would be more effective and efficient and would help organizations to measure the ability within the organization and aid in improving organizational capabilities [15].



Many studies have investigated the aspect of lean readiness in manufacturing and SMEs. However, lean implementation in service organizations is even more challenging as the processes are invisible or intangible [16], processes are complex and large, processes require efforts involving a lot of people, are dependent on technology, and are spread across many vendors [17]. There have been few studies in service industries such as healthcare [12,15,18,19,20,21], humanitarian organizations [8], and higher education sectors [22,23,24].



Construction projects are unique and differ from each other in scope, objectives physical setting, and characteristics [25], and it is not possible to generalize a common methodology for all projects. In addition, the peculiar nature of the construction industry and its difference from organizations in other sectors poses issues, and the differences can result in significant impacts on the choices of tools, techniques, and methods to be adopted [26]. Therefore, readiness assessment is extremely important and to date, there are no studies that have holistically investigated and established the lean readiness factors and framework to assess the readiness of construction organizations for lean transformation [27].



The present study, therefore, intends to address the following research questions:



RQ1: What are the lean readiness themes/criteria and the factors for construction organizations?



RQ2: What are the most critical lean readiness themes/factors for construction organizations and how do these vary from other industries/sectors?



RQ3: How can a lean readiness assessment framework be developed for construction organizations based on identified factors?



The present paper is structured as follows: the next section summarizes the literature review; the subsequent section presents the research methodology; the next section presents the analysis of the results; and finally, the paper concludes with some future research directions and limitations.




2. Literature Review


The literature review process was conducted in two stages. Firstly, to comprehend the studies carried out in other sectors, a systematic literature review (SLR) was carried out. Secondly, a traditional review of lean construction studies was conducted to understand the specifics of construction projects and derive the lean readiness factors. The following section of the paper summarizes the literature review.



2.1. Readiness Themes and Factors for Lean Transformation


To assess the works that were carried out on lean readiness, a systematic literature review (SLR) was carried out. The search query string—“Lean readiness” OR “readiness for lean” OR “readiness for lean implementation” OR “lean readiness assessment”—was set to include all journal research articles on lean readiness published in the English language in the Scopus and Web of Science (WOS) databases over the last decade. The search string resulted in 260 documents from Scopus and 119 documents from the WOS database. The duplicates in the databases were removed with the help of Zotero software. A team of three experts from academia and industry helped to identify and narrow down the literature relevant to the objectives and eliminate any bias for further review. Finally, 53 research articles were selected for analysis.



As may be seen from Figure 1 and Figure 2, out of the 53 articles, 27 of the studies (~51% of the studies) have focused on the manufacturing sector only. A total of 23 studies (43%) have been conducted in the service sectors. Again, as can be seen from Figure 2, these studies have been conducted in healthcare facilities [12,13,15,19,28,29,30,31], in emergency departments [16,18,32], higher education [23,33,34,35,36], and the construction industry [37,38,39,40]. The three service sectors—healthcare, higher education, and emergency—make up 70% of the studies within service sectors.



The four studies conducted in the construction sector, the study objectives, and the limitations are outlined in Table 1.



As can be seen from Figure 1 and Figure 2, and also Table 1, no comprehensive study has been carried out investigating the lean readiness factors for construction organizations.



This phase of review summarized “Organizational Readiness” themes and associated factors, which are largely applicable irrespective of the type/sector of the organization. These themes and factors represent the soft lean practices which apply to an organization in any sector/stream. These themes are discussed in the following section and factors are presented in Table 2. Twenty-eight lean readiness factors within the themes of leadership and top management commitment, organization Culture, employee/human Resources engagement, customer focus, communications and processes, and technology management were identified from the review of the fifty-three articles.



2.1.1. Top Management Commitment and Leadership


Any change management programme, including lean, needs the management’s unwavering support throughout the implementation phases as well as the leadership’s willingness to mentor and mitigate the risks of failure. Leadership should be able to create a vision that enables the employees to internalize the anticipated change and shift from current practices to best-in-class practices [23]. Top management must be prepared and show a willingness to be involved in resolving challenges that develop throughout the implementation, and leadership must completely enable the lean implementation teams by providing the necessary resources and infrastructure [19,41].




2.1.2. Organization Culture


Organizational culture can be defined as the shared assumptions regarding deep-rooted organization-wide values, norms, and beliefs [36], and the very definition of lean itself calls for a shift that relates to elements of cultural change. The culture of an organization greatly influences how well Lean transformations happen [42]. Organizational culture subtly directs the actions and behaviours of an organization’s members [43]. Organizations can accomplish strengthening the “soft aspects” required for firms to be more successful in their lean transformation by enhancing these positive behaviours and attributes.




2.1.3. Employee/Human Resources Engagement


The success of lean implementation depends on the level of awareness of employees [44] on the concepts of lean, lean tools and techniques, and the benefits which can be realized from the implementation. Hence, educating and involving every employee in and around lean principles, methodologies, and practices is crucial [19]. One of the crucial key criteria for effective adoption is lean training [45]. Management should align organizational objectives with employee performance KPIs, motivate with reward systems, [46] and should encourage to take full ownership and corrective actions to improve the processes [41].




2.1.4. Customer Focus/Customer Relationships


The capacity to define the customer is one of the crucial elements for successfully implementing lean practices in any firm [47]. A well-defined value for a given customer group prevents conflicting needs and objectives and reduces resistance to change [19]. Organizational processes must be structured with the needs of the customer at the centre, and all initiatives for improvement must systematically take customer feedback into account at every stage [23].




2.1.5. Technology/Process Management


Organizations need to set up processes that can analyze the waste across the value stream, cut down on the non-value-adding activities, and improve the quality and value [14]. Organizations must make sure that performance is tracked to decrease variability and find ways to improve. There must be procedures in place to evaluate the costs and benefits of major undertakings and manage risks [12,41].




2.1.6. Communication


Communication is one of the cornerstones of lean practices [48]. Lack of effective communication with the stakeholders of the lean initiative can lead to failure [49] and organizations need to establish clear and effective communication channels to ensure communication with all team members [50]. The organization should set up a communication process that encourages the horizontal and vertical exchange of information and also share lessons on failures and short-term wins [41].





2.2. Readiness Themes and Factors from Lean Construction Studies


Having identified the lean readiness studies in other sectors, it was important to review the lean construction literature to identify lean readiness factors spanning the construction project lifecycle. The Lean Project Delivery System (LPDS) proposed by Prof. Ballard [51], shown in Figure 3, was taken up as a starting point.



2.2.1. Engineering and Design


As can be seen from Figure 3, Project definition starts with the conceptual stage of engineering and design development and this process translated the project objectives to definitive outcomes. The study by [52] investigated the parameters that build lean ideology in the engineering and design management processes in construction projects. The factors identified by this study are selected for our study and listed in Table 3.




2.2.2. Project Planning, Monitoring, and Control


The Last Planner System® (LPS) has been one of the most commonly adopted production control methodologies based on lean philosophy. LPS was proposed as a novel solution by [53] to increase workflow predictability and increase work plan predictability by controlling the quality of assignments in weekly work plans. Studies by [54,55] identified parameters for planning and production control processes based on the LPS philosophy. The recently updated guideline [56], which was also considered, has touched upon the factors of work structuring and the visual management of plans in great detail.




2.2.3. Procurement and Inventory Management


Integrating lean practices with the supply chain, procurement, and material management, has been the interest of many studies [40,57,58,59]. These studies have advocated pull-based procurement, the use of automation and IT to minimise material requirements, standardized procurements, waste control, material reconciliation, housekeeping, and 5S methodologies in construction projects.




2.2.4. Contract Management


The other aspect of integrated lean project delivery is the aspect of work structuring, a process that designs and connects the project deliverables with suppliers, subcontractors, and other vendors. Towards this, studies [60,61,62] have advocated the practice of a relational contracting system that promotes balanced risk and opportunity sharing between the parties, transparency, and trust, and develops partnerships to build these in the supply chain contracts with all the vendors and contractors.



Twenty-five lean readiness factors were identified through a review of lean construction literature and are summarized in Table 3.
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Table 2. Lean readiness themes and factors from the literature (organizational readiness themes).






Table 2. Lean readiness themes and factors from the literature (organizational readiness themes).









	Theme
	Lean Readiness Factors





	Top Management Commitment and Leadership
	
	
Support and commitment to new initiatives by providing the needed infrastructure [41,63];



	
Commitment from the organization to economic and financial objectives along with growth and long-term survival [15,41];



	
Dedication of time by senior management to ensure the adoption of improvement initiatives [21];



	
Humble leadership with mutual respect for subordinates and peers [12].








	Organization Culture
	
	
Strategic efforts and business goals, connected by systemic thinking [64];



	
Cooperation between the organization and all of its stakeholders viz. customers, suppliers, etc. [12];



	
Flexibility to respond to changing market conditions, client demands, and needs [41];



	
Existence of a blame-free culture within the company [41];



	
Focus on team collaboration in a project- or management-related environment [8].








	Employee Engagement/HR
	
	
Full participation of the workforce in all activities [16,19,41];



	
Periodic multifunctional training employees to ensure employees develop the skill set to deploy problem-solving tools and techniques [15,20];



	
Empowerment of the employees with full ownership to improve their work processes and implement corrective actions [14,41];



	
Efforts of the employees are recognized and rewarded [8,65];



	
Employee initiative to support projects and activities for continual improvement [41];



	
Participation of lower-level or junior staff in project review meetings [21];



	
Periodic feedback on employee performance [28].








	Customer Focus
	
	
Project selection based on organizational competencies [23,66];



	
Existence of a mechanism for determining the needs of and adding value to customers [19,23];



	
Participation of the client in the project’s planning and development [11,14,21];



	
Customer feedback processes and mechanisms for ongoing improvement [11,14,21,23].








	Communication
	
	
Regular communication on strategy and vision of key initiatives [29];



	
Communicating with all employees the purpose, vision, strategy, goals, and objectives of the business [41,66,67];



	
Information exchanges across the hierarchy—horizontal and vertical [15,41];



	
Effective communication of short-term successes and failures [16,41,68].








	Technology and Process Management
	
	
Benchmarking against the competition * [14,16,21];



	
Using a performance measurement system (PMS) to comprehend the process’s current state and potential improvement routes [41,66];



	
Share the implementation’s lessons learned with the entire firm, standardize the adjustments, and keep a record of them [66,67];



	
Control mechanisms to minimize variation and sustain improvement [41].












* This attribute was revised further based on expert opinion.
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Table 3. Lean readiness themes and factors from lean construction studies (lean project delivery themes).






Table 3. Lean readiness themes and factors from lean construction studies (lean project delivery themes).









	Stage of Project Development
	Lean Readiness Factors





	Engineering and Design
	
	
Involvement of specialist designers [52];



	
Exhaustive stakeholder requirement identification [52];



	
Systematic participation of clients in the design phase [52];



	
Collaboration with stakeholders during design meetings [52];



	
Systematic identification, and release of the constraints [52];



	
Consideration of all lifecycle stages in the design process [52].








	Project Planning
	
	
Formalized planning process [54];



	
The correct definition of work packages [55];



	
Standardization of planning meetings [54,55];



	
Use of a transparent, understandable master plan;



	
Inclusion of constraint-free work packages [56];



	
Shared decision-making [56].








	Project monitoring
	
	
Use of visual devices [55,56];



	
Performance metrics [55];



	
Constraint analysis [54];



	
Workable backlogs [56];



	
Analysis of physical flows [56];



	
Schedule performance indicators [56];



	
Corrective actions [54,55,56].








	Procurement and Inventory Management
	
	
Pull-based procurement [40];



	
Existence of housekeeping procedures and material classification by class or category [40,57,58,59].








	Contract Management
	
	
Risk sharing [62];



	
Transparency [61];



	
Regular communication [60];



	
Incentives for performance linked with KPIs [62].
















3. Research Methodology


The entire research work was carried out in four stages as summarized in Figure 4.



A four-stage methodology has been adopted for the present study. Initially, a systematic literature review was conducted to identify the lean readiness attributes from the literature in other sectors. During this phase, fifty-three studies were reviewed, and twenty-eight attributes were identified. These are presented in Table 2. These identified factors represent organizational themes that shall be applicable in any sector/type of organization. However, these factors by themselves will not represent the construction industry and its operations. Therefore, a review of lean construction studies was carried out. The factors were identified so as to represent the full life cycle of the construction project delivery. In this phase, twenty-five attributes were identified. These are presented in Table 3. After this stage, it was necessary to examine and validate the factors identified. Expert opinion was sought from seventeen international lean construction experts who reviewed and recommended the addition of a further twenty factors, which are presented in Table 4. The finalized list of fifty-three attributes was taken up for the questionnaire survey and a Likert scale survey was carried out to examine the critical lean readiness factors for construction organizations. One hundred and two experts from twenty-two nations participated in the survey. The survey tests were analyzed with SPSS software, and Reliability, ANOVA, and post hoc tests were conducted. The respondent profile is summarized in Table 5. Reliability test results are summarized in Table 6.



3.1. Design of the Questionnaire


The questionnaire was designed to seek and capture responses from lean construction experts from all over the world. The literature review and expert opinion phase elaborated in earlier sections of the paper helped finalize the lean readiness factors for construction organizations. This list was categorized broadly into two groups. The first one comprised organizational lean readiness themes commonly applicable for any organization viz. leadership and top management commitment, organizational culture, employee engagement, customer focus, communications, and technology and process management; and the other group comprised themes and factors specifically applicable to lean project delivery viz. engineering and design management, project planning, project monitoring, procurement and inventory management, and contract management. These are shown in Table 7 and Table 8.



The authors invited the opinion of ten experts for the review and evaluation of the questionnaire. The experts included five senior academicians with significant lean construction research experience and five experts from the construction industry engaged in the implementation of lean construction practices. Some sections and parts of the questionnaire were refined, and some factors were reframed for better clarity as recommended by the experts during their initial review.



The questionnaire was structured into five parts. The first part of the questionnaire explained the context, needs, and objectives of the study, the questionnaire structure and what was expected from the respondents, and the process of responding to the questions. The second part sought information on the respondents’ profile viz. name of the organization, job designation, the role of the organization (clients/contractors/consultants/academicians, etc.), and the total professional experience. The fourth part required respondents to rate the organizational lean readiness factors (applicable for any organization), and the fifth part required respondents to rate construction organization-specific lean readiness factors on a Likert scale of 1 to 5 with 1 for an attribute with the lowest importance to lean readiness and 5 for an attribute with the highest importance to lean readiness. The Relative Importance Index (RII) for the factors was calculated using the following formula:


Relative Importance Index (RII) = ∑ W/(A × N).











W depicts the rating provided by the respondents (from 1 to 5) for each of the lean readiness factors, A is the highest rating that can be assigned to an attribute (which is 5 in the present case), and N represents the total valid number of respondents in the survey.



The values of the Relative Importance Index (RII) range from 0 to 1. A higher value (nearer to 1) indicates that the attribute is more pertinent and important for organizational lean readiness. The lean readiness factors were ranked based on RII. The higher the value of RII, the higher the ranking of the lean readiness attribute and its significance for organizational lean readiness. The questionnaire PDF copy is annexed as Supplementary Material S1.




3.2. Questionnaire Dissemination and Data Collection


The research work is intended to cover leading academicians, researchers, and industry professionals in the field of lean construction. Connecting with global practitioners was initially perceived as a challenge. Every year, the International Group of Lean Construction (IGLC) and the Lean Construction Institute (LCI) organize an annual conference which discusses the latest research activities and works in the field of lean construction. The IGLC also releases the conference proceedings, which are available on the website. The authors retrieved the proceedings of the last three annual conferences, which provided the contact details of the authors. The name, emails, and affiliations of the authors were populated in an excel spreadsheet. The initial list generated 702 entries. This list, however, included undergraduate, graduate students, and postgraduate students. Filters were applied and the list was restricted to academicians/faculties, doctoral research scholars, and industry professionals. Authors had set up conditional formatting to detect any duplicates in the entries and these were also simultaneously removed. This reduced the list to 423 entries. However, it was found that the email addresses were invalid or had moved from the organizations when the authors tried to contact these email IDs, as emails bounced. Effectively, about 145 respondents could be contacted. The questionnaire was designed and prepared in Google forms and was sent to the correct list of finalized respondents.




3.3. Data Analysis and Synthesis


The finalized questionnaire was communicated through google forms to 145 respondents. In aggregate, 102 valid responses were obtained (a rate of response of 70%). The responses were received from 22 different nations across the world. The details of the respondents are summarized in Table 5.



As may be seen from Table 5, the respondents comprise a good mix of all of the professional roles, with 68% of the respondents having experience of more than 10 years, and they originate from 22 nations across the world.



One of the essential requirements of data analysis in a questionnaire survey is the reliability of the responses. Reliability reflects the degree of internal consistency of the items in a questionnaire. This is evaluated by Cronbach’s alpha in SPSS Version 26. A value of alpha exceeding 0.7 is considered to be acceptable and, in the present case, the SPSS test results returned a value of 0.962, which is well above the threshold and therefore confirms that the questionnaire is very reliable. The results are presented in Table 6.



To examine whether any significant statistical difference exists in the opinion of the four groups of respondents, a one-way analysis of variance (ANOVA) test was conducted. For this analysis, the respondents were divided into four groups by their professional role viz. academicians, clients/owners, contractors, and architects/consultants. The ANOVA test was conducted at a 95% confidence level. The test results with the various lean readiness themes and factors, including significance values, are presented in Table 7 and Table 8. From the test results, it can be seen that 68 factors (93%) out of a possible 73 factors were found to be without any significant statistical difference, which meant there was a general agreement in the opinion of all the groups of respondents. To further examine these differences, post hoc tests were also conducted. The authors carried out a Turkey Honestly Significant Difference (Turkey HSD) statistical test. Turkey HSD implements pairwise comparisons among all groups and tests for significant statistical differences. It was found among the five factors, only two factors had significant differences—provision and commitment of adequate financial resources; and use of visual devices to disseminate information at the construction site. The difference was observed between academicians and contractors. This can be attributed to the fact that the academics are aware of, and insist on, sufficient financial resources for lean implementation, and also provide visual updates. However, for a contractor, this involves cost/expense, and they may be constrained to provide this upfront.





4. Results and Discussion


The finalized list of lean readiness factors, along with the results of the statistical analysis, are presented in Table 7 and Table 8. The “organizational readiness” themes are presented in Table 7. Through the literature review, initially, 28 lean readiness factors were identified, and, with further expert opinion, the experts recommended a further eight factors. Thus, a total of 36 factors were developed for the organizational readiness group. In the second phase, the lean construction literature was reviewed, and 25 factors were initially identified. Further, 11 additional factors were recommended by the experts. Thus, a total of 37 factors were developed within the “Lean Project Delivery Group”. These are presented in Table 8.



The results of the survey with the top fifteen lean readiness factors for construction organizations are presented in Table 9.



As can be seen from the results, support from top management ranks the highest (RII: 0.945) among all factors. It can also be seen that out of the fifteen factors, all four factors associated with the theme of top management commitment and support viz. the commitment from the organization to economic and financial objectives along with growth and long-term survival (RII: 0.886), humble leadership with mutual respect for subordinates and peers (RII: 0.882), the dedication of time by top management to ensure the adoption of initiatives of continuous improvement (RII: 0.875) have been ranked high. Lean transformation is a management change initiative, and handholding and support from top management are vital [46]. Guidance during the journey of change management is one of the major requirements during the implementation of lean transformation. The top management and leadership within an organization are responsible for providing this guidance [69]. A lack of readiness will expose the organization to unexpected challenges and constraints, derailing the initiative [12]. The leadership team needs to lay down the roadmap for implementation and they need to visualize the future state. The top management team needs to be prepared and committed. The organization can demonstrate this by developing a clear vision and strategic leadership that ensures sufficient financial resources [46]. Humble leadership, showing respect for peers and subordinates, helps the employees grow and promotes creative thinking, individual and team performance, job satisfaction, a sense of empowerment, and work engagement [70], which is very important for lean transformation.



One of the core principles of the lean production philosophy is to produce a product or provide a service which is of more value to the end customer whilst simultaneously optimizing resources. Two of the factors of customer value—the existence of a mechanism for determining the needs of and adding value to customers (RII: 0.904) and the monitoring of customer value at all the project lifecycle stages (RII: 0.873)—have been ranked highly. Capturing the customer requirements helps in defining the customer and eliminating wastes from the project activities that do not add any value [71].



Focus on team collaboration in a project is the third most highly ranked attribute (RII: 0.894). Lean transformation and sustainable results require solid teamwork. Effective teamwork is essential for successful lean organizations as improving the processes and solving problems are managed effectively by work teams; successful lean organizations must ensure effective teamwork [72].



In a construction project, the planning of the project forms a very important aspect, and it paves the way for the successful delivery of the project. Nearly 74% of the processes relating to construction project management belong to planning and monitoring [52]. Two factors of project planning—formalization of the planning and control process (RII: 0.888) and collaborative planning with last planners (RII: 0.880)—are the essential factors which help in developing a foolproof plan. The organizations need to have an established planning process and when the plans are developed involving the last planners, there is greater understanding and also shared accountability, which ensures the plan is properly implemented on the site. In addition, the attribute of critical analysis of data and systematic removal of constraints (RII: 0.892), ranked fourth, is also very important to ensuring that the project does not become affected by constraints, and a periodic check, review, and removal of these constraints ensures the project activities are executed as per the plan with the least wastage of time and resource efforts. Proactive removal of constraints helps in channeling only constraint-free work to execution, improves the workflow continuity while increasing the reliability of the planning process [73], and therefore ensures optimum usage of resources.



In the lean philosophy, people form an integral part of the process of value creation, and these are highly dependent on commitment from employees and employee engagement in the process of learning and problem-solving [74]. One of the key challenges during the lean transformation is attaining employee engagement. Rewarding and recognizing employees for their efforts (RII: 0.880) is ranked eighth. An organization should have a mechanism to periodically monitor employees’ contributions and reward them, which can motivate them [75] to engage in organizational activities properly. The attribute of employees being assigned clear roles and responsibilities (RII: 0.871) is ranked fourteenth. Ambiguity in roles and responsibilities would lead to a negative impact and commitment toward lean transformation [76]; therefore, the organization needs to provide this clarity to all employees.



Information exchanges across the hierarchy—horizontal and vertical—is ranked ninth (RII: 0.880). Communication is the primary thread that runs through the lean transformation, and, in many ways, it drives the change management efforts [77]. When the process of lean transformation begins to take shape in an organization, communication and cross-boundary collaboration must be ensured and the lean environment must promote vertical, horizontal, and two-way communication. To ensure the dissemination of valuable and timely information about the various ongoing changes within the organization, and alarm or warn relevant parties about any potential barriers that may arise during the progressive implementation of the changes, bottom-up communication is also essential [78].



All lifecycle stages are considered in the design (RII: 0.871) as the fifteenth-ranked attribute. The successful execution of construction projects stems from a constructible, well-thought-of, implementable design which considers all the constraints on the project site. The project plans, methodology, and execution all rest on the design of the project and its components. If the design stages and iterations are not appropriately planned, this can result in repetition, the redesigning of work, rework, and time and cost overruns [79]. The organization needs to consider all parameters and all stages during the design stage itself, which has the potential to eliminate much waste. The integration of these lean principles in design stages has been found to improve stakeholder satisfaction and collaboration [52]



Analysis, review, and control of the cost of quality (RII: 0.878) factor is ranked sixteenth. The essence of the lean philosophy is the reduction of waste in all forms. It has been estimated that the rework and defects and non-conformance in construction projects account for about 10% to 20% of total project cost [80]. This is a phenomenal amount of waste considering the sustainability aspects and the huge scarcity of natural resources today. Organizations should have systems in place to periodically review the cost of quality (control costs and costs of failure) and ensure minimum wastage [81].



As seen from the results of the top 15 factors, factors are distributed over all of the lean readiness themes, and it is therefore essential for construction organizations to carefully look into these themes and factors in their journey towards lean transformation.




5. Theoretical Implications


The present study, for the very first time, has identified the lean readiness factors for construction organizations. During the review of lean construction literature, it surfaced that no attempt at a detailed study to investigate the lean readiness of construction organizations had been taken up to date.



Regarding the first RQ1—What are the lean readiness themes/criteria and the lean readiness factors for construction organizations?—through a multistage process of literature review and expert opinion, the present study has identified 73 lean readiness factors for construction organizations. Here, again, the study has made a clear distinction between the “organizational readiness” group with six themes and the “lean project delivery” group with five themes. The results of the survey also indicate that 10 out of 15 top-ranked factors were from the “organizational readiness themes”, reinforcing one of the earlier study’s [80] findings that soft lean practices enhance organizational readiness and pave the way for successful lean implementation, which would stand good for construction organizations as well.



Secondly, regarding the RQ2—What are the most critical lean readiness themes/factors for construction organizations and how do these vary from other industries/sectors?—the present study has identified unique themes “Engineering and Design”, “Project Planning”, “Project Monitoring”, “Inventory and Wastage Control” and “Contract Management”, which have never been documented in any lean readiness study earlier. With the RII of the themes (mentioned in Table 6), it could be found that “Engineering and Design” (RII: 0.866) is the highly ranked theme as it sets the path for construction project delivery and therefore lays the foundation for lean readiness upfront. Secondly, “Contract Management” focuses on developing partners and collaborative partnerships, which is essential for a “lean project delivery” in its true sense. Without the meaningful participation of all of the contractual parties, the lean transformation will not be sustained. These are followed by “Project Planning”, “Project monitoring”, and “Inventory and Waste Control”, which develop the course [82] and strategy and build the project objectives into reality.



Further, regarding the RQ3—How can a lean readiness assessment framework be developed for construction organizations based on identified factors?—based on the lean readiness factors, further studies need to be conducted on developing lean readiness assessment frameworks for construction organizations. These frameworks shall assess organizational readiness and identify potential areas of improvement for sustained lean transformation. Previous assessment frameworks are based on subjective questionnaires [14,21] and complex fuzzy systems [20,66,67], which shall not help with the construction project characteristics mentioned in the earlier section, and the framework should consider objectively evaluating the lean readiness level by verifying the state of the processes and practices supported by documentation review. The framework shall also consider the importance of the various criteria and should weigh those accordingly, unlike the linear scales and the Likert scale surveys adopted by earlier studies, which shall help in a more realistic assessment.




6. Practical Implications


The study contributes significantly to the industry; that is, to organizations embarking on lean transformation which can focus on the lean readiness factors identified in this study and the institutionalizing mechanisms and processes for establishing organizational settings as depicted by the listed factors which shall immensely reduce wasteful transformation efforts and failures and ensure sustainable transformation. One of the significant difficulties faced by service organizations is that the processes are intangible [16] and involve many people; this is even more the case with construction organizations, which makes it difficult to measure the extent of deployment. Through the present study and the identified attributes, construction organizations can incrementally focus on lean readiness conditions in individual processes such as engineering, planning, etc., evaluating the identified themes, and then scale it up across all the processes/the entire lifecycle. The respective departments within the organization may be taken up for training and transformation in an incremental manner and clear progress and visibility is possible with the identified factors.




7. Conclusions


The present study has demonstrated the unique lean readiness factors for construction projects. The present study expanded lean readiness to the full lifecycle of construction projects, covering all processes and key activities, and identifying lean readiness factors within each of these stages. The survey conducted has provided rich insights into the factors pertaining to lean readiness for construction projects. The top management’s commitment and support, organization culture, communication, and employee engagement themes were the generic organizational readiness themes which were highly rated. With expert opinion, twenty new lean readiness factors were identified for construction organizations. The present study has developed the “lean project delivery” group with 37 lean readiness factors (literature + expert opinion) which is a unique contribution of the study. Amongst the construction project lifecycle themes, “Engineering and Design”, “Contract Management” and “Project Planning” were found to be the top-ranked lean readiness themes. Construction organizations embarking on lean transformation should carefully look into the themes and factors and investigate the readiness based on the factors identified in this study to ensure successful, sustainable, lean transformation.
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Figure 1. Distribution of articles by sectors. 
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Figure 2. Distribution of service sector articles. 
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Figure 3. Lean Project Delivery System [51]. 
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Figure 4. Research methodology adopted for the study. 
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Table 1. Studies on lean readiness in the construction sector.
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	Study
	Focus Area of the Study
	Limitations of the Study





	[37]
	Lean Culture
	Focuses only on cultural readiness; no holistic study on all the aspects of lean readiness



	[38]
	Lean readiness of Azerbaijan construction industry
	Themes and factors such as those of the manufacturing sector studies adopted as they are; not customized to the construction industry; the study does not address the construction project lifecycle or processes



	[39]
	Construction Operations
	Focuses only on the implementation of lean construction principles, but not readiness; lacks focus on softer attributes of lean readiness; outdated



	[40]
	Lean procurement
	Focuses on the procurement process alone
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Table 4. Expert comments on the initially identified lean readiness factors.
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	Expert No
	Lean Construction Experience (Academic + Research)
	Nationality
	Expert Comments on Initial List of Factors





	1
	40
	India
	Refine some factors for clarity and readability. Add further factors:

	
Analyzing the cost–benefit of important initiatives and classifying the crucial processes;



	
Use of portable devices for monitoring.








	2
	21
	Canada
	Interesting topic and further research is called for. Add the factors of lean culture listed below within the organizational culture theme:

	
Scientific thinking;



	
Perfection.








	3
	15
	India
	
	
Short-term collaborative planning to be emphasized.








	4
	12
	UK
	The factors summarized are found relevant.



	5
	15
	India
	
	
Planning the budget for continuous improvement/lean as a factor needs to be included in project planning.








	6
	9
	India
	No comments. Agreed in principle.



	7
	17
	Singapore
	Agreement in principle on the factors proposed.



	7
	16
	India
	Agreement in principle on the factors proposed.



	9
	16
	India
	
	
Technology for seamless process integration to be included.








	10
	16
	India
	No comments. Agreed in principle.



	11
	32
	India
	To include the below factor in project planning:

	
Involvement of employees at the lowest level—last planners in the project planning activities.








	12
	32
	Chile
	Factors considered comprehensive. Include further factors for

	
Non-hierarchical culture;



	
Active management of the network of commitments;



	
Continuous measurement of value throughout the project lifecycle;



	
Focus on planned execution than monitoring of variances;



	
Alignment of project interests with all stakeholders.








	13
	17
	Finland
	
	
To include transparency of project performance.








	14
	32
	USA
	
	
Benchmarking against competition as a practice is not appropriate. Revise this factor to “learning from whomever including competitors and own past performance.”








	15
	32
	UK
	Factors are comprehensive.



	16
	17
	India
	No comments. Agreed in principle.



	17
	15
	India
	Include additional factors listed below within the inventory and wastage control theme:

	
Rationalized site layouts;



	
Procuring supplies in the required sizes, lengths, and dimensions on the job site;



	
Reconciliation practices;



	
IT tools for optimised resource consumption;



	
Analysis, review, and control of the cost of quality.
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Table 5. Profile of the Participants.
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Parameters

	
Number of Responses

	
%

	
Parameters

	
Number

of Responses

	
%




	
Role

	
Countries






	
 Clients

	
11

	
11%

	
  India

	
57

	
56%




	
 Contractors

	
32

	
31%

	
  Brazil

	
8

	
8%




	
 Architects and Consultants

	
15

	
15%

	
  UAE

	
4

	
4%




	
 Academicians

	
44

	
43%

	
  Australia

	
4

	
4%




	
 Total

	
102

	

	
  Chile

	
4

	
4%




	

	

	

	
  Malaysia

	
3

	
3%




	
Professional Experience

	

	

	
  USA

	
3

	
3%




	
 <5 Years

	
12

	
12%

	
  England

	
2

	
2%




	
 5 to 10 Years

	
21

	
20%

	
  Saudi Arabia

	
2

	
2%




	
 10 to 15 Years

	
32

	
31%

	
  Qatar

	
2

	
2%




	
 15 to 20 Years

	
11

	
11%

	
  Canada

	
2

	
2%




	
 >20 Years

	
26

	
26%

	
  Other 11 countries (1 each)

	
11

	
10%




	
Total

	
102

	

	
Total

	
102

	











[image: Table] 





Table 6. Reliability test results.
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	Description
	Number of Items
	Cronbach’s Alpha





	Questionnaire Responses
	73
	0.962
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Table 7. Lean readiness themes and factors with ANOVA results (organizational themes).
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Lean Readiness Theme

	
Lean Readiness Factors

	
RII

	
ANOVA Test

Significance






	
Top Management Commitment and Leadership

(RII: 0.884)

	

	
Support and commitment to new initiatives by providing needed infrastructure;






	
0.945

	
0.203




	

	
Commitment from the organization to economic and financial objectives along with growth and long-term survival;






	
0.886

	
0.337




	

	
Humble leadership with mutual respect for subordinates and peers






	
0.875

	
0.490




	

	
Dedication of time by top management to ensure the adoption of initiatives for continuous improvement.






	
0.882

	
0.694




	
Customer Focus

(RII: 0.845)

	

	
Project selection based on organizational competencies;






	
0.814

	
0.201




	

	
Existence of a mechanism for determining the needs of and adding value to customers;






	
0.904

	
0.332




	

	
Participation of the client in the project’s planning and development;






	
0.790

	
0.892




	

	
Customer feedback processes and mechanisms for ongoing improvement;






	
0.845

	
0.291




	

	
Value is monitored and measured continuously during the project lifecycle.






	
0.873

	
0.929




	
Organization Culture

(RII: 0.847)

	

	
Strategic efforts and business goals, connected by systemic thinking;






	
0.847

	
0.356




	

	
Cooperation between the organization and all of its stakeholders viz., customers, suppliers, etc.;






	
0.851

	
0.757




	

	
Flexibility to respond to changing market conditions, client demands, and needs;






	
0.849

	
0.122




	

	
Existence of a blame-free culture within the company;






	
0.865

	
0.994




	

	
Focus on team collaboration in a project- or management-related environment;






	
0.894

	
0.780




	

	
Non-hierarchical culture, reduced barriers to creativity and innovation from all organizational levels;






	
0.775

	
0.334




	

	
Culture of seeking perfection;






	
0.745

	
0.118




	

	
Culture of embracing scientific thinking;






	
0.776

	
0.396




	

	
The network of commitments is actively managed across the organization.






	
0.808

	
0.889




	
Employee Involvement and Engagement

(RII: 0.852)

	

	
Full participation of the workforce in all activities;






	
0.757

	
0.061




	

	
Periodic multifunctional training employees to ensure employees develop the skill set to deploy problem-solving tools and techniques;






	
0.812

	
0.314




	

	
Empowerment of the employees with full ownership to improve their work processes and implement corrective actions;






	
0.865

	
0.507




	

	
Efforts of the employees are recognized and are rewarded;






	
0.880

	
0.723




	

	
Employee initiative to support projects and activities for continual improvement;






	
0.839

	
0.859




	

	
Participation of lower-level or junior staff in project review meetings;






	
0.761

	
0.364




	

	
Employees are assigned clear roles and responsibilities;






	
0.871

	
0.421




	

	
Periodic feedback on employee performance.






	
0.867

	
0.317




	
Communication

(RII: 0.854)

	

	
Regular communication on strategy and vision of key initiatives;






	
0.867

	
0.337




	

	
Communicating with all employees the purpose, vision, strategy, goals, and objectives of the business;






	
0.841

	
0.479




	

	
Information exchanges across the hierarchy—horizontal and vertical;






	
0.880

	
0.225




	

	
Effective communication of the short-term successes and failures.






	
0.831

	
0.691




	
Technology/Process Management

(RII: 0.847)

	

	
Learn from whomever you can, including competitors, but benchmark against your own previously best performance;






	
0.839

	
0.391




	

	
Measuring and analyzing the cost of key initiatives, categorizing the critical processes;






	
0.851

	
0.026 *




	

	
Using a performance measurement system (PMS) to comprehend the process’s current state and potential improvement routes;






	
0.843

	
0.459




	

	
Share the implementation’s lessons learned with the entire firm, standardize the adjustments, and keep a record of them;






	
0.865

	
0.409




	

	

	
Availability of appropriate technology for seamless implementation of the organizational processes;






	
0.818

	
0.524




	

	

	
Control mechanisms to minimize variation and sustain improvement.






	
0.851

	
0.508








* Indicates difference in perception between the group of respondents is significant at the 95% confidence level.
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Table 8. Lean readiness themes and factors with ANOVA results (lean project delivery themes).






Table 8. Lean readiness themes and factors with ANOVA results (lean project delivery themes).





	
Lean Readiness Theme

	
Lean Readiness Factors

	
RII

	
ANOVA Test

Significance






	
Engineering and Design

(RII: 0.866)

	

	
Involvement of specialized designers in the project’s early stages;






	
0.867

	
0.192




	

	
Exhaustive identification of the stakeholders’ requirements and definition of special requirements, technical specifications, and project constraints;






	
0.865

	
0.504




	

	
Seek out and incorporate regular client input during the design phase;






	
0.867

	
0.405




	

	
Collaboration with stakeholders during design meetings concerning decision-making and problem resolution;






	
0.865

	
0.201




	

	
Process of systematic and collaborative identification, and the release of the constraints in the design process by a responsible person;






	
0.857

	
0.532




	

	
Consideration of all lifecycle stages in the design process.






	
0.871

	
0.572




	
Project Planning

(RII: 0.851)

	

	
Formalization of the planning and control process;






	
0.888

	
0.323




	

	
A correct definition of work packages;






	
0.871

	
0.178




	

	
Standardization of meetings for short- and long-term planning;






	
0.851

	
0.108




	

	
Use of a transparent, understandable master plan;






	
0.853

	
0.939




	

	
Emphasis on short-term planning;






	
0.804

	
0.458




	

	
Inclusion of only work packages without constraints in short-term plans;






	
0.757

	
0.825




	

	
Participation of crew members and last planners in collaborative planning;






	
0.880

	
0.471




	

	
Participation of project stakeholders in short-term planning sessions;






	
0.810

	
0.510




	

	
Provision and commitment of adequate financial resources in the base budget/plan/tender for “lean/improvement initiatives/processes”.






	
0.851

	
0.010 *




	
Project Monitoring and Control

(RII: 0.834)

	

	
Use of visual devices to disseminate information at the construction site;






	
0.806

	
0.006 *




	

	
Utilizing metrics to assess performance and taking remedial actions based on the causes of non-completions of plans;






	
0.849

	
0.108




	

	
Analyzing data critically and systematically removing restrictions;






	
0.892

	
0.093




	

	
Systematic revision of the master plan as needed;






	
0.841

	
0.960




	

	
Planning and controlling physical flows;






	
0.855

	
0.756




	

	
Use of indicators to assess schedule accomplishment;






	
0.851

	
0.576




	

	
The practice of scheduling a workable back-log of tasks;






	
0.820

	
0.582




	

	
Continuous, transparent automated process measurement;






	
0.820

	
0.500




	

	
Utilizing portable devices to keep track of and update projects;






	
0.776

	
0.452




	

	
Focus on ensuring that the project is executed as planned instead of variance detection.






	
0.827

	
0.275




	
Inventory and Wastage Control

(RII: 0.837)

	

	
Inventory planning and procurement based on production plan—“Pull” based approach;






	
0.841

	
0.135




	

	
Rationalized planning and location of material stockyard facilities suiting to site and work requirements;






	
0.837

	
0.463




	

	
Existence of housekeeping procedures and material classification by class or category;






	
0.808

	
0.191




	

	
Procuring supplies in the required sizes, lengths, and dimensions on the job site;






	
0.845

	
0.176




	

	
The existence of practices for the reconciliation of materials, determining wastage and control;






	
0.835

	
0.007 *




	

	
Use of IT tools to optimize the usage of resource consumption and cost reduction;






	
0.829

	
0.041 *




	

	
Analysis, review, and control of the cost of quality.






	
0.878

	
0.047 *




	
Contract Management

(RII: 0.853)

	

	
The interests of all stakeholders are aligned;






	
0.859

	
0.445




	

	
Structuring of agreements with key risks shared, such as delay risk or rectification work;






	
0.853

	
0.076




	

	
Operational transparency through open-book accounting;






	
0.798

	
0.381




	

	
Substantial and consistent communication to address new challenges;






	
0.863

	
0.945




	

	
Existence of a reward system that is based on project results or KPIs.






	
0.847

	
0.139








* Indicates difference in perception between the group of respondents is significant at the 95% confidence level.
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Table 9. Top lean readiness factors.
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	Lean Readiness Factors
	Relative Importance Index (RII)





	Support and commitment to new initiatives by providing needed infrastructure
	0.945



	Existence of a mechanism for determining the needs of and adding value to customers
	0.904



	Focus on team collaboration in a project- or management-related environment
	0.894



	Critical analysis of data and systematic removal of constraints
	0.892



	Formalization of the planning and control process
	0.888



	Commitment from the organization to economic and financial objectives along with growth and long-term survival
	0.886



	Humble leadership with mutual respect for subordinates and peers
	0.882



	Efforts of the employees are recognized and are rewarded
	0.880



	Information exchanges across the hierarchy—horizontal and vertical
	0.880



	Participation of crew members and last planners in collaborative planning
	0.880



	Analysis, review, and control of the cost of quality
	0.878



	Dedication of time by top management to ensure the adoption of initiatives for continuous improvement
	0.875



	Value is monitored and measured continuously during the project lifecycle
	0.873



	Employees are assigned clear roles and responsibilities
	0.871



	Consideration of all lifecycle stages in the design process
	0.871
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