[bookmark: _Hlk72916174]Lean Implementation and Operations Transformation for Post Covid-19 Recovery of Small-Scale Construction Businesses

Jamiu A. Daudaa*, Saheed O. Ajayib, Olayiwola O. Oladiranb and Author Namec
aArchitecture, Built and Natural Environments, University of Wales Trinity Saint David, UK;
 bSchool of Built Environment, Engineering and Computing, Leeds Beckett University, UK; cDepartment, University, City, Country
*j.dauda@uwtsd.ac.uk






Journal of Engineering and Technology Management











Abstract

The economic implication of the disruption caused by the ongoing COVID-19 pandemic threatened the total collapse of many small and medium-sized enterprise (SMEs). Many of the SMEs within the construction sectors respond to this economic threat through right-sizing exercises to reduce operation cost and increase profit margins. Although, the staff reduction has helped to reduce the operating cost, but the workload has also increased significantly, which at present is affecting the statutory of project delivery. This is an indication that a movement for innovation in the operation and activities of many SMEs in the construction sector is highly needed.
Consequently, a study was carried out to critically appraise the current operations of some selected SMEs providing multi-disciplinary engineering design and consultancy services. The aim is to evaluate their current operation against some lean tools and redesign how the firms operate. The objective is to highlight the challenges that are specific to the SME and propose some lean principles to guide their operation and their corresponding implementation plan. 
In this study, a five-scale Likert scale was used to analyse the current processes of participated SMEs against the Liker’s 14 management principle of Toyota Production System (TPS), Last Planner System (LPS) and Collaborative Planning (CP). The analysis revealed that there are wastes in the current processes. Hence, there is a need for improvement. Implementation of the TPS, LPS, and CP was recommended as lean tools to transform the operations of the selected SMEs. Regular monitoring and evaluations of progress tools were also recommended for proper implementation.
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1.0 	Introduction
[bookmark: _Hlk72916729]	The recent outbreak of the Corona Virus (COVID-19) pandemic has threatened the collapse of many economies, institutions, and business sectors. The construction sector, a vital sector for the economy and growth of any nation has been one of the most hard-hit sectors of the economy in term of output (ONS, 2021). This is because the construction sector is a naturally high volatile sector which makes the response of construction output to fluctuations and disruption very significant. Past event has taught us how the construction sector struggled to bounce back after a major setback such as the ongoing global pandemic (Egan, 1998). Before the recession of 2008 in the UK, the construction sector in 2007 accounted for 8.9% of the UK’s Gross Domestic Product GDP (Department for business, Innovation and Skills, 2013). By 2014, the sector has been affected disproportionately since the recession and the contribution to GDP has decreased to 6.4% with the records that the construction sector entered recession for the third time in 5 years (i.e. between 2008- 2013). 
	After the ongoing pandemic, many of the affected businesses will catch up and return quickly, but the deficit of the construction sector will have a lasting impact on construction output, GDP contribution, housing supply, construction supply chain, liquidated damages, and other contractual provisions. Even presently, the continuous struggle and the reduction in the construction sector’s contribution to the economy is an indication of the overall performance of the companies particularly, the small or medium-sized enterprise (SME) within the construction sector. In fact, the ongoing global pandemic threatened the total collapse of many of these SMEs in the construction sector. As such, most SMEs responds to this threat through the right sizing exercises by directly reducing their staff to increase profit margins (Blackburn, 2020). Although, the staff reduction has helped to reduce the operating cost, but the workload has also increased significantly, which at present is affecting the statutory of project delivery. Nevertheless, the ever-shrinking budgets and increasing housing demands is an indication that a movement for innovation in the operation and activities of many of these SMEs in the construction sector is highly needed.
	In this paper, the authors examine the operation of selected case study medium sizes companies providing multi-disciplinary engineering design and consultancy services to clients in the building, civil and structural engineering construction industry in the UK. The selected case study firms have qualified engineers, graduate engineers, and technicians that carried out the technical aspect of the company operations. There are also administrative staffs that assist the directors in the administrative department. The operation of the firms includes general and technical studies at the initial stages of projects, assessment of engineering requirements for different projects, conceptual designs, preliminary designs and layouts for initial cost estimates and detailed engineering designs and drawings. In years ago, healthy economy has sheltered most of these firms. This has enabled the firms to prosper without having to strive for innovation. However, the recent disruption is a seamless opportunity to think of transforming and redesigning many of their operations for quick recovery during and post Covid-19.
	This study critically appraises the current operations of the selected case study firms. The aim is to understand their current operation and completely redesign how the firms operate including their relationship with both clients and the supply chain. The objective is to highlight the challenges that are specific to the SME within the construction sector, which has called for a radical improvement in their operation. In addition, to propose some lean principles to guide the companies’ operation and their corresponding implementation plan. Also, to establish success measuring tools for the companies to monitor their performance to ensure continual improvements.
	The study based mainly on literature review, semi-structured interview, conceptual analysis, and comparison of responses against established tools. In the study, the current operations of the selected firms were compared against some lean thinking techniques to ascertain the present level of their operation. Findings were presented as evidence in support of the proposed transformation agenda. The study is limited to SMEs operating only as consultants providing planning regulations and the design of projects but does not account for any responses from SMEs working as contractors within the construction industry. The paper is articulated into five sections as follows; section 1 contains the introduction. A critical evaluation of some established lean thinking was conducted in section 2. Section 3 comprises the methodology involving the data collection and the type of analysis carried out. Section 4 discusses the results of the data collected. Finally, section 5 contains conclusions and recommendations for transforming the operation of the selected case study firms to provide solutions to the problems identified from the survey. 
2.0	Literature Review
[bookmark: _Hlk72916858][bookmark: _Hlk72916819]	The economic implication of the ongoing global pandemic has called for critical assessment of current operations of the SMEs within the construction sector. This will enable them to measure their present performance and explore the possibility for the company’s operations to be radically modernised. Meanwhile, for an effective performance evaluation, a benchmark is always required as pre-established criteria to serve as the basis of the evaluation. In this study, the companies’ current performance was measured against the notorious lean manufacturing principles, Toyota Production System (TPS) and two other lean principles which are the Last Planner System (LPS), and Collaborative Planning (CP). The critical evaluation will establish how far the selected SMEs processes are from lean thinking and give a clear understanding of how lean techniques can transform the selected companies’ operation. This section thus presents a transitory background to expand on the understanding of each of these lean tools (TPS, LPS, and CP) in the context of end-to-end design and project planning process which are the typical roles of consulting SMEs within the construction sector.
	The Toyota Production System (TPS) is the Toyota unique approach to cost minimisation and productivity maximisation in the automotive manufacturing process (Monden, 1997) which has now permeated across other sectors of the industry including its adoption to construction processes. The TPS is the basis for much of the lean production movement that has dominated manufacturing trends along with Six Sigma for two decades of the 20th century (Mali and Kanade, 2020). Previously, the work of Liker (2004) has extensively explained the constitution of the TPS way using fourteen (14) key principles. These principles are the foundation of the TPS practised at Toyota manufacturing plants around the world. Liker (2004) divided the principles into four categories (Philosophy, Process, People/Partners, and Problem Solving) called the ‘‘4 P’’ model of Toyota way (See Figure 1.0). A critical analysis of the 4P model demonstrates how the concepts of TPS can be extended beyond automotive production to any other sector of the economy.
Figure 1.0: The ‘‘4 P’’ model of the Toyota way (Liker, 2004).- continuous improvement (kaizen) to become a learning organization.
- go see for yourself.
- make decisions slowly by consensus and implement rapidly.
- grow your leaders internally
- develop exceptional people and teams
- respect your network partners
- create continuous flow.
- use pull systems to avoid overproduction.
- level out the workload.
- stop and fix the problem.
- work with standards.
- make problems visual.
- use only reliable tested technology.
- base your decisions on a long-term philosophy.

	The base of the pyramid structure as shown in the 4P model (Fig. 1) is Philosophy which is described as the long-term thinking through which the most basic beliefs, concepts, and attitudes of an organisation is based. Joullié (2014) asserts that an effective corporate philosophy helps a company to develop a certain corporate culture, ethical practices and strengthens the relationship between employers and employees. It also positions the values of the company in the minds of others both within and outside the organization. In relation to the construction sector, this will mean embedding the values of the company in the mind of the employee and the clients which then promote timely and cost-effective construction project delivery. Lean thinking in construction recognises the importance of philosophy in the company overall performance. Liker (2004) submitted that the most efficient philosophy is the one that based on long-term thinking. This set the stage for the scene which the individual within the company pursues. A critical evaluation of how a company philosophy should be according to Liker’s 14 principles revealed that for company operations to be able to accommodate lean principles, it should essentially be based on a long-term philosophy, even at the expense of short-term goals. Hines and Taylor (2000) further simplified this by asserting that company missions should be greater than earning a paycheck. There should be a strong sense of mission and commitment to clients, employees, suppliers, contractors, and society. Also, company philosophy should prioritise customers’ satisfaction and the business decisions should have trust and mutual respects for associates. Lastly, the company performance should be self-reliant rather than relying on outside business partners to thrive (Hines and Taylor, 2000).
	Meanwhile, the key element that defines the functionality of an organisation is the process which is the second category of the 4P model. The process directly influences the output and is a group of interconnected tasks instigated in response to achieve specific results to meet client requirements when related to the construction environment (Locatelli et.al, 2013). In the Toyota 4P model, seven (7) out of the fourteen (14) Toyota way principles are part of the process. Within these principles are most of the TPS tools for improving company processes which are key to achieve the best quality at the lowest cost with high safety and morale (Liker, 2004; Hines and Taylor, 2000). The starting point of any lean expedition in construction is to ensure that a continuous flow or process is created (Locatelli et.al, 2013). In construction, the target is to create a process flow that eliminates waste while adding value, revealing problems, and resolving it to deliver quicker, cheaper, and better projects (Hines, 2002). The adaptation of the TPS to the activities of SMEs within the construction sector involved the use of pull systems to avoid overproduction. Liker (2004) describes the pull systems as organising to replenish customer pull. By this, only what the client wants will be produced at a specific time. However, this is very difficult to implement in the construction sector, because sometimes, the SME contractors work ahead of clients to create alternatives. The other recommendation of the TPS which the construction sector need to critically evaluate includes levelling out the workload, creating a culture of stopping to fix problems at the early stage to get quality right the first time, standardizing tasks, and processes for continuous improvement. The use of visual control and adoption of reliable, thoroughly tested technology that serves people and processes correctly also needs to be weighed when proposing lean implementation. This is very evident in the work of Rohn et. al (2021) that established that there is an increasing number of businesses in today’s economy that were organized around using the latest technology and digital platforms to transform their traditional logic of operation. In addition, the work of Wagner et. al (2014) vividly affirmed that the implementation of the latest and advanced technology has a crucial role in fulfilling the promise of sustainable development whether as technological change or as a choice set at a given point in time.
	With reference to the 4P model in figure 1, Toyota believes that continuous improvement and respect for people are the most important assets in any organisation. Liker (2004) proposed that organisation should commit to creating value for everyone. Locatelli et .al (2013) explains this as the ability of a company to grow leaders rather than purchase them and applying the first lesson of lean leadership by putting customers first. These are all three (3) out of the fourteen (14) core principles of the TPS in the third step of the Pyramid. The final stage in the TPS is the problem-solving stage where problems and waste in the process are eliminated. It is an essential step towards adopting lean techniques in construction because lean is all about eliminating waste in our process (Hines, 2002; Ong and Sui Pheng, 2021).
	Meanwhile, stable work processes are the foundation for continuous improvement and waste elimination, but research in the early 1990s found that only 54% of tasks on weekly work plans were completed (Ballard, 2011).  As such, the concept of the Last Planner System (LPS) which is a short-term project planning system first used in engineering construction 20 years ago was introduced. The LPS concept was originated to improve the predictability and reliability of construction production (Ballard and Howel, 1998).  LPS is a system where work is plan at the final stage by the '' Last Planner'' person doing the work. According to Howel and Ballard (1994), more than half of the scheduled tasks are not completed as planned. Therefore, planning the job at the last stage is very important to efficient and timely project delivery (Bhatt et.al, 2021). 
A brief discussion of the last planner principle as outlined by Ballard (2011) was presented below using a visual control in figure 2.0 to enhance the understanding of LPS. 
[image: ]
Figure 2.0: Last Planner System
Summarily, the LPS works in product development and design to achieve the following purpose:
· To manages the relationships, conversations, and commitments that enable program & planning decisions to be made collaboratively at the lowest possible level (Alan, 2013).
· LPS offers a realistic way to manage project collaboratively.
· It enables issues to be identified and resolved before they become problems on-site.
· Increases the workflow chances and speed up project delivery.
· LPS serves as a vital link between clients, planners, designers, suppliers, and contractors. 
· The Last Planner promotes exchanges between trade foremen and site manager at appropriate levels of details before issues become critical. 
	Meanwhile, LPS reliability depends on how much learning from the feedback by providing remedies to the issues affecting the percentage promise complete (PPC). To achieve this, an active collaboration between all the parties involved must be implemented (Thomas et.al, 2003). The indication from Thomas et. al (2003) is that Collaborative Plan (CP) is very vital to TPS, LPS and the entire lean tools. In fact, without collaboration lean thinking practice is unrealistic (Salem et. al, 2006). Lean is all about everyone working together in ‘‘collaboration’’ to achieve a common goal. Collaboration is very important because it is a way of creating an efficient flow that leads to efficient project delivery. This is a concept that aims to enhance supply chain integration by supporting and assisting joint practices. A lack of integration in the delivery process impedes continuous improvement (Wolstenholme, 2009). Wolstenholme established that without effective collaboration in a system, continuous improvement in the process would be affected. The submission of the Wolstenholme (2009) is further corroborated by Flankegård et. al (2021) twelve years after. Flankegård et. al (2021) argued that an established and functional external collaboration play an increasingly important role in product development which is usually in form of project delivery to construction businesses. As such, in construction businesses, the term collaboration is often referred to as a relational approach between designers, contractors and suppliers (Eslami and   Melander, 2019).
	After all, Aslam et .al (2021) submitted that the concept of a lean project delivery system (often referred to as LPDS) has shown to be an efficient productivity improvement technique for construction businesses. However, despite the immense benefits of the LPDS, the construction industry is struggling with the effective implementation of the lean delivery system especially in achieving Lean construction (LC) principles like improving and maintaining an effective flow of the process (Sarhan and Fox, 2013; Aslam et .al, 2021). This thus makes the study presented in this paper worthwhile. The review presented here revealed that different lean principles can be adapted to transform the operation of small and medium scale enterprises carrying out design and consultancy services in the construction sector to improve their performances. This study hypothesis was based on that and a comparative study of the operation of some selected firms was carried out to assess their present status and make suggestions for the adoption of certain lean principle in transforming their operations.
3.0	Methodology
	This study adopts a mixed method of data collection using qualitative and quantitative methods to analyse the current operation processes of selected SMEs operating within the construction sector in the UK against some lean thinking techniques to ascertain the present level of the company. The initial qualitative data collection was carried out by administering semi-structured interviews to randomly selected SMEs company providing multi-disciplinary engineering design and consultancy services to clients in the Building, Civil and Structural Engineering Construction Industry. The data collected from the initial exploratory study through the first stage of the interview were used to prepare questionnaires which were later administered to eleven (11) selected participants. This number is considered to be sufficient, as Ling and Ling (2017) confirm that ten interviewees are more than ample for qualitative data collection.
	The data collected were then analysed using the five-level Likert scales often referred to as summative scales for comparing the TPS, LPS and CP with the operations of the existing selected SMEs. Sullivan and Artino (2013) state that the Likert scale enables respondents to choose from a linear set of responses that increase or decrease in intensity or strength. It is a close-ended, forced-choice scale. The main advantage of Likert Scale questions is that they use a universal method of collecting data, which means it is easy to understand them. Working with quantitative data, it is easy to draw conclusions, reports, results and graphs from the responses (Jamieson, 2004). In this study, a five-scale starting from a score of 1 for strongly disagree to a score of five for strongly agree as shown in table 1 is used. 
	After establishing the five-level Likert scale, an analysis of the Likert scaling data is carried out using the responses from the survey. In table two, the mean responses for all eleven (11) respondents were presented. Thereafter, equations 1 & 2 were used to obtain the scale index (Table 3) which is used to determine the final level of agreement or disagreement of each measuring term.
Scale index = Low Mean score + scale Index interval 					Eqn (1)
Scale index interval = (Highest Mean score – Lowest Mean Score) / Total Scale Usage	Eqn. (2)
Table1. Adopted Liker Scale
	Scale
	Level of agreement

	1
	Strongly disagree

	2
	Disagree

	3
	Moderate

	4
	Agree

	5
	Strongly agree




Table 2. Mean score for 11 respondents.
	Evaluation against Lean Tools
	Scale
	Total Score (C)
	Mean Score (M)

	Tools
	Item measure
	1
	2
	3
	4
	5
	
	

	

TPS
	Philosophy
	0
	0
	0
	6
	5
	49
	4.45

	
	Process
	0
	0
	0
	3
	8
	52
	4.73

	
	People and Partners
	0
	0
	2
	4
	5
	47
	4.27

	
	Problem Solving
	0
	0
	2
	5
	4
	46
	4.18

	

LPS
	Master Schedule
	0
	0
	1
	5
	5
	48
	4.36

	
	Phase Schedule
	0
	1
	3
	3
	4
	43
	3.91

	
	Look-Ahead Plan
	0
	9
	2
	0
	0
	24
	2.18

	
	Feedback & Learning
	0
	0
	4
	3
	4
	44
	4.00

	
CP
	Common Concept
	0
	0
	5
	6
	0
	39
	3.55

	
	Engagement
	0
	0
	9
	2
	0
	35
	3.18




Table 2. Scale Index
	Scale
	Level of agreement
	Index

	1
	Strongly disagree
	2.18 ≤ Mean Index ≤ 2.69

	2
	Disagree
	2.69 ≤ Mean Index ≤ 3.20

	3
	Moderate
	3.20 ≤ Mean Index ≤ 3.71

	4
	Agree
	3.71 ≤ Mean Index ≤ 4.22

	5
	Strongly agree
	4.22 ≤ Mean Index ≤ 4.73


4.0	Result Analysis and Discussion
4.1 Toyota Production System implementation in SMEs Construction Company
	There are four categories of TPS principles used in the manufacturing sector that their implementation can transform the operation of SMEs within the construction sector. The responses of the 11 participated SMEs have been evaluated against these principles under the four subcategories and discussed as follows.

4.1.1 Philosophy
	Most of the participated SMEs claimed to have already established their mark in the construction industry because of their commitment to excellence, reliability, and integrity, which reflected in the quality of the projects they have executed to date. The analysis of the results in table 4 shows that most respondents strongly agreed that their company make decisions based on long-term goals even at the expense of short-term goals. The majority of the respondents also strongly agreed that their customers’ feedbacks show that most clients are satisfied with their services, this shows that their current philosophy treats customer satisfaction as vital as also agreed by the responses from the survey. Meanwhile, the survey also revealed that their company operations have encountered challenges due to the failure of their business partner with most respondents strongly disagree that their current performance is self-reliant with the lowest mean score. This means the success of many SMEs within the construction sector still depend on outside performance. This is not a quality of good philosophy. Hence, this calls for urgent attention to transform their operation to make the company performance self-reliant.

Table 4. Mean Score of Evaluation of SMEs Philosophy.
	Evaluation of SMEs Philosophy 
	Total Score (C)
	Mean Score (M)
	Scale Index

	Decisions are based on long-term goals 
	50
	4.56
	Strongly agree

	Most clients are satisfied with the company’s services
	48
	4.36
	
Strongly agree

	Current philosophy is committed to clients, employees, contractors & society
	46
	4.18
	
Agree

	Current performance is self-reliant
	25
	2.27
	Strongly disagree



4.1.2 Process
	According to table 5, most of the respondents strongly agreed that their current operation compared very well with the core principles of the TPS lean techniques discussed earlier in section 2.0. The respondents strongly agreed that their current processes incorporate the adoption of the relevant modern and reliable technologies, which thus help their organisation to optimise their performances and productivities through ensuring continuous process flow that quickly identifies problems and fixes them instantly within the process. In addition, they also agreed that there is a fairly levelled workload across the organisation with most respondent moderately agreed to that. 	Meanwhile, most respondents strongly disagree with the use of pull systems in their existing processes. This simply means that most of the participated SMEs employee operates on a push system internally. Some of the respondents elaborate on this by giving an instant where technician carried out detailing of the structural members without the design output ready from the engineer hoping that when the information comes, he will modify to suit. Sometimes, the engineer comes out with typical detailing members that reduce the number of drawing to produce, this leads to overproduction in the technician works. Again, this is a waste of time and materials causing unnecessary overburden on the technician. 
	Currently, most SMEs improve their process almost every time to meet the clients’ requirements with no standardization as deduced from the survey in table 5. Figure 3.0 below compared the respondents' improvement process against the ideal one. In the ideal one, the process improved from 0 to 2 and standardised for a period of time and later improved from 2 to 4, then standardised again. The purpose of the standardisation is that when the process failed at say (4) it will return to a preceding standardised process. On the contrary, the current process of most of the respondent is linearly improved with time (no standardisation) meaning that the process returns to (0) at any point of failure or problem. An indication from this is that most SMEs managers, decision-makers, and supervisor have not been monitoring the processes, their main concern is the end products which is often the feedback in form of customers satisfaction.

Figure 3.0. Comparison of measured improvement vs the ideal situation

Table 5. Mean Score of Evaluation of SMEs Process.
	Evaluation of SMEs Process
	Total Score (C)
	Mean Score (M)
	Scale Index

	Current process is flexible in adopting modern and reliable technology
	50
	4.55
	Strongly agree

	Current process flow is reliable and productive 
	48
	4.36
	Strongly agree

	There is quick identification and fixing of problems in the current process 
	47
	4.27
	Strongly agree

	Workload within the organization is levelled across
	38
	3.45
	Moderate

	Company currently makes only what is pulled by the client
	29
	2.64
	Strongly disagree

	Continually improving the process with standardisation
	28
	2.55
	Strongly disagree



4.1.3 People & Partner
	In term of people and partner, table 6 revealed that most of the respondents agreed that they have established frameworks for team working and that their client base is expanding as a result of prioritising their customers' satisfaction. This is in agreement with the first lesson of lean leadership which is putting customers first. However, the evaluation of the current practices by the participated respondents also shows that their success is based on short term fix by continuously recruiting people that can do specific tasks at a certain time. Most respondents disagreed that over 50% of their employees started with them and grow through the rank. In addition, most of the firm disagreed with having a stable supply chain. This is definitely an area where the SMEs can look to improve to enable seamless adoption of the lean principle. The clear indication from the analysis in table 6 revealed that most SMEs should initiate an effort to establish a workforce and supply chain that understand and value the company philosophy and prioritise that to attain effective project delivery. 
Table 6. Mean Score of Evaluation of SMEs People & Partner.
	Evaluation of SMEs People & Partner
	Total Score (C)
	Mean Score (M)
	Scale Index

	The Firm client base is continuously expanding 
	51
	4.64
	Strongly agree

	There is an established framework for teamworking
	46
	4.18
	Agree

	The firms' supply chains have been relatively stable
	35
	3.18
	Disagree

	Over 50% of employee started their career with the firm
	26
	2.36
	Strongly disagree



4.1.4 Problem Solving
	According to table 7, the analysis shows that most of the participated SMEs are engaging in persistent reflection and continuous improvement. Most respondent strongly agreed that they have always taken advantage of a problem or error for learning rather than allocating blame. It is worthwhile learning why is not working and how to make it work (Liker, 2004). By doing so, an organisation will continually improve. Lean thinking is a culture where everyone is striving to improve continuously. Generally, the participated firm problem-solving attitude is encouraging with a good culture of lean where all is about everyone striving for improvement and not about risk/blame-shifting.
Table 7. Mean Score of Evaluation of SMEs Problem Solving.
	Evaluation of SMEs Problem Solving
	Total Score (C)
	Mean Score (M)
	Scale Index

	Decisions are made slowly by consensus
	51
	4.64
	Strongly agree

	Firm learnt from problems rather than allocating blame
	49
	4.45
	Strongly agree

	There is a persistent reflection and continuous improvement 
	48
	4.36
	Strongly agree


4.1.5 Last Planner System
	In table 8, the majority of the respondents strongly agreed to the implementation of the last planner system in their process. They also strongly agreed that when in use, LPS has helped them to attain an efficient and timely project delivery. However, the major problem as deduced from the survey in Table 8 is that many of the firms do not have documentation for LPS. This has denied the opportunity to learn from the feedback. An instant from one of the respondents is that engineers set a daily target every morning in the office and works towards that, many at a time it requires over stressing before achieving this target or at times, the task is not completed. However, an understanding of LPS implementation shows that the LPS is not about setting any targets but setting a realistic target. This could only be done by making use of the feedback analysis. As such, the LPS demonstrated its dynamism by constantly combining practice with theory through research. The LPS has shown its potential to improve construction projects’ cost, schedule, productivity, and safety. 
Table 8. Mean Score of Evaluation of SMEs LPS.
	Evaluation of SMEs LPS
	Total Score (C)
	Mean Score (M)
	Scale Index

	Currently engaging in short term project planning system
	50
	4.55
	Strongly agree

	Over 50% of company project are completed on time
	49
	4.45
	Strongly agree

	The company has documentation for LPS implementation
	27
	2.45
	Strongly disagree

	There is a procedure for feedback & learning from uncompleted target
	25
	2.27
	Strongly disagree



4.1.6 Collaborative Plan
	The term collaboration is not alien to the participated firms as the response revealed that most of the respondents agreed with all the tested four components as shown in table 9. Collaboration is all about involving all stakeholders including services engineers, contractors, suppliers at the early stage of the design so that all can arrive at a viable and buildable design. The rationale behind collaborative plan is on adding value and eliminating waste both inside and between the companies. This is essential to a lean value stream and the response in table 9 has shown that the participating firm understands and are applying CP in their system. 
Table 9. Mean Score of Evaluation of SMEs CP.
	Evaluation of SMEs LPS
	Total Score (C)
	Mean Score (M)
	Scale Index

	Currently engaging in short term project planning system
	48
	4.36
	Strongly agree

	Over 50% of company project are completed on time
	47
	4.27
	Strongly agree

	The company has documentation for LPS implementation
	46
	4.18
	Agree

	Company has procedures for feedback & learning from uncompleted target
	44
	4.00
	Agree


5.0	Conclusion
	Though, crises are not necessary to turn a company around but also may prompt a lean movement and transformation to company operations. Many organizations within the construction sector still view the idea to apply lean as creepy to their processes. However, the recent economic difficulty resulting from the ongoing COVID – 19 pandemics has called for a reduction in companies operating cost while increasing profit margins. The first point of action of many of the SMEs operating within the construction sector is downsizing exercises to increase profit margins through staff reduction. The staff reduction has helped to reduce the operating cost, but the workload has also increased significantly, which at present is affecting the statutory of project delivery. Thus, the crisis has challenged most of the SME’s board of directors to be interested in lean thinking to eliminate the waste in the company operations and radically modernize their operations. Therefore, this study has presented an evaluation of the current process of eleven randomly selected SMEs against three key lean techniques. The first lean technique discussed in this paper is the Toyota Production System (TPS) which is about the application of cost minimization and productivity maximization approach used in the automotive manufacturing process to construction sectors. Thereafter, the last planner system (LPS) and collaborative planning CP were also discussed. 
	The data collected was evaluated using the five-level Likert scale. The analysis revealed that there are lags between the current practices of the participated SME and lean thinking. Most of the participated SMEs revealed that their current performance is not self-reliance, it depends largely on other business partners’ performances. This is a big issue that lean thinking will improve if adopted in the company policy and operation. The adoption of lean principles that will make significant operations of the firm to be self-sustain will mean that companies can save cost in terms of project time and cost overrun.  Duplication of effort resulting from lack of proper coordination and collaboration has also been identified as critical factors that many SMEs can use lean thinking to transform. For instance, some of the respondents claimed that engineers are being overburdened as a result of too much review of technician work. Again, in many SMEs, the office setting is affecting the flow time. An instant from the response revealed that the engineer’s office and technician are not close and thus affecting collaboration and productivity. This lack of integration makes different people in the firm do what is convenient for them even if there is no pull for it. Hence, there is a non-standardisation of processes and overproduction in many SMEs.
	The further analysis of the responses shows that many of the participated respondents agreed that there is still a low level of adoption of reliable modern design methods to serve clients better due to design bias for the traditional method and/or lack of understanding. This is very inefficient, with a lot of case study that has shown that the implementation of latest and advanced technology has a crucial role in fulfilling the promise of sustainable development in construction. However, many SMEs are not willing to spend to train their employee to acquire the necessary skills needed to use these modern tools and technology. In addition, the evidence from the study also shows that suppliers and contractor’s improvement have not been taken as the firm concern. Many of the firm design processes have not been accommodating potential contractor input (No Collaboration). Thereby, causing a delay in design implementation on site. An indication that both the CP and LPS have not been fully adopted by these firms.
	Having established the challenges facing the company process and the need to improve, the study thus recommends that firms should immediately fully embrace lean tools like the adaption of the Toyota Production System to construction and design activities, the last planner system and collaborative plan in its operation. Each firm should appoint or internally source a lean expert who will lead the implementation program. In order to succeed in implementing lean tools, there is a need for experienced people to lead the transformation. So, the firm should appoint people that understand the power of lean philosophy, they will naturally look at the enormous waste in the process and provide solutions to remove it. These people should be motivated to apply their knowledge of lean. Also, the implementation success rate depends on the response of the decision-makers. Meanwhile, a deep understanding of TPS or other lean tools is not required from these decision-makers, but they will need to appreciate the power of the process and be passionate about the transformation. This means a member of the executive board will be delegated to monitor the implementation plan. In particular, SMEs are required to develop themselves by showing effective and more dedicated leadership and management commitment, enhancing their staff’s skills and expertise, and exhibiting a conducive organizational culture to guarantee the successful implementation of lean philosophy in their organizations. 
	Also, the staff and business partners should be properly educated about lean and motivated to welcome it in their respective operations. Regular workshop training is highly essential to help people in the organisation to improve their understanding. Liker (2004) describes this as a continuous improvement workshop. A remarkable social invention that frees up a cross-functional team to make changes in a week that otherwise can drag on for months. Selecting the right people for the team, setting aside time for those individuals and management support is critical. Using talented and experienced facilitator who has deep understanding of lean tools and philosophy will aids what can be accomplished. A department similar to that of quality control should be established to monitor the implementation plan. This department should consist of at least a member of director and a lean zealot. The study finally recommends that customers’ feedback should be compulsory on all the company projects to track the progress and that continuous evaluation should be carried regularly to monitor the implementation progress. 
Since the study presented in this paper has established how the adoption of TPS, LPS and CP will improve the operations and productivity of SMEs operating with the construction sector. The study also recommends further investigation on the adaptation of a variety of other lean construction tools, which could be to develop the paradigm or to solve problems to mitigate the impact of the ongoing COVID-19 pandemic on SMEs operating within the construction sector.  Lean bundles can lead to the reduction of operating costs, and subsequently, develop the quality and improvement of project delivery at its best price without time overrun.  
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