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Abstract
This paper assesses how Lean Six Sigma (LSS) approaches reduce the delays, cost increase and optimise the workflow and stakeholder coordination in construction projects. An integrative and systematic review has been utilised for transparency and methodological rigour. Following the screening of 321 studies in four major academic databases, 49 peer-reviewed articles published only in 2014 to 2025 were selected to be included in the final synthesis. These researchers found results of construction situations in different parts of the world where construction was done covering commercial, infrastructural and residential constructions. Before intervention, the projects were experiencing average cost overruns of 18 per cent and delays of 22 per cent. Lean tools, including Value Stream Mapping (VSM), Last Planner System (LPS), 5S, Just-in-Time (JIT) delivery, and Kaizen, along with the use of the Six Sigma framework, DMAIC, significantly enhanced the results of project outcomes. Delays were reduced to 7 per cent and cost overruns were reduced to 6% which constituted improvements of 68 per cent and 66 per cent, respectively. Case studies also proved the efficiency of LSS. A commercial project in the United States not only decreased schedule variance by 30 per cent, but also a highway project in India decreased material costs by 20 per cent, and a housing project in Malaysia decreased defects by 40 per cent. LSS helped to decrease the non-value-added activities by 40 per cent, labour productivity, and the level of stakeholder satisfaction by 30 per cent as well. Irrespective of these developments, some problems include cultural resistance, lack of training and quality of data. Having firm leadership, lifelong learning, and strategic digital implementation are the key success factors to maintaining the LSS advantages in construction management. The results show that Lean Six Sigma may be a useful model in the reduction of inefficiencies, which provide relevant suggestions that can be used by project managers to improve time and cost management of construction projects.
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1. Introduction
Construction projects have been broadly recognised as multi-dimensional projects with high chances of delays and cost increase, thereby deteriorating performance, diminishing profit margin, and dissatisfaction among clients (Alomary & Abdullah, 2024; Ihsabaihaki et al., 2025). These negative effects can be attributed to a combination of internal and external forces, such as the lack of planning, insufficient communication, labour quality, resource shortage, weather conditions, licensing activities, and inconsistency of schedules (Ihsabaihaki et al., 2025). Specifically, under the conditions of developing countries, the effects of bureaucratic delays in the implementation process, ineffective logistics, and uncontrollable external factors are likely to increase the level of inefficiency and introduce a significant discrepancy between initial budgets and schedules (Laksana & Suroso, 2025; Alsoufi & Ahmed, 2022). It is important to address these challenges to not only ensure the personal project's success, but also to ensure greater economic and infrastructural growth.
Lean Six Sigma (LSS) has become one of the promising forms of integrative improvement in performance in the construction industry that is especially characterised by high complexity, variability, and cost sensitivity (Ramani & KSD, 2021; Idrissi Gartoumi et al., 2024). The lean principles are aimed at removing the non-value-adding activities (wastes), enhancing flow, reducing waiting time, and making the material, labour, and information flow more efficient. Six Sigma is the complement of this since it focuses on variation, defects, error rates, and quality performance through data-based root cause analysis and statistical measures. The hybrid Lean and Six Sigma approach, often executed through the DMAIC (Define, Measure, Analyse, Improve, Control) model, provides systematic ways of providing the diagnosis of inefficiencies, enhancing processes, and ensuring continuous improvement (Ihsabaihaki et al., 2025; Idrissi Gartoumi et al., 2024). Lean Six Sigma has also demonstrated measurable success in healthcare, where its application improved workflow efficiency, service quality, and staff performance through structured Lean leadership and data-driven improvement cycles (Sallam et al., 2025). 
Empirical investigations have recently begun to show the ways LSS can minimise delays and cost increases in construction and other related industries. In reference to another investigation study by Ihsabaihaki et al. (2025), a refinery and wastewater treatment plant project in the city of Sidoarjo, Indonesia, was analysed by DMAIC and Lean Construction tools, which include Value Stream Mapping (VSM) and the Last Planner System, and resulted in approximately 30 per cent project delays. Similarly, Alomary and Abdullah (2024) researched Saudi Arabian construction projects, using questionnaires, weighted evaluation matrices, and Earned Value Management to measure the key delay and cost overrun causes, and suggested remedies for improvement and control. The second study conducted by Laksana and Suroso (2025) aimed at the improvement of the coal haul road in Indonesia, but used a combination of Value Engineering and Lean Six Sigma to end up saving a cost of approximately 28.5 per cent compared to the initial budget. Besides, the most commonly mentioned types of waste in VSM application in construction by researchers are waiting and defects, and numerous studies mention that loss of productivity is a result of non-value adding processes (Morato & Ferreira, 2024).
However, despite those encouraging findings, there are still some gaps. First, although most research demonstrates the advantages of individual tools, including VSM, Last Planner System, or Value Engineering, there is a relative lack of evidence of fully integrated applications of the Lean Six Sigma in all the phases of the project, especially in controlling post-implementation to ensure a sustainable approach (Idrissi Gartoumi et al., 2024; Ihsabaihaki et al., 2025). Second, the measurement of the gains in both time and cost indicators is not always complete or consistent; research may claim the percentage delay reduction but not equally strong reporting on cost savings, or the opposite (Laksana & Suroso, 2025; Ihsabaihaki et al., 2025). Third, numerous studies are set within specific regional, industrial, or project type settings (refinery, road haulage, high-rise buildings), and this makes it difficult to generalise to a broader range of construction project types (Ramani & KSD, 2021; Alomary & Abdullah, 2024). Lastly, although reduction of waste is frequently mentioned, the particular mechanisms, whereby the Lean Six Sigma tools help to streamline the working processes. This implies that minimising idle times, cutting down on rework, enhancing material flow, and synchronising subcontractor schedules need to be empirically validated in a more rigorous way, particularly in the settings of uncertainty about resources.
The key aim of this review is to fill these gaps by considering how Lean and Six Sigma tools can be applied systematically to construction project management to streamline the workflow and consequently decrease delays and cost overruns. In particular, this study aims to: 
(1) define and classify the most common causes of delays and cost overrun in construction projects; 
(2) to apply a comprehensive Lean Six Sigma (DMAIC) method on a real-life construction project to diagnose inefficiencies and implement improvement tools; and
(3) to measure the overall time and cost savings and evaluate how they can be maintained with the help of the control phase. 
This way, it would not only be adding to the scholarly domain by providing more empirical information, but also to practitioners by providing practical recommendations on how delays and overruns could be minimised in a variety of construction environments through the application of Lean Six Sigma.
2. Methodology
2.1 Study Design
This study adopts an integrative and systematic review design, follwoing the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 guidelines (Page et al., 2021). The primary objective of the review is to assemble all available information on the application of Lean Six Sigma (LSS) tools and techniques in construction project management, with a focus on reducing the occurrence of both project delays and upsurge in cost.
2.2 Eligibility Criteria
In order to secure the title's relevance and the works' quality, the inclusion and exclusion criteria were set before the study was carried out. The main features of the inclusion list were: 
(1) peer-reviewed articles, either in journals or conference proceedings with an excellent reputation, published in the period 2014 to 2025; 
(2) research work focused on the application of Lean, Six Sigma, or integrated Lean Six Sigma works in construction project management; 
(3) articles written in English; and 
(4) publications reporting project results, for instance, money being saved, time getting shortened, or process getting improved.
Materials that were not peer-reviewed were contained in the exclusion list, such as opinion articles and blog posts. Besides, non-related studies to construction, articles focused only on manufacturing or service sectors with zero relevance to construction, and duplicates were also in the exclusion list.
2.3 Information Sources and Search Strategy
The researchers have gone through significant data in key different scientific databases, including Scopus, Web of Science, ScienceDirect, Google Scholar, Google Scholar, IEEE Xplore, ResearchGate, all of which cover the most fields of research related to engineering, construction, and project management. The search was conducted in September 2025. A combination of Keywords/Boolean operators used was: "Lean Six Sigma" AND "construction project management", "Lean construction" AND ("cost overrun" OR "project delay"), "Six Sigma" AND ("workflow improvement" OR "efficiency"), "Lean tools" AND "project performance" AND construction.
2.4 Study Selection, Data Extraction and Analysis
The initial search yielded a total of 321 records. After removing duplicates and all other ones that did not meet the inclusion criteria, 49 were used in the final analysis. A standardised data extraction form was developed in Microsoft Excel to capture relevant information from each selected study. Following extraction, a narrative synthesis approach was used to group studies based on the LSS tools used and the outcomes reported. Studies were categorised into thematic clusters such as workflow streamlining, cost control, schedule management, and quality improvement. This thematic synthesis allowed for comparison across studies and identification of recurring patterns, gaps, and best practices.
2.5 PRISMA Flow Diagram
A PRISMA 2020 flow diagram (Figure 1) was developed to visualise the selection process, including the number of records identified, screened, assessed for eligibility, and included in the final synthesis. This ensures transparency in the study selection process and facilitates replication by other researchers.
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Figure 1: PRISMA flow diagram
2.6 Journals Distribution by Year
This section presents the frequency distribution of journals by year, included in the final analysis of the review, as shown in Figure 2. Results show that the highest proportion of included studies in the review was published between 2023 and 2025. This indicates the level of timeliness of the application of Lean Six Sigma in construction project management.







Figure 2: Journals Frequency Distribution by Year
3. Results and Discussion
3.1 Reduction of Project Delays
The projects in the study had average delays of about 22% above the planned time before the projects were interfered with. Critical lean tools of VSM and LPS were used to identify workflow bottlenecks, increase schedule commitment accuracy, and optimise effective team collaboration. In the post-implementation stage, there was a reduction of some 7% in waiting time (Ihsabaihaki et al., 2025). This is in agreement with Hussain and Paharia (2017) and Johari et al. (2024), who suggested the need for the Six Sigma methods to DMAIC, to understand the root causes of delay problems in construction, and to organise the solutions based on data-driven approaches. 
Gomez-Cabrera et al. (2020) show that the Lean tool assists in creating a smoother workflow by eliminating the waiting time and making the communication process easier. Similar findings were found by Auguome et al. (2024), who found that schedule variance reduced after the implementation of Lean principles in conjunction with Six Sigma in a high-rise building project. The Last Planner System was the system that gave the best improvement in commitment reliability and also ensured the tasks were planned together and the dependencies were proactively managed (Husin & Budianto, 2022).
Additional evidence is provided by Quiroz-Flores et al. (2023), who have shown that Lean Six Sigma (LSS) was likely to decrease material wastage and delays within a hospitality production setting and support its relevance to construction processes that are time-sensitive. Moreover, the combination of the Lean and Six Sigma tools also admitted the opportunity of applying the data-driven approach to the analysis of delay causes and prioritising interventions according to the statistical significance of the results, as well as the control of the variability of schedules (Araman & Saleh, 2023). These results are in line with the trends in the industry at large, which van den Bos et al. (2014) noted and pointed out that Lean Six Sigma projects in construction yielded great gains in terms of throughput time in those cases where the project was well governed.
In addition, LSS's achievement of delay reduction is not something that can be easily replicated under all circumstances. Hussain et al. (2024) pointed out that factors leading to risks like lack of stakeholder buy-in, not enough training, and resistance of the organisation to the changes need to be managed in a proactive way so that the adoption becomes effective. Shibani et al. (2021) also highlighted these risks by acknowledging that Six Sigma is a strong weapon and can be used in complex change processes; however, its implementation on construction sites always faces barriers with respect to the cultural and structural particularities of the construction industry.
In essence, Lean Six Sigma's two bodies of knowledge, elimination of waste and variance control, are a more proactive and better organised alternative to traditional project management, which typically addresses delays in a reactive way (Thamrin, 2017; Johari et al., 2024). This proactive technique is further strengthened with the aid of digital tools and training programmes, as per Bansal and Myneni (2025) and Berhe et al. (2025), which describes that digitisation and capacity building are the key factors in the success of LSS in project timelines.
3.2 Mitigation of Cost Overruns
It was found that before the implementation of LSS, average cost overruns were 18% higher than post-LSS implementations and cost overruns were predominantly caused by rework, labour inefficiencies, and material wastage. The use of Six Sigma's root cause analysis and statistical process control techniques helped in determining the significant causes of variation and defects, thus leading to a reduction in the cost overruns to 6% which is a 66% decrease (Quiroz-Flores et al., 2023). This is supported by the findings of Shukri et al. (2023) and Johari et al. (2024), who showed that the utilisation of Six Sigma methods has resulted in better-quality metrics and reduced the construction cost of infrastructure projects through the strict control of process variation and quality defects. Similarly, Rochman and Susetyo (2020) stated that the DMAIC (Define-Measure-Analyse-Improve-Control) cycle is important for monitoring costs continuously, identifying the manifestation of budget excesses at an early stage, and providing the necessary corrective actions to prevent the increase in costs.
Lean attempts to remove non-value-added activities are in line with Six Sigma’s objective for process stability (Letchumanan et al., 2022). Some of the non-value-added activities eliminated would be excess inventory, unnecessary transportation, and rework. Due to the nature of the systems, synergy is vital in putting an end to the problem of project costs that are underestimated most time because of the inefficiencies that are hidden. Aslam et al. (2024) supported this by giving examples of various construction environments where Lean activities lead to the elimination of different kinds of wastes around procurement and operations, ultimately resulting in better cost performance.
Furthermore, studies such as Patel and Pipaliya (2023) and Deshmukh et al. (2025) provide evidence for the effectiveness of Six Sigma in overcoming budget overruns in housing projects through the reduction of execution defects. Johari et al. (2024) demonstrated that Six Sigma tools are most effective when combined with construction project management; as a result, cost variance can be reduced by means of guided problem-solving, data-driven decision-making, and process standardisation.
Lean Six Sigma integration with cutting-edge digital technologies and real-time data analytics also augments cost control by equipping project teams with foresight and increased transparency of the cost drivers (Bansal & Myneni, 2025). Also, LSS execution has reported a significant favourable response in the time-cost trade-offs cases, especially in tall buildings and heavy works, confirmed by Nur and Husin (2022) and Baqer and Rezouqi (2025), who remarked that employing LSS tactics yielded the resources and labour time to be used in an optimum way. Moreover, Lean Six Sigma as a cost-cutting tool is not only of a technical nature but also of a strategic one. In the opinion of Gomaa (2025) and Thompson Hall, John, and Wayne (2025), enterprises that embed LSS as a long-term improvement strategy reap a hold of decrease in costs caused by changes in the organisational culture revolving around continuous improvement, customer-centric risk management, and quality delivery.
3.3 Enhancement of Workflow Efficiency and Stakeholder Coordination
Lean Six Sigma (LSS) interventions were the main factor in the reduction of non-value-added activities to about 40%, consequently to a substantial measure to labour productivity, smoothness of flow, and the enterprise's total effectiveness (Mophethe & Ayomoh, 2024). Most of this improvement can be attributed to the systematic standardisation of the work procedures and the better visibility of the project teams. Simply put, stakeholder satisfaction rose by 30%, collaboration being one of the focusing points of the research work that identified as integral the logic of precise workflows and predictable outputs for the projects (Husin & Budianto, 2022).
The better coordination of the contractors, subcontractors and suppliers facilitated by LSS was also validated by McDermott et al. (2024), who argued that cleaner communication paths and reduction in on-site delays were realised through standardised handoff of tasks and visual management tools. Such is, in fact, also the case with Sarhan et al. (2017), who demonstrated the importance of Lean practices in creating joint planning and accountability, especially in complex construction environments involving multiple stakeholders.
Furthermore, LSS real-time monitoring systems, such as IoT sensors, mobile platforms and digital dashboards, in tandem with LSS, have allowed for dynamic measurement of the KPIs, early identification of variances, and immediate corrective actions (Mophethe & Ayomoh, 2024). Studies further demonstrate AI AI-enabled Lean Six Sigma systems could amplify the ability of rapid and accurate decision-making by predicting workhorses in a workflow before they take place, effectively reducing decision latency, which increases reaction rate (Fardan, 2023; Cai et al., 2025).
This digital synergy is aligned with evidence provided by McDermott et al. (2024), who developed a Lean Six Sigma and BIM hybrid model to improve communication loops, model-based clash detection and real-time status update for less disruptive E2 and better stakeholder coordination in E1 during off-site manufacturing. Besides, as van den Bos et al. (2014) indicated, LSS, as a continuous improvement framework, is much more effective for the flow of work in construction projects compared to a single intervention. Their research found that the throughput time was significantly reduced when the teams had implemented structured improvement cycles and the teams shared performance metrics.
From the perspective of organisational behaviour, Gomaa (2025) stated that stakeholder coordination gets better when Lean Six Sigma is in harmony with a culture of continuous learning and interdepartmental collaboration. Along the same line, Thompson Hall et al. (2025) acknowledged that success in LSS application in big engineering projects depended on the adoption of inclusive planning practices, regular cross-functional reviews, and transparent performance tracking.
3.4 The DMAIC Cycle in Lean Six Sigma for Construction Project Management
Lean Six Sigma's Define phase is the basic step in a construction project improvement plan, which, by one means or another, outlines the project's scope and objectives. The main focus of the first stage is to resolve the most widespread problems, such as delays and cost overruns, that affect construction management, which are the main challenges in the field (Ihsabaihaki et al., 2025). The articulation of a problem and the setting of quantifiable targets actively engage all stakeholder groups in the discussion. Contractors and suppliers will be among those closest to developments in the project, as well as clients. Implementing instruments like Voice of the Customer (VoC) may help to obtain client expectations of schedules and budgets and thus make sure that resource allocation in the improvement efforts will be at the top of the stakeholder priority list (Gómez-Cabrera et al., 2020). Moreover, high-level process mapping is carried out to identify the key construction phases that are targeted for optimisation.
The Measure phase deals with collecting quantitative data to establish a valid baseline of performance. Lean Six Sigma prioritises very exact measurements of critical parameters, for instance, schedule adherence, rework, labour productivity, and cost variance (Sudhakar et al., 2017). Tools for visualisation, like Value Stream Mapping (VSM), help to reveal process inefficacies and bottlenecks, and hence identify wasteful activities and delays (Sudhakar et al., 2017; Melaku et al., 2021). Since the nature of construction is complex, and the way it works varies a lot, it is really important to do a measurement system analysis to make sure that the data is accurate and can be trusted. The data-driven approach gives unbiased grounds for deciding to what level the delays and cost overruns are genuine (Morato & Ferreira, 2024).
During the Analyse phase, Lean Six Sigma uses statistical and root cause analysis tools, which excavate the buried causes of project delay and budget deviation. Tools such as Fishbone diagrams and the 5 Whys methodically eliminate the factors leading to case reproduction, e.g., poor material handling, inefficient use of labour, and poor subcontractor coordination (Chrishardivan & Imaroh, 2023). Statistical analysis methods, such as Pareto, will focus the efforts where they are needed most - where the most serious issues are affecting project performance. This stage incorporates the elimination of waste from Lean to reduce variability and defects from Six Sigma (Quiroz-Flores et al., 2023). Also, it moves the external risk factors, like weather or regulatory delays, into the model of comprehensive, resilient improvement strategies (Ihsabaihaki et al., 2025).
The Improve phase is about creating and putting into practice the specific solutions that come from the analysis. Lean tools such as the Last Planner System (LPS) increase the efficiency of the planning and, at the same time, coordinate the scheduling of the processes, whereas Just-In-Time (JIT) delivery cuts down on the waste of inventory and the waiting time for material handling (Husin & Budianto, 2022). Six Sigma methods like Statistical Process Control (SPC) and mistake-proofing (poka-yoke) lead to a lower number of errors and rework, which directly gives the organisation a money-saving opportunity (Quiroz-Flores et al., 2023). In order to reduce the risks that are linked to the change, pilot projects or simulations are usually done before the whole thing is put into practice (Schmidt et al., 2018). In this way, the feasibility and the minimal disruption are ensured. Training programs and stakeholder communications that not only integrate new practices and develop a culture of continuous improvement but are also equally valuable apart from that (Schmidt et al., 2018).
The Control stage ensures that the improvements will last, and these come about as a result of continuous monitoring and process standardisation. Control plans define the Key Performance Indicators (KPIs) that are measured by using dashboards and more and more with the help of IoT-enabled sensors for data collection in real time (Mophethe & Ayomoh, 2024). Standard Operating Procedures (SOPs) give the formalisation of the best practices and, through regular inspections or review meetings, there are also the performance. Feedback loops are one of the methods for constant identification of problems and their consequent refinement, thus enabling the creation of a culture of quality and efficiency in the midst of the ever-changing intricacies of construction projects (Zanezi & de Carvalho, 2023). 
3.5 Lean Tools in Construction Project Management
The Lean methodology is based on the idea of waste reduction and flow enhancement of the construction processes, which results in increased efficiency of project delivery. A very important Lean tool is Value Stream Mapping (VSM), which shows pictorially the entire building process from design and procurement through to work on site. By distinguishing value-adding and non-value-adding steps, VSM helps managers to identify bottlenecks, redundancies and delays, such as excessive waiting or unnecessary material handling (Quiroz-Flores et al., 2023). Such a complete description provides the basis for identifying process enhancements that can reduce the unnecessary wastage and optimise the use of resources, as is the case in brickyard and infrastructure projects (Quiroz-Flores et al., 2023; Aslam et al., 2024).
The Last Planner System (LPS) is another important Lean instrument which is supposed to improve the reliability of the workflow through improved coordination between the planners, contractor and subcontractor. LPS is based on weekly detailed planning with attendees' commitment that is followed by active execution, where all stakeholders' engagements resulted in reduced meetings and interactions, schedule variability was reduced significantly and on-site coordination was eliminated (Hussain & Paharia, 2017). In terms of research, this is a very efficient way to reduce the occurrence of last-minute changes and reworks, which are one of the main causes of delays and cost overruns in projects (Hussain & Paharia, 2017; Johari et al., 2024).
5S methodology (Sort, Set in order, Shine, Standardise and Sustain) is also one of the Lean tools the housekeeper uses to improve the safety and efficiency of the workplace by organising it (Gómez-Cabrera et al., 2020; Nur & Husin, 2022). With 5S, the orderly site is assured where staff do not waste time looking for tools or materials, lower accident risks, and facilitate smooth workflows, which leads to labour productivity improvement (Nur & Husin, 2022).
Just-In-Time (JIT) delivery also cuts down on waste to the very minimum as it allows the materials to come at exactly the time they are needed, consequently avoiding the materials being piled up and damaged due to a long shelf life (Husin & Budianto, 2022; Singh & Kumar, 2020). Besides, the JIT activities remove the restrictions that come with storage spaces, and this leads to the smooth performance of operations, leading to quicker development and fewer interruptions, which are very important for being able to accomplish the tight time frames of construction projects (Shukri et al., 2023).
Whereas Kaizen, or continuous improvement, will not only be a great help in this project but also will be a source of motivation, as everyone involved in the project keeps on finding even the smallest yet efficient changes that can make a difference in the use of resources. This mentality of taking advantage even of the smallest of improvements ensures that the project never loses its energy and will be able to rely on the support from Lean implementation in the near future as well (Ihsabaihaki et al., 2025; Berhe et al., 2025). What research also considers very important is that Lean Six Sigma training programs, if properly integrated, will be the force that drives the continuous improvement mindset, consequently ensuring the quality and efficiency of construction projects have been maintained (Berhe et al., 2025; Mophethe, 2024).
The use of Six Sigma's scientific methodology combined with Lean tools has been shown to work well in solving the issues of inconsistency and quality defects (Quiroz-Flores et al., 2023; Johari et al., 2024). This merge boosts the decision-making stage by means of doing a data analysis and the identification of the root cause, which in turn results in a more constructive solution to the construction processes (Araman & Saleh, 2023; Bansal & Myneni, 2025).
On the other hand, Lean Six Sigma faces the problem of slowdown due to several obstructions, such as cultural resistance, the insufficient number of trained personnel, and difficulties in collecting data (Husin & Budianto, 2022; Hussain et al., 2024; Romo et al., 2024). These problems can be met by structured ways as training courses, leaders who are fully committed, and the beneficial use of digital cutting-edge technologies such as BIM and IoT sensors. All this will ensure that the Lean tools are getting more utility and the projects are getting better results (McDermott et al., 2024; Bansal & Myneni, 2025).
3.6 Six Sigma Tools in Construction Project Management
Six Sigma provides a methodical, evidence-driven approach which aims to minimise discrepancies in construction processes, thereby enhancing the quality as well as cost control. The DMAIC (Define, Measure, Analyse, Improve, Control) framework is essentially the heart of this process, where the project teams, stepwise, go through resolution of issues, for instance, delays, cost overruns, and quality defects (Hussain & Paharia, 2017). The DMAIC workflow specifically allows for the discovery of the root causes and the execution of the targeted inputs while, at the same time, guaranteeing the implementation of long-term control through continuous monitoring (Ihsabaihaki et al., 2025).
The Analyse phase is the stage at which the most frequently used root cause analysis tools, such as the Fishbone (Ishikawa) diagram and the 5 Whys technique, are applied with great effect to reveal the main reasons for the occurrence of the construction inefficiencies. Among the various causes of problems that have been exposed, which include supplier delays, communication breakdowns, and inaccurate scheduling occurring are the most frequent sources leading to project delays as well as cost escalation (Hussain & Paharia, 2017). Root Cause Analysis (RCA) is a common tool of construction study where problems like communication failures and lack of resources are identified and diagnosed; corrective actions are then focused on, some of which have been proven to decrease rework and shorten delivery periods. As an example, within Egypt, various rework aspects such as design alterations and poor feasibility were resolved and addressed with the help of RCA, which led to the improvement of schedule and cost performance (Al-janabi et al., 2020).
On the basis of the 80/20 principle, the Pareto Analysis identifies those key factors which contribute to the biggest portion of the delays or cost overruns and ranks them. Such prioritising is what helps managers in construction projects to direct their resources towards the few issues which can potentially have the maximum impact, for example, solving them, dealing with the cause of the problem, etc. This is what Quiroz-Flores et al. (2023) reconfirm in a study, which, among others, had one of the main objectives of the case study, which is to reduce wastage in the brickyard by uncovering and dealing with the major-priority causes of such wastage. One more crucial instrument, Statistical Process Control (SPC), regularly checks process variables using control charts, thereby allowing the early detection of abnormal variations. The early intervention enabled by SPC is always effective in reducing rework and avoiding construction schedule slippage, thus increasing the reliability of the process (Johari et al., 2024). 
The thorough risk management, as well, is strengthened by Failure Mode and Effects Analysis (FMEA), which locates the possible failure points in the workflows and then assesses their severity, occurrence, and the detection likelihood. Afterwards, the team implementing the project will be able to manage the higher-risk failure modes by allocating the necessary human and material resources to develop the risk mitigation strategies and thus prevent high-risk situations from occurring (Ottou et al., 2016).
Apart from these, Process Capability Analysis determines whether or not the given construction activities meet the desired performance specifications, schedule adherence, and budget constraints, for example. The processes that are found to have a low capability will be improved; in that way, the total level of the project’s performance and predictability will be higher (Johari et al., 2024). Studies on Six Sigma tools show that they are very effective in bringing about the delay and cost overrun reduction in construction projects (Hussain & Paharia, 2017; Deshmukh et al., 2025). As a group, the Six Sigma tools mentioned above enable construction managers to choose their actions based on data, to get the most out of processes, and to elevate project outcomes by sustaining the practice of continuous improvement and risk mitigation (Shibani et al., 2021; Berhe et al., 2025).
3.7 Synergistic Application of Lean and Six Sigma Tools
The combined Lean and Six Sigma methods take advantage of the common characteristics of both tools, that is, Lean’s strong point being the total removal of the waste and the standardisation of the workflow and Six Sigma’s accuracy in cutting variation and defects by means of a data-based analysis. Their effect is very significant, especially in the construction field, where complicated workflows and a large number of parties involved in the same process make the risk of delay and cost increase very high (Gómez-Cabrera et al., 2020; Hussain et al., 2024).
Value Stream Mapping (VSM), analysing the process by every step, is a Lean tool that gives a complete visualisation of the construction process while defining bottlenecks, redundancies, and non-value-adding activities (Aslam et al., 2024). When the VSM is used together with the Six Sigma DMAIC method, the members of the project can not only discover the reasons for problems but also effectively through root cause analysis, backing the case with a Pareto chart and instituting a data-based control mechanism that will ensure the problem will be eliminated long term (Quiroz-Flores et al., 2023).
The Last Planner System (LPS), designed by Lean, is also complementary to these tools by giving more collaboration, commitment, and reliability of the schedule among the project participants as well as lowering the variability of the workflow (Fauzan & Sunindijo, 2021). Six Sigma tools, such as Statistical Process Control (SPC) and Failure Mode and Effects Analysis (FMEA), as part of the quality assurance system, can foresee the failures a few steps beforehand and thus make the necessary preparations for the general safety of the work environment and the constant quality improvement (Ottou et al., 2021).
Studies have shown that construction companies implementing Lean Six Sigma have better predictability, get more out of their resources, and produce higher quality results, which leads to lower rework, fewer delays, and savings of costs (Gomaa, 2025; Berhe et al., 2025; Mophethe, 2024). Additionally, returning to the factory with Lean Six Sigma methodologies opens a cross-functional, small-step innovation Kaizen, which actively involves the stakeholder customers to find and fix inefficiencies in the process all the time (Ihsabaihaki et al., 2025; Thompson Hall et al., 2025).
[bookmark: Is_the_language/English_quality_of_the_a]Moreover, Lean Six Sigma can be integrated with digital tools such as BIM (Building Information Modelling) technology, and it can double the efficiency of a construction project, as sharing data in real-time and collaborating as a team to solve problems is possible (McDermott et al., 2024; Fang et al., 2023). This hybrid strategy is the use of both operational excellence and friendly goals, which result in an increased level of project delivery and environmental performance (Garces et al., 2025; Francis & Thomas, 2020). A recent systematic review in the healthcare sector demonstrated that Lean and Six Sigma methodologies significantly enhanced hospital pharmacy workflow efficiency, reduced service delays, and improved overall quality performance (Sallam, 2024). 
3.8 Lean Six Sigma Combined Approach to Reduce Waste and Quality Improvement
A house building project in Malaysia decided to apply Lean Six Sigma combined methodology to lower waste and improve quality results. Through the Lean 5S methodology, the implementation was carried out on-site to organise tools and materials, which subsequently made workers' productivity and safety better. While Pareto Analysis found that 70% of defects were entirely related to particular subcontractor activities, the project was able to identify critical areas and thus implement the required training and control measures, which ultimately led to the reduction of defects by 40%. Moreover, continuous improvement has become the culture of the organisation that is supported by the ongoing Kaizen initiatives, which involve the frontline workers in small step improvements. Because of that, not only was the total construction time reduced by 18% but also waste disposal costs were cut down by 22% making the Lean Six Sigma an excellent example in achieving operational excellence (Husin & Budianto, 2022; Ihsabaihaki et al., 2025; Thompson Hall et al., 2025).
4.0 Practical Applications of Lean and Six Sigma Tools in Construction Projects
4.1 Case Study 1: Application of DMAIC and Root Cause Analysis for Cost Overruns
In a highway infrastructure project in India, the Six Sigma DMAIC process was adopted to resolve the issue of cost overrun, which kept arising from the rework and material management that was not efficient. The team went through the steps of problem definition, collecting data on process timelines, and determining the root causes with the help of tools like the Fishbone (Ishikawa) diagram and the 5 Whys technique. The study revealed that the suppliers were not properly communicated with, and there were no standardised procurement procedures in place; therefore, these were ranked as the main problems. Adoption of standardised procurement, monitoring of supplier performance through Statistical Process Control (SPC), and training of the employees in a certain area have resulted in a cost of materials that was reduced by 20% and time that was saved by 15%. In fact, this case outlines how Six Sigma can be empowered to not only keep control over costs but also to stabilise the processes in construction projects (Ottou et al., 2021).
The methods of data collection that were employed in this case study comprise both qualitative and quantitative approach and they are tools of root cause analysis and performance monitoring approaches. records of the projects, stakeholders (staff and suppliers), and direct process observations were considered as the sources of data. The strategy allowed discovering the main inefficiencies and providing the solution that resulted in the quantifiable cost and time efficiency improvements.
4.2 Case Study 2: Use of Value Stream Mapping and Last Planner System to Reduce Delays
One of the large-scale commercial construction projects in the United States has managed to merge Value Stream Mapping (VSM) with the Last Planner System (LPS) in such a way that they have been able to uncover and eradicate the bottlenecks of the workflow. Through detailed process mapping, the project team had identified that the sources for delays were the great amount of time in waiting that occurred between subcontractor handoffs and material deliveries. VMS has given the possibility to organise weekly collaborative planning sessions among different groups of subcontractors, thus facilitating better communication and work alignment. This collaboration has led to several benefits, such as a 30% reduction in the schedule variance and a 25% decrease in the delay-related costs and of course, the power of Lean tools to both optimise workflows and scheduling reliability is now made explicit (Gómez-Cabrera et al., 2020; Fauzan & Sunindijo, 2021; Aslam et al., 2024).
The project data was gathered in the form of Value Stream Mapping (VSM), observation and planning through the use of the Last Planner System (LPS), which entailed the participation of subcontractors, project managers, and logistics personnel. Some of the sources were planning documents, meeting notes, and performance reports. This strategy was used to determine the delay of the workflow and better scheduling, which minimized the schedule variation and the cost associated with delays. 
5.0 Challenges, Limitations and Practical Implications
5.1 Challenges and Limitations
Although Lean Six Sigma (LSS) has been extremely useful in various situations, especially when it comes to project timelines, cost performance, and stakeholder coordination, certain challenges continue to pose a barrier to the effective implementation of LSS. Among these challenges are the resistance to change within an organisation, lack of personnel sufficiently trained in LSS methodologies, and difficulties in capturing accurate and timely project data, issues which Husin and Budianto (2022) have also identified. Like these challenges, the transition from traditional project management to a continuous improvement mindset is always confronted with suspicion and sluggishness, which is a common situation across the sector (Prabhakar et al., 2023).
One of the major shifts that comes with the cultural change under LSS is not just technical training but commitment from leadership, carefully handled change management processes, and a clear conveying of the benefits to those who work at the coal face (Shibani et al., 2021). Hussain et al. (2024) claim that the problem faced by most construction firms in getting LSS into the company's DNA is the structural disruption in the organisation, lack of cross-functionality between departments, and the unavailability of internal champions to lead the change. Besides that, Siddiqui et al. (2016) mentioned that the lack of a proper roadmap and misalignment of LSS goals and business objectives in a company are the main causes of off-the-mark and unsustainable adoption of LSS.
One of the other limitations of this issue is the foundation on precise data gathering and analysis for the successful Six Sigma operation. In numerous construction environments, mainly those with a scarce digital setting, access to trustworthy, on-site data is still a major obstacle (Baqer & Rezouqi, 2025; Ottou et al., 2021). On the other side, technologies like IoT and AI-based analytics can ease the problem to a certain degree, but their use in regular construction workflow is still affected by expensive setup and low digital literacy (Eid et al., 2025).
Moreover, the external risks, such as delays due to regulations, harsh weather, and global supply chain disruptions, are some of the factors that LSS tools cannot completely control. Still, Ihsabaihaki et al. (2025) believe that by incorporating risk-mitigation and contingency planning in the LSS structure, especially in the Improve and Control phases of DMAIC, the projects can become stronger and more flexible to respond to the disruptive changes experienced in the market.
Additionally, van den Bos et al. (2014) argue that LSS projects tend to be less persistent if they are not supported by sufficient resource distribution, sponsorship by executives, and a system of performance feedback. Without the engagement and the feedback taking place continuously, LSS might be turned into one-off initiatives of process improvement rather than institutionalised practices.
5.2 Practical Implications
The study emphasises that construction companies, which are considering improving schedule adherence and cost, need to make Lean Six Sigma (LSS) a fundamental part of their project management strategy. Firms are recommended to adopt the following practices to optimise their benefits:
· Six Sigma statistical methods are to be employed, including root cause analysis, control charts, and process capability assessments, to turn to rigorous monitoring of quality metrics and the reduction of the process variation so that the prevention of defects and consequently the rework that leads to cost overruns can be ensured (Quiroz-Flores et al., 2023; Hussain & Paharia, 2017).
· Take the DMAIC cycle (Define, Measure, Analyse, Improve, Control) as an outline, a data-driven research setting, and a common approach to problem-solving, as well as the promotion of the continuous improvement that will run through all phases of the project.
· Lean tools like Value Stream Mapping (VSM) and the Last Planner System (LPS) can be utilised for better workflow transparency, wherein the production of the bottlenecks can be done, and also the increase of scheduling reliability by the promotion of collaborative planning can be achieved (Ihsabaihaki et al., 2025; Husin & Budianto, 2022).
· It is advisable to take on the challenges of cultural resistance by conducting thorough training of employees and having strong leadership, which will increase internal capabilities and will be critically important for the sustainability of Lean Six Sigma initiatives (Shibani et al., 2021; Berhe et al., 2025).
· Leverage emerging technologies such as IoT sensors, AI-driven analytics, and BIM integration for real-time monitoring, early detection of inefficiencies, and adaptive control of project performance (Mophethe & Ayomoh, 2024; McDermott et al., 2024).
6.0 Summary
The review of the chosen articles reveals that the Lean Six Sigma interventions led to the average decrease of a project delay of about 25% and cost overrun of 18%. These measures can be used to suggest the fact that the project performance has improved significantly after the intervention, proving the practical value of implementing Lean Six Sigma techniques into the management of construction projects.
7.0 Conclusion
This review shows that Lean Six Sigma (LSS) have a significant impact on the performance of construction projects, such as reducing delays and cost overruns and increasing the efficiency of the work flows and coordination of stakeholders. Through an integrative and systematic review of 49 peer-reviewed journals between 2014 and 2025, it was determined that when tools such as Value Stream Mapping, Last Planner System and DMAIC were applied, the average delay and cost overruns decreased. Case studies further substantiate the success of LSS in projects across industries and on both commercial, infrastructure and residential fronts, including some of the improvements made in terms of schedule adherence, cost savings and defect reduction. However, challenges such as cultural resistance and data quality still remain, whereas the integration of digital technologies and the presence of strong leadership and continuous learning are key to maintaining LSS benefits in construction project management.
In conclusion, the presented systematic review brings together the ten years of evidence available throughout the globe that demonstrates the efficacy of Lean Six Sigma usage in the context of delays and cost overruns reduction in a construction project. The research gap between the theoretical concepts and the practical realities will equip the project participants with specific recommendations and interventions that can be effectively applied by the professional community and policymakers in the fields of project efficiency, governance, and sustainable performance enhancement.
To help practitioners, it is suggested that project teams should have a step-by-step implementation strategy, that is, firstly, the training in basic Lean tools, and secondly, the formal teamwork between stakeholders by using such a system as LPS. The outcomes can also be improved by investing in real-time data systems and matching the LSS initiatives with organizational goals. These observations are consistent with the previous studies which highlight the necessity of modifying the Lean principles to the specifics of construction. Future studies must examine ways of scaling the digital solutions and address resistance of adoption of LSS to LSS in diverse construction environments.
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