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Abstract

Question: How have Lean Construction principles been applied in building projects, and what
challenges and benefits have been identified in their implementation?

Purpose: The purpose of this paper is to systematically review the application of lean
principles in building projects to determine widely used tools, associated benefits,
barriers, and research gaps. It aims to explore the evolution of the lean idea from a
foundational approach to a digital-integrated framework.

Research Method: A systematic literature review conducted using the PRISMA framework.
Searches were conducted in Scopus, Web of Science, and Google Scholar using Specific
Keywords. After applying the inclusion and exclusion criteria and removing duplicates,
83 studies published between 2007 and 2025 were included in the analysis.

Findings: The review reveals that the Last Planner System® (LPS®) is the most widely
implemented tool, offering quantifiable benefits in cost, time, and workflow. Value
Stream Mapping (VSM) and 5S improve operational efficiency but remain limited in
application. Tools such as Just-in-Time (JIT), Target Value Design (TVD), and Set-Based
Design (SBD) are underexplored. Significant barriers include interoperability issues, less
leadership initiative, and inadequate training. The integration of the Lean-BIM-Digital
framework is evolving but lacks empirical validation.

Limitations: Most reviewed studies are case-based and qualitative, making them difficult to
generalize. Research is mainly focused on the construction phase, with minimal
attention to design and procurement stages.

Implications: The findings show the need for standardized performance indicators, stronger
empirical methods, and broader application of lean-digital integration. Industry
practitioners and policy makers can use these insights to improve lean implementation.

1 Lean principles in construction practitioner and educator. +251924304114 abelzenebe2@gmail.com AASTU CMC
street Addis Ababa, Ethiopia.
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Value for Authors: This review tries to connect fragmented knowledge, provides a
comprehensive approach to lean practices in building projects, and guides future
research toward quantifiable, technology-oriented solutions.

Keywords: Lean Construction, Building projects, Last Planner System® (LPS®), BIM integration,
Challenges, Benefits, Systematic literature review

Paper type: Review Papers

Introduction

Lean Construction is a new approach to production management in construction that
focuses on using minimal resources to meet customer expectations. It is on the idea that
individual performances can bring about change and contribute to the whole production
process. The central idea of this approach is combining planning and control to minimize
process waste and improve workflow reliability. More importantly, the lean principle focuses
on system-level performance rather than individual-level efficiency (Howell 1999).
Abdelhamid (2004) further describes how enhancing construction performance by reducing
waste aligns with the customer perspective. It highlights the need for early problem
identification, accurate workflows, and continuous improvement rather than delay and
inconsistency. In addition, Lean takes a holistic approach to selecting and planning production
systems, aiming to reduce waste while maximizing results for all stakeholders. In construction,
this can be assured through the flow of materials, information precedence, and focusing on
smooth work procedures rather than isolated productivity gains (Abdelhamid et al. 2008).

If there needs to be a shift from managing activities to managing production flow
through intensive planning, the lean principle is necessary. Ballard articulates that objectives
can be achieved when work is planned, plans are realistic, and people who perform the tasks
are flexible and able to control the process. Therefore, Lean helps to minimize uncertainties,
learn from past failures, and encourage individual efforts (Ballard 2000). Mossman (2018)
highlights that Lean is a systemic or collective approach rather than a single effort and
emphasizes that this is how construction work can be improved. Lean is derived from factors
such as context, people, and purpose; therefore, these three factors, among others, must be
met for the lean principle to deliver value. The LCJ Editor’s Note (2022), as a leader in Lean
Construction Knowledge, also invites the community to see Lean Construction as a philosophy
that considers work, value, and human collaboration as the backbone for project success.

In more recent studies, research has shown that applying Target Value Design (TVD), in
which cost, value, and purpose guide design and other tasks from the beginning, yields better
results. The authors try to show how lean thinking can minimize costs at the project's
inception stage rather than rushing to cut expenses afterward. When projects focus on value
rather than contracts, objectives can be achieved and projects become cheaper (Pasquire et
al. 2012). The existing body of knowledge demonstrates that lean principles are well theorized
and well supported in improving construction project performance across various dimensions.
Additionally, advancing the adoption of digital technology in lean principles establishes a
knowledge base for the future.
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Ambiguous ROI with higher-order BIM applications (e.g., 5D, 6D, and 7D). Third, phase
coverage is uneven, with empirical research dominated by the construction phase. In contrast,
early design, along with Target Value design, set-based design, and takt planning, where the
bulk of performance gains can be captured, remains in the dark and underexplored. Fourth,
Contextual Bias limits transferability. Reviews from Mainland China have highlighted that
findings of country-specific drivers, policy settings, and organizational cultures shape adoption
pathways (Hussain et al., 2014). Fifth, the outcome measurement is varied and complex;
reviews have shown that KPIs and follow-up periods differ significantly, making it challenging
to summarize across various building types. Lastly, the links between sustainability and safety
are meaningful yet inconsistently applied in building contexts. Many studies consider
environmental and safety parameters for effective lean implementation, but there remains a
lack of longitudinal studies. Collectively, these gaps derive the necessity for a systematic
review focused specifically on building projects that (i) establish quality appraisal criteria, (ii)
standardize outcome metrics (schedule, cost, rework, waste, safety), (iii) differentiates
design from construction phase interventions, (iv) distinguishes private from public sector
procurement, and assesses Lean-BIM integrations by maturity and empirical validation. Such a
review plays a crucial role in developing standards that are suitable for successful adoption in
buildings.

Given the limited and inconsistent existing literature, this review aims to clarify the
application of Lean Construction, specifically in building projects. The guiding research
question is “How have Lean Construction principles been applied in building projects, and
what challenges and benefits have been identified in their implementation?” This question is
intentionally selected to encompass the actual use of lean techniques in building projects,
including the Last Planner System® (LPS®), Just-in-Time delivery, 55, and Target Value Design.
This paper aims to be comprehensive and systematic, resulting in contributions in three
dimensions. The first step is to gather and organize studies from previous case studies or
contexts, and to review the lean principles in practice. The second one is identifying and
categorizing the benefits and challenges of lean implementation in different contexts. Third,
it will highlight weak areas or the absence of empirical evidence for studies and guide future
research directions. Therefore, the aim of this review is not only to document previous studies
but also to provide real steps that enhance the outcomes of implementing lean practices in
building projects.

Methodology
Search Strategy

The following table summarizes the search strategy this study has followed, based on the
Prisma 2020 guidelines. These databases were selected to ensure the inclusion of high-quality
papers on Lean Construction research. Scopus and Web of Science were selected for their
coverage of diverse multidisciplinary subjects, and Google Scholar was used to reduce the risk
of omitting relevant publications.
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Table 1: Database Search Strategy

Database Platform Full search strategy Limits/ Filters applied
(Boolean operators as used)
Scopus Elsevier Scopus (“Lean Construction” AND = Years: 2007-2025

Web of Science
(WOS)

Google Scholar

Clarivate WoS
core collection

Google Scholar

barriers) OR (“Lean
principles” AND benefits) OR
(“Implementation of Lean
Construction”) OR (“Lean
Construction in building
projects”)

(“Lean Construction” AND
barriers) OR (“Lean
principles” AND benefits) OR
(“Implementation of Lean
Construction”) OR (“Lean
Construction in building
projects”)

(“Lean Construction” AND
barriers) OR (“Lean
principles” AND benefits) OR
(“Implementation of Lean
Construction”) OR (“Lean
Construction in building
projects”)

Language: English
Document types:
journal articles, review
papers, conference
papers

Subject area:
Engineering and
Construction

Full-text availability
required

Excluded: healthcare,
manufacturing, IT and
other sectors.

Years: 2007-2025
Language: English
Document types:
journal articles, review
papers, conference
papers.

Subject area:
Engineering and
Construction

Full-text availability
required

Years: 2007-2025
Language: English
Document types:
journal articles, review
papers, conference
papers

Full-text availability
required

Excluded: theses, book
chapters, editorials

Interrater Screening Agreement

Studies were selected based on a consensus-based screening process. Two independent
reviewers reviewed titles, abstracts, and full texts against predefined inclusion and exclusion

criteria.

Interrater agreement was computed using Cohen’s Kappa (k) as a reference for
accuracy. The screening process resulted in a high level of agreement, with a substantial
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interrater reliability (k> 0.7). Any other variations were resolved through discussions, and no
study was included without dual agreement.

One limitation flagged here is that the reported interrater agreement is based on
consensus rather than independently logged screening decisions, which can significantly affect
the numerical kappa value.

Quality Appraisal Method

The Mixed Methods Appraisal Tool (MMAT) was used to cross-check the methodological
quality of included studies against a structured approach. This is needed because the review
included qualitative case studies, quantitative empirical studies, mixed-methods research,
and systematic reviews.

Five Criterions defined (Q1-Q5). Each criterion is scored on a scale from 1.0 (full
adherence) to 0 (lack of evidence).

Appraisal Criteria and Scoring Logic
The included studies were evaluated based on the following mechanisms.

= Q1: Research Clarity: objectives clarity assessed.

= Q2: Methodological Appropriateness: The methodology section was cross-checked
against the research questions

= Q3: Transparency of Lean Implementation: Here, the evaluation of how clearly Lean
tools have been carried out takes place.

= Q4: Outcome Measurement Rigor: measurable indicators to track results identified.

= Q5: Validity &Transparency: research limitations identified and applicability of results
to the context.

Quality Grading Classification

= High Quality (Score 4.0-5.0): These papers show feasible methodology, clear
objectives, and an achievable lean application.

* Moderate Quality (Score 3.0-3.5): The papers are relevant, but they may lack
feasibility in either methodology clarity or approach for limitation.

= Low Quality (Score < 3.0): may have a less clear objective or unreachable research
question, but provides theoretical value to the review.

Quantitative Results of the Appraisal
Overall, the quality of the included literature is high, which increases the credibility of
the systematic literature review. The quantitative breakdown of the 83 studies included is
presented as follows:
= Overall Quality Distribution: 63.8 % (53 studies) were classified as High Quality;
whereas 34.9% (29 studies) were Moderate Quality. Only 1.3 % (18 studies) were of
low quality due to limited discussion on validity.
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= Performance Criterion: Research Clarity (Q1) has shown the highest compliance
with an average of (0.9/1.0), which indicates most authors have clear objectives.
Methodological Appropriateness (Q2) and Lean Transparency (Q3) have an average
score of 0.83 and 0.81, respectively, indicating appropriate methods and tools for
lean implementation. Validity & Transferability (Q5) is assumed to be the most
challenging area for researchers, with a mean score of 0.62, indicating less effort
to describe the limitations of the context.

The Quality appraisal process in MMAT format is summarized in Appendix A.

Classification Of Studies

To improve study quality, a predefined coding framework was used. The first studies
were categorized based on the lean tools or principles they applied. This indicates that
general lean principles accounted for (n=25; 30.5%), BIM-enabled lean approaches (n=13;
15.9%), whereas the Last Planner System® (LPS®) (n=11; 13.4%) was mainly investigated. In
contrast, Integrated Project Delivery (IPD) AND Target Value Design (TVD) are covered less,
with each (n=5 or less). In the meantime, emerging digital-lean hybrids such as BIM-Digital
Twin, loT/Al-enabled lean) accounts for 10% or less, indicating the need for further research
in the area.

Studies were also further classified by Project Phase; the majority focused on design
and planning, while some concentrated on the construction stage. In terms of Outcome
metrics, most studies have associated their work with project performance (n=9), process
efficiency (n=7), productivity (n=7), and cost and time outcomes (n=4 each). In contrast,
studies on sustainability, Safety, and waste remain minimal, with a count of 2 or fewer for
each.

Regarding Study Design, most of the literature follows conceptual and theoretical
methods to address the study gap, but limitations remain. Empirical case studies, in
combination with mixed methods, also help at a moderate level of methodological maturity.
The Context of studies also shows a balance where there is a strong focus on International and
developing countries. Several studies from Africa, Asia, and Latin America account for the
largest share, whereas Europe is less frequently represented.

To ensure study quality, studies were evaluated against the (tool-phase-outcome-design-
context) framework to reduce subjectivity and increase their validity. This multi-criteria
analysis helps to produce a reproducible synthesis of studies and to identify gaps and indicate
future directions.

The detailed coding scheme for the (tool-phase-outcome-design-context) process is
shown in Appendix B.
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Identification of new studies via databases and registers

= Records removed before screening:
2 Records identified from: Duplicate records (n = 66)
é Databases (n = 3) —» Records marked as ineligible by automation
= Registers (n =0) tools (n = 66)
5 Records removed for other reasons (n = 0)
Records screened | Records excluded
(n=91) (n=66)
> Reports sought for retrieval Reports not retrieved
= (n =25) (n=0)
&
3
Reports excluded:
Reports assessed for eligibility | Reasont (n = NA)
(n = 25) Reason2 (n = NA)
Reason3 (n = NA)
New studies included in review
k: (n=83)
2 Reports of new included studies
£ (n=83)

Figure 1: Prisma 2020 flow diagram
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Result and Interpretation

Descriptive Overview of the Evidence Base

Publications by Year

The publications over the years reveal two phenomena: a period from 2007 to 2016
characterized by slow and exponential growth, and from 2017 onwards, considerable growth,
peaking in 2023 in both volume and breadth.

Publications By Year
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Figure 2: Trend of Publications over time

A total of 83 studies were included in the final synthesis. A significant upward trend in
publication volume is observed from 2017 onwards, with 60% of the corpus ($n=50$) published
between 2017 and 2025. This surge signifies a fundamental transition in the field's "frontier”:
moving away from conceptual frameworks toward implementation-focused, digitally
integrated Lean Construction research.

Lean Outcomes Linked to Production Control Metrics

To reduce subjectivity bias, studies were further classified based on production control
metrics commonly used in Lean Construction: Percent Plan Complete (PPC), Constraint
removal rate, rework reduction, work-in-progress (WIP), throughput, and workflow reliability.

=  Workflow reliability (PPC): comparatively widely reported in about n=18 studies,
where the Last Planner System® (LPS®) is effectively used. PPC values ranged from
55% to 85%, with a median improvement of 15-20% due to lean adoption.

= (Constraint removal: n= 11 studies have identified constraints during planning phases,
which can substantially help PPC gains. In addition, a reported increase in
performance, with a 20% to 45% reduction in unresolved constraints.
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= Rework reduction: 14 studies show rework outcomes, especially when LPS® combines
with BIM-based coordination, reporting decreases of 10% to 35%.

o Work-in-Progress (WIP): n= 9 studies have reported that lean logistics and JIT -enabled
implementations have shown 15 to 30% WIP reduction, particularly in recurring building
projects.

= Throughput and cycle time: 12 studies show that projects emphasizing work packaging
and takt-informed planning achieve a 10-25% reduction in cycle time.

Heatmap of Lean Tools by Typical context of Use

Last Planner System (LPS)

= Just-in-Time (JIT) Legend
g ] .
E ‘(\f’\?:; )Stl eam Mapping Not present
w
-
Present

58

Target Value Design (TVD)

Set-Based Design (SBD)

Context of Use

Figure 3: Heat map of Lean tools by typical context of use

Phase-Based Comparison: Design, Construction, and Procurement
Studies have shown a varied lean performance by project phase:

= Design phase (n=17): studies that focus on Target value design (TVD) AND Set-Based
Design (SBD) reported an 8-15% increase in cost balance and earlier constraint
reduction. However, production control metrics were less evident.

= Construction phase (n=48): the quantitative metrics shown are higher than in any
other stage, with the median PPC improvement outcome showing 18% rework
reduction and a schedule update of approximately 10% to 20%.

=  Procurement and Logistics (n=18): lead-time has reduced between 12-30% when Lean-
JIT and digital logistics were implemented. As a result, it has been evident that there
has been a reduction in WIP and material storage waste.
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Contextual Comparison: Public Vs. Private Projects

= Public - sector projects (n=26): a report shows that most public-sector projects are
characterized by tight procurement processes and decentralized contract types,
which result in 5 to 15% PPC gains, indicating further improvement.

= Private-Sector Projects (n=34): PPC improvements have drastically increased,
exceeding 20%, and a constant rework reduction.

= Mixed or unspecified contexts (n=23): contain mixed results and applied a few
standardized metrics.

Thematic Categorization of Lean Practices

The reviewed literature highlights the application of a limited number of LEA tools for
implementation, as clearly shown in Table 2. The Last Planner system® (LPS®) is the tool used
frequently, with an approximate adoption rate of 13-14% of the total sample or (n=11). This
may indicate the focus towards site-level production control, workflow smoothness, and short-
term planning.

Table 2: Frequency of Lean tools used in reviewed studies

Lean Tools Frequency

55 4
Just-in-Time (JIT) 4
Last Planner System (LPS) 26
Set-Based Design (SBD) 1
Target Value Design (TVD) 4
Value Stream Mapping

(VSM) 2
Grand Total 41

Value Stream Mapping (VSM) and 5S are infrequently used in the reviewed literature,
where their application is more common in support systems than in production processes. It
further describes principles such as waste minimization and workplace coordination, which are
known in theory but rare in practice.

Design-phase lean tools are applied modestly. Target Value Design (TVD) and Set-Based
Design (SBD) appear 5(five) or fewer times. This indicates the imbalance in the empirical
evidence presented about the importance of these tools, especially in the early stages of a
project's life cycle.

Digital lean integrations, such as BIM-Digital Twin, IoT, or Al-enabled lean, account for
only 10% or less in the reviewed literature. This clearly articulates that there is still a gap in
data-driven lean approaches, and that the field is still in its infancy and needs further
research.
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In a nutshell, the reviewed literature identifies an inadequate scope of lean
implementation, with the application of LPS® and construction-stage adoptions taking the
primary role. | contrast the design level and digital-oriented lean tools, which still exhibit a
slow adoption rate and fewer discoveries. These identified study gaps will serve as the
foundation for future performance measurement studies within building projects.

Benefits and Challenges: A categorized view

Benefits

The application of lean principles in building projects has demonstrated tangible
operational benefits, including cost savings, time reductions, and waste reduction. Cost
savings are the primary results of site-level lean practices. Recent studies have shown that by
facilitating workflow and minimizing rework through the Last Planner System® (LPS®), projects
can benefit from reductions in variation-driven costs (Sepulveda et al. 2023). Studies have
shown that applying lean principles has led to fewer schedule overruns, less rework, and more
flexible procurement practices, thereby reducing deliberate orders and ultimately
contributing to significant monetary savings on Projects (Gil Sebastian et al. 2025).

Time reduction is the most visible benefit on the ground. Various papers have suggested
that integrating LPS®, work packaging, and integrated planning will improve the percentage of
completed plans and the look-ahead schedule, resulting in shorter construction durations and
fewer late finishes (Sepulveda et al. 2023). In addition, when lean principles are supported by
logistics innovation (an updated version of Just-in-Time), it helps reduce lead time. It
facilitates fast material transactions, which, in turn, support site activity and handover (Raza
et al. 2021).

Waste minimization - a 2D recurring benefit in (material and process waste). Papers that
apply Value Stream Mapping (VSM) and waste-reduction exercises have made considerable
progress in minimizing material waste, reducing site idle time, and reducing non-priority
activities (Tezel et al., 2022). In practice, simpler tools such as 55 help minimize small daily
losses (e.g., tool search time, misplaced materials), which, in turn, contribute to meaningful
waste reduction.

Challenges

Technical barriers: Several studies indicate that digital interoperability is a significant
challenge. For instance, when teams try to practice LPS® using AR or location mechanisms,
they often face data standardization problems that affect expected efficiency (Reinbold et
al., 2019). In short, even though technology exists, incorporating it into everyday work routine
remains a technical shortcoming.

Organizational barriers: these are the most common barriers and include a lack of
awareness of lean principles, resistance to change, leadership willingness, and training gaps.
Many studies show that when management support for training and development is weak, the
likelihood of human error is highest (Haghsheno et al. 2020). Resistance to change is
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characterized as slow compliance to standards (to use the old way of doing things) (Dargham
et al. 2019).

Policy and contractual barriers: many papers call for proper procurement procedures,
organized contracting guidelines, and good incentives to prevent structural drawbacks.

Research on IPD across countries has indicated that without proper contractual forms
and payment systems, lean initiatives could be at risk (Gomez et al. 2018). Additionally,
limited procurement capacity also restricts the ability and willingness to develop entirely new
delivery frameworks (Huaman-Orosco et al. 2022).

Benefits and Challenges of Lean Construction in Building Projects

Lack of Training

Cost Reduction

Lower project costs and Insufficient skills and knowledge.

minimized waste.

(./\ Improved Efficiency
ill Enhanced productivity

and streamlined workflow.

S

Interoperability Issues

Integration problems with BIM/IT systems.

AVAVAVAYAY o S0V

Time Savings

LEAN CONSTRUCTION Resistance to Change

| : | o Cultural barriers and reluctance.

Faster project delivery
and reduced delays.

Quality Enhancement

ﬂ Sustainability Concerns
&9

Difficulty in long-term environmental
7 practices.

Higher quality standards
and fewer defects.

Improved cost, time, and quality outcomes. Barriers to effective implementation

Figure 4: Key Benefits and Challenges associated with Lean Construction implementation
in building projects

The logical connection between the benefits and barriers is straightforward: the process
that creates savings and time gains (smooth workflow, adequate supply, and early design
decisions) requires technical capacity, leadership commitment, and aligned payment
provisions. Where projects are completed within reasonable cost and time constraints, it
substantially indicates leadership capacity and willingness (Gil Sebastian et al. 2025). In
contrast, if gains are absent or poor, it is primarily due to adoption resistance, inadequate
training, or interoperability issues (Raza et al. 2024).
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Conclusion

This review can direct immediate, practical implications for building project participants
in two main ways. First, practitioners can facilitate the organized implementation of
fundamental lean tools, such as the Last Planner System® (LPS®), as a basis for lean
implementation in conjunction with basic production metrics, including Percent Plan
Complete (PPC), constraint removal, and rework rates. The findings showed that accurate and
consistent planning can bring in cost and time benefits through the adoption of digitally
oriented lean processes.

Second, Companies should exercise lean efforts at early design stages by incorporating
tools such as Target Value Design (TVD) and Set-Based Design (SBD). Where cost balance and
value can be added before construction activity commences.

Future research should first address these gaps by employing a quantitative, longitudinal
approach, mainly focusing on the design and planning stages, where lean’s systematic
priorities remain undiscovered. Scholars should also place greater emphasis on Lean-BIM-
Digital frameworks, focusing on interoperability tools and empirical validation. Furthermore,
studies should examine different project scenarios, both public and private, across countries
and regions, to gain a broad understanding of diverse settings. Ultimately, future studies
should incorporate digital technologies, sustainability innovations, and lean principles to
address the existing gaps.

Beyond its academic contribution, this study aims to deliver practical improvements to
site-level activities for practitioners. The evidence can be applied to a field-oriented playbook
that integrates frequently used lean tools (such as LPS, JIT, VSM) into standard building
project parameters. Case vignettes are another practical enhancement this study can offer, as
the findings from the reviewed studies indicate that the application of lean principles has
improved project outcomes. Additionally, a Validation checklist can be proposed to ensure
project teams are ready to implement lean principles, tools, and processes, and to assess
training capacity and leadership initiation.
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APPENDIX A

This Appendix contains the quality appraisal list for studies included in the

review process.
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Appendix B

This Appendix includes the classification in codes of the studies based on
lean tools, project phase, outcome metrics, study design and context

General Operational
Abdelhamid et al. 2008 Lean General Efficiency Theoretical International
Pre-
Zimina et al. 2012 TVD construction Cost Conceptual International
Deign/ Cost, Time,
Limenih et al. 2022 LPS Planning Waste, Quality Conceptual Ethiopia
Hettiaarachchige Design/
et al. 2022 IPD Planning Productivity Conceptual Sri Lanka
Operational
Gomez et al. 2018 IPD General Efficiency Conceptual Peru
Cost, Time,
Ratajczak et al. 2019 BIM Construction Productivity Conceptual International
Musharavati et al. 2023 General General Productivity Survey International
Cost, Time,
Marut et al. 2023 General General Waste, Product Survey International
General Pre- Operational Literature
Ballard et al. 2009 Lean construction Efficiency review International
LPS, IPD, Pre- Cost, Time,
Gil Sebastian et al. 2025 TVD construction  Quality Survey Spain
Time, Quality,
Li et al. 2019 LPS Construction Productivity Survey Dublin
Design/Plann Cost, Time,
Ladhad et al. 2013 LPS ing Quality Case Study  USA
Design/Plann Operational
Piitz et al. 2021 LPS,5S ing Efficiency Theoretical Lima
Design/Plann
Rashidan et al. 2023 BIM, IPD ing Productivity Survey Australia
Design/Plann
Petdjaniemi, P. 2023 IPD ing Cost, Time Empirical Finland
Design/Plann
AlSehaimi et al. 2014 LPS ing Time Survey Saudi Arabia
Design/Plann
Rodrigues et al. 2023 BIM, IPD ing Cost Empirical Norway
Design/Plann
Tilmann et al. 2017 IPD, TVD ing Cost Case Study Greece
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Design/Plann

Cost, Time,

Khanh et al. 2016 LPS ing Productivity Survey Vietham
Design/Plann Waste
Maillet et al. 2023 LPS, BIM ing Reduction Empirical France
Water,
Design/Plann Quality, Literature
Reinbold et al. 2019 BIM ing Productivity review Finland
Operational Literature
Hunt et al. 2018 LPS Construction Performance review New Zealand
Design/Plann Literature
Gabi et al. 2023 LPS ing Time review International
Design/Plann
Haghsheno et al. 2020 IPD ing Cost, Quality Theoretical Germany
Cost, Time,
Design/Plann Quality,
Li et al. 2018 BIM ing Product. Survey China
Time,
Tayeh et al. 2018 LPS Construction Productivity Survey Gaza Strip
Cost, Quality,
Design/Plann Product, Literature
Moradi et al. 2023 BIM ing Safety review International
Cost, Time,
Gomez-Sanchez et Waste, Literature
al. 2019 BIM Construction Product. review Columbia
Lean Design/Plann Time, Waste, Literature
Sirwadhana et al. 2023 Principles ing Productivity. review International
Lean
Heller, D. P. 2023 Principles Construction Productivity Case Study International
Operational
Fauchier et al. 2021 LPS Construction Performance Case Study France
General/Man Cost, Time,
Smith & Ngo 2017 LPS agement Knowledge Theoretical USA
Lean
Constructio Construction
Wandahl et al. 2021 n /Renovation  Productivity Case Study Denmark
Lean
Constructio Cost, Time,
Shaqour, E. 2022 n Design Phase Knowledge Theoretical Egypt
BIM, Digital Construction
Daniotti et al. 2022 Twin /Renovation Time Theoretical Italy
Azizi et al. 2024 BIM Design Phase Cost, Time Theoretical Egypt
General/Man
Fonseca et al. 2024 BIM agement Productivity Survey Spain
Lean
Constructio Construction Literature
Iparaguirre et al. 2023 n /Renovation  Productivity review Peru
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Lean
Moradi & Constructio General/Man Project Literature
Sormunen 2022 n agement Performance review Finland
BIM, Digital Project Literature
Sepasgozar et al. 2021 Twin Design Phase Performance review Australia
Project
Azhar et al. 2023 BIM Design Phase Performance Theoretical USA
Lean Planning/ Project Railway/
Ivina & Olsson 2020 Principles Maintenance Performance Theoretical Global
Prefab/ Project
Yuan, Z. et al. 2020 Modular Assemebly Performance Empirical China
Project Literature
Diaz Schery et al. 2023 BIM General Performance review International
Lean
Jiang, L. et al. 2019 Principles General Org. Capability Theoretical China
Lean
Matysa, T. et al. 2024 Principles General Work Safety Theoretical International
Berraoir, F. et al. 2021 JIT/ Kitting  General Carbon, Cost Case study International
Project
Gbadamosi et al. 2019 BIM, Prefab Assembly Performance Technical International
Uvarova, S.S. et Process
al. 2023 BIM General Efficiency Theoretical International
Lean Project
Chuquin, F. etal. 2021 Principles Design/Eng.  Performance Case Study Peru
Lean Project
Poshdar, M. et al. 2021 Principles General Performance Theoretical International
Process
Rossini et al. 2017 BIM, ABM General Optimization Empirical Italy
Lean Tech Adoption
Perera et al. 2023 Principles General Rate Empirical Sri Lanka
Lean System
Musa, M.M. et al. 2023 Software General Usability Empirical Nigeria
Huaman-Orosco et Lean Adoption
al. 2022 Principles General Barriers Empirical Peru
Anandh, A.K.S. et Lean Teaching/
al. 2018 Principles General Adoption Exploratory India
Lean System
Aslam, M. et al. 2024 Principles General Effectiveness Survey Pakistan
Flores Peluffo et Lean
al. 2024 Principles Design Phase Security/ Risk Empirical Spain
) Process
Pino Alvarez et al. 2024 BIM, Al Procurement Efficiency Empirical Chile
Lean Design
Luo, J. 2022 Principles Design Phase efficiency Empirical China
Lean Construction Journal 2026 page 27 www.leanconstructionjournal.org

©959

http://creativecommons.org/licenses/by-nc-nd/4.0/



Negash: A Systematic Literature Review on the Application of Lean Construction Principles in
Building Projects: Benefits, Challenges, and Future Research Directions

Lean Value
Khalife, S. et al. 2023 Principles General Generation Theoretical International
Implementatio
Devkar et al. 2018 CBA Education n Readiness Theoretical International
Deconstructi Process
Elmaraghy et al. 2018 BIM on Efficiency Empirical International
Lean Process
Bolpagni et al. 2017 Principles Management Efficiency Theoretical USA
Lean Waste
Senarathna et al. 2021 Principles Management management Theoretical Sri Lanka
Lean Implementatio
Sarhan et al. 2018 Principles Management n Readiness Theoretical Saudi Arabia
Lean Implementatio
Romo et al. 2024 Principles Management n Readiness Survey International
Lean Process
Jiang, L. et al. 2023 Principles Execution Efficiency Empirical International
Lean Labor Literature
Lee, T.Y. et al. 2023 Principles Execution Productivity review International
Modular/Off Organization Process
Ortega, J. et al. 2021 -site al Efficiency Theoretical International
Strategic Implementatio
Wang et al. 2025 IloT/Sensors Planning n Barriers Theoretical international
loT/Sensors  Public Tech Mixed-
Ugural et al. 2024 |, Al Sector Readiness Methods Iran
Noueihed & Lean Human Tech
Hamzeh 2022 Principles Factors Readiness Theoretical International
Human Systematic
Davoudabadi et al. 2022 BIM Factors Team Synergy  Review International
Lean Strategic Implementatio
Al Balkhy et al. 2021 Principles Planning n Barriers Theoretical Jordan
Lean Strategic Systematic
Sarhan, S. et al. 2018 Principles Planning Sustainability Review International
Lean Organization
Simon, S.M. etal. 2018 Principles al org. Culture Case Study International
3D Printing/ Strategic
Raza, M.H. et al. 2024 AM Planning Sustainability Theoretical International
Moradi & Lean Strategic Implementatio  Systematic
Sormunen 2023 Principles Planning n Barriers Review International
Lean Mixed-
Christensen etal. 2019 BIM Planning Cost Methods International
Ahmed et al. 2020 LPS Construction Time Conceptual Sweden
Process
Aslam, M. et al. 2021 TVD Planning Efficiency Case Study International
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