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Abstract - This paper provides a systematic review of the 5S and Kaizen methodologies as documented in Science 

Citation Index (SCI) literature from 2013 to 2025. Once viewed strictly as manufacturing tools, these Japanese 

management philosophies have evolved into universal frameworks for operational excellence. The study analyses 

their implementation across manufacturing, healthcare, construction, and the service sector, while exploring recent 

integration with Industry 4.0 technologies including IoT, digital twins, and artificial intelligence. The review 

consolidates data from 33 primary SCI studies, revealing statistically significant performance improvements 

across all sectors. Quantitative findings include a 370% efficiency improvement in construction, a 43.39% 

performance increase in Indian tertiary hospitals, a 53% occupational risk reduction in wood processing, and an 

82% reduction in information search time in the apparel industry. The digitisation of lean tools under the Lean 4.0 

paradigm offers new pathways for reliability and scalability. Findings consistently indicate that the 'Sustain' 

(Shitsuke) phase remains the primary barrier to long-term success, and that leadership commitment is the 

dominant critical success factor. 
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1. INTRODUCTION 

The global industrial landscape has faced unprecedented volatility between 2013 and 2025, driven by 
technological acceleration, shifting market demands, and systemic disruptions such as the COVID-19 pandemic. 
Central to the survival and growth of modern organisations is the Kaizen philosophy—meaning “change for the 
better”—and its foundational discipline, the 5S methodology. As noted in the foundational text by Imai [43], 5S 
is both the starting point and the ultimate goal of any continuous improvement journey. 
This paper synthesises 33 SCI-indexed studies published between 2013 and 2025, spanning manufacturing, 
healthcare, construction, mining, food & beverage, and digital applications. The overarching finding is that 5S-
Kaizen is not a relic of industrial-era thinking but a living framework capable of absorbing and leveraging Industry 
4.0 technologies, including IoT, digital twins, and AI. 
The remainder of this paper is structured as follows. Section 2 presents the theoretical framework. Section 3 
analyses sectoral implementation. Section 4 synthesises quantitative results. Section 5 examines the Lean 4.0 
digital evolution. Section 6 addresses the critical Sustain challenge. Section 7 provides the annotated review and 
Section 8 concludes. 

1.1 Research Growth Trend 

The volume of SCI publications on 5S-Kaizen has grown substantially, with particular acceleration post-2022 as 
researchers explored the intersection of lean methodologies with digital transformation (Fig. 1.1). The cumulative 
evidence base now spans every major industrial sector. 

 

Fig. 1.1 Annual growth of 5S-Kaizen SCI publications (2013–2025) 
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2. THEORETICAL FRAMEWORK 

The 5S system—Seiri (Sort), Seiton (Set in Order), Seiso (Shine), Seiketsu (Standardise), and Shitsuke 
(Sustain)—is no longer defined as a housekeeping programme. Randhawa and Ahuja [36] established that 5S 
serves as the stability layer required for advanced lean tools including Just-in-Time (JIT) and Total Productive 
Maintenance (TPM), and is most accurately described as a visual control system. 
Kaizen operates as the engine of the improvement cycle, focusing on participatory, small-scale changes that 
accumulate into substantial productivity gains [43]. Sihombing et al. [3] confirmed, in their systematic review of 
45 articles, that 5S is the single most widely deployed Kaizen tool across all sectors. Fig. 2.1  illustrates the sectoral 
distribution of reviewed publications. 

 

Fig. 2.1 Sectoral distribution of 5S-Kaizen SCI publications (2013–2025) 

3. SECTORAL IMPLEMENTATION AND IMPACT 

3.1 Manufacturing and Engineering 

Manufacturing remains the most prolific sector, accounting for approximately 34% of all SCI publications 
reviewed. Upadhyay [2] documented significant reductions in cycle times and improved employee commitment 
in processing industries. Fitri and Putra [15] reported that while productivity increased at PT XY, standardisation 
and employee discipline were the primary implementation challenges. 
Quantifiable gains include: a 30% average increase in usable storage space; production system efficiency 
improvements from 67% to 88.8%; and an 82% saving in file-searching time via digital 5S practices in the apparel 
industry [27]. Tooling manufacturers report up to 70% improvement in storage space utilisation through Sort and 
Set-in-Order phases alone. 

3.2 Healthcare Quality Improvement 

Healthcare is the second-largest application domain (22% of reviewed publications). Katiyar et al. [1] documented 
a 43.39% increase in hospital performance scores alongside significant decreases in pharmacy and emergency 
room turnaround times. The Ochsner Health System study [42] reported a 15.7% improvement in warehouse space 
utilisation through a hybrid 5S approach. 
Ezzeddine et al. [30] demonstrated that 5S significantly predicts employee performance (F = 32.887, p < 0.001), 
with measurable reductions in daily workload and staff stress levels. PDCA cycle applications in psychiatric hand 
hygiene (Xiang et al. [18]) confirm the effectiveness of structured Kaizen loops in clinical settings. 

3.3 Construction and High-Risk Industries 

Chougule et al. [16] demonstrated that 5S on commercial building sites yields productivity gains of 15–25% and 
waste reduction of up to 30%, driven primarily by improved material organisation and visual safety management. 
Gümüşhane University [12] documented a 53% reduction in occupational risk within a 14-day implementation 
window in wood processing workshops—one of the most dramatic short-term safety outcomes in the reviewed 
literature. 
In coal mining, Mawih et al. [32] employed 5S and Kaizen to improve QCDMPE indicators (Quality, Cost, 
Delivery, Morale, Productivity, and Environment), confirming the methodology’s validity in extreme operational 
environments. 

3.4 Service Sector and Digital Applications 

dos Santos et al. [6] applied Lean Six Sigma 4.0 in food and beverage, finding that training significantly improved 
service recovery performance. Retention was positively correlated with Kaizen implementation (β = 0.277, 
p = 0.001) when aligned with personal employee values. A landmark UK study documented a 15% reduction in 
information search time by applying 5S to digital IT file systems [28]. 
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4. QUANTITATIVE COMPARATIVE RESULTS 

Table 4.1 consolidates the key performance metrics documented across SCI literature from 2013 to 2025. All 
figures are drawn from peer-reviewed studies. Where percentage calculations involve normalised baselines, this 
is indicated in the reference column. 

Table-4.1 Performance metrics: pre- and post-5S-Kaizen implementation (2013–2025) 

Sector Metric Pre-

Impl. 

Post-

Impl. 

Change 

(%) 

Reference 

Construction 5S Practice Efficiency 14–24% 87–91% +370 Chougule et al. (2024) 

R&D 

Laboratory 

Performance Audit 

Rating 

1.6/5.0 3.44/5.0 +115 Singh et al. (2024) 

University 

Lab 

Task Completion Time 1,069 s 437 s −59 SCI, 2023 

Healthcare Hospital Cycle Time 100% 

(base) 

<50% −50+ Katiyar et al. (2025) 

Wood 

Processing 

Occupational Risk 

Level 

Baseline 47% of 

base 

−53 Gümüşhane (2025) 

F&B Service Staff Retention Intent High 

Turnover 

β=0.277** Sig. dos Santos et al. (2025) 

Digital Office Information Search 

Time 

Baseline 85% of 

base 

−15 Biondić et al. (2022) 

Tooling Mfg. Storage Space Freed Cluttered 70% freed +70 SCI, 2022 

Healthcare 

WH 

Warehouse Space Baseline +15.7% +16 Ochsner (2013) 

Apparel Ind. File Search Time Baseline 18% of 

base 

−82 Islam et al. (2022) 

 
Fig. 4.1 provides a comparative visualisation of the pre- and post-implementation data from Table 1. The radar 
chart (Fig. 4.2) reveals distinct strength profiles across sectors: manufacturing excels in productivity and quality 
improvement; healthcare demonstrates the highest safety and engagement impact; construction leads in waste 
reduction. 

 

 

Fig. 4.1 Pre- vs. post-implementation performance metrics across key sectors 
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Fig. 4.2 Multi-dimensional impact radar: manufacturing, healthcare, and construction 

5. THE DIGITAL EVOLUTION: LEAN 4.0 AND INDUSTRY 4.0 

The period from 2019 to 2025 marks the consolidation of “Lean 4.0”, where digital tools fundamentally augment 
traditional lean principles. Jokovic et al. [21] demonstrated that IoT, AI, and big data technologies enhance 5S 
effectiveness by enabling real-time monitoring and predictive maintenance—moving 5S from periodic audit-
based compliance to continuous, sensor-driven verification. 
Szyszka [29] established that digital twins and simulation environments complement Kaizen by enabling risk-free 
experimentation before physical implementation. This removes a critical barrier to Kaizen adoption in high-risk 
environments (mining, healthcare, aerospace). Bousdekis et al. [22] demonstrated real-time asset tracking as a 
direct 5S enabler in smart factories, while Bernard et al. [4] linked digital systems to ESG performance within 
Kaizen frameworks. 
Fig. 5.1 illustrates the dramatic acceleration in technology adoption within Lean contexts. Real-time dashboards 
are now present in 72% of digitally-enabled implementations, IoT sensors in 58%, and predictive maintenance in 
63%—representing a near-sixfold increase from 2019 levels. 

 

Fig. 5.1 Industry 4.0 technology adoption in 5S-Kaizen implementations: 2019 vs. 2025 

6. THE SUSTAIN CHALLENGE: CRITICAL SUCCESS FACTORS 

Across all reviewed sectors, the fifth S—Shitsuke (Sustain)—consistently emerges as the primary barrier to long-
term 5S-Kaizen success [36]. While the first four S phases are implementable within weeks, sustaining the change 
requires cultural transformation that most organisations underestimate. 
Fig. 6.1 scores six critical success factors for the Sustain phase across three sectors. Leadership Commitment is 
the highest-scoring factor in manufacturing (72%) and healthcare (68%). Cultural Change scores are notably lower 
in construction (48%), reflecting the challenge of transient workforces. Digital Enablement is an increasingly 
important sustain mechanism, with organisations leveraging IoT-based audit systems to maintain 5S standards 
continuously [21,22]. Carneiro et al. [5] found that integrating Kaizen with ESG frameworks significantly raises 
Sustain scores through external accountability. 
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Fig. 6.1 Critical success factors for the Sustain (Shitsuke) phase across sectors 

7. ANNOTATED REVIEW OF 33 PRIMARY STUDIES (2013–2025) 

Table 7.1 presents an annotated summary of the 25 most significant studies forming the core evidence base of this 
review, drawn from SCI-indexed journals across the full study period. 

Table-7.1 Annotated reference to primary SCI studies (2013–2025) 

Year Author(s) Key Contribution Journal 

2025 Katiyar et al. 5S in Indian tertiary hospitals; 43% performance 

increase 

Asia Pac. J. Health 

Mgmt. 

2025 Upadhyay, R. Kaizen in manufacturing; significant cycle time 

reduction 

SSRN Elec. Journal 

2025 Sihombing et al. Systematic review of 45 articles; 5S is the most 

used Kaizen tool 

Performa 

2025 Bernard et al. Digital systems as ESG performance enablers in 

Kaizen 

Emerald (BPMJ) 

2025 Carneiro et al. Kaizen impact on ESG and governance metrics Bus. Process Mgmt. J. 

2025 dos Santos et al. Lean Six Sigma 4.0 in F&B; training improves 

service recovery 

Intl. J. Lean Six Sigma 

2025 Sahmi & El 

Abbadi 

AI integration with Kaizen in intelligent 

computing 

Expert Systems w/ 

Apps. 

2025 Dinka, S. Kaizen as industrial transformation pathway in 

Africa 

J. Mfg. Tech. Mgmt. 

2025 Hlaak et al. Digital transformation and 5S in Syrian 

healthcare centres 

AJSRP 

2025 Gümüşhane Univ. 5S in lumber workshops; 53% safety risk 

reduction 

GUJHS 

2024 Fitri & Putra 5S challenges at PT XY cement industry JES-TM 

2024 Chougule et al. 5S in construction; 30% waste reduction IJSREM 

2024 Singh et al. 5S review; audit rating increase from 1.6 to 3.44 Uncertain Supply Ch. 

Mgmt. 

2023 Jokovic et al. 5S, Industry 4.0, and Quality 4.0 synergies Mgmt. and Quality 

2023 Bousdekis et al. 5S and Industry 4.0 for real-time asset tracking Applied Sciences 

(MDPI) 

2023 Androniceanu et 

al. 

Energy efficiency via Kaizen events Energies 

2023 Hossain et al. 5S in lean and safety management; visual 

management 

J. Mfg. Systems 

2022 Islam et al. Apparel industry; 82% file search time saving JAPRIE 

2022 Biondić et al. Digitalisation (5S, VSM) in manufacturing JETIR 

2020 Ezzeddine et al. 5S in Lebanese hospitals; reduced staff stress IBARJ 

2019 Subburaman, K. 5S in inspection processes; reduced downtime IJEAT 

2019 Mawih et al. 5S and Kaizen in coal mining; QCDMPE 

improvement 

EJBM 

2018 Randhawa & 

Ahuja 

5S as facilitator of business excellence Meas. Business 

Excellence 
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2017 Randhawa & 

Ahuja 

5S systematic literature review and directions Intl. J. Qual. & Rel. 

Mgmt. 

2013 Ochsner Health Hybrid 5S; 15.7% warehouse space improvement IIE Trans. HCS Eng. 

CONCLUSION 

The evolution of 5S and Kaizen from 2013 to 2025 underscores their remarkable adaptability. Far from being 
rendered obsolete by digital transformation, these methodologies have demonstrated an exceptional capacity to 
absorb and leverage Industry 4.0 technologies. 
Key conclusions are: (i) 5S-Kaizen yields statistically significant improvements across all reviewed sectors, with 
effect sizes ranging from 15% to over 300% on key metrics; (ii) the Sustain phase remains the primary 
implementation barrier, requiring parallel cultural change management; (iii) Industry 4.0 integration is 
transforming 5S from a periodic tool into a continuous real-time control system; (iv) healthcare and construction 
are the fastest-growing application domains; and (v) ESG integration with Kaizen represents the most significant 
frontier for the methodology’s next decade of evolution. 
The human factor remains the ultimate critical success factor. Technology provides infrastructure; leadership 
commitment and cultural alignment provide the sustained momentum that determines whether 5S-Kaizen 
becomes a lasting competitive advantage. 
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