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ABSTRACT

In today’s competitive marketplace, organizations adopt Lean, Six Sigma, and Lean Six Sigma to
enhance efficiency, reduce waste, improve quality, and increasingly promote sustainability. This article
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systematically reviews the impact of these methodologies on sustainable performance in the service

sector, which contributes 51.6% of GDP across 168 countries. Analyzing 99 articles from 2013-2023,
the study reveals limited research linking Lean Six Sigma to sustainable performance in services.
Findings show a predominant focus on operational benefits (79%), with minimal emphasis on financial
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(15%), social (3%), and environmental (2.66%) measures. Our findings highlight the need for research
addressing the comprehensive impact of these methodologies on all dimensions of sustainable

performance.

1. Introduction

In today’'s dynamic and competitive marketplace, organiza-
tions across various sectors, including the service sector, are
increasingly striving to adopt sustainable practices due to
pressures from customers, suppliers, shareholders, and gov-
ernmental and non-governmental organizations (Caiado et al.
2017, 2019). As sustainability becomes increasingly important
in societal and economic discussions, there is increasing
emphasis on improving the quality, efficiency, effectiveness,
and sustainability of services. In particular, the service sector
represents more than 50% of the gross domestic product in
the major economies worldwide (Caiado et al. 2018).
Consequently, organizations are moving toward sustainability
by altering their business models, adopting new technolo-
gies, and integrating sustainable practices into their conven-
tional processes. They are thus increasingly focusing on the
Triple Bottom Line: social, economic, and environmental per-
formance (Cherrafi et al. 2016).

Operational excellence methodologies, such as Lean, Six
Sigma, and Lean Six Sigma, are essential to improve process
efficiency, reduce waste, and improve quality. Lean targets
waste elimination and value creation, Six Sigma focuses on
minimizing process variation and improving quality, while
Lean Six Sigma merges these principles to optimize overall
performance (Antony, Snee, and Hoerl 2017; Linderman et al.
2003; Salah, Rahim, and Carretero 2010; Snee and Roger
2003; Snee 2010; Womack and Jones 1996; Womack, Jones,

and Roos 1980). Integrating these operational excellence
methodologies with sustainable performance allows compa-
nies to balance economic, social, and environmental goals
(Cherrafi et al. 2016). However, the existing literature often
treats these areas separately, underscoring the need for stud-
ies that explore their interrelations and holistic impact on
sustainability.

The Triple Bottom Line framework is increasingly adopted
to assess sustainable performance across financial, social and
environmental dimensions, assessing the economic value,
social equity, and fair practices of an organization, and envir-
onmental protection ((Kusi-Sarpong, Gupta, and Sarkis 2019;
Pinzone et al. 2020). Financial performance in the service sec-
tor includes metrics such as cost savings, revenue growth,
and improvements in profitability achieved through oper-
ational efficiencies. Social performance involves employee
satisfaction, customer satisfaction, and community impact,
reflecting the growing importance of social responsibility.
Environmental performance includes reductions in resource
consumption, waste and emissions, aligning with global sus-
tainability goals (Amjad et al. 2022; Hansmann 2010; Souza
and Alves 2018; Swarnakar et al. 2022).

Previous studies on Lean, Six Sigma, Lean Six Sigma, and
their association with sustainable performance have often
taken a narrower perspective, often addressing only one or
two dimensions of sustainable performance. For example,
some studies have focused on the impact of Lean on finan-
cial performance measures (D'’Andreamatteo et al. 2015;
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Hadid 2019; Narayanan et al. 2022; Rundall et al. 2021), social
performance measures (Crema and Verbano 2016; McFadden,
Lee, and Gowen 2015; Rees and Gauld 2017; Ulhassan et al.
2014), or both social and financial performance measures
(Antony et al. 2023). Similarly, the impact of Six Sigma on
financial and social measures has been explored (Antony
et al. 2023; Ninerola, Sanchez-Rebull, and Hernandez-Lara
2020), and studies on Lean Six Sigma have demonstrated
impacts on financial performance (de Mast et al. 2013; Zhang
et al. 2016), and social performance (Honda et al. 2018; De
Koeijer et al. 2024).

While previous research has individually examined Lean,
Six Sigma, and Lean Six Sigma, there is a noticeable lack of
comprehensive literature reviews that integrate these meth-
odologies and analyze their collective impact on the three
dimensions of sustainable performance in the service sector.
Existing reviews often focus on isolated methodologies or
specific sustainability criteria but do not provide a unified
perspective that synthesizes how these methodologies col-
lectively influence financial, social, and environmental out-
comes. Hence, this systematic literature review aims to
address this gap by summarizing and synthesizing existing
studies to provide a holistic understanding of how these
methodologies interact and affect sustainable performance.
By integrating findings from various sources, this review
seeks to offer valuable insights and identify areas where
future research could build upon the current knowledge
base. Moreover, understanding this impact is crucial for man-
agers and policymakers to make informed decisions that pro-
mote sustainable business practices and harness the full
potential of operational excellence methodologies. This art-
icle aims to address the following research objectives:

e RO1: Identify the prominent authors, journals, and coun-
tries leading the literature on operational excellence and
sustainable performance in the service sector.

e RO2: Identify measurable outcomes from implementing
operational excellence methodologies in the service
sector.

e RO3: Classify measurable outcomes into the three dimen-
sions of sustainable performance (financial, social, and
environmental).

e RO4: Identify empirical evidence on the impact of oper-
ational excellence on sustainable performance.

The structure of the article is as follows: Section 2
presents a comprehensive review of the literature, delving
into the theoretical background of Lean, Six Sigma, Lean Six
Sigma, and sustainable performance, and examining their
application in the service industries. Section 3 details the
research methodology, including the planning, conducting,
and reporting of the review, emphasizing descriptive and
bibliometric analysis. Section 4 presents the review findings,
including both quantitative and qualitative analyzes of the
benefits of Lean, Six Sigma, and Lean Six Sigma. Section 5
provides a detailed discussion, critically analyzing the find-
ings in the context of existing literature. Finally, Section 6
synthesizes key insights into the conclusions, discusses their

implications, outlines limitations, and proposes directions for
future research.

2. Literature review
2.1. Theoretical background

2.1.1. Lean

Lean is a management philosophy focused on improving effi-
ciency by eliminating waste, defined as any activity that
does not add value to the customer (George 2002).
According to Schonberger (1986), Lean emphasizes the elim-
ination of the seven types of waste (Transportation,
Inventory, Overproduction, Overprocessing, Waiting, Motion,
and Defects), Lean aims to create value and streamline proc-
esses by addressing the root cause of inefficiencies within
organizational processes (Sanchez and Blanco 2014). Lean
Thinking seeks to achieve cost-effective improvements by
reducing nonvalue-added activities and optimizing resource
utilization (Comm and Mathaisel 2005). Considering the out-
standing benefits that organizations reap as a result of Lean
adoption, it is now known as one of the most significant
operations management practices that focus on all aspects
of continuous improvement and waste reduction (Sinha and
Matharu 2019).

However, Lean’s main limitation is the lack of statistical
analysis to capture variation within processes, which is a cru-
cial measure to improve the quality of processes (Antony
et al. 2023; Drohomeretski et al. 2014; Salah, Rahim, and
Carretero 2010). Other Lean limitations include its inability to
solve complex problems that require intensive data analysis
(Murmura et al. 2021), as well as its inability to tackle prob-
lems related to process stability and capability (Gijo and
Antony 2019).

2.1.2. Six Sigma

Six Sigma is a data-driven methodology aimed at improving
business processes by identifying and eliminating the root
causes of errors and defects to enhance overall quality. It
focuses on reducing process variation and improving process
performance to achieve a defect rate of no more than 3.4
defects per million opportunities (Harry 1998). Six Sigma
employs both qualitative and quantitative techniques, includ-
ing statistical methods, to define, measure, analyze, improve,
and control processes (Hoerl 1998). According to Snee
(1999), Six Sigma is defined as ‘a business strategy that seeks
to identify and eliminate causes of errors or defects or fail-
ures in business processes by focusing on outputs that are
critical to customers’.

Six Sigma is a methodology for improving business proc-
esses by identifying and eliminating the root causes of errors
and defects. It prioritizes addressing outputs for customer
satisfaction. Six Sigma implementation results in improved
process performance, increased customer satisfaction,
reduced costs, and increased revenues (Snee 2000). Six
Sigma prioritizes defect reduction by reducing variation,
striving to achieve outstanding quality levels (Hoerl 1998)



Six Sigma implementation in both service and manufac-
turing organizations yielded benefits such as increased cus-
tomer satisfaction, decreased defect rates, minimized process
variability, a culture of continuous improvement, shorter ser-
vice delivery times, reduced operational costs, and increased
market share (Antony 2006; Linderman et al. 2003).

Despite the effectiveness of Six Sigma, the methodology
has some limitations. Antony et al. (2022) argue that Six
Sigma fails to consider system interactions and improves
processes independently. Furthermore, Six Sigma implemen-
tations show that not every problem can be solved with only
data collection (Antony, Snee, and Hoerl 2017).

2.1.3. Lean Six Sigma

Lean Six Sigma is an integrated methodology that combines
the principles of Lean and Six Sigma to improve organiza-
tional performance. It integrates Lean’s focus on minimizing
waste with Six Sigma’s emphasis on reducing process vari-
ation. This integration utilizes tools from both methodologies
to increase efficiency and accuracy (George 2002; Mader
2008). Lean Six Sigma aims to enhance process performance,
customer satisfaction, and overall business results by improv-
ing quality, speed, and cost-effectiveness (Cherrafi et al.
2016; Garza-Reyes, Al-Balushi, et al. 2016; Snee 2010).
Through the integration of Lean and Six Sigma, a clear struc-
ture is ensured, in which the limitations of each method-
ology are overcome. Thus, the integration of Lean and Six
Sigma methodologies enables organizations to adopt a com-
prehensive perspective on organizational performance. This
involves implementing improvements within processes
through reduction of variations and creating value by
streamlining the flow between processes. Lean Six Sigma has
proven to enhance performance in both the manufacturing
and service sectors through alignment with customer
requirements, eliminating nonvalue-addling steps, lowering
the cost of poor quality, decreasing defects in products or
transactions, and reducing cycle time (Antony 2005, 2006).
Consequently, many organizations have adopted Lean Six
Sigma to take advantage of this synergistic advantage (Salah,
Rahim, and Carretero 2010).

2.1.4. Sustainable performance
Although Lean, Six Sigma, and Lean Six Sigma methodolo-
gies primarily focus on improving organizational operational
performance, sustainable performance extends further by
achieving long-term success while also considering eco-
nomic, environmental, and social factors (Elkington 1998).
According to Hansmann (2010), sustainability involves inte-
grating environmental, social, and economic dimensions into
organizational policies and processes. This integration is
referred to as the Triple Bottom Line (TBL) perspective, which
represents a company’s economic value, environmental
impact, and social responsibility, aiming to achieve a balance
between these areas for sustainable development (Carter
and Rogers 2008).

The impact of organizational operations on sustainable
performance can be assessed using specific indicators
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addressed in the literature. For example, financial perform-
ance indicators include measures related to cost savings, effi-
ciency and productivity, profitability, and return on
investments (Amjad et al. 2022; Henao, Sarache, and Gomez
2019; Rahman et al. 2023; Swarnakar et al. 2022). Social per-
formance indicators include measures related to employee
satisfaction and well-being, workplace safety and health,
diversity and equity, as well as overall social welfare (Amjad
et al. 2022; Hansmann 2010; Souza and Alves 2018;
Swarnakar et al. 2022). Environmental performance indicators
include measures related to resource consumption, reduction
of emissions, and waste and pollution management (Garza-
Reyes 2015; Hansmann 2010; Swarnakar et al. 2022).

2.2. Lean, Six Sigma, Lean Six Sigma and sustainable
performance in services

Traditionally, Lean has been associated with manufacturing
industries. However, there has been an increase in the adop-
tion of Lean manufacturing tools and strategies in the ser-
vice industry since the late 20th century (Leite and Vieira
2015). It has become increasingly important to ensure effi-
cient performance in service industries while also adhering
to environmental regulations and social justice (Caiado et al.
2018). A study conducted by Lizarelli et al. (2023) explored
the relationship between Lean practices and sustainable per-
formance in the service industry. Using a pilot survey, the
research found a significant connection between improved
performance in the service sectors and the economic dimen-
sion of sustainability. Similarly, an empirical study on the
impact of Lean on higher education institutions (HEls) in
Brazil and Portugal indicated a significant positive impact of
Lean practices in HEls on economic, environmental and
social performance. The findings also suggest that economic
performance was the most significantly impacted aspect of
sustainable performance (Klein et al. 2022). Furthermore, a
study by Hussain, Al-Aomar, and Melhem (2019) measured
the impact of Lean management on the three dimensions of
sustainable performance of hotel supply chains in the United
Arab Emirates, as Lean (Kaizen, quality, and productive main-
tenance) was found to have an impact on sustainable per-
formance of hotel supply chains. The findings indicate that
Lean practices have a major influence on economic perform-
ance while exerting the least influence on environmental
performance.

Although Cherrafi et al. (2016) suggest that the integra-
tion between Lean, Six Sigma, and sustainable performance
has the strategic goal of improving organizational perform-
ance in environmental, social, and economic dimensions,
there is a lack of research directly exploring the effects of Six
Sigma and/or Lean Six Sigma on sustainable performance in
the service sector. Furthermore, there is a lack of review
articles directly related to this integration in the service sec-
tor. Table 1T summarizes the literature reviews conducted on
Lean, Six Sigma, and Lean Six Sigma in the service sector
that provide insight into how these methodologies have
impacted the dimensions of sustainable performance.
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Table 1 indicates that the reviews have focused mainly on
Lean, Six Sigma, and/or Lean Six Sigma in a particular indus-
try. The direct impact of these methodologies on any of the
dimensions of sustainable performance was not thoroughly
explored. However, as shown in Table 1, some studies have
touched on some measures related to financial and social
performance as part of the benefits reported in the reviewed
articles, while others focused mainly on operational perform-
ance. This argument is supported by Lizarelli et al. (2023),
who identify gaps in the literature regarding the study of
Lean and Sustainable Performance in the service sector.
Furthermore, Klein et al. (2022) highlight a gap in the litera-
ture on the exploration of the causal relationship between
lean management practices and sustainability dimensions,
especially in the context of higher education institutions
(HEI). Similarly, Hussain, Al-Aomar, and Melhem (2019) argue
that the impact of Lean on sustainable performance in hotel
supply chains remains unexplored, with a scarcity of compre-
hensive assessment frameworks. Moreover, to the best of our
knowledge, there has been no comprehensive review on the
impact of each of Lean, Six Sigma, and Lean Six Sigma on
sustainable performance across the different industries within
the service sector. Therefore, this objective is to contribute
by systematically reviewing the literature on Lean, Six Sigma,
and Lean Six Sigma and the impact on sustainable perform-
ance in the different industries within the service sector. The
service sector plays a vital role in the global economy,
accounting for approximately 51.6% of the gross domestic
production (GDP) of 168 countries (World Bank Group 2021).
Therefore, it is important to better understand the contribu-
tions of these widely used methodologies on the dimensions
of economic, social, and environmental performance in
services.

3. Research methodology

This study uses a systematic literature review (SLR) approach
and bibliometric analysis to identify research on the impact
of Lean, Six Sigma, and Lean Six Sigma on sustainable per-
formance in the service sector. The study integrates aspects
of the systematic literature review methodology outlined by
Tranfield, Denyer, and Smart (2003), and the bibliometric
analysis methodology outlined by da Silva et al. (2018).
Bibliometric research offers unique opportunities to contrib-
ute to both theory and practice by providing quantitative
insight into general trends, such as publication counts, cit-
ation patterns, and authorship networks, across a body of lit-
erature. It offers a broad overview of the research landscape
(Mukherjee et al. 2022). However, systematic literature review
(SLR) analyzes the content of individual articles, providing a
synthesis of the findings, methodologies, and themes present
in the literature (Tranfield, Denyer, and Smart 2003). By com-
bining these two approaches, researchers can take advan-
tage of the broad quantitative insights of bibliometric
research with the detailed qualitative analyzes of the SLR.
This integration enables a more comprehensive understand-
ing of the research field, enhancing both theoretical develop-
ment and practical applications. The integrated methodology

followed in this article is summarized and consists of three
main stages, as shown in Figure 1.

3.1. Planning the review

In the planning stage, the main research questions of this
study were identified to serve as a comprehensive guide for
the review. The research objectives were concerned with
identifying leading journals, authors, countries and industries,
the measurable results of the implementation of Lean, Six
Sigma, and Lean Six Sigma, classifying those results into the
three dimensions of sustainable performance, and integrating
these results with empirical and review studies to provide a
comprehensive overview of the collective impact of Lean, Six
Sigma, and Lean Six Sigma on sustainable performance in
the service sector. Furthermore, to ensure the highest quality
of the data, the review specifically included peer-reviewed
articles published in English within the past 10years (2013-
2023) in reputable journals according to the ABS Journal
Ranking System, which includes journals with ratings of 2, 3,
4, and 4 stars, as well as specialized journals relevant to the
research topic.

Focusing on the period from 2013 to 2023 aligns with
previous research findings, which highlight that the integra-
tion of Lean Six Sigma with sustainable performance has
gained significant momentum over the last decade. This
alignment enhances the relevance of the review period,
ensuring it captures the latest and most impactful advance-
ments in the field. It indicates that the most relevant and
influential research on this topic has emerged within this
timeframe.

Additionally, prioritizing top-ranked journals ensures the
inclusion of high-quality, credible studies, while also incorpo-
rating specialized journals to cover niche areas within the
research topic that may not be covered by broader, higher-
ranked journals but are still highly relevant and important
for a comprehensive understanding of the subject matter.

In addition, in formulating the inclusion and exclusion cri-
teria, several other key factors were considered to ensure the
relevance and quality of the included studies. First, articles
were included if they specifically addressed the implementa-
tion or impact of Lean, Six Sigma, or Lean Six Sigma method-
ologies in the service sector. However, to maintain the rigor
of the review, articles were excluded if they were case stud-
ies without actual implementation of these methodologies,
as they only discussed potential benefits without measuring
actual results. Furthermore, articles relying heavily on other
methodologies or technologies in Lean, Six Sigma, and Lean
Six Sigma methodologies were also excluded. This decision
was made to focus specifically on the impact of Lean Six
Sigma practices and to avoid possible confounders of other
methodologies or technologies that may have interfered
with the observed benefits. By adhering to these criteria, the
review aimed to ensure the inclusion of studies that pro-
vided meaningful information on the application and effect-
iveness of Lean Six Sigma in the service sector.
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Table 1. Existing literature reviews on lean, Six Sigma, and lean Six Sigma and sustainable performance dimensions in the service sector.

References

Methodology

Period

No. of articles

Main findings related to the impact on sustainable
performance

(Antony et al. 2019)

(Kakouris, Sfakianaki,
and Tsioufis 2022)

(Gémez-Molina and
Moyano-Fuentes 2022)

(Costa and Godinho Filho
2016)

(Ninerola, Sanchez-Rebull,
and Hernandez-Lara 2020)

Antony, Palsuk, et al. (2018)

(Chakrabarty and Chuan
Tan 2007)

Vashishth, Chakraborty,
and Antony (2019)

(Honda et al. 2018)

(Trakulsunti et al. 2020)

(Cudney et al. 2020)

(Davidson, Price,
and Pepper 2020)

Lean

Lean

Lean

Lean

Six Sigma

Six Sigma

Six Sigma

Lean Six Sigma

Six Sigma and Lean Six
Sigma

Lean, Six Sigma, and
Lean Six Sigma

Lean, Six Sigma, and
Lean Six Sigma

Lean Six Sigma

2000-2016

2003-2018

2003- mid 2020

2008-2014

1997-2017

1998-2016

1995-2005

2005-2015

<2016

1996-2016

2000-2016

2000-2018

101

47

68

107

196

68

24

30

35

24

34

40

The review identified the benefits achieved after
implementing Lean in Healthcare. As a result, some
financial (reduced cost, increased profits), as well as social
(positive change in culture and improved customer
satisfaction) performance measures were identified as part
of the top four achieved benefits.

Review conducted on the implementation of Lean in the
education industry. The findings suggest that there is no
statistical evidence of the impact of Lean on financial
measures.

This review article systematically analyzes the existing
literature on the implementation of Lean in higher
education, identifying the key benefits of this
implementation across several settings. The benefits
reported were mainly operational benefits, with a limited
inclusion of social and financial benefits.

This article reviewed articles on Lean healthcare to evaluate
its evolution and to propose a classification and analysis
of the articles reviewed. The findings suggest that the
most frequent results of Lean implementation were
related to financial performance (cost reduction), time
(length of stay and waiting time reduction) and value
(increased service capacity).

This article reviewed articles related to Six Sigma in
Healthcare. Findings suggest that 32% of the reviewed
articles targeted operational measures, such as reduction
of errors and enhancing patient safety. Whereas 17% of
articles focused on financial measures such as cost
reduction.

The review identified the benefits achieved after
implementing Six Sigma in Healthcare. As a result, some
financial measures, such as revenue enhancement and
cost savings were identified as part of the top five
achieved benefits.

The article reviews the application of Six Sigma in service
organizations. The findings suggest that Six Sigma
significantly contributes to financial performance
measures such as cost reductions, as well as social
performance measures such as increased customer and
employees satisfaction and boost employee morale.

The review explored the trend and most common themes
on Lean Six Sigma implementation in the finance sector.
Findings suggest that 80% of reported benefits as a
result of successful LSS implementations include some
financial measures such as cost reduction and improved
profits. While social measures were less reported.

The review assesses the implementation of Six Sigma and
Lean Six Sigma in different hospital settings. The findings
indicated that both methodologies can positively impact
some financial (cost reductions and inventory savings)
and social (patient satisfaction and well-being)
performance measures through operational
improvements.

The review explored Lean, Six Sigma, Lean Six Sigma
interventions and their ability to reduce medication errors
in hospitals. Findings suggest such interventions results in
improving patient safety, and satisfaction, as well as
some financial measures related to cost savings.

The systematic literature review identified the relevant
opportunities for successful introduction and
development of Lean, Six Sigma, and Lean Six Sigma
methodologies in higher education, and explored the
potential to improve education systems, improve student
satisfaction, and academic success, which in turn impact
social performance.

The review examined the implementation of Lean Six Sigma
in higher education institutions, revealing its provision of
structured problem-solving methodologies, facilitation of
cross-organizational collaboration, assurance of
accreditation compliance, enhancement of process
transparency, improvement of stakeholder satisfaction,
and identification of cost-saving opportunities, thus
shedding some light on its broader social and financial
impacts.
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Research Objectives
RO1: Identify the prominent authors, journals, and countries leading the literature on OPEX and sustainable performance in the

service sector.

environmental).

RO2: Identify the measurable outcomes resulting from OPEX methodologies implementation in the service sector
RO3: Classify the measurable outcomes into the three di i

RO4: Identify the empirical evidence on the impact of OPEX on sustainable performance in the service sector.

of sustainabl

performance (financial, social, and

l

Study period: 2013-2023
Study Boundaries:

¢ Scopus Database

Specialized Journals).

Planning the Review

conceptual studies

Language: English

Inclusion Criteria

¢ Peer-reviewed articles published in top ranked journals (2+ star journals based on ABS ranking +

¢ Lean, Six Sigma, Lean Six Sigma implementations with quantifiable outcomes, reviews, empirical, and/or

|

""Education" "Service"

Search Keywords

« Strings from the combination of following keywords: "Lean" "Six Sigma" "Lean Six Sigma" "Sustainable performance"
"Financial performance" "Economic" "Social performance" "Environmental performance" Healthcare" 'Hospitality"
"Retail" " Transportation' "Logistics" ""Financial Services" "Banks" "Telecommunication" "Information Technology" "IT"

v

Records identified from database searching

(n=3916)

v

Records after removing duplicates

(n=3178)

v

Records Screened

Records excluded:

o Irrelevant

(n=3178)

Conducting the Review

4

Full-text articles assessed for eligibility

Y

* Lack of data
+ Did not meet inclusion criteria (n= 3033)

Records excluded & Reasoning:

o Irrelevant (n=28)

(n=145)

'

* Lack of implementation/ measurable outcomes (n=10)
« Implementations heavily relying on other methodologies (n=8)

Records Included in the review
(n=99)

v

v

Descriptive Analysis
Methodologies, Tools, Journals, Years,
Region, Industry, etc.

Bibliometric Analysis
Co-authorship network, Keywords Co-
occurences network, growth & trends, etc.

Quantitative analysis of case studies
outcomes

Qualitative analysis of remaining studies

Reporting the Review

v

Report results and main findings

Figure 1. Systematic literature review methodology.

3.2. Conducting the review

The search was carried out in the SCOPUS database using a
combination of keywords classified into three main catego-
ries: approaches (Lean, Six Sigma, and Lean Six Sigma), the

performance categories (Financial, Social, Environmental), and
specific industries within the service sector (Healthcare,
Education, Financial Services, Telecommunications, Hospitality,
Retail, Information technology, and Transportation). A variety
of keyword combinations were used in the ‘Article Title,
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Article
(e))

iy

N

2013 2014 2015 2016 2017

o

E [ean Six Sigma

Figure 2. Distribution of articles over time.

Abstract, and Keywords' fields, resulting in an initial pool of
3,916 articles. Subsequently, a rigorous selection process was
conducted to eliminate duplicates and irrelevant articles,
resulting in a refined selection. The remaining articles were
thoroughly examined for eligibility. As a result, a total of 99
articles were suitable for inclusion in the study.

3.3. Reporting the review

3.3.1. Descriptive and bibliometric analysis

3.3.1.1. Distribution of articles over time. The number of
Lean publications illustrates a steady increase between 2013
and 2016, in addition to a significant drop in 2015 (n=1),
which marked the lowest count among all years. However,
the number of Lean publications dropped again in 2017 and
remained relatively steady until 2021. In 2021, the publica-
tion count was notable doubled, reaching the highest num-
ber of publications throughout the years (n=28) which was
also sustained in 2022. Six Sigma, on the other hand, had a
consistent pattern of one publication per year, except for the
years 2016, 2017, 2019, and 2021, during which there were
no publications. However, in 2020, there was a notable
increase in four publications.

Lean Six Sigma publications have fluctuated throughout
the years, indicating that no clear upward or downward
trend can be observed. The number of Lean Six Sigma publi-
cations ranged from zero in 2017 and 2021, to a maximum
of eight publications in 2019. In general, the number of Lean
publications exceeds that of both Six Sigma and Lean Six
Sigma. Interestingly, it is evident that in 2021, where Lean
has gained the most interest, both Six Sigma and Lean Six
Sigma had zero publications. Furthermore, the fluctuating
nature of Lean and Lean Six Sigma publications presents
opportunities for further investigation to understand the
underlying factors influencing research interest and potential
areas of improvement. The steady nature of Six Sigma publi-
cations may indicate that interest in Six Sigma might have
reached a saturation point, suggesting that the initial surge
of interest and exploration has matured. As of 2023, there is
a sufficient number of articles available for analysis. However,
since the year is still ongoing, the final count may vary
(Figure 2).
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3.3.1.2. Distribution of articles by journals. The research
topic on Lean, Six Sigma, and Lean Six Sigma in the service
sector was evident in 26 different journals in various disci-
plines. Figure 3 summarizes the leading contributing jour-
nals, along with the number of publications of each. 14 out
of the 26 journals have published at least two articles, as
shown in the figure, while the remaining have published one
article each. It is evident that the top five leading journals
are: Production Planning and Control, International Journal
of Lean Six Sigma, TQM journal, International Journal of
Quality and Reliability Management, and Total Quality
Management and Business Excellence.

3.3.1.3. Distribution of articles by industry. In this section,
the included articles will be categorized based on the indus-
try in which Lean, Six Sigma, or Lean Six Sigma was imple-
mented or evaluated. In Figure 4, we can observe that the
healthcare industry has the largest number of publications,
with around 53% of the articles included focused on that
industry, followed by the education industry, which repre-
sents 15%, and the financial services industry, with almost
10% of the articles included. The remaining industries
include Transportation and Logistics (7%), Hospitality (3%),
Information Technology (3%), Telecommunications Services
(2%), and Postal Services (1%). However, 5% of the articles
did not explicitly mention a particular industry within the
service sector; instead, they referred to the service sector as
a whole.

In terms of distribution of publications in different
industries across the five different continents mentioned
above. Figure 5 shows that Asia has conducted research in
the widest range of industries. Moreover, despite Europe
having the same number of publications as Asia, its focus
appears to be narrower within the sector, as it is repre-
sented in only five of the eight included industries. South
and North America were represented in three different
industries, and Africa in two. In the Middle East, where the
researcher is based, a total of six articles have been pub-
lished on this topic, the studies covered all three method-
ologies and applications in various industries and countries,
including transportation hospitality, healthcare organizations
in the UAE, as well as two healthcare organizations in
Jordan and Egypt. Predictably, all continents had the high-
est number of publications in the healthcare industry. It is
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Figure 4. Distribution of articles by industry.

also worth mentioning that articles on hospitality were
only evident in Asia, and articles on telecommunications
were only evident in Europe. Other industries, however,
span more than one continent.

3.3.1.4. Distribution of articles by content.

3.3.1.4.1. Keyword analysis. In this section, the content of
the included articles will be analyzed. The first step is to ana-
lyze the keywords included in our database. To do so, a key-
word co-occurrence network was prepared using VOSviewer
software. In a similar manner to the author-occurrences net-
work demonstrated earlier. This network provides us with
information on the structure, trends, and organization of
knowledge within our research topic. It enables us to better
understand our database, its contents and the dimensions
that garnered the most attention. Therefore, an initial
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foundation is established for the subsequent analysis of the
specific findings presented in each article. After analyzing
the network shown in Figure 6, several findings can be
concluded.

3.3.1.4.2. Methodology. While Lean Six Sigma appears
to have the biggest node, Lean is associated with more key-
words such as ‘Lean’, ‘Lean production’, ‘Lean thinking’, ‘Lean
practices’, ‘Lean management, and ‘Lean Healthcare'.
This concludes that the Lean articles exceed those of Lean
Six Sigma. The word ‘Six Sigma’ does not appear in the net-
work, implying a scarcity of research articles on this
methodology.

3.3.1.4.3. Tools and practices. The prevalent tools in the
included articles, according to their occurrence, are ‘Value
Stream Mapping’ and ‘DMAIC, as indicated by their
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representation in the network. Furthermore, ‘Process
Monitoring’ stands out with a large node, indicating its wide-
spread adoption as a commonly used practice.

3.3.1.4.4. Industry focus. Most of the keywords in the net-
work are related to the healthcare industry. Keywords such
as ‘Healthcare’, ‘Lean Healthcare’, ‘Hospital’, ‘Hospitals’,
‘Patient Treatment, highlights the focus on healthcare-
related topics. Additionally, keywords related to education,
such as ‘Higher Education Institutions’ and ‘Higher
Education’, are also present in the network.

3.3.1.4.5. Performance measures. A couple of keywords
related to performance measures are observed, including
‘Turnaround Time’, ‘Efficiency’, ‘Quality Improvement’, ‘Costs’,
‘Cost Reductions’, ‘Financial Performance’, ‘Economic and
Social Effects’, and ‘Patient Safety’. These keywords represent
operational, financial, and social performance dimensions. In
particular, there is no explicit mention of environmental per-
formance measures within the network.

By analyzing these co-occurrences, we gain insights into
the prominent themes and focal points within the dataset.
The network highlights the prevalence of Lean methodology
in the service sector, the dominance of the healthcare indus-
try, the wide adoption of Value Stream Mapping and DMAIC
methodologies and the consideration of various performance
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measures. However, this analysis is based only on keywords
that have appeared at least three times. For further analysis
of the content, in the next section an in-depth quantitative
and qualitative analysis of the findings of each included art-
icle is conducted.

3.3.1.4.6. Tools

This section discusses Lean, Six-Sigma and Lean Six Sigma
tools across the different industries within the service sector.
Overall, 56 tools have been commonly used in the service
sector. Table 2 presents a summary of the tools that are
exclusively used in Lean, Six Sigma, and Lean Six Sigma, as
well as those shared between each pair of methodologies.
Additionally, the table identifies common tools utilized across
the three methodologies.

4. Review findings
4.1. Quantitative analysis

In the articles included, approximately 58.6% were case stud-
ies, in which Lean (n=25), Six Sigma (n=6), and Lean Six
Sigma (n=27) were implemented in the different industries
within the service sector. After a thorough examination of
the articles, we were able to identify the quantified results of



2056 . S. SIEFAN ET AL.

Table 2. Lean, Six Sigma, and lean Six Sigma tools.

Category Tools
L/SS/LSS Value Stream Map (VSM) Simulation Tools/Models.
Cause-Effect Diagram Pareto Analysis
Statistical Analysis SIPOC
Swimlane Map/ Process Map/ Flowchart Standardization
55 Control Charts
Poka-Yoke Brainstorming
Gemba FMEA
L/SS Forecasting Graphs
Standard Operating Procedures (SOPs)
L/LSS 3P Evaluation Logic / 3P Participative Design Method Cost Analysis / Cost-Benefit Analysis
Value Stream Analysis /Time Value Analysis/ Lean Waste PDCA
Analysis Balanced Scorecard
5-Whys Analysis QFD
Kanban / Visual Management Box plot
Kaizen Balance chart
SS/LSS Project Charter DMAIC /SDMMAICS/DMADV
DOE CTQ Tree
Capability Analysis vocC
L Quick Setup LEFI Model
A3 Framework Dendrograms
Flipped Classroom Model Binary Matrix
Cross Training/ Job Rotation Focus Group Techniques
Value-Stream Organization and Layout Geospatial Analysis
Lean Primary Care Redesigns Optimization
Takt Board Kernel Density Map
Heijunka
SS
LSS Why-Why Analysis Weighting Plots
Histograms Kano Model

Scatter Plot
Stakeholder Analysis
Spaghetti Diagram

Decision Tree
Affinity Chart
Force Field Analysis

Prioritisation Matrix / Control-Impact Matrix/ Pugh Matrix

Abbreviations: SIPOC: Suppliers, Inputs, Process, Outputs, and Customers / FMEA: Failure Mode and Effects Analysis / 3 P:
Production, Preparation, Process / PDCA: Plan-Do-Check-Act / QFD: Quality Function Deployment / DOE: Design of
Experiments / CTQ: Critical to Quality/ VOC: Voice of the Customer/ DMAIC: Define, Measure, Analyze, Improve, and

Control.

these implementations. Tables 3-5 summarize the measur-
able outcomes reported in the case studies for each of the
Lean, Six Sigma and Lean Six Sigma implementations,
respectively.

After analyzing the specific benefits reported in each indi-
vidual study, it became evident that most of them were
operational benefits with the potential to indirectly impact
one aspect of the triple bottom line performance. Therefore,
the analysis considered not only the three dimensions of sus-
tainable performance but also operational performance. The
benefits were classified into seven distinct categories, cover-
ing four key dimensions of performance. This classification is
based on the nature of the measures reported. The four
dimensions of performance include operational, social, finan-
cial, and environmental.

Under operational performance, the measures include
timely service, improved efficiency, improved quality, and
Lean waste reduction. Social performance includes measures
related to the satisfaction, safety, and well-being of custom-
ers, employees, and/or the society as a whole. Financial per-
formance involves measures associated with costs, expenses,
revenues, profits, and other financial indicators. Lastly, envir-
onmental performance consists of measures that directly
contribute to the preservation of the planet and the environ-
ment. Table 6 summarizes the performance dimensions, cate-
gories, and frequency of occurrences.

The reported benefits from the 58 case studies resulted in
a total of 228 benefits. Out of the total of 228 benefits, the
implementation of Lean in service organizations resulted in
81 benefits. Within operational benefits, timely service
accounted for approximately 37% (30 benefits), efficiency-
related measures for approximately 25% (20 benefits), and
waste reduction for approximately 18% (15 benefits).
Financial benefits accounted for approximately 11% (9 bene-
fits) of the reported benefits, while environmental perform-
ance measures accounted for 6% (5 benefits), social
performance accounted for 2% (2 benefits)

On the other hand, the implementation of Six Sigma on
sustainable performance resulted in 14 benefits, 12 of them
operational benefits, representing around 86% of the Six
Sigma benefits. Within the operational benefits, timely ser-
vice accounted for 50% (6 benefits), quality improvement for
33% (4 benefits), efficiency improvements for 17% (2 bene-
fit), and waste reduction was not evident in the Six Sigma
articles. In addition, two benefits were identified for financial
performance (14%), and none were related to social or envir-
onmental performance.

The integration of Lean and Six Sigma yielded the highest
number of benefits, with a total of 133. Operational benefits
representing around 78% (104 benefits) of the Lean Six
Sigma benefits. Among operational benefits, timely service
represented approximately 44% (59 benefits), efficiency



Table 3. Overview of lean based research.

PRODUCTION PLANNING & CONTROL 2057

No. Setting Outcomes Classification Author/s
1 Emergency treatment for Reduced Patient transport time to 2 hours. Operational (Schonberger 2018)
heart attack patients. Reduced mortality rate to 4.4%, significantly lower Operational
the rates in other US hospitals (8-12%).
2 Radiology department Reduced the patient’s journey by nearly 9 days. Operational (Camgoz-Akdag and Beldek
Reduced the total cycle time of radiology department Operational 2019)
process by 11.7 mins.
3 Large ambulatory care Improved patients’ satisfaction regarding the adequacy Social (Hung et al. 2021)
system. of time spent with care providers during office
visits, improved the satisfaction regarding the
ability of care providers to listen to patient
concerns by 71.6%, and perceived staff helpfulness
at the visit increased by 55.4%.
4 Oncology department of a Reduced patient waiting time in the system by 36%. Operational (Yu, Demirli, and Bhuiyan
community hospital Increased daily treatments by 39%. Operational 2022)
Improved utilization of chemotherapy chairs by 22%. Operational
5 Sterilisation plant of public Reduced the number of instruments by 9.75%. Operational (Fogliatto et al. 2020)
hospital Reduced the average time-to-assemble trays by 9.68%. Operational
Realized annual savings of US$285,756.00 in Financial
sterilisation processing costs.
6 Emergency medical services. Increased the percentage of emergency calls satisfied Operational (Villarreal et al. 2018)
with transport times under 10 minutes.
7 Public Hospital Reduced the total amount of waiting time per single Operational (Barnabe, Guercini, and Perna
process by 5383 hours. Operational 2019)
Reduced the walking distance per single process by Operational
154 km. Operational
Reduced the amount of process defects, equivalent to Financial
966 units.
Reduced the average percentage of process lead time
by 44.57%
Cost savings of €5,417,395.
8 Preadmission testing centre. Reduced the average length of stay (LOS) from 109.65 Operational (Delisle and Freiberg 2014)
to 92.33 minutes. Operational
Increased the compliance rate of achieving a daily Operational
target of a 90-minute average LOS from a mere
4.29% to over 35% of the time.
Reduced the impact of volume fluctuations on LOS by
reducing the Pearson correlation factor from 0.474
to 0.085.
9 Physical therapy and Non-value-added time (NVAT) was eliminated. Operational (Dogan and Unutulmaz 2016)
rehabilitation department. Reduced the patient LOS by 16%. Operational
Reduced the time patients spent moving from one Operational
department to another by 55%.
10 Endoscopy unit Reduced staff walking distance by 27.1%. Operational (Hicks et al. 2015)
Reduced the number of process steps by 35%. Operational
Reduced patients’ travel distance by 25.82% Operational
Increase in the capacity by having 5 extra rooms, 1 Operational
extra treatment room, 7 extra beds, and 11 extra
toilets.
1 Sterilized materials unit. Increased the delivery service level from 75% to 98%. Operational (Tortorella et al. 2017)
Reduced employees’ overtime from 15% to 9%. Operational
Reduced customer complaints per month from 35 Operational
to 23.
12 Dental education Reduced completion times for crown preparation and Operational (Deranek, Kramer, and Siegel
Onlay preparation by 25% and 23%, respectively. Operational 2021)
Reduced course delays by 50% and achieved a Operational
substantial 100% reduction in congestion-related Operational
wait times.
Tripled the number of scans and designs performed,
demonstrating improved scanning and design
efficiencies.
Reduced the instructor’s in-class demonstration-lecture
time by 32, and achieved a 31% reduction in
course time dedicated to preparations.
13 Surgery department Reduced the overall mean preoperative LOS from 4.90 Operational (Fiorillo et al. 2021)
to 3.80 days.
14 Reconfiguration of bed setup Reduced the cycle time by 17% Operational (Reis et al. 2023)
management process Increased the monthly bed capacity by 21% Operational
Increased the effective capacity by 22% Operational
Reduced the idleness time by 79% Operational
15 Seven emergency services Increased the average percentage of patients Operational (Mazzocato et al. 2014)
discharged within four hours by 17.4% across the Operational

seven different services.
Reduced the average percentage change in the

(continued)
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Table 3. Continued.

No. Setting Outcomes Classification Author/s
waiting time by 40% across the seven different
services.
16 Vivarium Increased the percentage of sick animal cases Operational (Bassuk and Washington
requiring DVM input that received input within Operational 2013)
2hours increased from 0% to 90.6%. Financial
Reduced the time for researchers to respond to Operational
telephone calls was reduced from 2 to 6 hours to Operational
less than 2 hours. Operational
Cost savings of $925
Reduced transportation steps by 60%
Time savings of 1-2 hours each holiday or weekend
day.
Eliminated defects and processing errors.
17 Medical school lab Neurofeedback sessions were approximately 13% Operational (Roy et al. 2018)
faster. Social
All team members considered their overall experience
of running a neurofeedback session as "much
improved".
18 Kindergarten Reduced excess motion, transportation, and inventory Operational (Antony et al. 2022)
by 82.65%,75.49%, and 60.66%, respectively. Operational
Reduced the preparation time by 45 mins.
19 Administration process of a Savings of 444,754 sheets of printed article. Environmental (Lima et al. 2023)
university Preservation of 1,380,000 litres of water. Environmental
The avoidance of 43.82 kg of CO2 emissions. Environmental
Preservation of 67 trees. Environmental
20 Pharmaceutical distribution Reduced the total lead time by 75%. Operational (Argiyantari, Simatupang, and
company Increased truck productivity by 200%. Operational Basri 2022)
Improved truckload capacity utilization by 100%. Operational
Reduced the overall transportation costs by 40%. Financial
21 Urban freight transportation Improved the Overall Equipment Efficiency (OEE) by Operational (Munoz-Villamizar et al. 2018)
companies 65%. Operational
Improved loading factor by 69%. Financial
Improved profitability to an average of US$49.99.
22 Logistics company Increased performance efficiency from 26.6% to Operational (Garza-Reyes, Villarreal, et al.
35.2%. Operational 2016)
Decreased fill loss waste by 13%. Operational
Reduced excess distance travelled by 57%. Operational
Decreased excess serving time for customers by Operational
38.9%. Operational
Increased the number of customers visited per route Financial
by 5%.
Decreased the underutilized space from 60.5% to
52.5%.
Eliminated labour overtime costs, representing 35% of
total labour costs.
23 Distribution operations Reduced fuel consumption by 13.5% Environmental (Villarreal, Garza-Reyes, and
Reduced the number of distribution routes by 27%. Operational Kumar 2016)
Reduced the distance travelled by 32%. Operational
24 IT within SMES Increased productivity by 30%. Financial (Torri et al. 2021)
Reduced in work-in-progress (WIP) by 70%. Operational
Increased the number of tickets handled by 1,000 Operational
tickets per year.
25 Telecommunication-industry- Reduced the lead time by 37%. Operational (Stadnicka and Ratnayake
related service-providing Elimination of non-value added (NVA) activities Operational 2017)
company (100%). Operational
Doubled the capacity of service-providing process. Operational
Increased process cycle efficiency by 68% Operational
Savings of at least 24% in POTS process time. Financial

Cost savings of approximately €3300.

improvements approximately 11% (14 benefits), quality
improvements accounted for 11% (15 benefits), and waste
reduction accounted for approximately 12% (16 benefits).
Furthermore, the financial performance measures accounted
for 17% (23 benefits), 5 benefits were identified in the social
dimension (4%), and 1 benefit associated with the environ-
mental performance (1%).

Based on the analysis of the included case studies, it is
observed that there is a predominant focus on operational
benefits and improvements in service organizations when it

comes to Lean, Six Sigma, and Lean Six Sigma implementa-
tions. This is evidenced by the higher proportion of oper-
ational benefits reported compared to other dimensions of
sustainable performance.

The operational benefits reported accounted for an aver-
age of approximately 76% of the total benefits for each of
the three approaches. Lean, Six Sigma, and Lean Six Sigma.
Among these approaches, Six Sigma had the highest per-
centage of operational benefits, with an average of 86%.
Lean Six Sigma followed closely behind with an average of
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No. Setting Outcomes Classification Author/s
1 Surgical room Reduced the average time in surgical Operational (Chang et al. 2020)
interval by 32%. Operational
Reduced the TAT from 15.7 min to Operational
9.4 min, an improvement of 40%. Operational
Standard deviation time decreased
from 18.8 min to 8.5 min, an
improvement of 55%
Reduced the preparation time by 45
mins.
2 Pediatrics department Increased the number of patients Operational (EI-Banna 2013)
being discharged within the target
of 50 minutes by 57%.
3 Specialized urology hospital Increased the proper prophylaxis Operational (Mousli et al. 2024)
compliance rate from 25.3% to Operational
99.7%. Operational
Increased the on-time proper risk
assessment level from 28.5% to
99.4%.
Reduced the proportion of defective
cases from 74.7% to 0.9%.
4 Software development Increased the process performance Operational (John and Kadadevaramath
index (PPK) from 0.00 to 1.2 and 2020)
reduced the parts per million from
501,366.31 to 153.33.
5 Banking call centre Cost savings of $0.27 million. Financial (Antony 2015)
The process sigma value improved to Operational
1.87, resulting in a process yield of
65.41%.
6 A pantry workstation in a hotel Reduced the average processing time Operational (Ramadan et al. 2023)
to less than 2 minutes. Operational
Increased the efficiency of workers by Financial

16.5%.
Increased the hotel’s yearly profit by

$50,000.

78%, while Lean had a slightly lower percentage of oper-
ational benefits at an average of 65%. When considering the
categories within the operational performance dimension, all
three approaches showed a similar pattern. The highest per-
centage of benefits in all approaches was related to timely
service.

In terms of impact on financial performance, the integra-
tion of Lean and Six Sigma demonstrated the highest impact,
with approximately 17% of its benefits dedicated to financial
performance measures, suggesting that the integration may
have a slightly stronger influence on financial performance
compared to Six Sigma (14%) and Lean (11%) individually.

Regarding social performance, it is evident that Lean Six
Sigma had the highest proportion of reported benefits dedi-
cated to the social dimension, with approximately 4% of its
benefits contributing to social performance. Lean followed
behind, with around 2% of its reported benefits, while none
of the Six Sigma benefits were related to social measures.
These findings suggest that only Lean and Lean Six Sigma
approaches demonstrate a positive but insignificant influence
on social performance, while Six Sigma does not demon-
strate any influence.

Regarding environmental performance, Lean showed a
higher proportion, with approximately 6% of its benefits con-
tributing to environmental measures, while Lean Six Sigma
demonstrated a relatively lower percentage, with approxi-
mately 1%. There were no specific benefits identified in the
environmental dimension of Six Sigma.

Overall, the three approaches account for 79% of the
reported benefits related to operational measures, 15% to
financial measures, 3% to social measures, and 2.6% to envir-
onmental measures. Figure 7 shows a network model to
quantify the association between Lean, Six Sigma, Lean Six
Sigma, operational performance, and sustainable perform-
ance dimensions. However, it is important to consider the
limitations and variations in the number of articles associated
with each approach when interpreting these results. More
research is needed to explore the underlying factors that
contribute to these percentages and gain a comprehensive
understanding of the comparative effects of these
approaches.

4.2. Qualitative analysis

Regarding the remaining 41% of the included studies, these
studies have focused primarily on answering a specific
research question related to the topic of interest, which is
the impact of Lean, Six Sigma, and Lean Six Sigma on sus-
tainable performance in the service sector. Limited studies
have explicitly addressed the impact, while the majority have
implicitly included some measures related to the four identi-
fied performance dimensions, allowing us to draw conclu-
sions on this topic.
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Table 5. Overview of lean Six Sigma based research.

No Setting Outcomes Classification Author/s
1 An orthopaedic outpatient Reduced the number of repeat Operational (Heijink, van den Heuvel, and
clinic consultations performed by Operational Schoonhoven 2022)
orthopaedic physicians by 19.5% Financial
Time savings for surgeons by
conducting 10.8% of consultations
by phone.
Financial benefits 465K euros.
2 Hematology laboratory within Increased the percentage of tests Operational (Ibrahim et al. 2022)
a university hospital reported-by time from 82% to 99% Operational
and reduced the percentage of Operational
inpatient routine CBC tests verified Operational
later than the desired target 19% to
only 1%.
Improved the percentage of tests that
met the specified standard set by
inpatient physicians from 35% to
60%.
Improved the sigma level from 2.4 to
3.7, indicating a significant
enhancement in the quality of the
test results.
Improved the sigma level from 0.38
to 3.11.
3 The Medical Records Reduced average cycle time by 65%. Operational (Bhat et al. 2019)
Departments (MRD) of Reduced standard deviation by 79%. Operational
four private hospitals in Reduced average waiting time by 97% Operational
India Reduced average number in the queue Operational
by 97%, Financial
Annual savings of $7,000. Operational
Reduced the turnaround time of the Financial
IP-MRD process from 52 to 39 min. Operational
Annual savings of $10,000. Operational
Reduced the service delivery time from Operational
3 to 1.5min. Operational
Improved the sigma level from 0.53 to Operational
3.69. Operational
Reduced the queue length by 94%. Financial
Reduced the turnaround time (TAT) by
more than 50%.
Achieved zero inventory at the end of
the day in the IP-MRD.
Reduced staff for the process from six
to four people.
Annual savings of $20,000.
4 Emergency department Reduced patients’ LOS by 30%. Operational (Furterer 2018)
Reduced the percentage of patients Social
leaving without treatment from Social
6.5% to 0.3% Operational
Increased patients’ satisfaction by 24%. Operational
These improvements allowed the ED Operational
to achieve a top 1% ranking among Operational
hospitals nationally. Financial
Increased the number of ED visits per
day by 12.
Reduced the time for admitted
patients to get into an ED bed by
30 minutes.
Reduced the time needed to discharge
patients by 42 minutes.
Increased the estimated net margin by
$3.4 million.
5 Outpatient department Reduced the average waiting time by Operational (Gijo and Antony 2014)
57%, and the standard deviation
by 70%.
6 Outpatient Pharmaceutical Reduced the waiting time from over Operational (Gonzélez-Cebrian et al. 2022)
Care Unit 2 hours to below 5 minutes. Operational
Reduced the overall mean waiting
time from 24 minutes per patient to
19 minutes and reduced the largest
time gap between attention times
by 52%.
7 Mobile hospital Reduced the average TAT from Operational (Sunder M, Mahalingam, and
115 minutes to 77.5 minutes. Operational Krishna M 2020)

(continued)
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No Setting Outcomes Classification Author/s
Increased CPK from —1.88 to 0.77 and
sigma level from 0 to 1.71.
8 Cardiology department Reduced the mean time for patient Operational (Persis et al. 2022)
turnaround from 315 to 241 mins. Financial
Achieved annual cost savings of Operational
$44,000 USD.
Increased value-added time by
approximately 6.45%, while
achieving a total percentage
decrease in non-value-added time
of 14.39%.
9 Inpatient pharmacy service Reduced monthly dispensing errors Operational (Trakulsunti et al. 2022)
from 29 to 6 incidents over a Operational
period of 14,000 total inpatient
days.
Reduced the number of errors for
entering medication orders,
decreased from 351 to 93.
10 Fast track knee replacement Reduced the average LOS by 19.9 %, Operational (Ricciardi et al. 2020)
surgery and the standard deviation
by 17.2%.
1 A dental college attached to Reduced the average TAT by 42.9%, Operational (Noronha et al. 2022)
a hospital Reduced standard deviation by 24% Operational
and increased the sigma level from
0.48 to 3.23.
12 Complex Operative Unit of Reduced the 30-day mortality rate Operational (Rosa et al. 2023)
Cardiology from 16% to 8%. Operational
Reduced the overall times by 35%.
13 Complex operative unit of Reduced the average LOS from 10.66 Operational (Improta et al. 2019)
orthopaedic and to 7.8 days.
traumatology
14 Services department in a Improved student satisfaction from Social (Haerizadeh and Sunder M
university 53% to 82% Operational 2019)
Reduced waiting times by 15%.
15 Higher education institute Reduced the mean admission cycle Operational (Shamsuzzaman et al. 2023)
time by around 55%. Operational
Improved the sigma level from 0.71
to 2.57
16 Several departments/ Reduced the grading cycle time by Operational (Oliver, Oliver, and Chen
processes within a higher 50%. Operational 2019)
education institute Reduced the feedback production time Operational
by 50%. Operational
Improved accuracy to 100%. Operational
Reduced the average approval time Operational
from 7.4 to 3.8 weeks. Operational
Reduced the process cycle time by Operational
60% Operational
Reduced lead time for completion of Financial
registrations by 5 months Operational
Reduced process cycle time d by 30% Operational
Reduced the logged calls by 44% Operational
Reduced cycle time by 71% Social
Annual savings of €94k Operational
Reduced lead time from 125 to Operational
31 hours Operational
Reduced process defects by over 67% Operational
Reduced escalated calls by over 67% Operational
Increased funding applications for new Financial
students by 30% Environmental
Reduced cycle time by 50% Operational
Reduced process steps by 40% Operational
Reduced the cycle time from 12 to 6 Operational
weeks. Operational
Reduced the cycle time by 7% Operational
Reduced process steps by 60% Operational
Projected savings of €5k Operational
Energy savings of €15,000. Financial
Increased metering capacity from 48% Operational
to 90% Operational
Reduced turnaround time for Financial
international student applications Operational
by 61%. Financial

Defect improvement of 100%
Reduced processing time per record

(continued)
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Table 5. Continued.

No

Setting

Outcomes

Classification

Author/s

17

18

19

20

21

22

23

Higher education institute

Several departments/
processes within a higher
education institute

A sponsored program
services

Refund process of the
logistics centre

Baggage handling
department

Insurance company

Retail bank

by 94%.

Reduced the number of process steps
from 23 to 9.

Reduced the number of process steps
by 45%

Reduced the cycle time from 30 to 10
days.

Savings of €330k over 5 years.

Reduced process cycle time by 26%

Reduced lead-time per claim from 13
days to 8 days

Annual savings of €4,300.00.

Reduced the time to clear student fee
accounts by 48 days.

Annual savings of €2,300.00.

Improved the average time from the
move to invoice payment by 27%,
the median time by 16%.

Reduced the standard deviation
decreased by 51%.

Increased the median of the "invoiced
date to paid date” by 50%.

Reduced the average cost of a campus
move from $150 to $88.

Reduced the number of process steps
by 10.

Reduced the number of involved
departments by 3.

Reduced the TAT by 70%

Cost savings of €10,000.

Reduced the number of checks by
4,500 per year.

Cost savings of €3000.

Reduced Purchasing and Processing
time from months to five days.

Annual cost savings of over €2000.

Reduced the number of boards by 8.

Reduced the number of members by
13.

Reduced the number of meetings
needed by 50%

Reduced the meeting times by
2 hours.

Annual cost savings of €22,000.

Reduced the number of course
changes by 25%

Reduced administrator’s time to review
forms by 4 hours/week.

Annual cost savings of €3000.

Reduced overproduction, extra
processing, waiting, and non-
utilized talents waste by 50%,30%,
20%, and 15-20% respectively.

Cost savings of €25,000.

Reduced the defective rate of late
submission from 0.56% to 0.32%.

Annual savings of NT$1,200,000

Reduced processing time for credit
voucher waiting from 14 days to 14
mins.

Reduced the error rate to almost 0.

Reduced the number of rejected bags
per day by 32%.

Reduced the number of bags waiting
to be screened up to 97.7%, and
the waiting time up to 68.6%.

Increased the compliance with the
claim settlement deadline of 30
days, from 3% to 95%.

Reduced the rejects percentage from
9.54% to 7.07%.

Improved the sigma level from 1.47 to
1.82, resulting in a short-term
sigma of 3.32.

Operational
Operational
Operational
Financial

Operational
Operational
Operational
Financial
Operational
Financial
Operational
Financial
Operational
Operational
Operational
Operational
Financial
Operational
Operational
Financial
Operational
Financial

Operational

Financial
Operational Operational

Operational
Operational

Operational

Operational
Operational
Financial

Operational

(Wheeler-Webb and Furterer
2019)

(Antony, Ghadge, et al. 2018)

(Li, Laux, and Antony 2019)

(Lee, Tai, and Sheen 2013)

(Alsyouf et al. 2018)

(Ashok Sarkar, Ranjan
Mukhopadhyay, and
Ghosh 2013)

(Sunder M 2016)

(continued)
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No Setting

Outcomes

Classification

Author/s

24 Multinational consumer bank

Cost savings of INR 1.6 million per
year.

Improved Repeatability, reproducibility,
and accuracy scores increased, with
scores of 90%, 80%, and 90%
respectively.

Eliminated second and third levels of
inspection and quality assurance
tasks, saving 5280 mins per day.

Increased knowledge-level across
products from 50% to ~80%.

Reduced the number of application-
related queries and saved
500 minutes per day.

Eliminated the need for separate cover
sheets and saved 8 hours.

Operational
Social

Operational
Operational
Operational
Operational
Operational
Operational
Operational

(Sunder M, Ganesh, and
Marathe 2019)

Savings of 130 hours per month.

Enabling effective resource-leveling
and reducing 40 hours per day.

Reduced processing errors and saved

1,600 hours per year.

Reduced cycle time by 270 hours per

annum.
Reduced defects, and saved

approximately 1,000 hours/yr.

25 Bank
the activities by 22%.

Increased in the first-time fix rate from

89.9% to 100.0%.

Reduced the total time required for

Operational
Operational
Financial

(Zwetsloot et al. 2015)

Annual cost reduction of €225,000.

26 Telecommunications
company
to 5.9 days.

Reduced the average order fulfilment
lead time for sales orders from 10.3

Operational
Operational
Financial

(Shamsuzzaman et al. 2018)

Reduced the lead time for value-added
service orders from 1.5 to 0.5 days.
Achieved savings of over $600,000 per

year in operational costs.
27 IT support services

Reduced complaint resolution time by

Operational Financial (Gijo and Antony 2019)

30%, and the standard deviation by

38%.

Financial Savings of around INR2.5

million.

4.2.1. Lean

Studies investigating the impact of Lean on financial per-
formance have consistently reported positive results, particu-
larly within the healthcare industry. These outcomes include
increased  profitability (D'’Andreamatteo et al. 2015;
Narayanan et al. 2022), and reduced Medicare spending per
patient (Rundall et al. 2021). Likewise, (2019) found similar
positive impacts in studies focusing on the service sector.

In addition to its impact on financial performance, several
studies have demonstrated Lean’s positive influence on oper-
ational measures. Lean has been associated with improve-
ments in operational measures in various settings (Costa and
Godinho Filho 2016; Hadid, Mansouri, and Gallear 2016;
Hadid and Afshin Mansouri 2014). However, there are instan-
ces where Lean did not sufficiently improve hospital per-
formance indices, including quality, delivery, efficiency,
accessibility, and patient-centeredness, as evidenced by
Saleeshya and Harikumar (2023).

In particular, Lean implementations often demonstrate a
more pronounced impact on operational measures than dir-
ect financial measures (Antony et al. 2019; Costa and
Godinho Filho 2016; Narayanamurthy, Gurumurthy, and

Lankayil 2021). Operational improvements, such as reduced
waiting times, cost reduction, and improved service quality,
are  frequently observed in  healthcare  settings
(D'Andreamatteo et al. 2015). Lean practices have also shown
benefits in the education industry, particularly in enhancing
operational processes within higher education institutions
(Davidson, Price, and Pepper 2020; Gdémez-Molina and
Moyano-Fuentes 2022; Kakouris, Sfakianaki, and Tsioufis
2022).

However, social measures have received limited attention
in Lean studies, possibly due to Lean’s emphasis on effi-
ciency and cost reduction, which may lead to employee
resistance (Fournier et al. 2023). Lean has demonstrated less
impact on social measures, such as job satisfaction (Leyer,
Reus, and Moormann 2021), as well as patient outcomes and
satisfaction (Rundall et al. 2021). Some Lean practices, such
as delegation of responsibilities and standardization, can
negatively affect employee attitudes and well-being (Bouville
and Alis 2014; van Kleeff et al. 2023).

The impact of Lean on workforce well-being and satisfac-
tion is ambiguous, as evidenced by contradictory research
results. Some studies have reported increased work intensity,
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Table 6. Classification of benefits into four dimensions of performance.

Performance Category

Description Count

Operational Performance
(0P)

Timely Service

Efficiency

Reduction of Lean waste

Quality

Social Performance (SP)

Satisfaction and well-being

Financial Performance (FP) Financial optimization

Environmental Performance (EP) Environment

This category focuses on enhancing service efficiency by 95
reducing various time-related factors in service delivery.

This category encompasses various aspects of service
efficiency, including customer volume, resource utilization,
equipment effectiveness, queue management, performance
efficiency, capacity, service levels, overtime, the handling of
processes, etc.

This category targets the reduction of eight types of Lean
waste - transportation, inventory, motion, waiting,
overproduction, over-processing, defects, and underutilized
skills.

This category concentrates on improving the quality and 18
statistical aspects of process performance, including Sigma
level, standard deviation, process stability, repeatability,
reproducibility, accuracy, process yield, first-time fix rate,
process performance index (PPK), part per million (PPM),
and process capability (CpK), etc.

This category targets health and safety of the workplace, 7
satisfaction, well-being of employees, development, and
education, as well as society’s welfare.

This category is associated with financial aspects, such as
costs, revenues, profits, and return on investment (ROI),
offering insights into an organization’s financial
performance and sustainability.

This category focuses on environmental sustainability by 6
assessing resource consumption, energy efficiency,
emissions reduction, and sustainability efforts, reflecting an
organization’s environmental impact and sustainability
practices.

36

32

34

while others have found improved job satisfaction and prod-
uctivity (Rees and Gauld 2017). Similarly, the impact of Lean
on nurse teamwork has yielded mixed results (Ulhassan et al.
2014). Despite these nuances, some studies have demon-
strated a positive impact of Lean on social measures, such as
patient satisfaction and safety (Crema and Verbano 2016;
McFadden, Lee, and Gowen 2015).

However, none of these studies has provided a compre-
hensive analysis of the dimensions of sustainable perform-
ance. Some empirical studies have addressed the three
dimensions of sustainable performance in a more compre-
hensive way. For example, a survey of academic staff in
higher education institutions in Brazil and Portugal found
that Lean practices positively impact economic, environmen-
tal and social performance, with the greatest influence on
economic performance (Klein et al. 2022). Similarly, a study
in the United Arab Emirates revealed the impact of Lean on
the sustainable performance of hotel supply chains, with the
highest impact on economic performance (Hussain, Al-
Aomar, and Melhem 2019). Another study examining various
service industries indicated that the better performance of
service sectors is primarily related to the economic aspect of
sustainable performance (Lizarelli et al. 2023).

4.2.2. Six Sigma

Six Sigma empirical studies focused mainly on healthcare. A
review of Six Sigma publications in healthcare indicated that
most of the articles aimed at operational measures such as
time reduction and improved patient safety, which were
deemed to improve patient satisfaction. Whereas 17% of
articles focused on financial measures such as cost reduction

by addressing issues that contribute to higher expenses. The
remaining articles in that review lacked a defined objective
and mainly followed a theoretical approach for Six Sigma dis-
cussion (Ninerola, Sanchez-Rebull, and Hernandez-Lara 2020).
Similarly, a study conducted by Bhat et al. (2023) that
involved multiple case studies in the hospitality, transporta-
tion, and logistics industries in the UAE found that Six Sigma
has improved various operational measures, including
reduced cycle time, improved worker productivity, enhanced
utilization, and positive impacts on financial measures such
as improved return on investment, savings, and profit.

Furthermore, Antony, Palsuk, et al. (2018) conducted a
study identifying the benefits achieved after implementing
Six Sigma in Healthcare. As it was found that the top five
benefits resulting from Six Sigma implementations include
patient satisfaction, reduction in cycle time, revenue
enhancement, cost savings, and defect reduction, indicating
its potential to impact social, financial, and operational per-
formance. However, McFadden et al. (2014) argue that there
is no clear or direct impact of Six Sigma on social measures
in healthcare organizations.

4.2.3. Lean Six Sigma

The integration of Lean and Six Sigma has been proven to
have an impact on operational, social, and financial perform-
ance measures. Antony et al. (2023) found that Lean and Six
Sigma had a significant impact on operational performance.
Lean impacted operational measures such as reducing medi-
cation errors and improving patient safety. Although Six
Sigma was associated with measures such as compliance,
productivity and service quality, with limited impact on
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Figure 7. Network model for operational excellence methodologies and sustainable performance.

financial and social indicators. Lean Six Sigma proved effect-
ive in four out of five categories, except for People, suggest-
ing limited potential in influencing social performance. These
findings were also supported by Trakulsunti et al. (2020),
where it was found that Lean, Six Sigma, and Lean Six Sigma
interventions in hospitals improve operational measures,
including reduced medication errors, improved patient safety
and satisfaction, along with financial benefits related to cost

savings. Similarly, Vashishth, Chakraborty, and Antony (2019)
found that 80% of the reported benefits of the implementa-
tion of Lean Six Sigma in financial services were related to
financial measures, including cost reduction and improved
profits, while social measures were reported less frequently.
However, in healthcare, the combination of Lean and Six
Sigma practices indirectly improves social performance by
creating a positive work environment, enhancing employee
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Existing Studies Lizarelli et al., Klein et al., Hussain et al., The current Study
(2023) (2022) (2019)
Description | Methodology Lean Lean Lean Description | Methodology Lean
Study Type Empirical Empirical Empirical Study Type Empirical
Industry Service Sector Higher Education | Hospitality Industry Service Sector
Country Global Portugal & Brazil UAE Country Global
Findings The sustainability Lean has Lean practices Findings Overall, the three
performance significant positive | have a major methodologies
analysis showed impact of practices | influence on accounted for 79%
that the better in HEIs on economic of the reported
performance of economic, performance benefits related to
service companies environmental and | while exerting operational
is in the economic social the least measures, 15% to
dimension. performance. influence on financial measures,
environmental 3% to social
performance. measures, and 2.6%

to environmental
measures.

Future Propositions Based on Synthesis of Current Literature

Proposition 1: Expanding the Scope of OPEX methodologies for Social and Environmental Gains
Proposition 2: Enhancing the Synergy between Financial and Operational Gains

Proposition 3: Developing Metrics for Measuring Social and Environmental Impact

Proposition 4: Investigating Lean’s Conflicting Impact on Social Performance

Proposition 5: Addressing the Trade-offs Between Environmental and Financial Performance

Proposition 6: Industry-Specific Customization of Lean, Six Sigma, and Lean Six Sigma

Figure 8. Theoretical Framework and future propositions.

happiness, and fostering trusting relationships (De Koeijer
et al. 2024).

Furthermore, Honda et al. (2018) found that the imple-
mentation of Six Sigma and Lean Six Sigma in hospital
departments resulted in significant operational improve-
ments, including reduced length of stay, reduced service and
waiting times, and improved patient flow, which, in turn,
positively affected both social (patient satisfaction and well-
being) and financial measures (cost reductions and inventory
savings).

Furthermore, Zhang et al. (2016) reported widespread
benefits of the application of Lean, Six Sigma, and Lean Six
Sigma, including 100% of companies achieving cost savings,
66.7% reducing process cycle times and improving delivery
performance, 58.3% identifying and reducing waste, and
41.7% improving inventory turnover. In the financial services
sector, the implementation of Lean Six Sigma resulted in
substantial cost savings of nearly 5.38 million euros (de Mast
et al. 2013). Furthermore, in the education industry, Hess and
Benjamin (2015) demonstrated that Lean Six Sigma optimiza-
tion in various functions improved resource allocation,
reduced degree completion time, enhanced student experi-
ences, managed revenue, reduced expenses, and increased
efficiency.

5. Discussion

Our analysis reveals a clear predominance of operational
benefits across the three methodologies, with an average of

79% of total reported benefits falling within this dimension.
This finding underscores a crucial point: While Lean, Six
Sigma, and Lean Six Sigma are all established to improve
operational efficiency, their potential to affect broader
dimensions of sustainable performance is less emphasized.
This focus on operational outcomes is aligned with the fun-
damental goals of these methodologies, which prioritize pro-
cess improvement and waste reduction. However, it raises
questions about their completeness in addressing the triple
bottom line.

For example, Lean implementation often resulted in
timely service delivery and efficiency improvements, but its
impact on financial, social, and environmental performance
was comparatively limited. The operational focus is beneficial
in the short term, enhancing service delivery and reducing
costs. This emphasis can be explained by the tangibility and
ease of obtaining these measurements, as opposed to the
more multidimensional and complex nature of sustainable
performance measures. In addition, operational benefits
exhibit a more direct link to the bottom-line performance of
organizations, and reporting these benefits is more likely to
garner support from management and stakeholders.
However, to achieve long-term sustainability, organizations
may need to integrate these methodologies with broader
strategic initiatives that explicitly target financial, social and
environmental goals.

Furthermore, 15% of the reported benefits of Lean, Six
Sigma, and Lean Six Sigma were related to financial perform-
ance, and Lean Six Sigma showed the highest impact. This



suggests that while Lean and Six Sigma individually contrib-
ute to financial outcomes, their combination offers a more
robust impact on the enhancement of financial performance.
This could be attributed to the synergistic effect of Lean’s
efficiency focus and Six Sigma’s quality improvement orienta-
tion, which together create a more comprehensive approach
to financial gains. Antony et al. (2023) further supported the
advantages of integrating Lean and Six Sigma, revealing that
this integration yields a higher number of benefits compared
to Lean or Six Sigma individually. Despite these benefits, the
relatively low proportion of financial benefits indicates that
the primary value of these methodologies could lie in their
ability to streamline operations rather than drive direct finan-
cial gains.

Furthermore, the impact on social and environmental per-
formance was notably minimal, with only 3% and 2.6% of
the benefits reported in these dimensions, respectively. Lean
Six Sigma had the highest proportion of social benefits, yet
this was still only 4% of its total benefits. This suggests that
the service sector may not be utilizing these methodologies
for greater social and environmental gains. The limited focus
on social performance, such as employee satisfaction and
community well-being, can be partly attributed to the meth-
odology’s inherent focus on efficiency and cost reduction,
which may sometimes come at the expense of social factors.
For example, Lean’s emphasis on waste reduction and effi-
ciency can lead to increased work intensity, employee resist-
ance, and job dissatisfaction if not managed carefully
(Fournier et al. 2023). Another possible reason is that Lean
Social Practices has been shown to be the least influential
on operational performance, as suggested by Vadivel et al.
(2022), this gives us insights on why many studies fail to
report social outcomes and measures of Lean implementa-
tion, as the goal of the majority studies is to achieve tangible
operational measures as indicated by this study.

Similarly, environmental benefits were most notable in
Lean implementations, yet these benefits were still a small
fraction of the total. This lack of attention to environmental
performance could be explained by the potential tradeoff
between environmental sustainability and financial perform-
ance (de Freitas, Costa, and Ferraz 2017; Morell-Santandreu,
Santandreu-Mascarell, and Garcia-Sabater 2020). This sug-
gests the need for a more explicit integration of environmen-
tal objectives within these methodologies. Service
organizations might benefit from incorporating sustainability
goals and tools into their Lean and Six Sigma projects to
measure and improve environmental impacts.

In general, comparative analysis of Lean, Six Sigma, and
Lean Six Sigma highlights some critical insights. First, the
Lean articles stood out as the only ones explicitly addressing
the triple bottom line performance. However, the Six Sigma
articles did not address any measures related to environmen-
tal impact. Furthermore, it is important to note that Lean
was the only approach that presented conflicting findings on
its impact on social performance. Although Lean has shown
positive effects on social performance, contradictory results
were not observed in any of the other approaches or with
respect to other performance measures. Furthermore, Six
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Sigma had the highest proportion of operational benefits
(86%), indicating its strong orientation toward process qual-
ity and defect reduction. Lean Six Sigma, which combined
the strengths of both methodologies, produced the highest
total number of benefits, suggesting its potential as a more
holistic approach to performance improvement.

Overall, the three approaches account for an average of
79% of benefits related to operational measures, 15% to
financial measures, 3% to social measures, and 2.6% to envir-
onmental measures. These findings align with empirical stud-
ies that have addressed similar research questions in the
service sector, consistently demonstrating a stronger associ-
ation between process improvement methodologies and
improved financial performance, followed by a less signifi-
cant impact on social and environmental dimensions
(Hussain, Al-Aomar, and Melhem 2019; Klein et al. 2022;
Lizarelli et al. 2023).

Our approach and findings offer several unique and novel
contributions to the existing body of knowledge. This article
is the first to systematically review and address all three
methodologies (Lean, Six Sigma, and Lean Six Sigma) and
their impact on the three dimensions of sustainable perform-
ance (financial, social, and environmental) in a global range
of service industries. Unlike previous studies that focused on
specific methodologies, contexts, tools, or countries, our
comprehensive approach provides a holistic understanding
of how these methodologies affect sustainable performance
dimensions without the potential bias of focusing on specific
tools or geographic regions. By examining the combined
impact of these methodologies, we offer an understanding
of their comparative effects on operational, financial, social,
and environmental performance. Additionally, our classifica-
tion of benefits into distinct performance dimensions pro-
vides a detailed and structured perspective that improves
understanding of their broader implications for sustainable
performance. These insights are invaluable for managers
seeking to implement these methodologies effectively, as
they highlight the most impactful areas for improvement.

Building on the findings presented, the Theoretical
Framework illustrated in Figure 8 provides a structured
approach to comprehending the insights derived from the
current literature, along with potential future research direc-
tions synthesized from this literature review.

6. Conclusions, implications, limitations, and future
research agenda

In this systematic literature review, our objective is to assess
the impact of Lean, Six Sigma, and Lean Six Sigma on sus-
tainable performance in the service sector. Our objective is
to bridge the gap between academic research and practical
application, providing actionable insights for organizations
looking to optimize their operations and improve long-term
sustainability. To achieve this, we followed a rigorous and
systematic process. We identified 99 relevant articles from
the SCOPUS database, consisting of 58 case studies and vari-
ous empirical, review, and conceptual studies that addressed
dimensions of sustainable performance. Our analysis
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encompassed descriptive and bibliometric aspects, allowing
us to understand trends, patterns, and the evolution of the
research.

The review highlighted that these methodologies can
positively influence operational and financial performance in
various service industries. However, evidence on their impact
on social and environmental performance measures remains
limited. In particular, the integrated Lean Six Sigma approach
showed substantial benefits, indicating synergy in its applica-
tion compared to Lean and Six Sigma individually.

6.1. Implications of the study

The systematic literature review on the impact of Lean, Six
Sigma, and Lean Six Sigma methodologies in the service sec-
tor has significant implications for both theory and practice:

6.1.1. Theoretical implications

The findings of this systematic literature review have several
implications for theory in the realm of Lean, Six Sigma, and
Lean Six Sigma methodologies within the service sector. By
synthesizing the existing literature, this study contributes to
a deeper understanding of how these methodologies are
applied and their effects on sustainable performance out-
comes in service industries. Additionally, it sheds light on the
conceptual foundations of these methodologies and their
applicability beyond traditional manufacturing contexts.
Furthermore, gaps and inconsistencies in the literature pro-
vide opportunities for the future theoretical development
and refinement of frameworks related to operational excel-
lence in service organizations.

6.1.2. Practical implications

The results of this systematic literature offer valuable infor-
mation for professionals in the service sector looking to
leverage Lean, Six Sigma, and Lean Six Sigma methodologies
to improve sustainable performance. Although not directly
identifying specific best practices or success factors, com-
monly used tools and methodologies provide a practical
starting point for organizations embarking on operational
excellence initiatives. By understanding the prevalent tools
and methodologies utilized in previous studies, practitioners
can make informed decisions about Lean Six Sigma practices
tailored to their organizational needs. Furthermore, the inte-
gration of outcomes into operational, financial, social, and
environmental performance dimensions enables practitioners
to prioritize improvement areas and align initiatives with
broader sustainability goals.

Quantitative findings from the literature review offer
opportunities and information on the potential impact of
Lean Six Sigma methodologies on various performance met-
rics. Additionally, by synthesizing qualitative findings on the
financial, social, and environmental impacts, practitioners
gain an understanding of the multifaceted effects of these
methodologies on sustainable performance. These practical
implications enable practitioners to develop evidence-based
strategies, mitigate potential challenges, and drive

continuous improvement efforts to achieve sustainable per-
formance results in the service sector.

6.2. Limitations of the study

Despite the valuable insights gained, this review has sev-
eral limitations. First, the search was conducted exclusively
on the Scopus database. Although Scopus is a reliable and
comprehensive resource for academic research, this choice
may have limited the diversity and completeness of our
final sample. Furthermore, although we used a set of care-
fully selected keywords to capture various aspects of oper-
ational excellence methodologies, performance dimensions,
and service sector industries, the use of specific keywords
may have overlooked potentially relevant studies employ-
ing different terminology or synonyms. Furthermore, the
methodology employed, namely a systematic literature
review, although rigorous, may inherently exclude certain
studies due to inclusion criteria or search parameters.
These limitations in sample size, methodology, keyword
selection, and database choice may have influenced the
scope and generalizability of our findings. Furthermore, it
should be noted that although the study attempted to
include a wide range of studies from different industries
within the service sector, there was an uneven distribution.
For example, the healthcare industry was widely repre-
sented, while other industries such as hospitality, telecom-
munications, and IT were less represented. Due to the
unique characteristics of certain industries, particularly
healthcare, we recognize the limitation of generalizing the
findings across all industries of the service sector.

6.3. Future research

Based on our findings, a primary concern is the apparent
lack of studies examining the impact of operational excel-
lence methodologies on environmental and social indicators.
To address this gap, future research should prioritize under-
standing these impacts to enhance sustainable performance
holistically.

Future studies could also explore the indirect effects of
operational excellence methodologies on the three dimen-
sions of sustainable performance. Most existing research pri-
marily addresses operational and, to some extent, financial
benefits. Thus, there is a pressing need to assess the broader
impacts on social and environmental dimensions, particularly
how readily measurable outcomes can influence these areas.

To investigate this further, future studies could employ
both qualitative and quantitative methodologies, engaging
industry experts to provide insights into the often-over-
looked aspects identified in our literature review. By examin-
ing the indirect effects of operational measures on
sustainable performance dimensions, researchers can deepen
their understanding and reinforce the findings of this article,
effectively addressing its limitations. This paper serves as a
foundation for future research to explore these indirect
impacts and build upon our insights.



Additionally, there is a critical need to develop standar-
dized metrics for measuring social and environmental impact
(Figure 8, Proposition 3). Future research should focus on
creating these metrics within the frameworks of Lean, Six
Sigma, and Lean Six Sigma. Such standardized tools would
enable organizations to effectively assess their contributions
to social and environmental performance.

Furthermore, given the diversity of the service sector,
focusing on specific industries could yield more insightful
findings. Future research should consider the applicability of
individual quality methodologies and their impacts on each
dimension of sustainable performance. A more focused sys-
tematic literature review for specific industries—incorporat-
ing relevant industry-specific keywords—could gather a
comprehensive collection of articles, facilitating a deeper
understanding of effects within particular service sectors.

Moreover, addressing potential tradeoffs between envir-
onmental and financial performance (Figure 8, Proposition 6)
is crucial. Future studies should explore strategies for organi-
zations to achieve environmental sustainability without com-
promising financial performance. This balance is especially
pertinent in the context of Lean methodologies, which may
sometimes prioritize operational efficiency over environmen-
tal considerations.
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