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Introduction: In anincreasingly competitive manufacturing sector, companies are
adopting innovative approaches, such as the Lean Six Sigma methodology, to
enhance their operations, competitiveness, and sustainability. This study explores
the effect of Lean Six Sigma methodology and data-driven decision-making on
sustainable manufacturing practices.

Methods: The study employs thematic analysis to clarify and identify principle
nodes and themes, including Six Sigma, quality improvement, management
approaches, and front-line worker perspectives. The analysis aims to deepen
understanding of Lean Six Sigma principles and their implications for sustainable
manufacturing practices.

Results: The analysis identifies employee motivation, balanced scorecards,
company culture, Customer Relationship Management (CRM), and data-driven
decision-making as key drivers of sustainable manufacturing practices. Evidence
suggests that implementing Lean Six Sigma methodology, promoting data-driven
decision-making, and nurturing a positive company culture enhances
environmental performance in the manufacturing industry.

Discussion: The findings indicate that Lean Six Sigma, data-driven decision-
making, and a positive company culture are effective strategies to enhance
sustainability in manufacturing, offering valuable insights for companies seeking
to improve sustainability while maintaining competitiveness. This study underlines
the potential of Lean Six Sigma as a cornerstone of sustainable manufacturing
practices.
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1 Introduction

Sustainable manufacturing practices are no longer a mere option
but a crucial necessity for our planet’s survival. They play a pivotal
role in reducing the negative impact of industrial activities on the
environment. Sustainable manufacturing practices have become
increasingly important as concerns about climate change and
environmental degradation have grown. The manufacturing
sector significantly contributes to greenhouse gas emissions,
resource depletion, and waste generation. Therefore, adopting
sustainable manufacturing practices can help to reduce the
negative impact of manufacturing on the environment and
promote the efficient use of resources (Shen, 2014). These
practices can include measures such as energy efficiency, waste
reduction, recycling, and the use of renewable resources. By
implementing sustainable manufacturing practices, companies
can reduce their environmental footprint and improve their
reputation, increase customer loyalty, and achieve cost savings
through resource efficiency (Sarkis, Zhu, & Lai, 2011).

One approach that has gained attention in recent years for
promoting sustainable manufacturing practices is Lean Six Sigma
(LSS). LSS is a methodology combining Lean manufacturing
principles and Six Sigma quality management to eliminate waste
and defects in manufacturing processes (Tjahjono et al, 2010).
Adopting LSS  can
performance, including reductions in energy consumption,
emissions, and waste (Belhadi, Kamble, Zkik, Cherrafi, & Touriki,
2020). In addition, LSS has been found to contribute to cost savings,

significantly ~improve environmental

improved productivity, and enhanced customer satisfaction. For
example, the company found that implementing LSS practices
resulted in a reduction in energy consumption, a reduction in
water usage, and a reduction in a waste generation (Tucci et al,
2021). These findings suggest that LSS can be a practical approach to
promoting sustainable manufacturing practices and improving
environmental performance.

Lean Six Sigma (LSS) combines Lean manufacturing principles
and Six Sigma quality management to reduce waste and defects in
business processes. The origins of LSS can be traced back to the
Toyota Production System (TPS), which was developed in Japan in
the 1950s to
manufacturing processes (Womack,

improve efficiency and eliminate waste in
& Roos, 2007).
Motorola later introduced Six Sigma in the 1980s as a statistical

Jones,

approach to quality control that focused on reducing variation and
defects in manufacturing processes (Harry & Schroeder, 2006). LSS
builds on the strengths of both approaches by emphasizing the
importance of customer satisfaction, process improvement, and
data-driven decision-making. The five principles of Lean
manufacturing include defining customer value, identifying the
value stream, creating flow, establishing pull, and pursuing
perfection (Womack et al,, 2007). The five phases of Six Sigma
include Define, Measure, Analyze, Improve, and Control (DMAIC),
which provide a structured approach to problem-solving and
process improvement (Harry & Schroeder, 2006). LSS has been
widely applied in various industries, including manufacturing,
healthcare, finance, and service (Raja Sreedharan & Raju, 2016).
For example, LSS has been used to improve product quality, reduce
lead times, and increase efficiency in manufacturing processes
(Trakulsunti, Antony, & Douglas, 2020). LSS has been used in
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healthcare to reduce medical errors, improve patient satisfaction,
and increase productivity (Heckl, Moormann, & Rosemann, 2010;
Yaduvanshi & Sharma, 2017). LSS has also been applied in service
sectors, such as banking and insurance, to improve customer service,
reduce errors, and increase profitability (Vashishth, Chakraborty,
Antony, & Excellence, 2019; Gholami et al., 2021).

The manufacturing industry needs help to sustain
competitiveness in an increasingly global market while attaining
sustainable operations. While conventional industrial processes
typically have severe environmental implications, there is an
urgent need for novel solutions to increase operational efficiency
and environmental performance. Even though Lean Six Sigma has
become a popular solution for tackling these issues, how the
methodology’s guiding principles and practises for data-driven
decision-making promote sustainable manufacturing is still being
determined. This knowledge gap limits the industry’s capacity to
fully realize the promise of Lean Six Sigma to promote sustainable
practices and enhance environmental performance. As a result, this
research aims to look into the relationship between data-driven
decision-making, Lean Six Sigma concepts, and sustainable
valuable insights for

their

to provide
looking  to

manufacturing practices

manufacturing ~ companies improve
environmental performance while remaining competitive.

This study analyzed the relationship between Lean Six Sigma
(LSS) principles, data-driven decision-making, and environmental
within the broader context of sustainable

manufacturing. Sustainable manufacturing is producing goods

performance

that minimize adverse environmental impacts, conserve energy
and natural resources, and enhances the wellbeing of employees
and communities. The main research question was: “What was the
impact of Lean Six Sigma on environmental performance in
sustainable manufacturing?” The study focused on identifying the
key factors contributing to the successful implementation of LSS,
promoting sustainable manufacturing practices, and enhancing
environmental performance. A literature review of existing
research on LSS and sustainable manufacturing practices, case
studies of manufacturing companies implementing LSS principles
for environmental performance improvement, and survey data
collection from manufacturing companies were employed to
achieve this objective. The scope of the study was limited to
analyzing LSS principles and their impact on environmental
performance within the sustainable manufacturing context,
excluding other aspects such as renewable energy or waste
reduction outside of LSS principles. Additionally, the study
concentrated on manufacturing industries, not covering other
sectors like healthcare or service industries.

2 Literature review

The role of Lean Six Sigma (LSS) in promoting sustainable

manufacturing  practices and  improving  environmental
performance has gained increasing attention in recent years
(Zhang, Luo, & Skitmore, 2015; Ganjavi & Fazlollahtabar, 2021).
LSS is a methodology combining Lean manufacturing principles and
Six Sigma quality management to reduce waste and defects in
business processes. On the other hand, sustainable manufacturing

practices aim to reduce the negative impact of manufacturing on the
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environment through measures such as energy efficiency, waste
reduction, and the use of renewable resources (Antony, Snee, Hoerl,
& Management, 2017). This literature review aims to analyze the
relationship between LSS principles, data-driven decision-making,
and environmental performance in the context of sustainable
manufacturing practices. To gather a broad range of literature on
the topic, relevant keywords and search terms such as “Lean Six
Sigma,” “sustainable manufacturing,” “environmental
performance,” and “data-driven decision making” were used to
search scholarly databases and other sources the review will
synthesize and analyze the literature to identify the key factors
that contribute to the successful implementation of LSS in
promoting sustainable manufacturing practices and improving
environmental performance. By examining the existing research
on this topic, the review aims to provide insights and
recommendations for manufacturing companies seeking to
improve their environmental sustainability while maintaining
operational efficiency and profitability.

The first theme in the article is the history and principles of LSS.
This theme includes sources that provide an overview of LSS, its
origins, and the principles underpinning it (Stankalla, Koval, &
Chromjakova, 2018). The second theme is the relationship between
LSS and sustainable manufacturing practices. This theme includes
sources that examine how LSS can be applied to promote
sustainability in manufacturing and the challenges and benefits of
doing so (Pereira, Silva, Domingues, & S4, 2019). The third and final
theme is the impact of LSS on environmental performance. This
theme includes sources that analyze the effect of LSS on various
environmental performance metrics, such as energy consumption,
waste reduction, and carbon emissions. The theoretical and
empirical literature, case studies, and best practices in the field
are included to ensure a comprehensive review. By organizing the
literature by these themes and topics, the review provides a
structured and systematic analysis of the relationship between
LSS principles, data-driven decision-making, and environmental
performance in sustainable manufacturing practices.

After synthesizing and analyzing the literature, it is essential to
critically evaluate the findings and provide a personal perspective on
the topic. One of the strengths of the literature is the growing body of
research that highlights the potential benefits of using LSS principles
to promote sustainable manufacturing practices and improve
environmental performance (Antony, Gijo, Kumar, Ghadge, &
Management, 2016; Mohan, Rathi, Kaswan, & Nain, 2022;
Nagadi & Engineering, 2022). Another strength is the availability
of case studies and best practices demonstrating the successful
implementation of LSS in various manufacturing industries
(Yadav, Desai, & Management, 2017). However, a weakness of
the literature is the need for more focus on the implementation
challenges of LSS in the context of sustainable manufacturing
practices. While some studies identify the barriers and limitations
of LSS implementation in general (Willis, 2008; Shamsi & Alam,
2018; Ali et al, 2020), few studies have addressed the unique
challenges of implementing LSS in sustainable manufacturing
practices.

Researchers have been interested in the potential benefits of
integrating data-driven methodologies into Lean Six Sigma. Six
Sigma Lean has shown that cutting waste and boosting efficiency
can boost profitability and encourage the growth of creative
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businesses (Atmaca and Girenes, 2013). A study examined how
the Dutch financial services sector may benefit from integrating data
science into Lean Six Sigma. They suggested changes to the sector’s
organizational structure, employee training, and DMAIC roadmap
(Zwetsloot, Kuiper, Alkerhuis, & de Koning, 2018). Lean Six Sigma
has proven to be a possible answer to the healthcare industry’s issues
by lowering variation, making mistakes, and spending more while
raising overall quality (Van den Heuvel, Does, De Koning, &
Advantage, 2006). When Lean/Kaizen and Six Sigma are
combined, the outcomes are better for cutting waste and rework
while generating a smooth production flow (Smith, 2003). The
University of Central Florida’s successful application of Lean Six
Sigma in a course on total quality improvement shows how effective
the technique is for enhancing academic processes (Coowar et al.,
2006). Lean Six Sigma 4.0 was promoted as a workable method to
raise healthcare supply chain efficiency and lower unnecessary
spending by highlighting the need for precise, current data
(Arcidiacono, Pieroni, & Technology, 2018). The ability of Lean
Six Sigma to enhance environmental performance across sectors is
emphasized in the literature. An Indian producer of automotive
components successfully applied the Lean Six Sigma methodology
while taking environmental considerations, which reduced internal
flaws and negative environmental consequences (Ruben, Vinodh, &
Asokan, 2018). A recent comprehensive literature analysis shed light
on incorporating these technologies into Green Lean Six Sigma
(GLSS), a collection of approaches enterprises use to enhance their
environmental performance. Lean, Six Sigma, and Lean Six Sigma
are valuable tools for minimizing waste and emissions, two of the
main contributors to climate change (Chugani, Kumar, Garza-
Reyes, Rocha-Lona, & Upadhyay, 2017; Farrukh, Mathrani, &
Sajjad, 2021). Nevertheless, study found that the Malaysian
automotive industry’s adoption of ISO 14001 certification had no
appreciable effect on the link between Lean Six Sigma and
organizational performance (Habidin & Yusof, 2012). The most
crucial factors for environmental efficacy were TPM and JIT, as
opposed to autonomation and VSM (Garza-Reyes, Kumar,
Chaikittisilp, & Tan, 2018). Researchers found that firms that
embraced lean manufacturing techniques performed better
regarding the environment using data from 17,499 enterprises in
the United States (King, Lenox, & management, 2001). Lean
management is associated with lower volatile organic compound
air emissions, according to research by Rothenberg et al. on how lean
manufacturing practices impact environmental performance in the
vehicle sector.

Existing research on LSS in sustainable manufacturing practices
and how it affects how well the environment works gives us valuable
information and case studies. However, we need to learn more about
the unique problems that come up when LSS is used in the context of
sustainable manufacturing. In the literature, the potential problems
and limits of using LSS for sustainable manufacturing have yet to be
discussed as much as the benefits and successful uses of LSS. Also,
few studies examine how LSS principles and data-driven techniques
work together to improve environmental performance. Even though
some studies have looked at how data science fits into LSS and how it
affects different industries, there needs to be more research on how
data-driven decision-making can make LSS better at promoting
sustainable environmental

manufacturing  practices  and

performance. In the future, researchers could look into the
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unique problems that arise when LSS is used in environmentally
friendly production and how they could be solved. Studying how
data-driven methods and LSS principles work together to improve
environmental performance across different industries would be
beneficial. This would help us learn more about the topic and give
people in the field the tools they need to improve sustainable
manufacturing practices.

3 Methodology

The present study employed a qualitative research methodology
to investigate the impact of Lean Six Sigma (LSS) as a culture-
focused, continuous philosophy on environmental economics and
management, employee-centric approach, intensity, and customer
focus. The ethnographic method was employed for data collection,
requiring researchers to deeply understand the Culture surrounding
the data and immerse themselves in the community from which the
data is sourced. In this study, the authors analyzed the public
discourse on websites such as blogs, tweets, and Facebook
comments, with a particular focus on communities from South
Asia, as the researcher belongs to this region (Kozinets, 2002). The
authors have investigated the specific Facebook communities that
contributed to the data source, ensuring a comprehensive
understanding of the context. This method reduces bias and
increases comprehension of social and corporate challenges,
providing valuable insights into the research topic (Ekblom, 2018).

3.1 Data collection

In this study, the selection of Facebook comments was carried out
through a systematic process to ensure their quality and relevance.
Criteria for inclusion encompassed the comments’ genuineness and
their content being informative and well-thought-out. Comments
containing emoticons, graphics, or merely three to four words and
brief remarks were excluded, as they were deemed insufficient for our
analysis (Hellerstein, 2008). This meticulous selection ensured that only
high-quality, relevant comments were considered for the study. The
careful selection of Facebook comments based on relevance and
genuineness in this study provides several benefits. Firstly, it ensures
that the data collected is of high quality and accurately reflects the
attitudes and opinions of the stakeholders. Secondly, it reduces the
potential for bias in the data by excluding comments with emoticons or
graphics, which may not provide valuable insights into the research
topic. Thirdly, excluding comments with three to four words or quick
remarks ensures that the data analyzed is sufficiently detailed and
informative, which is crucial for drawing valid and reliable conclusions.
Previous research has also highlighted the importance of careful data
selection and cleaning in qualitative research (Kozinets, 2002; Harper &
Thompson, 2011; White, Oelke, & Friesen, 2012).

3.2 Data analysis and reporting

Content analysis techniques were used to evaluate qualitative data.
Content analysis techniques were used to analyze the data, a reliable
and systematic approach to analyzing text-based data (Braun & Clarke,
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2006). The researchers carefully selected the comments based on their
relevance and genuineness and excluded comments with emoticons or
graphics, as well as quick remarks, to ensure the validity and reliability
of the data (Brandao, 2015). This rigorous data collection and analysis
approach ensures that the study’s findings are valid and reliable and
accurately reflect the attitudes and opinions of the stakeholders in
question. Content analysis is typically implemented in several stages,
and it is crucial to explain these stages for a comprehensive
understanding. This study employed the QSR NVivo 11 software
for qualitative data analysis, using the top-down paradigm for
qualitative data coding theme analysis (Saldana, 2021). This widely
recognized and user-friendly software offers efficient data management
and organization, essential for handling large datasets and intricate
research projects. Advanced analytical tools, such as the word
frequency cloud function, help swiftly identify patterns and trends
in data (Ford, 2004). NVivo’s coding and analysis features facilitate
detailed and rigorous qualitative data analyses while ensuring accuracy
and reliability (Singh & Smith, 2004). By utilizing NVivo in this study,
we illustrate the advantages of incorporating advanced software tools in
qualitative data analysis, ultimately bolstering the rigour and credibility
of research findings.

The study presents the nodes and parent nodes that emerged from
the dataset in manufacturing companies. First, the nodes were identified
and then grouped similar nodes into central nodes. Identifying nodes and
parent nodes using content analysis techniques is a widely accepted
method in qualitative research. Content analysis involves identifying and
categorizing patterns in textual data, such as themes or topics. This
process typically involves several steps, including coding, categorizing,
and analyzing the data to identify meaningful patterns and themes
(Liberatore & Nydick, 2008). Once the nodes have been identified,
researchers may group them into principle nodes based on their
similarities. This approach is often used in thematic analysis, which
involves identifying and analyzing patterns of meaning across a dataset
(Ford, 2004). Thematic analysis can be a powerful tool for identifying
and exploring complex and nuanced themes within qualitative data. The
findings are presented both in tabular form and paragraph form. Overall,
the approach taken in this study to identify nodes and principle nodes
from the data using content analysis techniques is in line with best
practices in qualitative research. Using thematic analysis to group similar
nodes into principle nodes is a reliable and systematic approach to
analyzing textual data and can provide valuable insights into complex
research questions.

Last, the interrelationship digraph techniques were applied to the
parent nodes to find the possible cause-and-effect relationship between
the parent nodes for better decision-making. Applying interrelationship
digraph techniques can be valuable for identifying and analyzing the
potential relationships between parent nodes in a complex system. One
key benefit of this technique is that it allows researchers to visually map
out the potential causal relationships between different variables or
concepts, providing a more intuitive understanding of how these
components interact (Thomas et al, 2014). This can be especially
useful in Lean Six Sigma and sustainable manufacturing practices,
where many factors can often impact organizational performance and
environmental sustainability. Another benefit of interrelationship
digraph techniques is that they can highlight potential focus areas
for further research or intervention. By identifying the most significant
relationships between parent nodes, researchers can prioritize which
areas of the system to target for improvement or investigation (Ahi &
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Word frequency in the dataset.
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Searcy, 2015). This can be especially useful in sustainable
manufacturing practices. Organizations may need to focus on
specific areas such as employee motivation, company culture, or
data-driven decision-making to achieve sustainability goals. Overall,
using interrelationship digraph techniques can help researchers better
understand the complex relationships between different variables in the
context of Lean Six Sigma and sustainable manufacturing practices. By
identifying these relationships, researchers can develop more effective
strategies for improving organizational performance and promoting

sustainability in manufacturing practices.

4 Results and discussion
4.1 Word frequency

To better understand the studied variables, the authors utilized
frequency tables and diagrams to analyze the frequency of certain
words in the data set. As shown in Figure 1, the most frequently used
words in the study, highlighted in red, included “quality management”
and “Six Sigma.” Other frequently used words, written in bold, included

» « » «

“scoreboard,” “satisfaction,” “employees,” “workers,” “employers,” and
“training.” In contrast, words written in grey, such as “information,”
“service,” “time,” and “transaction,” were less frequently used in the
study. By analyzing the frequency of these words, the authors could
better understand the studied variables and determine which factors

were most relevant to their research.

4.2 Nodes using NVivo

The current study used NVivo QSR to analyze the vast
qualitative data collected. Nodes, essentially subcategories of the
data, were generated and organized into their corresponding parent

Frontiers in Environmental Science

nodes. The thematic analysis involved extracting various themes
from the dataset, such as the benefits of Lean Six Sigma (LSS) and the
different implementation procedures for LSS across various
geographical regions. As per the data, the LSS implementation
procedures vary depending on the region and the organization’s
level of adoption. While some organizations have implemented LSS
at the departmental level, others have implemented it at the
organizational level. Moreover, the study highlighted that the
research on LSS is still in its initial stages and has shifted from
manufacturing to service. In emerging nations, LSS implementation
was initially limited to the manufacturing sector, while in developing
nations, the focus has shifted to high-tech industries and the service
sector.

The principle nodes represent the overarching themes from the
data analysis, and the child nodes represent the specific topics or
themes that fall under each principle node. By organizing the nodes
in this way, the researchers could identify and categorize the key
themes and patterns that emerged from the qualitative data,
providing a comprehensive and nuanced understanding of the
manufacturing industry. Table 1 presents the outcome of the
thematic analysis conducted in the study, which aimed to
investigate the impact of Lean Six Sigma methodology on
environmental economics and management, employee-centric
approach, intensity, and customer focus in the manufacturing
industry. The table displays the six principle nodes that emerged
from the data analysis and their respective child nodes. The first
principle node, Lean Six Sigma Methodology, includes six child
nodes: Six Sigma, Quality, Quality Improvement, Approach,
Manager, and Front Lineworker. In this context, the “Approach”
node refers to the systematic and structured methods used in
implementing Lean Six Sigma principles, focusing on continuous
improvement and waste reduction. This principle node suggests that
applying the Lean Six Sigma methodology in manufacturing
companies can lead to enhanced quality and efficiency and
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TABLE 1 Thematic analysis outcome.

Principle nodes Child nodes

Lean Six Sigma Methodology Six Sigma

Quality

Quality Improvement

Approach
Manager
Front Lineworker

Employee Motivation Staff and Resource

Employee

HR Excellence
Management
Training
Balanced Scorecard Price

Pricing
Product
Market

Company Culture Culture

CRM Customer

Customer loyalty

Customer Satisfaction

Data-Driven Decision Making Data

Decide

Measure
Analyze
Improve

Drive Decision Making

increased involvement and motivation of both managers and front-
line workers through the adoption of these systematic approaches.
The second principle node, Employee Motivation, includes five child
nodes: Staff and Resource, Employee, HR Excellence, Management,
and Training. This principle node suggests that employee
motivation is a crucial factor in the success of Lean Six Sigma
implementation. Companies must invest in training and HR
excellence to create a motivated and engaged workforce.

4.3 Lean Six Sigma Methodology

Thematic analysis of the data in this study identified Lean Six
Sigma Methodology as a critical principle node with several child
nodes, including Six Sigma, Quality, Quality Improvement,
Approach, Manager, and Front Lineworker. These findings are
consistent with previous research that has demonstrated the
positive impact of the Lean Six Sigma methodology on
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environmental economics and management in the manufacturing
industry (Womack & Jones, 1997). Lean Six Sigma methodology
emphasizes continuous improvement and eliminating waste in
production, which can lead to significant environmental benefits
such as reduced energy consumption, waste generation, and
emissions (Seuring & Miller, 2008). By focusing on improving
quality and efficiency, the Lean Six Sigma methodology can also
help companies to reduce costs and increase profitability while
minimizing their environmental impact (Ching, Ghobalkhloo,
Iranmanesh, Maroufkhani, & Asadi, 2022). Moreover, the child
nodes identified under Lean Six Sigma Methodology, such as Six
Sigma, Quality, Quality Improvement, and Approach, are all critical
components of the methodology that can lead to improvements in
environmental economics and management. For example, Six Sigma
is a data-driven approach to quality improvement that can help
companies to reduce defects and waste. At the same time, the
the need for
continuous improvement in all aspects of the production process
(Cherraf, Elfezazi, Chiarini, Mokhlis, & Benhida, 2016). Overall, the
thematic analysis conducted in this study provides valuable insights

Quality Improvement Approach emphasizes

into the impact of Lean Six Sigma methodology on environmental
economics and management in the manufacturing industry and
highlights the
methodology such as Six Sigma, Quality, Quality Improvement,

importance of specific components of the

and Approach. These findings can inform the development of
strategies and practices to support sustainable manufacturing and
improve the environmental performance of manufacturing
companies.

4.4 Employee motivation

One of the principle nodes that emerged from the thematic
analysis in this study was employee motivation, which included five
child nodes: Staff and Resource, Employee, HR Excellence,
Management, and Training. This principle node suggests that
employee motivation is critical in successfully implementing the
Lean Six Sigma methodology in manufacturing. The importance of
employee motivation in the context of Lean Six Sigma
implementation is supported by previous research, showing that
engaged and motivated employees are more likely to embrace
change and take ownership of continuous improvement
initiatives (Antony, McDermott, Powell, & Sony, 2022). Effective
HR practices, such as training and development, can significantly
promote employee motivation and engagement in implementing the
Lean Six Sigma methodology (Wu, Wu, Chen, & Goh, 2014).
Effective management and leadership practices can also create a
culture that
improvement and employee engagement (Walker, Seuring, Sarkis,

positive  organizational supports  continuous
Klassen, & Management, 2014). By focusing on employee
motivation through HR excellence, management, and training,
manufacturing companies can create a culture of continuous
environmental

improvement that can positively

economics and management and other aspects of the business.

impact

Overall, the thematic analysis in this study highlights the
importance of employee motivation as a critical factor in
successfully implementing the Lean Six Sigma methodology in
the manufacturing industry. By investing in HR excellence,
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effective management practices, and training, manufacturing
companies can create a culture of continuous improvement and
engagement that can positively impact various aspects of the
business.

4.5 Balanced scorecard

The principle node of the Balanced Scorecard emerged as an
essential theme in the thematic analysis of the impact of Lean Six
Sigma methodology on different aspects of environmental
economics and management in the manufacturing industry. The
child nodes under this principle node, including Price, Pricing,
Product, and Market, suggest that companies must balance their
focus on various aspects to successfully implement the Lean Six
Sigma methodology. The study’s findings align with previous
research emphasizing the importance of balancing different
business operations to improve overall performance. For
example, a balanced scorecard approach can help companies to
align their business strategies with their goals and objectives and to
measure their performance in a comprehensive and balanced way
(Chugani et al, 2017). Similarly, a balanced approach to quality
management, customer satisfaction,

focusing on employee

involvement, and financial performance, can improve
organizational performance (Sodhi, Singh, Singh, & Advantage,
2019). In the context of the present study, the findings suggest
that companies must consider a balanced approach that includes
factors such as pricing, product quality, and market positioning to
successfully implement the Lean Six Sigma methodology. By
focusing on a balanced scorecard approach, companies can
ensure that their Lean Six Sigma initiatives are aligned with their
business goals and objectives and that they are measuring their
performance comprehensively and rationally. Overall, the thematic
analysis of the impact of Lean Six Sigma methodology on different
aspects of environmental economics and management in the
manufacturing industry highlights the importance of balancing
different aspects of business operations to achieve success. The
study’s findings provide valuable insights into the factors that can
influence the success of Lean Six Sigma implementation in
manufacturing companies and can inform future research and

practice in this area.

4.6 Company culture

The thematic analysis conducted in this study revealed that
company culture is a crucial factor in successfully implementing
Lean Six Sigma methodology in the manufacturing industry. The
principle node of Company Culture included a single child node,
Culture, which highlights the importance of creating a culture that
supports continuous improvement and employee engagement.

Research suggests that a strong culture that emphasizes
continuous improvement and employee engagement can
positively impact the effectiveness of Lean Six Sigma

implementation (Yadav et al., 2017). Companies that prioritize
creating a culture of continuous improvement and employee
engagement can see improvements in quality, efficiency, and
customer satisfaction, among other factors. However, creating a
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culture supporting Lean Six Sigma implementation can be
challenging and requires buy-in and commitment from top-level
management and front-line workers. This requires a focus on
training and development, as well as effective communication
and leadership (Ahire & Dreyfus, 2000). Overall, the findings of
this study suggest that company culture plays a crucial role in the
success of Lean Six Sigma implementation in the manufacturing
industry. Companies prioritizing creating a culture of continuous
improvement and employee engagement can see significant benefits
in quality, efficiency, and customer satisfaction.

4.7 Customer relationship management

The results of the thematic analysis conducted in this study
suggest that customer relationship management (CRM) is a critical
factor in successfully implementing the Lean Six Sigma methodology
in the manufacturing industry. The central node of CRM includes
three child nodes: Customer, Customer loyalty, and Customer
Satisfaction. The findings indicate that companies need to
prioritize customer needs and satisfaction to implement Lean Six
Sigma and achieve the desired outcomes effectively. Several studies
have highlighted the importance of customer satisfaction and loyalty
in Lean Six Sigma implementation. For instance, Lean Six Sigma
implementation can enhance customer satisfaction and loyalty,
leading to improved business performance (Galvao, de Carvalho,
Oliveira, Medeiros, & Marketing, 2018). Similarly, Lean Six Sigma
can improve customer satisfaction by reducing defects and
improving product and service quality (Bag, Kilbourn, & Pisa, 2023).

In addition, using CRM can help companies better understand
their customers’ needs and preferences and tailor their products and
services accordingly. CRM can help companies identify and target
profitable customer segments and develop more effective marketing
strategies (Govindan & Soleimani, 2017). Furthermore, CRM can
help companies build strong customer relationships, increasing
loyalty and retention. Overall, the findings from this study
suggest that the effective use of CRM is a crucial factor in the
successful implementation of Lean Six Sigma methodology in the
manufacturing industry. By prioritizing customer needs and
satisfaction and using CRM to understand better and target
customer segments, companies can achieve the desired outcomes
of improved environmental economics and management, employee-
centric approach, intensity, and customer focus.

4.8 Data-driven decision making

The data-driven decision-making principle node that emerged
from the thematic analysis of this study suggests that data analysis
and decision-making should be at the core of Lean Six Sigma
implementation in the manufacturing industry. The child nodes
under this principle node, including Data, Decide, Measure,
Analyze, Improve, and Drive Decision Making, indicate the various
steps in making data-driven decisions. The use of data-driven decision-
making processes in Lean Six Sigma implementation can significantly
impact environmental economics and management in manufacturing
companies. For example, by analyzing energy usage and waste
management data, companies can identify opportunities to reduce
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environmental impact and optimize resource usage. Additionally, by
using data to monitor and track key performance indicators, companies
can identify areas for improvement and implement strategies to
increase their efficiency and reduce costs.

Previous research has also highlighted the importance of data-
driven decision-making in Lean Six Sigma implementation. For
instance, data analysis and decision-making should be at the core of
Lean Six Sigma methodology, and companies should use data to
guide their continuous improvement efforts (Thakur, 2022).

Similarly, data analysis in identifying and addressing
environmental  sustainability  challenges is  essential in
manufacturing companies (Garza-Reyes et al, 2018). In

conclusion, the thematic analysis conducted in this study
highlights the importance of data-driven decision-making in Lean
Six Sigma implementation in the manufacturing industry. By using
data to guide their decision-making processes, companies can
identify areas for improvement and optimize their resource
usage, leading to economic and environmental benefits.

4.9 Employees are an essential element of
focus of an organization

Employees are the lifeblood of an organization, and their impact on
a company’s performance cannot be overstated. Qualitative analysis has
revealed that lean six sigma programs in companies focus on employees
as a central element. The contribution of a company’s personnel is
directly proportional to its productivity, and establishing organizational
success is only possible with a highly competitive labour force. To
understand the employee’s role more comprehensively, they are
classified into front-line, middle-line, or managers, and each
contributes to the overall success of their task force. Employees are
the organization’s interface and are crucial in administrating a
company’s brand. Employees’ performance directly impacts the
company’s operation, and their services convey the brand’s image
and value (Raval, Kant, & Shankar, 2019). Motivated and engaged
employees are valuable assets to an organization, and continuous
learning significantly impacts individuals’ contextual performance,
leading to improved organizational performance (Tensay & Singh,
2020). According to Barney’s resource-based perspective (2001), the
same holds for resources, making the personnel of any firm critical to
the corporation’s overall performance. In summary, the Resource-Based
View accurately outlines employees’ role in organizational progress and
productivity. A motivated and engaged workforce can significantly
modify a company’s overall performance, and it is vital to recognize the
vital function employees play in administrating a company’s brand.

4.10 The outcome of the interrelationship
diagraph of the parent nodes

The following relationship occurs between the parent nodes due
to building an interrelationship digraph in the context of lean Six
Sigma and the sustainability of the manufacturing organizations.

« Employee motivation can influence the success of the balanced

Scorecard by driving staff and resource allocation toward
critical metrics.
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o Company culture can impact employee motivation and
customer relationship management (CRM) by creating a
positive and customer-focused work environment that
motivates employees to engage with customers.

« Data-driven decision-making can support balanced Scorecard
and CRM by providing insights into key performance
indicators and customer behaviour.

o The balanced Scorecard and CRM can interact to provide
data-driven insights into customer behaviour and preferences,
which can then inform decisions about resource allocation and
marketing strategies.

These interrelationships are complex and can have multiple causal
factors. However, by understanding these relationships, organizations
can develop more effective strategies for employee motivation,
implementing the balanced Scorecard, managing company culture,
improving CRM, and driving data-driven decision-making. The
between
scorecards, company culture, CRM, and data-driven decision-

interrelationships employee  motivation,  balanced
making in the context of Lean Six Sigma and sustainable
manufacturing practices have been the subject of extensive research.
Studies have found that employee motivation is a critical factor in
achieving success with the balanced Scorecard, as it drives staff and
resource allocation toward key metrics (Liou, Chuang, Zavadskas, &
Tzeng, 2019). Similarly, company culture has been shown to impact
employee motivation and CRM by creating a positive and customer-
focused work environment that motivates employees to engage with
customers (Tjahjono et al, 2010). Data-driven decision-making has
also been a crucial component in the success of the balanced Scorecard
and CRM, as it provides insights into key performance indicators and
customer behaviour (Masri & Jaaron, 2017). This information can then
inform decisions about resource allocation and marketing strategies as
the balanced Scorecard and CRM interact to provide data-driven

insights into customer behaviour and preferences (Ahi & Searcy, 2013).

5 Conclusion

The study conducted a thematic qualitative data analysis to
explore the relationship between Lean Six Sigma methodology, data-
driven decision-making, and sustainable manufacturing practices.
Six principle nodes emerged from the analysis: Lean Six Sigma
Methodology, Employee Motivation, Balanced Scorecard, Company
Culture, Customer Relationship Management (CRM), and Data-
Driven Decision Making. The results indicate that implementing the
Lean Six Sigma methodology can lead to improved quality and
efficiency in manufacturing and increased involvement and
motivation of both managers and front-line workers. Employee
motivation was crucial for successful Lean Six Sigma
implementation, with companies needing to invest in HR
excellence, management, and training to create a motivated
workforce. A balanced scorecard approach, focusing on various
business aspects, is essential for successful Lean Six Sigma
implementation, ensuring alignment with company goals and
objectives. Company culture plays a crucial role in Lean Six
Sigma’s success, emphasizing the importance of creating a culture
that supports continuous improvement and employee engagement.

CRM is vital in prioritizing customer needs and satisfaction for
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effective Lean Six Sigma implementation, leading to improved
business performance. Data-driven decision-making is at the core
of Lean Six Sigma. Companies should use data to guide their
continuous improvement efforts, which can lead to economic
and environmental benefits.

The Lean Six Sigma Methodology principle node and its child
nodes, such as Six Sigma, Quality, and Quality Improvement, are
crucial in enhancing environmental performance. By focusing on
continuous improvement and waste reduction, the methodology can
minimize environmental impact, reduce costs, and increase
profitability. Employee Motivation plays a significant role in the
success of Lean Six Sigma implementation. A motivated workforce
can lead to more efficient use of resources and improved
environmental performance. The Employee Motivation principle
node and its child nodes, such as Staff and Resources, Employee, HR
Excellence, and Training, emphasize the importance of investing in
human resources to foster a culture of continuous improvement.
The Balanced Scorecard principle node and its child nodes, such as
Price, Pricing, Product, and Market, suggest that companies must
adopt a balanced approach to implement Lean Six Sigma
their
business

successfully. Companies can enhance environmental
their with
environmental goals and considering factors like pricing and

performance by aligning strategies
product quality. Company Culture is essential in supporting the
Lean Six Sigma methodology, as a culture that promotes continuous
improvement and employee engagement is more likely to achieve
The

emphasizes fostering a supportive organizational culture. The

environmental objectives. single-child node, Culture,
CRM principle node and its child nodes, Customer, Customer
loyalty, and Customer Satisfaction, highlight the need to
prioritize customer needs and satisfaction. Lean Six Sigma can
improve customer satisfaction by reducing defects and enhancing
product and service quality, leading to better environmental
performance. Lastly, the Data-Driven Decision Making principle
node and its child nodes, such as Data, Decide, Measure, Analyze,
Improve, and Drive Decision Making, emphasize the importance of
using data to guide decision-making processes. By analyzing data
related to environmental performance, companies can identify
opportunities for improvement and optimize their resource usage.

This study’s primary contribution is an examination of the
factors that influence the successful implementation of Lean Six
Sigma in environmentally responsible manufacturing processes,
which ultimately leads to improved environmental performance.
The thematic analysis permits the identification of six primary
nodes: the Lean Six Sigma Methodology, Employee Motivation,
Balanced Scorecard, Corporate Culture, Customer Relationship
Management, and Data-Driven Decision Making. The study
provides valuable insights for organizations seeking to
maximize resource utilization, boost customer satisfaction, and
foster continuous improvement, ultimately resulting in more
sustainable manufacturing and enhanced environmental
performance. This can be accomplished by investigating these
factors and their interrelationships, which are the subject of the
study.

Our findings are consistent with previous research highlighting
the importance of Lean Six Sigma and data-driven decision-making
in driving sustainable manufacturing practices (Flor Vallejo,

Antony, Douglas, Alexander, & Sony, 2020; Duggan, Cormican,
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& McDermott, 2023). Furthermore, our findings regarding the
importance of employee motivation, company culture, and
customer relationship management in Lean Six Sigma are
consistent with prior research that has highlighted the role of
these factors in promoting sustainable practices (Flores-Sigiienza,
Marmolejo-Saucedo,  Niembro-Garcia, = Lopez-Sanchez, &
Engineering, 2021; McDermott et al.,, 2022; Duggan et al., 2023).
Opverall, our findings add to the growing literature on the importance
of Lean Six Sigma, data-driven decision-making, and organizational
Culture in promoting sustainable manufacturing practices. By
understanding the interrelationships between these factors,
organizations can develop more effective strategies for improving
their environmental performance and achieving their sustainability
goals.

While much is still to be learned about the complex relationships
between these different factors, our analysis suggests that
organizations can benefit from a holistic approach that integrates
Lean Six Sigma principles with data-driven decision-making,
employee motivation, and strong company culture. By focusing
on these critical areas, organizations can promote sustainability in
manufacturing practices and achieve various other benefits,
including improved operational efficiency, enhanced customer
loyalty, and increased profitability. Our analysis underscores the
importance of continuous improvement and ongoing evaluation in
pursuing sustainable manufacturing practices. Through further
research and experimentation, organizations can continue to
their
environmentally friendly operations that benefit both their

refine approaches and build more sustainable,
bottom line and the planet.

The findings of our analysis have significant implications for a
range of stakeholders, including industrial managers, policymakers,
and theoretical researchers. From an industrial perspective, our
findings suggest that organizations can benefit from adopting a
holistic approach that integrates Lean Six Sigma principles with
data-driven decision-making, employee motivation, and strong
company culture. Organizations can prioritize these key areas to
improve operational efficiency, enhance customer loyalty, and drive
long-term sustainability. The study’s findings emphasize the
importance of incorporating Lean Six Sigma methodology, data-
driven decision-making, and fostering a supportive company culture
to enhance environmental performance in the manufacturing
should employee
implement balanced scorecards, and cultivate a culture that

industry. Managers invest in training,

promotes  sustainability =~ and  continuous  improvement.
Emphasizing customer relationship management can also lead to
more sustainable product and service choices. By embracing these
strategies, companies  can their

environmental performance while maintaining a competitive edge

manufacturing improve
in the market. From a theoretical perspective, our findings
contribute to the ongoing discussion about the role of Lean Six
Sigma methodology in promoting sustainable manufacturing
practices. By identifying key factors that can influence the success
of sustainability initiatives, our analysis provides a foundation for
future research on this topic. Finally, from a policy perspective, our
findings underscore the importance of promoting sustainability in
manufacturing practices through adopting data-driven decision-
making and using balanced scorecards. Policymakers can support
these efforts by providing incentives and resources to encourage

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1184488

Huang et al.

organizations to adopt more sustainable practices and by promoting
education and awareness around the importance of sustainability in
manufacturing. Our analysis highlights the importance of
collaboration and continuous improvement in promoting
sustainable manufacturing practices that benefit organizations
and the environment.

Our analysis has identified several potential research directions
for further quantitative research in Lean Six Sigma and sustainable
These

investigating the relationship between Lean Six Sigma principles

manufacturing practices. research directions include
and quality improvement in manufacturing and exploring employee
motivation’s impact on HR excellence in a manufacturing
organization. Additionally, our analysis suggests that further
research could be conducted on the relationship between
balanced scorecard metrics and product pricing in a competitive
market, as well as on the effect of company culture on customer
loyalty and satisfaction in the service industry. Finally, we
recommend investigating the implementation of data-driven
decision-making in improving operational performance in a
these
directions, future studies can build upon our findings and deepen

manufacturing organization. By exploring research
our understanding of the complex relationships between Lean Six
Sigma, sustainability, and organizational performance. This can help
organizations develop more effective strategies for promoting
sustainability in manufacturing practices, driving business growth
Ultimately, the

manufacturing practices is an ongoing process that requires

and innovation. pursuit of sustainable

ongoing research and evaluation, and we hope that our analysis
will inspire further research in this critical area.
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