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Abstract: It is essential for enterprises to develop lean sustainability. In this way, both the learning and
understanding of the knowledge of lean tools becomes necessary. In fact, knowledge management
plays a key role in the application of lean tools. In this paper, an in-depth exploration is carried out,
investigating the mechanism of knowledge management which mediates between lean tools and the
lean sustainability of enterprises, as well as the regulatory role of study conventions. Furthermore,
a large sample from a questionnaire survey and a model based on structural equations is applied
to test our theoretical hypothesis. It can be stated that lean tools display a positive effect on lean
sustainability via the mediating role of knowledge management. Additionally, study conventions
positively regulate the relationship among lean tools, knowledge management, and lean sustainability.

Keywords: lean sustainability; knowledge management; study conventions; structural
equation model

1. Introduction

As an improvement tool of modern enterprise, the lean methodology brings advanced management
ideas and business processes to companies [1]. The sustainable development of an enterprise is the
sustainable development of lean implementation, but the lean implementation success rate in China
is less than 30%, and most implementations have been disposable. Therefore, elucidating how to
improve the effect of lean implementation and improve the sustainability of lean implementation have
become the areas of focus of various academic and business circles [2]. In the current knowledge
economy, knowledge is not only the most important resource, but also an important source of power
for ensuring a lean methodology. The improvement of production technology requires knowledge
exploration, otherwise, it is difficult to meet the needs of modern enterprises [3].

In lean implementation, many lean tools are usually used to improve or solve problems in
the process of management. The application of various tools is inseparable from the guidance of
lean knowledge [4]. For example, visual management solves problems concerning being on-site
and equipment, gradually developing standardized occupational habits and good professional
qualifications. Pull planning realizes the self-management of each process [5]. Just-in-time products
are made according to the time the products are needed, the quantity needed, and the specific products
the customer needs. The implementation of these lean technologies and tools relies on the use of
knowledge, whether it is explicit knowledge that has been encoded into a formal form of literature or
work manual, or other tacit knowledge [6], such as individual behavior, experience, and expertise,
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which are all important factors for the use of lean tools [7]. The process of using lean tools is essentially
a process of knowledge creation and flow. The use of knowledge management to conduct lean activities
in production practice requires basic knowledge of lean methodology by the relevant personnel. At
the same time, knowledge absorption, transformation, and storage can be completed in the course of
practice [8]. The application of lean tools will also promote the transformation, activation, and use of
knowledge to a certain extent.

Lean implementation is the elimination of waste through preventive measures so as to reduce
environmental pollution while reducing costs. Lean product design automatically leads to greener
products, and green product design ensures efficiency in the product development phase.

The purpose of lean is the application of a lean implementation system in the enterprise, which is
a deep transformation of the enterprise system. This transformation is not to transform the existing
system and process into a better one, but to build a cultural atmosphere for independent improvement
within the enterprise. In other words, the enterprise needs to implant a gene that can continuously
search for the best and form a dynamic mechanism. After the static mechanism is built, it can be run,
while lean requires the establishment of the habit of optimization. It can be seen that lean emphasizes
the cultivation of people’s ability and habits, as well as the formation of corporate culture, which are
the sustainability of lean.

Therefore, this paper defines lean sustainability from two aspects: from an environmental
perspective, lean sustainability is the future development stage of lean implementation, in which
enterprises pursue long-term environmental harmony and focus on the improvement of social value.
Lean sustainability is to help enterprises change their operations to reduce waste, emissions and waste of
resources. From the perspective of implementation, lean sustainability is defined as the establishment
of the concept of long-term implementation of lean, the use of lean for in-depth transformation,
continuous optimization, and the establishment of an independent implementation of lean cultural
atmosphere within the enterprise.

The process of lean implementation is the management process of the transfer, sharing, integration,
and transformation of lean knowledge in an enterprise. Knowledge management is an important area
concerning the improvement of lean sustainability [9]. Recently, lean sustainability and knowledge
management have gradually become common areas of concern for practitioners and academics. There
have been many independent studies on the application of lean tools and knowledge management, both
at home and abroad [10]. However, few scholars combine the application of lean tools with knowledge
management to carry out sustainability analysis. Based on the process of lean implementation and
its characteristics, this paper studies the role of knowledge management between lean tools and lean
sustainability, establishing an internal relationship model between knowledge management, lean
tools, and lean sustainability [11]. Additionally, the paper also studies the moderating effects of study
conventions on the use of lean tools.

The article is structured as follows: a literature review is conducted in the next section. In the
third section, on the basis of analyzing the theoretical background among lean tools, knowledge
management, and lean sustainability, the hypothesis model of lean knowledge management ability is
extracted. In the fourth section, the research methods are given. Then, the research result is verified by
a case study. The conclusions and suggestions for future research are given in the final section.

2. Related Work

In order to grasp the current research status of knowledge management in lean implementation,
this paper took lean as a keyword and used the Science Citation Index Expanded as a source of
retrieval [12]. A total of 341 full-text academic articles were retrieved [13]. After excluding articles
with short reviews, book reviews, and content discrepancies, 277 articles were finally obtained [14].
Between them, 65 were empirical articles. After a systematic reading of the articles mentioned, it was
revealed that the principles and practices of lean production have been discussed by academics for
decades. In fact, lean research began in the 1970s, but early researchers did not define lean in this
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instance. Sugimori published his first academic paper on the Toyota Production System (the prototype
of lean production) in 1977 [15]. In 1988, Krafcik used "lean" to describe the manufacturing technology
of Toyota for the first time [16]. In 1990, Womack et al. published "the machine that changed the
world." In its discussion, the concept of lean production involves product development, procurement,
the supply chain, production, and sales, among other things [17]. In 1996, Womack et al. proposed
the concept of lean thinking, and raised the guiding principles of lean production to the corporate
strategic level [18]. Since then, the growth of research on lean production has experienced a fast
increase. In addition to manufacturing, other industrial sectors have applied lean thinking in order to
transform their internal and external operations in order to gain competitive advantages [19]. From
the perspective of research content, the previous studies on lean have been mainly divided into two
directions, further explained below.

The first direction is traditional enterprise operation and production management, focusing on
the value realization of lean production [20]. The second direction is to consider lean production
as a paradigm for enterprise process optimization, in order to analyze the implementation of lean
production in the given enterprise and to pay more attention to the internal organizational elements [21].
As one of the important factors affecting lean performance, the role of knowledge resources in the
process of promoting lean production has gradually increased in interest [22]. Among the 65 empirical
research studies of lean methodology, there were nine articles related to knowledge management. The
content is shown in Table 1.
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Table 1. Empirical study of knowledge management in the application of lean tools.

NO. Time and Authors Research Content Sample Research Methods

1
2017

Amir Honarpour and Ahmad
Jusoh

Propose a reciprocal causation between TQM and knowledge
management [23].

Joint variance
analysis method

2
2017

Yiwei Gong and Vincent
Blijleven

The role of Lean principles in supporting knowledge management in
IT outsourcing relationships [24]

Six semistructured interviews at
different organizational levels Case study

3

2017
M. FatihAcar, MerveTarim,
HalilZaim, SelimZaim and

DursunDelen

Find the level and direction of the relationship between ERP and
knowledge Management in the context of operational and financial

performance [25].

In total 163 responses are
collected from Turkish

manufacturing
companies

Structural equation
modeling

4

2017
MahaMohammed Yusr,

SanySanuriMohd Mokhtar,
Abdul Rahim Othman and

YatySulaiman

Investigate the effect of applying total quality management (TQM)
on enhancing knowledge management processes. They also examine
the relationship between knowledge management and innovation

performance in the Malaysian manufacturing sector [26]

In total 800 medium to large
manufacturing companies listed
in the Federation of Malaysian

Manufacturers

Partial least square

5
2015

Satish Tyagi, XianmingCai, Kai
Yang and Terrence Chambers

Establishes a framework to create knowledge in the product
development environment, and then systematically demonstrates

how these 10 lean tools and methods conceptually fit into and play a
significant role [27]

SECI model

6
2013

LudvigLindlof, Bjorn Soderberg
and MagnusPersson

Establishes a link between the concept of lean product development
and the field of knowledge management [28]. SECI model

7

2013
Shaofeng Liu, Mike Leat,

Jonathan Moizer, Phil Megicks
and DulekhaKasturiratne

This paper proposes a decision-focused knowledge framework
including a multi-layer knowledge model, a knowledge matrix for

knowledge elicitation, and a decision tree for the design of the
knowledge base. A knowledge system for lean supply chain

management has been developed using artificial intelligence system
shells VisiRule and Flex [29].

Multi-layer
knowledge model;

8
2011

Bradley R.Staats, David James
Brunner, David M. Uptonc

Document the influence of the lean initiative on internal processes
and examine how the techniques affect learning by improving both

problem identification and problem resolution [30].

An Indian software
services firm Case study

9
2010

GopeshAnand, Peter T. Ward
and Mohan V. Tatikonda

This research develops a conceptual model for predicting the success
of process improvement projects as a result of knowledge-creation

practices employed in the projects [31].

Hierarchical
regression
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Lean implementation is an important means of production. Its role in knowledge management is
self-evident [32]. However, in the actual lean practice process, relevant management personnel have
obvious deficiencies in mastering lean knowledge [33]. Wandahl conducted a literature review and
case study of lean implementation and found that 80% of people involved in lean-related work did not
have lean knowledge and only 6% of staff knew and determined that they were using lean tools or
lean production technology [34]. Brianna studied the common misconceptions in lean concepts, which
were largely responsible for poor lean methodology implementations [35]. Therefore, strengthening
the research and attention of knowledge here will lead to the successful implementation of lean
sustainability. This means that knowledge is a crucial factor in the process of lean sustainability.

On the basis of the previous research, the knowledge management process was divided into three
basic processes, namely, knowledge acquisition, knowledge integration, and knowledge application.
This paper studies the impact of these three basic processes on lean performance. At the same time,
it studies the effect of the adjustment of study routines on knowledge management. Specifically, the
main research questions in this paper are as follows: How does the application of lean tools influence
lean sustainability through the role of knowledge management? How does the application of lean
tools affect knowledge management and lean sustainability in terms of study routine change?

3. Theoretical Background and Research Hypothesis

3.1. Lean Tools and Knowledge Management

The application of lean tools depends on the guidance of lean knowledge, while lean
implementation will produce a lot of data, such as tables, graphics, Kanban charts, value flow
charts, cost estimation tables, and so on [36]. The use of lean tools is actually a process of knowledge
creation, transformation, storage, and application. Therefore, it is incomplete to treat the application
process of lean tools simply as a practical method to eliminate waste and increase efficiency [37]. Many
scholars are actively studying the effect of various improvements and management level improvements
on knowledge management in the process of lean implementation [38]. Frank established the basic
element framework of a complex quality management project against the background of six sigma and
examined the role of these elements in promoting organizational learning and knowledge creation [39].
Tyagi, who took a comprehensive dynamic knowledge creation model (the SECI model), explored
how lean tools promoted and improved the efficiency of the process of knowledge creation in new
product development projects through a deductive approach [40]. Zwain believed that modern quality
management research has focused on quality management strategies [24] and rarely considered the
impact of quality management practices on the knowledge creation process. Therefore, a model
of the relationship between quality management practice and the knowledge creation process was
constructed [41]. After data inspection, it was found that five quality management measures, such as
employee training, employee participation, product design, benchmark design, and vision statement,
had a significant impact on the knowledge creation process. The first set of hypotheses of the present
work are presented below:

• Hypothesis 1a: The application of lean tools has a positive effect on knowledge acquisition
• Hypothesis 1b: The application of lean tools has a positive effect on knowledge integration
• Hypothesis 1c: The application of lean tools has a positive effect on knowledge application

3.2. The Basic Process and Interaction of Knowledge Management

Knowledge is a key resource for a company, used in order to maintain a sustainable competitive
advantage. There is no strict sequence among knowledge acquisition, knowledge integration, and
knowledge application. Knowledge acquisition is a process of searching and evaluating all kinds of
knowledge that are related to production technology and the acquirement of new knowledge [42]. New
knowledge generated by knowledge acquisition becomes the raw material of knowledge integration [43].
The quality of acquired knowledge affects the efficiency of knowledge integration. Therefore, knowledge
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acquisition has a positive impact on knowledge integration. The integration of knowledge is a process of
knowledge storage and transformation [44]. After systems, knowledge integration can be better applied
to guide a company’s production practice process. Therefore, knowledge integration has a positive
impact on the application of knowledge [45]. In the process of using knowledge to guide enterprises in
their production practices, relevant personnel will evaluate existing knowledge and improve some
of the current production processes. In the process of continuous learning and improvement in an
application, enterprises increase their knowledge stock and knowledge acquisition have a positive
impact on knowledge applications. In the study of evaluating enterprise knowledge management
practices, Gold et al. [2] divided the knowledge management process into four subprocesses, based
on the “knowledge substantiation” hypothesis, which were acquisition, transformation, application,
and protection, and these were quantified separately. Maryam and Dorothy [46] pointed out that
knowledge management included knowledge storage/activation, knowledge transfer, and knowledge
application. Garud and Nayyar believed that the technological learning process involved three stages,
namely, knowledge selection, knowledge storage, and knowledge activation and integration. Carlile
and Rebentisch pointed out that a knowledge transfer cycle includes knowledge storage, knowledge
activation, and knowledge transfer [47]. The second set of hypotheses of the present work are
presented below:

• Hypothesis 2a: knowledge acquisition has a positive impact on knowledge integration
• Hypothesis 2b: knowledge integration has a positive impact on knowledge application
• Hypothesis 2c: knowledge acquisition has a positive impact on knowledge application

3.3. Knowledge Management and Lean Sustainability

Due to increasingly fierce global competition, enterprises are paying more and more attention
to the real benefits brought about by knowledge [48]. Knowledge has become an important factor in
the difference between enterprises and competitors and has become an effective way for enterprises
to organize properly. From the aspects of technology and society, Arumugan et al. studied the
impact of organizational resources and team psychological security on organizational learning
behavior, knowledge creation, and the success of Six Sigma process improvement projects in Six Sigma
environments. The results show that psychological security affects the performance of the project
through knowledge [49]. Anand established a conceptual model to explore the relationship between
the knowledge creation practice and the success of the process improvement project [50]. In the
considered Six Sigma black belt project, the model was empirically studied. The results affirmed the
knowledge creation practice put forward by Reich, verifying the intermediate adjustment of knowledge
management through knowledge consistency. The use of the project had an impact on the performance
of the project [51]. Zheng investigated the effect of organizational culture, organizational structure,
and organizational strategy on organizational effectiveness through the intermediate regulation of
knowledge management [52]. The theoretical and empirical results supported this hypothesis. Many
studies consider that the continuous access to knowledge of enterprises is the foundation of competitive
advantages, and knowledge acquisition can promote lean sustainability [53]. Effective knowledge
management promotes constant transfer and improves the availability of knowledge. Knowledge
management also increases the base knowledge of the whole team, such that the effectiveness to
accomplish tasks is increased quickly, not only in quality but also in quantity, achieving good
performance goals. The third set of hypotheses of the present work are presented below:

• Hypothesis 3a: Knowledge acquisition has a positive effect on lean sustainability
• Hypothesis 3b: Knowledge integration has a positive impact on lean sustainability
• Hypothesis 3c: Knowledge applications have a positive impact on lean sustainability
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3.4. Lean Tools and Lean Sustainability

In the face of fierce market competition, the introduction of lean tools has become the best choice for
many industries and companies [54]. The relationship between the adoption of lean tools and corporate
sustainability performance has been valued by both the theoretical and business communities. Nair
conducted empirical research on quality management practices and applied meta-analysis to analyze
the significance of the relationship between lean implementation and operational sustainability [55].
Ataseven and Nair applied meta-analysis to explore the relationship between supply chain integration
and operational sustainability [56]. Most of the studies in this area are case studies, relying on corporate
engineering practices and using qualitative methods to analyze the role of lean implementation
(e.g., in business operations, efficiency, cost, inventory, and so on [57]). Since then, the focus of
lean production on application research has shifted to the empirical research of lean implementation
activities and business performance, exploring the relationship between lean practice activities and
corporate performance [58]. The view that the use of lean tools can improve operational sustainability
is continuously empirically supported. For example, Belekukias selected five classic lean practice
activities as research objectives and explored the relationship between these practical activities and
operational sustainability. The study found that JIT and self-destruction have a significant positive
impact on operational sustainability [59]. The fourth hypothesis of the present work is presented below:

• Hypothesis 4a: The use of lean tools has a positive effect on lean sustainability

3.5. The Moderating Effect of Study Convention

Convention is a key word in the field of organizational theory. H.R. and T.D.D. pointed out
that the formal sustainability of conventions includes engineering drawings, financial audits, digital
data, text descriptions, and so on [60]. Here, the informal presentation includes the daily speech,
posture, description of the event, etc. This paper defines the frequent and interactive behaviors in
the use of lean tools around different stages of knowledge acquisition, knowledge integration, and
knowledge applications as study conventions [61]. Previous studies have pointed out that learning
processes around knowledge acquisition, integration, and application have been influenced by study
conventions at different stages of learning [62]. This concept mainly deals with three types of activities.
One is to add new knowledge to the existing knowledge for regular use in the future, the second
is to integrate the stored knowledge when the company discovers opportunities or problems, and
the third is the application of the integrated knowledge in the actual production process. Cohen
and Levinthal believed that [63] organizing the establishment of study conventions could promote
knowledge management and help when attempting to learn and absorb new knowledge and enhance
competitive advantages. Zahra and George pointed out that there are study conventions in the process
of acquiring, absorbing, transforming, and utilizing knowledge [64]. Galinic and Rodan [65] believed
that study conventions could help to promote knowledge integration and promote the identification
and absorption of complex knowledge. This paper believes that the use of lean tools, through the
adjustment of study conventions, can result in better acquiring, integrating, and applying knowledge.
The fifth set of hypotheses of the present work are presented below:

• Hypothesis 5a: Study conventions positively modulate the relationship between lean tools and
knowledge acquisition

• Hypothesis 5b: Study conventions positively modulate the relationship between lean tools and
knowledge integration.

• Hypothesis 5c: Study conventions positively modulate the relationship between lean tools and
knowledge application.

• Hypothesis 5d: Study conventions positively modulate the relationship between lean tools and
lean sustainability.

The diagram of this paper is shown in Figure 1.
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4. Research Methods

4.1. Samples Election and Data Collection

This paper adopted a questionnaire survey method to collect data and support the hypotheses.
The survey samples were mainly collected from companies implementing lean projects in Beijing, Tianjin,
and Weifang, and the respondents were all staff specialized in lean implementation and management.
Respondents filled out questionnaires depending on the lean construction project they were participating
in. We distributed 500 questionnaires and recovered 463. We eliminated questionnaires with incomplete
or distorted information and finally obtained 394 valid questionnaires [66].

4.2. Variable Measurement

The main variables measured in this paper are as follows: The questionnaire was designed to use
a seven-point Likert representation. Here, 1 indicates very inconsistent and 7 indicates full compliance.

4.2.1. Lean Tools

In this paper, nine lean tools were selected through the literature review and quantified by using
the actual frequency in the given enterprise. The measurement indicators were visual management
(LT1), JIT (LT2), Kanban management (LT3), zero inventory management (LT4), total production
maintenance (TPM, LT5), value stream mapping (LT6), production line balance design (LT7), pulling
production (LT8), and continuous improvement (LT9).

4.2.2. Knowledge Management

The measurement of knowledge management refers to the knowledge management process
measurement scale of GOLD, which divides the knowledge management process into three dimensions,
namely, knowledge acquisition (KA), knowledge integration (KI), and knowledge application (KU).

For the measurement of knowledge acquisition, this paper draws on the knowledge acquisition
scale of Islam and has designed four items to measure knowledge acquisition, namely, encouraging
professional lean staff to perform rotations (KA1), the use of important lean tools (KA2), ensuring that
there is enough attraction to keep key employees in the enterprise (KA3), and supporting the sharing
of lean knowledge (KA4).
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The measurement of knowledge integration was based on the knowledge integration scale of
Jansen and uses five indicators to measure knowledge integration, namely, building a corporate lean
knowledge base, managing all kinds of lean tools and lean technologies (KI1), improving the archiving
and preservation of lean tool promotion-related materials (KI2), identifying various lean tools and
their use quickly (KI3), paying attention to the original lean knowledge data of the company, carrying
out bulk importation, and incorporating it into the management scope (KI4), and finally, integrating
mature lean tools and making improvements (KI5).

For the measurement of knowledge applications, this article mainly refers to the scale of Shenkar
(Shenkar O., Li J., 1999), and uses four scales to measure knowledge applications, namely, the building
of a lean knowledge map and understanding the distribution of various lean tools and lean technologies
clearly, in order to provide a basis for management decisions (KU1); building a lean authority system,
with different levels of open knowledge for employees of different roles and ensuring corporate
knowledge security (KU2); setting up lean expert groups specifically and guiding lean production
(KU3); and finally, being good at using lean production tools to solve new problems (KU4).

4.2.3. Lean Sustainability

An evaluation of lean sustainability, as implemented in the business management of the given
company, involving machinery, the environment, and management, was carried out. This article
reflects the lean sustainability of enterprises from all aspects of personnel, machinery, the environment,
and management, from the perspective of system integration. The lean sustainability measures
used to evaluate the results can be divided into four groups: (1) Personnel, specifically, employee
involvement levels (LP1) and customer satisfaction (LP2); (2) Machine, specifically, startup time (LP3),
on-time delivery (LP4), and product quality (LP5); (3) Environment, specifically, plant environmental
improvement (LP6), waste disposal (LP7), and resource utilization efficiency (LP8); (4) Management,
specifically, communication (LP9), market share, and training management level (LP10).

4.2.4. Study Convention

This article mainly refers to Breschi’s research, using four scales to measure learning practices
(Breschi, S., Lissoni, F. 2001), namely, employee execution level (SR1), shared language (SR2), internal
learning mechanisms (SR3), and willingness to receive new methods (SR4).

5. Research Results

5.1. Descriptive Statistics

In mathematical statistics, skewness and kurtosis are often used to judge whether the data obey a
normal distribution. When skewness and kurtosis are less than 3, the data satisfy the requirements for
a normal distribution. This paper makes descriptive statistical comments on the LT, SR, KA, KI, KU,
and LP scales, including the information concerning the means, deviations, skewness, kurtosis, and so
on, in order to determine the basic level of the title and the distribution of the data in the scale. As
shown in Table 1, the skewness of each topic is between –1.027 and 0.610, and the kurtosis is between
–1.225 and 0.397. The absolute value of the skewness and kurtosis is less than 3, indicating that each
topic obeys a normal distribution.

5.2. Reliability Analysis

In order to ensure the reliability and stability of the questionnaire, this paper uses an α coefficient
(i.e., Cronbach’s α coefficient) to test the reliability. The larger the α coefficient, the higher the
questionnaires reliability, that is, the credibility and stability of the questionnaire is higher. Table 2
shows that the α coefficients of LT, SR, KA, KI, KU, and LP are 0.916, 0.863, 0.832, 0.873, 0.870, and 0.918,
respectively, all of which are greater than 0.8, indicating that the variables have excellent reliability.
In addition, the overall Cronbach α coefficient of the questionnaire is 0.946, which is more than 0.9,
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indicating that the whole questionnaire has excellent reliability. Reliability statistics are shown in
Table 3.

Table 2. Descriptive statistics of scale.

Capacity Minimum Maximum Mean Deviation Skewness Kurtosis

WeL.T1 394 1.00 7.00 4.241 1.898 −0.300 −0.761
LT2 394 1.00 7.00 4.447 1.829 −0.342 −0.755
LT3 394 1.00 7.00 4.338 1.827 −0.259 −0.886
LT4 394 1.00 7.00 4.365 1.923 −0.213 −1.019
LT5 394 1.00 7.00 4.429 1.829 −0.291 −0.873
LT6 394 1.00 7.00 4.459 1.849 −0.315 −0.891
LT7 394 1.00 7.00 4.272 1.831 −0.124 −0.886
LT8 394 1.00 7.00 4.124 1.735 −0.084 −0.703
LT9 394 1.00 7.00 5.051 1.928 −0.755 −0.500
SC1 394 1.00 7.00 4.091 2.013 0.081 −1.101
SC2 394 1.00 7.00 4.023 1.821 0.009 −0.927
SC3 394 1.00 7.00 4.010 1.687 −0.163 −0.770
SC4 394 1.00 7.00 3.987 1.755 0.005 −0.600
KA1 394 1.00 7.00 4.728 1.817 −0.394 −0.809
KA2 394 1.00 7.00 4.645 1.866 −0.381 −0.852
KA3 394 1.00 7.00 3.066 1.755 0.509 −0.631
KA4 394 1.00 7.00 3.368 1.894 0.340 −0.946
KI1 394 1.00 7.00 3.332 1.831 0.234 −0.907
KI2 394 1.00 7.00 4.652 1.961 −0.389 −0.912
KI3 394 1.00 7.00 4.485 2.083 −0.348 −1.104
KI4 394 1.00 7.00 4.759 1.955 −0.503 −0.798
KI5 394 1.00 7.00 4.858 1.886 −0.546 −0.695
KU1 394 1.00 7.00 4.340 1.991 −0.214 −1.002
KU2 394 1.00 7.00 4.914 1.713 −0.348 −0.709
KU3 394 1.00 7.00 4.827 1.795 −0.381 −0.831
KU4 394 1.00 7.00 4.685 1.944 −0.355 −0.992
LP1 394 1.00 7.00 3.112 2.028 0.610 −0.837
LP2 394 1.00 7.00 4.909 2.113 −0.655 −0.888
LP3 394 1.00 7.00 5.264 2.201 −0.986 −0.514
LP4 394 1.00 7.00 5.058 2.196 −0.773 −0.831
LP5 394 1.00 7.00 4.964 2.055 −0.712 −0.751
LP6 394 1.00 7.00 4.756 1.959 −0.535 −0.827
LP7 394 1.00 7.00 5.272 2.181 −1.027 −0.397
LP8 394 1.00 7.00 3.480 1.947 0.311 −0.924
LP9 394 1.00 7.00 3.513 2.033 0.247 −1.113

LP10 394 1.00 7.00 3.924 2.105 0.029 −1.225

Table 3. Reliability statistics.

Variables LT SC KA KI KU LP ALL

Cronbach α 0.916 0.863 0.832 0.873 0.870 0.918 0.943

5.3. Validity Analysis

This paper uses factor analysis to test the validity of the questionnaire. Before doing a factor
analysis, we must determine whether the questionnaire is suitable for factor analysis, which requires
the use of SPSS to find the KMO value and Bartlett’s sphere test. If the KMO value is larger than 0.7
and P is less than 0.05, the questionnaire is suitable for factor analysis.

Firstly, exploratory factor analysis was performed using the principal component method. The
common factor extracted was rotated by the maximum variance method, then the obtained factor
matrix was selected, only keeping factors whose loading was greater than 0.5. We used Amos version
23.0 as the tool for confirmatory factor analysis.
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5.3.1. Exploratory Factor Analysis

It can be seen from Table 4 that the KMO test value of the survey data is 0.948, which is greater
than 0.70, indicating that the questionnaire is suitable for factor analysis. The results from Bartlett’s
sphericity test show that the approximate chi-squared value is 7965.502 and the value of statistical
significance is < 0.001. Therefore, the null hypothesis of Bartlett is rejected and the validity of the scale
is considered well-structured and suitable for factor analysis.

Table 4. KMO and Bartlett sphere test.

KMO Bartlett Sphere Test

0.948
Approximate chi-square, degrees of freedom, significance

8098.095 630 0.000

In this study, principal component analysis was adopted and factor rotation was performed by
using the maximum orthogonal rotation of variance. Factors with an eigenvalue larger than 1 were
extracted. There were six common factors with a characteristic value greater than 1, and the cumulative
variance contribution rate of the six principal components was 64.441%, which is larger than 60%. It is
stated that the six common factors proposed in this study can effectively explain 36 topics of the scale
and achieve the purpose of factor reduction. This is shown in Table 5.

Table 5. Interpretation of total variance.

Factor
Initial Eigenvalue Sum of Extracted Load Square Sum of Squared Rotation Loads

Total Variance
Percentage

Grand Total
(%) Total Variance

Percentage
Grand Total

(%) Total Variance
Percentage

Grand Total
(%)

1 12.699 35.275 35.275 12.699 35.275 35.275 5.845 16.237 16.237
2 3.234 8.984 44.259 3.234 8.984 44.259 5.657 15.714 31.951
3 2.323 6.451 50.710 2.323 6.451 50.710 3.400 9.443 41.394
4 1.866 5.182 55.892 1.866 5.182 55.892 2.946 8.185 49.579
5 1.639 4.553 60.445 1.639 4.553 60.445 2.715 7.542 57.120
6 1.439 3.996 64.441 1.439 3.996 64.441 2.636 7.321 64.441
7 0.712 1.978 66.419
8 0.684 1.899 68.319
9 0.652 1.812 70.130

10 0.623 1.730 71.860
11 0.603 1.674 73.534
12 0.582 1.616 75.150
13 0.562 1.561 76.711
14 0.548 1.522 78.233
15 0.530 1.474 79.707
16 0.500 1.390 81.097
17 0.480 1.333 82.429
18 0.464 1.289 83.719
19 0.459 1.276 84.994
20 0.431 1.196 86.190
21 0.417 1.158 87.348
22 0.403 1.119 88.467
23 0.388 1.078 89.545
24 0.379 1.052 90.597
25 0.352 0.977 91.574
26 0.341 0.948 92.522
27 0.326 0.904 93.426
28 0.312 0.868 94.294
29 0.306 0.850 95.144
30 0.282 0.784 95.927
31 0.279 0.774 96.701
32 0.263 0.730 97.432
33 0.253 0.704 98.136
34 0.247 0.685 98.820
35 0.219 0.609 99.430
36 0.205 0.570 100.000

Extraction method: Principal Component Analysis
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As can be seen from Table 6, the factor loading of each principal component after rotation is more
than 0.5, indicating that these topics can fit well into the corresponding latitudes. The framework
validity of this study is very good.

Table 6. Rotated component matrix.

Dimensions Topic Component

1 2 3 4 5 6

LT

LT1 0.074 0.706 0.121 0.037 0.173 0.063
LT2 0.185 0.769 0.046 0.042 0.095 0.179
LT3 0.186 0.786 0.135 0.018 0.125 0.080
LT4 0.183 0.767 0.140 0.058 0.082 0.033
LT5 0.147 0.666 0.156 0.047 0.099 0.110
LT6 0.180 0.734 0.085 −0.033 0.078 0.172
LT7 0.175 0.767 0.049 0.051 0.114 0.123
LT8 0.079 0.694 0.125 0.118 0.070 0.062
LT9 0.251 0.698 0.145 0.014 0.026 0.200

SC

SC1 0.157 0.038 0.169 0.781 0.127 0.063
SC2 0.099 0.025 0.126 0.858 0.085 0.104
SC3 0.082 0.138 0.097 0.818 0.049 0.096
SC4 0.189 0.015 0.104 0.790 0.080 0.070

KA

KA1 0.219 0.131 0.105 0.095 0.783 0.101
KA2 0.178 0.187 0.177 0.075 0.748 0.141
KA3 0.226 0.144 0.091 0.065 0.687 0.161
KA4 0.254 0.188 0.058 0.141 0.749 0.078

KI

KI1 0.265 0.235 0.767 0.107 0.144 0.153
KI2 0.181 0.191 0.766 0.168 0.090 0.121
KI3 0.183 0.138 0.680 0.140 0.108 0.148
KI4 0.224 0.219 0.742 0.119 0.126 0.100
KI5 0.231 0.074 0.737 0.079 0.030 0.098

KU

KU1 0.233 0.196 0.187 0.095 0.166 0.764
KU2 0.306 0.242 0.122 0.112 0.065 0.734
KU3 0.259 0.249 0.190 0.099 0.218 0.625
KU4 0.243 0.236 0.187 0.153 0.167 0.780

LP

LP1 0.691 0.195 0.281 0.029 0.165 0.109
LP2 0.746 0.169 0.080 0.019 0.009 0.216
LP3 0.664 0.179 0.150 0.041 0.120 0.138
LP4 0.665 0.190 0.055 0.146 0.166 0.070
LP5 0.714 0.174 0.170 0.103 0.112 0.126
LP6 0.773 0.109 0.130 0.138 0.140 0.151
LP7 0.687 0.085 0.150 0.080 0.141 0.046
LP8 0.592 0.173 0.232 0.114 0.218 0.138
LP9 0.686 0.165 0.108 0.168 0.191 0.155
LP10 0.692 0.267 0.243 0.082 0.117 0.181

Extraction method: Principal Component Analysis. The rotation has converged after six iterations

5.3.2. Confirmatory Factor Analysis

As shown in Table 7, the p-value of the model does not reach the ideal value, but the p-value
is easily affected by the sample size. Therefore, this dissatisfaction cannot directly reject the model.
In this case, we need to look at another fitting indicator. We can see that other indicators’ GFI NFIs
are all close to 0.9. The rest of them all reach the ideal value. In general, the model can be verified by
confirmatory factor analysis.
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Table 7. Confirmatory factor analysis fitting index.

Indicator Statistic Value Critical Value Result Model Fitting Judgment

Absolute fitting
index

χ2 2015.493
df 1737
P ≥0.05 0.000 NO

SRMR ≤0.05 0.036 YES
RMSEA ≤0.08 0.014 YES

GFI ≥0.90 0.880 Close to 0.9

Value-added fitting
index

NFI ≥0.90 0.875 Close to 0.9
IFI ≥0.90 0.981 YES
TLI ≥0.90 0.979 YES
CFI ≥0.90 0.981 YES

Simple fitting index

PGFI ≥0.50 0.765 YES
PNFI ≥0.50 0.805 YES
PCFI ≥0.50 0.901 YES
CN ≥200 717 YES
χ2/df ≤2.00 1.160 YES

Table 8 is the result of verification factor analysis for LT, SC, KA, KI, KU, and LP. It can be seen
that the CR of the whole scale and each variable is larger than 0.7, the AVE is larger than 0.5, and the
standardized load coefficient of each item in its corresponding latent variable is larger than 0.6. These
normalized estimates all satisfy the condition of p < 0.001 and have strong significance. This shows
that the six scales of this study have great combination reliability and convergent validity.

Table 8. Confirmatory factor analysis results.

Estimate S.E. C.R. P Standardized Estimate CR AVE

LT1 <— LT 1.000 0.686

0.917 0.551

LT2 <— LT 1.110 0.078 14.310 *** 0.790
LT3 <— LT 1.141 0.077 14.743 *** 0.813
LT4 <— LT 1.138 0.081 14.090 *** 0.770
LT5 <— LT 0.945 0.076 12.392 *** 0.672
LT6 <— LT 1.063 0.078 13.643 *** 0.748
LT7 <— LT 1.094 0.077 14.125 *** 0.777
LT8 <— LT 0.880 0.072 12.189 *** 0.660
LT9 <— LT 1.113 0.082 13.618 *** 0.751

KA1 <— KA 1.000 0.776

0.833 0.556
KA2 <— KA 0.998 0.069 14.389 *** 0.755
KA3 <— KA 0.832 0.067 12.475 *** 0.669
KA4 <— KA 1.043 0.069 15.137 *** 0.777

KI1 <— KI 1.000 0.867

0.876 0.588
KI2 <— KI 0.975 0.054 18.205 *** 0.789
KI3 <— KI 0.902 0.059 15.266 *** 0.688
KI4 <— KI 0.961 0.054 17.794 *** 0.780
KI5 <— KI 0.825 0.053 15.537 *** 0.695

KU1 <— KU 1.000 0.805

0.874 0.634
KU2 <— KU 0.833 0.050 16.751 *** 0.780
KU3 <— KU 0.804 0.054 14.921 *** 0.718
KU4 <— KU 1.060 0.055 19.286 *** 0.875

LP1 <— LP 1.000 0.769

0.919 0.534

LP2 <— LP 0.992 0.066 15.116 *** 0.732
LP3 <— LP 0.969 0.069 14.065 *** 0.687
LP4 <— LP 0.947 0.069 13.704 *** 0.673
LP5 <— LP 0.984 0.064 15.484 *** 0.747
LP6 <— LP 0.998 0.060 16.695 *** 0.795
LP7 <— LP 0.931 0.069 13.595 *** 0.666
LP8 <— LP 0.858 0.061 14.059 *** 0.687
LP9 <— LP 0.968 0.063 15.434 *** 0.743
LP10 <— LP 1.073 0.064 16.843 *** 0.795

SC1 <— SC 1.000 0.768

0.866 0.618
SC2 <— SC 1.005 0.061 16.572 *** 0.853
SC3 <— SC 0.839 0.056 14.968 *** 0.770
SC4 <— SC 0.850 0.058 14.779 *** 0.749
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Table 9 sums up the correlation coefficients among the six potential variables, in which the number
of the diagonal lines is the square root of each variable AVE value. They range from 0.731 to 0.796, and
the absolute values of the correlation coefficients range from 0.202 to 0.635. The square root of each
variable AVE value is obviously larger than the correlation coefficient, which indicates that there is
great discriminant validity between the six latent variables.

Table 9. Descriptive statistics correlation coefficient matrix.

Mean Standard Deviation LT KA KI KU LP SC

LT 4.414 1.432 0.742
KA 3.952 1.495 0.458 0.746
KI 4.417 1.583 0.486 0.454 0.767
KU 4.692 1.581 0.551 0.528 0.557 0.796
LP 4.425 1.582 0.533 0.584 0.610 0.635 0.731
SC 4.028 1.534 0.202 0.340 0.399 0.371 0.368 0.786

AVE 0.551 0.556 0.588 0.634 0.534 0.618

5.4. Structural Equation Model

In this paper, the structural equation model has been used to test the interrelationship between
variables, and the structural equation model was analyzed by AMOS version 23.0. The results are
shown in Table 10.

Table 10. Structural equation model fitting index.

Indicator Statistic Value Critical Value Result Model Fitting Judgment

Absolute fitting
index

χ2 1602.150
df 1362
P ≥0.05 0.000 NO

SRMR ≤0.05 0.036 YES
RMSEA ≤0.08 0.015 YES

GFI ≥0.90 0.891 Close to 0.9

Value-added fitting
index

NFI ≥0.90 0.892 Close to 0.9
IFI ≥0.90 0.982 YES
TLI ≥0.90 0.980 YES
CFI ≥0.90 0.982 YES

Simple fitting index

PGFI ≥0.50 0.766 YES
PNFI ≥0.50 0.817 YES
PCFI ≥0.50 0.899 YES
CN ≥200 712 YES
χ2/df ≤2.00 1.176 YES

The fitting index analysis of the structural equation model in this paper is shown in Table 11. The
acceptable p-value of the evaluation model was 0.000, which is less than 0.05, and this is not up to the
standard required. Therefore, the model is not acceptable. In addition, the GFI and NFI are close to
0.9, which is acceptable, but the other indicators all fit very well, thus, they can be considered to be
established and that the model is acceptable.

As shown in the Table 11, according to the results of empirical analysis, all 10 hypotheses are valid.
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Table 11. Structural equation model path analysis.

Estimate S.E. C.R. P Standardized
Estimate

Corresponding
Hypothesis Result

KA <— LT 0.496 0.066 7.574 *** 0.458 Hypothesis 1a True
KI <— LT 0.431 0.074 5.842 *** 0.352 Hypothesis 1b True
KU <— LT 0.352 0.072 4.916 *** 0.285 Hypothesis 1c True
KI <— KA 0.33 0.069 4.801 *** 0.293 Hypothesis 2a True
KU <— KI 0.302 0.058 5.208 *** 0.299 Hypothesis 2b True
KU <— KA 0.299 0.067 4.47 *** 0.263 Hypothesis 2c True
LP <— KA 0.28 0.062 4.542 *** 0.253 Hypothesis 3a True
LP <— KI 0.273 0.054 5.059 *** 0.279 Hypothesis 3b True
LP <— KU 0.266 0.059 4.506 *** 0.274 Hypothesis 3c True
LP <— LT 0.157 0.063 2.492 0.013 0.131 Hypothesis 4a True

*** p < 0.001, ** p < 0.01, * p < 0.005.

5.5. Multi-Group Structural Equation Model

In order to study whether SC plays a regulatory role in the influence of LT on KA, KI, KU, and LP,
this paper classifies SC into two groups according to the average scores. The average SC score was 4.028.
There were 204 groups whose scores were lower than the average score and there were 190 groups
whose scores were higher than the average score. The results of the multiple group regression are
shown in Table 12.

Table 12. Multi-group structural equation model fitting index.

Indicator Statistic Value Critical Value Restricted Model Unconstrained
Model

Absolute fitting
index

χ2 1039.813 1062.819
df 908.000 918.000
P ≥0.05 0.001 0.001

RMR ≤0.05 0.177 0.260
SRMR ≤0.05 0.054

RMSEA ≤0.08 0.019 0.020
GFI ≥0.90 0.864 0.861

AGFI ≥0.90 0.842 0.840

Value-added fitting
index

NFI ≥0.90 0.860 0.857
RFI ≥0.90 0.847 0.845
IFI ≥0.90 0.980 0.978
TLI ≥0.90 0.978 0.976
CFI ≥0.90 0.980 0.977

Simple fitting index

PGFI ≥0.50 0.743 0.749
PNFI ≥0.50 0.787 0.793
PCFI ≥0.50 0.897 0.905
CN ≥200 371.000 366.000
χ2/df ≤2.00 1.145 1.158

In the multi-group structural equation model, we took the restricted model and the unconstrained
model together in order examine whether there was a significant difference between the two groups.
If there was a difference, the critical ratio t-test was used for each path. If the t-value was greater
than 1.96, this indicated the path was significantly different, i.e., in a different SC group, and that the
regulation effect exists.

It can be seen from Table 13 that the p-value of the model difference test was 0.011, which is less
than 0.05, indicating that the models have significant differences in their path effects as compared to in
the t-test. The results of this are shown in Table 14.
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Table 13. The differences between restrictive and unconstrained models.

Model DF CMIN P NFI
Delta−1

IFI
Delta−2

RFI
rho−1

TLI
rho2

Structural
weights 10 23.006 0.011 0.003 0.004 0.002 0.002

Table 14. Path analysis results for different SC groups.

Path
Low SC High SC Critical Ratios (95%)

Standardized
Estimate P Standardized

Estimate P T Established
or Not

KA <— LT 0.256 0.002 0.585 *** 3.187 YES
KI <— LT 0.245 0.002 0.496 *** 2.581 YES
KI <— KA 0.228 0.007 0.193 0.039 −0.171 NO
KU <— LT 0.225 0.004 0.391 *** 1.968 YES
KU <— KI 0.260 0.001 0.279 *** −0.173 NO
KU <— KA 0.241 0.004 0.208 0.014 −0.436 NO
LP <— KA 0.278 *** 0.179 0.028 −0.856 NO
LP <— KI 0.289 *** 0.224 0.006 −0.710 NO
LP <— KU 0.286 *** 0.219 0.018 −0.346 NO
LP <— LT 0.064 0.350 0.303 0.001 2.257 YES

As can be seen from Table 14, the t-values of the path coefficient discriminatory tests in the high
SC group and the low SC group were 3.187, 2.581, 1.968, and 2.257, respectively, which are all larger
than 1.96. Here, the model reaches a significant level and indicates a significant difference between
them. That is to say, under high SC conditions, the impact of LT on KA, KI, KU, and LT is significantly
higher than that under low SC conditions. Here, the adjustment is established, and SC will promote
the positive impact of LT to KA, KI, KU, and LT.

6. Conclusions

The concept of sustainable development in contemporary society fits the idea that lean
implementation eliminates waste and maximizes value. To achieve sustainable development, lean
is an effective method. However, the application of lean tools in specific domestic projects is not
satisfactory. This paper has analyzed the application effects of lean tools from the viewpoint of
knowledge management. It has discussed the influence of lean tools via the mediating role of
knowledge management and the adjustment role of study conventions on lean sustainability. The
theoretical hypotheses posed in this work have been supported by the results of the data analysis.
It reveals the important role of knowledge management in lean sustainable development. Through
theoretical and empirical analysis, the following significant conclusions are drawn:

(1) The adoption of lean tools has a positive impact on knowledge acquisition, knowledge
integration, and knowledge application. For example, the use of concurrent engineering or BIM
technology in the design phase can greatly promote the sharing and exchange of knowledge; the use of
the value flow diagram in the lean implementation phase requires the conversion of tacit knowledge to
explicit knowledge by lean implementation staff. The feedback in the plan execution process and the
team members’ thinking about the problem will enrich the tacit knowledge of the individual, thereby
promoting the process of knowledge integration; and the use of these tools is actually the process of
knowledge application.

(2) Most existing studies focus on the direct impact of the application of lean tools on lean
sustainability and lack discussion on the role of activities of internal knowledge management between
lean tools and lean sustainability. The application of lean tools has a direct positive impact on lean
sustainability. However, without the intermediary role of knowledge management, lean tools can hardly
exert their maximum effect, reflecting the importance of knowledge management in the application
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of lean tools. This paper has empirically studied the mediating role of knowledge management in
the application of lean tools and lean sustainability, elucidating a better understanding of the internal
application of lean tools and the learning behavior of lean knowledge.

(3) New knowledge will be generated in the process of lean sustainable development, and
the new knowledge will promote the effect of lean implementation. Lean implementation focuses
on performance evaluation, through which periodic problems are found and feasible solutions are
proposed to managers to achieve continuous improvement. Whether it is the performance evaluation
indicators, the root cause of the problem, or the solution to the problem, it is the new knowledge
generated in the process of lean continuous improvement. Storing, recording, and applying new
knowledge to the next phase plan will enable the next phase plan to be carried out at a higher level
of knowledge, thus further promoting lean sustainability. This is like a continuous climbing process.
Sustainable evaluation promotes the generation of knowledge, and the accumulated new knowledge
reacts to the continuous improvement and improvement of lean.

(4) This article has implemented different patterns of regular behavior as study conventions,
elucidating the effects of the adjustment of study conventions in the application of lean tools through
empirical research. Distinct enterprises present a different degree of understanding and application
of the same lean tool, and the corresponding performance becomes different. Enterprises with good
study conventions could behave more orderly and efficiently in the process of the application and
promotion of lean tools. Otherwise, their practice only remains a simple imitation. To begin to deal
with this, enterprises can establish good study conventions in the organization, unify their ways of
thinking, and form a cohesive force of common work.

From a practical viewpoint, this paper concludes by providing some relevant implications for
enterprises applying lean tools. Knowledge is an indispensable factor in the application of lean tools.
Enterprises achieve the goal of improving sustainability by continuously improving and innovating
the application process of lean tools through knowledge acquisition, integration, and application. On
the other hand, good study conventions can help enterprises to create and gather all kinds of lean
knowledge. Therefore, enterprise managers should strengthen knowledge management activities in
the process of lean implementation, strengthen knowledge acquisition, knowledge integration, and
knowledge application, so as to promote the knowledge level of lean implementation continues to
grow. This accumulation of experience and knowledge not only helps improve the quality of lean
implementation, but also reduces production costs and promotes lean sustainability. At the same time,
attention should also be paid to establishing good study conventions, allowing the promotion of a
continuous growth of lean knowledge, consequently improving lean sustainability.
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