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The organizational development following the philosophy of sustainability is becoming the
prerequisite for companies, which urges and emphasizes them to incorporate social,
economic, and environmental aspects into their manufacturing and operations. Despite
plethora of researches exploring lean practices as the solution for improving productivity, it
is limited to the operational aspects only, thus ignoring the other aspects of sustainability.
Moreover, there is a dearth of studies that explored the combined effect of sustainable
innovation, process innovation, and lean practices on the three aspects of sustainability.
The current study is an attempt and contribution in the existing literature through the
sample of 431 respondents from ISO 14001 certified Chinese organizations during
COVID-19 pandemic conditions. The estimations were performed through the Partial
Least Squares–Structural Equation Modeling. The results revealed a positive association
among the proposed hypothesis of aforementioned studied phenomena. In addition, the
current study explores the role of sustainable innovation as a mediator between lean and
three dimensions of the sustainability, which is reportedly found to be a partial mediator as
both direct and indirect effects are found to be statistically significant. Through the findings
of the current study, the managers and decision makers can comprehend the potential of
the possible benefits which can be reaped by incorporating both lean and sustainability
within their operations.
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1 INTRODUCTION

The concept of sustainability has jolted and startled the world since its inception in late 1980s by the
“World Commission of Environment and Development” (WCED) (Khodeir and Othman, 2018).
The concept of sustainability predominately covers three aspects that include economic, social, and
ecology (Dagar et al., 2021; Tang et al., 2022). The ecological aspects cover and address the concerns
caused to the environment because of the non-environment friendly operations including
manufacturing, transportation, and so on (Liu et al., 2020; Bhardwaj et al., 2022). The social
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aspects cover the concerns that are related to the welfare of the
stakeholders including employees, customers, strategic partners,
and all stakeholders (Hao et al., 2021; Elavarasan et al., 2021a;
Elavarasan et al., 2021b; Razzaq et al., 2021; Irfan et al., 2022). The
economic aspects cover the concerns through which the excessive
and unnecessary wastage of financial resources are controlled and
accordingly invested into profitable avenues (Resta et al., 2016;
Khan et al., 2021; Rauf et al., 2021; Huang et al., 2022; Islam et al.,
2022).

A recent study by The United Nation Global Compact (2016)
recommended that through the improvement in the
environmental-oriented performance, the supply chain of an
organization will become capable to improve their processes,
whereas this will also result in reduction in costs, enhancement of
productivity, and improvement in the outcomes that includes
financial as well as societal. Therefore, achieving sustainable
innovation through which the cost to the environments is
reduced as well as societal wellbeing is ensured is the need of
the time (Chen et al., 2006; Burki et al., 2018). Moreover, through
the integration of the operations and processes that are
environment friendly, organizations can become greener and
sustainable (Burki et al., 2018; Wu et al., 2021). The
sustainable objectives can be achieved, through mutual
collaboration among the related stakeholders, which is
beneficial not only for the organization itself but also for the
whole supply chain partners and the society (Thoo et al., 2013;
Yumei et al., 2021).

Apart from sustainability, there are various management
principles and philosophies that have urged to have maximum
utilization of resources either by specialization of labor or by
improving the productivity (Ahmad et al., 2021; Ali et al., 2021;
Abbasi et al., 2022). One of the most studied, followed, and
implemented solution is the philosophy of lean that was
originated from the assembly line of automobile industry.
Initially it was proposed to improve the level of productivity
in the production operations by reducing different kind of non-
value-added activities and wastes (Herron and Hicks, 2008).
Despite the similarity within the philosophies of lean and
sustainability, they are in contrast with certain aspects. For
instance, lean is focused on improving the level of productivity
by reducing the excess resources including inventory, whereas the
theme of sustainability revolves around the efficiency without
compromising the responsiveness (Jum’a et al., 2022). Similarly,
the exploration of both these philosophies is conventionally
limited to operational efficiency only, thus ignoring the aspects
of environment and social wellbeing (Stamenkov and Dika, 2019;
De et al., 2020), which however need equal attention and
exploration (Piercy and Rich, 2015).

In addition, despite the similarities between lean and
sustainability, there is dearth of researchers that have explored
the integration of both of these philosophies within the
manufacturing operations at the same time (Reich-Weiser and
Dornfeld, 2009; Hartini and Ciptomulyono, 2015). The few
evidences that have explored this stream include Dey et al.
(2020) who as explored an integrated model covering the
aspects of lean, corporate social responsibility, and innovation;
however, they have integrated for exploring the economic

performance only. Similarly, Ikram et al. (2019) also assessed
the role of sustainability exclusive certification including SA8000,
ISO 9001, and ISO 14001 in enhancing the level of exports and
economic development. Similarly, different researchers have
explored different performance outcomes, including
Bandehnezhad et al. (2012) exploring environmental outcome,
Hofer et al. (2012) exploring financial performance, Yang et al.
(2011) exploring organizational performance, and Iranmanesh
et al. (2019) and De et al. (2020) exploring sustainability
performance.

Furthermore, the exploration of the linkage between lean
practices with the any single aspect of sustainability has been
reported by numerous researchers (Iranmanesh et al., 2019;
Dieste et al., 2020). In addition, the relationship between
sustainable innovation with the performance of the
sustainability is also being documented (Adams et al., 2016;
Khurana et al., 2021). In addition, the role of innovation based
on the principles of sustainability is considered integral for
bringing change in the existing operations and play the role of
a connector in establishing linkage between advancement and
sustainability without creating excessive financial burden (Adams
et al., 2016). On the other hand, the integration of lean and
sustainability can create synergy and harmony in achieving the
objectives of the sustainability, although being explored by the
researchers; however, their findings are either limited to a certain
aspect of sustainability (as mentioned earlier) or the conclusions
drawn are inconclusive. In addition, a systematic review by
Carvajal-Arango et al. (2019) covering 117 research articles
revealed that only 16% of these studied are based on the
exploration of the phenomena through interviews and survey
methodology. This is one of the potential contributions that the
current study intends to fill by exploring the relationships among
the studied phenomena through following the survey
methodology (discussed in greater detail in Section 3).

Therefore, the current study is an attempt to search for the
answers to the following research questions:

RQ1: To what extent sustainable innovation and lean
manufacturing practices enhance the levels of the three
sustainability aspects (environment, social, and economic)?

RQ2: To what extent sustainable innovation mediates the
association between lean manufacturing practices and the
three sustainability aspects (environment, social, and economic)?

For drawing the conclusions for the aforementioned research
questions, the section comprised the literature review, followed by
the methodology, statistical estimations, and outcome, whereas in
the end the recommendations are proposed.

2 LITERATURE REVIEW

2.1 Aspects of Sustainability
As already mentioned, through the phenomena of sustainability,
the world has been taken by storm since its proposition in 1987 by
the “World Commission of Environment and Development”
(WCED) (Khodeir and Othman, 2018). Moreover, in
accordance with the objectives of the studies, the researchers
have been using different aspects of it. For instance, in the context
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of construction, the findings of Carvajal-Arango et al. (2019) had
listed around 27 dimensions, which should be covered within the
umbrella of sustainability. However, the majority is of the
researchers who categorize, operationalize, consider, and cover
only three aspects of sustainability which are social, economic,
and environmental, which are also referred as the triple bottom
line (TBL) (Elkington, 2013), as validated by numerous
researchers (Martínez-Jurado and Moyano-Fuentes, 2014;
Resta et al., 2016; Ikram et al., 2021). At the business level,
among the available conceptualizations, the concise definition of
sustainability is presented by Martínez-Jurado and Moyano-
Fuentes (2014); according to them, the sustainability is
“meeting the needs of a firm’s direct and indirect stakeholders,
without compromising its ability to meet the needs of future
stakeholders.” Considering the three predominately studied
aspects, the environmental aspect of sustainability covers
reduction in the obliteration cause to the ecology by efficient
management of resources, waste disposal, energy consumption,
and safeguarding of natural resources (Martínez León and Calvo-
Amodio, 2017). In addition, the economic aspect covers efficient
management and utilization of financial resources, whereas the
social aspect covers welfare, wellbeing, and prosperity of all the
internal and external stakeholders including employees,
customers, society, and so on (Martínez León and Calvo-
Amodio, 2017). Despite the consensus among the researchers
regarding the three predominately aspects of sustainability, there
is still a presence of vacuum in terms of exploration of all these
aspects hence required further exploration (Burawat, 2019;
Iranmanesh et al., 2019; Singh et al., 2020).

2.2 Process Innovation
Innovation has been considered as an integral element and
prerequisite in order to improve value of the organization as well
as its performance (Montes et al., 2005; Bowen et al., 2010). However,
within the innovation, it is also essential at which level innovation is
required so that it tickles down the expenses and expedite the
economic condition of the organization (Li et al., 2007). Among
them, the level where innovation can be far more beneficial is in the
process termed as process innovation (PIN) as through this other
innovation can also be triggered, for instance at the product level (Li
et al., 2007; Camisón and Villar-López, 2014). Moreover, Oke (2007)
also considered PIN as the driving force, which has the capability to
improve the manufacturing and related operations resulting in
improving the product offerings. Organizations that are
progressive and proactive heavily strive in bringing in the PIN so
that they can not only just improve their product offerings (Ahmed
et al., 2020) but also such offerings tend to improve the other aspects
of sustainability (Burki et al., 2018; Jum’a et al., 2022). Hence based on
these discussions, it is assumed that when there is PIN it will reduce
overconsumption and costs to the environment through which the
environmental aspect is improved, reduces the excessive resources
through which the financial aspect is improved, and improved the
distribution of the all tangible and intangible resources throughwhich
the social aspects are improved. Therefore, it is anticipated that

H1: Process innovation enhances the environmental aspect of
sustainability;

H2: Process innovation enhances the economic aspect of
sustainability;

H3: Process innovation enhances the social aspect of
sustainability.

2.3 Lean Manufacturing Practices
The inception of lean manufacturing and its practices was
originally made in the automobile industry by the Toyota
production system (TPS); however, its benefits and
contribution toward profits makes it a standard for every
organization to be followed (Jum’a et al., 2022). By the help of
this philosophy, the organizations are stimulated to improve their
level of productivity within their manufacturing operations and
processes (Lee and Jo, 2007). Therefore, researches have listed
different practices covering the LMP through which the overall
productivity of the organizations can be improved. For instance,
according to Vinodh et al. (2011), for LMP, the major processes
include implementation of the 5S framework, manufacturing
design that follows the cellular layout, maintenance at
preventive level, demand management through pull approach,
and continuous improvement such as Kaizen, sig sigma,
perceptual mapping of the value stream, and so on. On the
other hand, Bandehnezhad et al. (2012) have emphasized on
the incorporation of human element in it. They urge to include
employee engagement, customer satisfaction, supplier
integration, and all other relevant sustainable practices that
cover the human resources.

Similarly, Godinho Filho et al. (2016), Resta et al. (2016),
Iranmanesh et al. (2019), and Dey et al. (2020) have explored
different practices that are covered within the philosophy of LMP.
Among all of them, the common practices that are validated by
majority of the researchers include just-in-time flow, quality
management, and employee involvement as they are true
representation of maximization of the efficiency during
production and the regular elimination of waste (Yang et al.,
2011; Jum’a et al., 2022). Precisely, the just-in-time flow is the set
of interrelated activities which ensure that only right quantity of
material and products are made available, which enables
reduction of excessive inventory, elimination of inventory
waste, and improves the overall product flow across the
manufacturing facility (Yang et al., 2011; Jum’a et al., 2022).
In addition, quality management not only just covers the
government and monitoring and maintenance of the quality
but also assists in improving the processes and operation
through the continuous improvement program, which assists
in reducing the non-value-added activities (Yang et al., 2011;
Jum’a et al., 2022). On the other hand, employee involvement
covers the aspect related to human resource, which is actually the
back bone of any organization and entails the needs of training,
development of procedures that assist in creating systems and
processes, development of groups for problem solving, and so on
(Yang et al., 2011; Jum’a et al., 2022). Therefore, when all these
practices are implemented, it is assumed that there will be a
reduction in costs to the environment through which the
environmental aspect is improved, reduction in the excessive
resources through which the financial aspect is improved, and
improvement in the distribution of the all tangible and intangible
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resources through which the social aspects are improved. Hence,
it is anticipated that

H4: Lean manufacturing practices enhances the sustainability-
oriented innovation;

H5: Lean manufacturing practices enhances the environmental
aspect of sustainability;

H6: Lean manufacturing practices enhances the economic aspect
of sustainability;

H7: Lean manufacturing practices enhances the social aspect of
sustainability.

2.4 Sustainability-Oriented Innovation
SOI has been explained as the combination of operations and
processes that are involved in the development of the product
following the principles of sustainability, with an objective to
meet the objectives of the organization that covers ecological,
financial, and social aspects (Klewitz and Hansen, 2014). In
addition, SOI also highlight the areas where an organization
need to made changes through the incorporation of practices that
are aligned with sustainability, which leads to environmental,
financial, and social wellbeing (Adams et al., 2016; Ikram et al.,
2020a). Despite the potential benefits brought in by following the
principles of sustainability, it is in contrast in terms of its nature
when compared with the lean philosophy (De et al., 2020). For
instance, in lean, the organization emphasizes on productivity
and efficiency, whereas in SOI, it strives for improving
responsiveness (Jum’a et al., 2022). However, if they both are
implemented within the organization, then the synergy and
harmony that is created through the integration can reap
multiple sustainable benefits (Dey et al., 2020). In addition, an
attempt was made by multiple researchers in explaining the level
of association between the SOI and three studied aspects of
sustainability (Klewitz and Hansen, 2014; Adams et al., 2016).
Therefore, when there is a presence and incorporation of SOI, it is

assumed that there will be a reduction in costs to the environment
through which the environmental aspect is improved, reduction
in the excessive resources through which the financial aspect is
improved, and improvement in the distribution of the all tangible
and intangible resources through which the social aspects are
improved. Hence, it is anticipated that

H8: Sustainability-oriented innovation enhances the
environmental aspect of sustainability;

H9: Sustainability-oriented innovation enhances the economic
aspect of sustainability;

H10: Sustainability-oriented innovation enhances the social
aspect of sustainability.

The proposed hypotheses in terms of their relationships are
graphically illustrated in Figure 1.

3 METHODOLOGY

In the light of the discussed objectives and proposed hypotheses,
the most suitable and relevant research approach is the
quantitative research approach. This research enables the
researchers to reach the logical conclusion from the collected
numerical data through the application of statistical analysis,
which are relatively more objective when compared to the
qualitative methodologies that are extremely subjective.
Moreover, within the quantitative research approaches, there
are multiple research designs, whereas for the current study,
the researchers have chosen a survey research design. This
research design enables the researchers to have the data
collected through a structured research questionnaire. Through
the help of collected data, which is relatively small compared to
the whole population, the findings can be generalized to the larger
portion of the population (Cooper et al., 2006).

FIGURE 1 | Framework of the study.
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In addition, the quality of the research and the collected data is
highly dependent on the research questionnaire that has been
used for the data collection purpose. If such research
questionnaire contains any ambiguity or errors, the same will
be reflected in the outcome generated from the collected data.
Therefore, the development of questionnaire is the crucial phase
and hence need to be conducted with due care and diligence.
Hence, for employing the survey methodology, the guidelines
discussed by Hulland et al. (2018) were followed. The developed
questionnaire predominantly comprises two sections: section 1,
which comprises the questions that are intended to measure the
studied phenomena that are shown in Figure 1, whereas the
second section comprises questions that are intended to ask for
gauging the demographic profiles of the respondents.

Regarding Section 1, the questions that were asked to measure
the studied phenomena were based on the questions that are
adapted from the existing literature. As these questions are crucial
enough to determine the outcome, it is important to have those
scales that have justified their validity in any other geographical
context. Hence, the sources and details of the adapted scales are
listed in Table 1. It should be noted that all of these questions
were measured on the Likert Scales having five points in which “1
represents Strongly Disagree,” “2 represents Disagree,” “3
represents neither Disagree nor Agree,” “4 represents Agree,”
and “5 represents Strongly Agree.”

Despite validation being made in the other studied, the face
and content validity of these adapted questions were again
ensured by a panel of five experts. The panel includes both
linguistics and subject experts. The reason for ensuring the
face and content validity again is that the current study is
conducted on the manufacturing companies of China, where
English is not easily understood by themasses. However, since the
nature of the study demands to have responses from the qualified
professional, a questionnaire being designed in the simple and
easy to understand English language, could serve the purpose.
Nevertheless, the panel validated the questionnaire as simple and
easy to understand and recommended go-ahead data collection.

On the other hand, since environment is the most important
aspect of sustainability, therefore for the current study, only those
professionals are suited that belong to the manufacturing
companies being ISO 14001 certified. This requirement serves
as a pre-requisite to qualify for the sample of the current study.
Moreover, around 1,000 questionnaire were mailed to the
respondents that fit within the objectives of the current study
due to the ongoing COVID-19 situation. Therefore, sending

questionnaire through email is the best way of data collection.
Among them, 490 were returned, which reached the response rate
of 49% that is extremely good in the context of studies involving
survey methodologies. Among those 490, 59 responses were
eliminated as they were identified as univariate and
multivariate outliers, following the procedures discussed by
Hair et al. (2010). Comrey and Lee (1992) recommended the
following scale to determine the adequacy of sample size: (very
poor—50), (poor—100), (fair—300), (very good—500), and
(excellent—1000 or more). According to this scale, the size of
our study sample (431 respondents) falls under the “very good”
category, ensuring that the sample is representative for this
research.

Among the collected 431 responses, 241 that form 56% of the
data were collected from males, whereas the rest 190 that forms
44% of the data were collected from females. The division of data
in terms of age includes 141 responses that forms 33% were
collected from the group of people having age 30 or less years, 164
responses that forms 38%were collected from the group of people
having age 31–40 years, 81 responses that forms 19% were
collected from the group of people having age 41–50 years,
and 45 responses that forms 10% were collected from the
group of people having age 51 and above. In terms of scale
and size of the organization in terms of employees, 123 responses
that forms 29% were collected from the group of organizations
having employees less than 100, 142 responses that forms 33%
were collected from the group of organizations having employees
between 101–250, 94 responses that forms 22% were collected
from the group of organizations having employees between
251–450, and 72 responses that forms 17% were collected
from the group of organizations having employees more than
450. In terms of the industry fromwhere the company belongs, 89
responses that forms 21% were collected from the group of the
organizations from automobile industry, 161 responses that
forms 37% were collected from the group of the organizations
from electronics industry, 74 responses that forms 17% were
collected from the group of the organizations from chemical
industry, 64 responses that forms 15% were collected from the
group of the organizations from pharmaceutical industry, and 43
responses that forms 10% were collected from the group of the
organizations other than mentioned earlier. The demographic list
of final samples is mentioned in Table 2.

In addition, there are certain biases which usually arise in the
quantitative studies, and hence need to be ascertained. Such
biases lead to inflated variance which can easily deteriorate the

TABLE 1 | Source of measures.

Constructs Number of items Sources

Just-in-time flow 3 Yang et al. (2011)
Quality management 3 Yang et al. (2011)
Employee involvement 3 Yang et al. (2011)
Process innovation 4 Burki et al. (2020)
Sustainability-oriented innovation 5 Dey et al. (2020)
Environmental sustainability 6 Iranmanesh et al. (2019)
Social sustainability 5 Iranmanesh et al. (2019)
Economic sustainability 6 Iranmanesh et al. (2019)
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quality of generated outcome (Podsakoff et al., 2003). Therefore,
following the operational remedies proposed by Podsakoff et al.
(2012), the possibility of having the method variance is reduced.
In addition, the presence of method variance was also assessed
statistically throughHarman (1967) single factor test and through
the values of correlations among the construct as highlighted in
Najmi and Ahmed (2018). Both of the measure negates the
presence of method variance. Thus, the current data are
apparently found to be free from the methodological
unwanted variances.

4 ESTIMATIONS AND RESULTS

In the researches involving complex research frameworks and the
objective of maximum explanation of the variance, as the case of
the current study is, the application of Partial Least
Squares–Structural Equation Modeling (PLS-SEM) is highly
recommended (Hair et al., 2019). This is because of the fact
that PLS-SEM belongs to the category of second-generation
techniques and has the capability to incorporate multiple
predictors and criteria in one go. Hence, through the help of
SmartPLS software, which is the easiest to handle software having
simple interface, the application of PLS-SEM was made possible.
In addition, Hair et al. (2016) suggested that the application of
PLS-SEM must be done in a dual-step method. In this dual step,
the first step covers the assessment of the outer model in which
the relationships of the observed variables with the latent
variables are being assessed. The second step covers the
assessment of the inner model in which the relationships
between latent variables are assessed. Once both assessments
are done, then the researchers will be in a position to evaluate the

proposed hypotheses and their respective relationships. The
assessment is discussed in the following sections.

4.1 Assessment of Outer Model
As already discussed, the assessment of the outer model covers
the relationships of the observed variables with the latent
variables. Within the outer model, the assessment of the
relationships between the observed variables with their
respective latent variables is termed as convergent validity,
whereas the assessment of the relationships between the
observed variables of a latent variable with the other latent
variables is termed as discriminant validity (Mehmood and
Najmi, 2017).

Considering the convergent validity, the current study ensures
the presence of convergence by the help of three different
parameters, which includes factor loadings, internal
consistency (through Cronbach’s Alpha and Composite
Reliability), and through the value of average variance
extracted (AVE). For factor loadings, the recommendations by
Hair et al. (2016) is that it should be larger than 0.7. The values
listed in Table 3 clearly shows that the observed values of factor
loadings are larger than 0.7. For internal consistency, which is
further assessed through Cronbach’s Alpha and Composite
Reliability, the recommendations by Hair et al. (2016) is that
these should be larger than 0.7. The values listed in Table 3 clearly
shows that the observed values of Cronbach’s Alpha and
Composite Reliability are larger than 0.7. For AVE, the
recommendations by Hair et al. (2016) is that it should be
larger than 0.5. The values listed in Table 3 clearly shows that
the observed values of AVE are larger than 0.5.

Considering the discriminant validity, this is assessed by three
different criteria including cross loadings, Fornell–Larcker
criterion, and “Heterotrait–Monotrait ratio of correlations”
(HTMT). Cross loading is the representation of a factor
loading within a particular construct along with the loadings
of this factor into other constructs. Theoretically and statistically,
a factor loading of a construct should be highly loaded into its
own construct. Moreover, Gefen and Straub (2005) have stated
the acceptable difference of a factor loadings into other constructs
which is the cross loadings. According to them, the acceptable
difference should be higher than 0.1, which is found in the current
study as the outcome listed in Table 4.

The second criterion is the one which is most commonly
applied in the researches assessing discriminant validity and is
known as the Fornell and Larcker (1981) criterion proposed by
the authors in their own name. As per them, a particular factor’s
square root of AVE should be much higher while comparing it
with the values of the correlations among the constructs. The
outcome mentioned in Table 5 outlines the meeting of the said
proposition as the diagonal values are the factor’s square root of
AVE, whereas all other values represents correlations among the
constructs. The outcome outlined in Table 5 clearly satisfies the
meeting of the Fornell and Larcker (1981) criterion.

The third and the most recent criteria by which the
discriminant validity is assessed in the present study is of
HTMT proposed by Henseler et al. (2015). As per this
criterion, the value of the HTMT at which there is the

TABLE 2 | Descriptive statistics.

Frequency Percentage

Gender Male 241 56%
Female 190 44%
Total 431 100%

Frequency Percentage
Age 30 or less years 141 33%

31–40 years 164 38%
41–50 years 81 19%
51 and above 45 10%
Total 431 100%

Frequency Percentage
Size (number of employees) Less than 100 123 29%

101–250 142 33%
251–450 94 22%
More than 450 72 17%
Total 431 100%

Frequency Percentage
Industry Automobile 89 21%

Electronics 161 37%
Chemical 74 17%
Pharmaceutical 64 15%
Others 43 10%
Total 431 100%

Source: Authors estimation.
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establishment of discriminant validity is 0.85; however, any value
below one is also considered as acceptable. The outcome outlined
in Table 6 clearly satisfies the meeting of the HTMT criterion.

4.2 Assessment of Inner Model
After the assessment of outer model, the second step involves the
assessment of inner model in which the relevancy and
predictability of the model which is the reflection of the
exploration of variance from the dependent variable through
the independent variables. The assessment was done through
“coefficient of determination” and “Cross-Validated
Redundancy” which is gauged through R-Square and
Q-Square. Particularly for R-Square, Cohen (1988) stated that
it is highly rely on the nature and attributional quality of the
independent variable that successfully explain the dependent
variable; however, if the value of R-Square is found to be
below 0.02 then it is considered as low, whereas if it is found
between 0.02 and 0.25 then it is moderate and will be termed as
substantial if it is higher than 0.26. On the other hand, for
Q-Square which is the reflection of “Cross-Validated
Redundancy” is computed through the methodological

framework of Stone–Geisser’s value. According to this
criterion, any value beyond the number of zero is acceptable
for it. The outcome outlined in Table 7 shows the assessment of
R-Square and Q-Square criterion.

4.3 Hypotheses Testing
For the computation of significance of the relationship among the
variables, the application of PLS-SEM is used because of an edge
on the comparative statistical analysis (Figure 2). The edge is
because of the significance computation following the framework
of bootstrapping. In this methodology, the significance is
computed after drawing multiple subsamples from the data set
of which Hair et al. (2016) have recommended the number of
5,000 subsamples. Nevertheless, through computing significance
after drawing 5,000 subsamples, the legitimacy and reliability of
the outcomes is ascertained which is outlined in Table 8.

First, about the relationships of process innovation with the
different criterion variables reflecting three aspects of
sustainability. For environmental aspect of sustainability,
process innovation is reported to affect environmental aspect
of sustainability positively and significantly at level of significance

TABLE 3 | Measurement model results (first order variables).

Variables Items Factor loadings Cronbach’s alpha Composite
reliability

AVE

Just-in-time flow JIT1 0.880 0.753 0.766 0.572
JIT2 0.746
JIT3 0.746

Quality management QM1 0.791 0.759 0.784 0.696
QM2 0.837
QM3 0.882

Employee involvement EIN1 0.783 0.714 0.782 0.598
EIN2 0.793
EIN3 0.769

Process innovation PIN1 0.758 0.779 0.799 0.593
PIN2 0.727
PIN3 0.798
PIN4 0.722

Sustainability-oriented
innovation

SIN1 0.882 0.794 0.780 0.677
SIN2 0.851
SIN3 0.806
SIN4 0.756
SIN5 0.735

Environmental sustainability ENS1 0.855 0.716 0.807 0.585
ENS2 0.841
ENS3 0.747
ENS4 0.745
ENS5 0.723
ENS6 0.764

Social sustainability SOS1 0.725 0.758 0.779 0.661
SOS2 0.817
SOS3 0.729
SOS4 0.774
SOS5 0.794
SOS6 0.799

Economic sustainability ECS1 0.778 0.791 0.731 0.594
ECS2 0.855
ECS3 0.772
ECS4 0.781
ECS5 0.877

Source: Authors estimation.
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of 1%. This is the reflection of the level of expansion
environmental aspect of sustainability can have by 26.1%,
through the level of expansion in the process innovation. This
relationship is explained as when organizations improve the
processes through the innovation, there will be optimization of
the resources and minimization of the waste. As an outcome,
there will be a comparatively lesser effect to the environment as
process innovation will lead to less consumption of resources

TABLE 4 | Results of loadings and cross loadings.

Variable JIT QM EIN PIN SIN ENS SOS ECS

Just-in-time flow 0.880 0.298 0.342 0.361 0.316 0.324 0.308 0.355
0.746 0.355 0.301 0.383 0.330 0.339 0.330 0.297
0.746 0.341 0.374 0.377 0.365 0.322 0.304 0.396

Quality management 0.375 0.791 0.294 0.393 0.301 0.390 0.387 0.357
0.330 0.837 0.359 0.298 0.397 0.343 0.371 0.388
0.362 0.882 0.372 0.366 0.344 0.307 0.351 0.384

Employee involvement 0.313 0.322 0.783 0.290 0.335 0.336 0.355 0.355
0.324 0.336 0.793 0.368 0.296 0.320 0.292 0.352
0.345 0.292 0.769 0.307 0.296 0.392 0.311 0.292

Process innovation 0.327 0.338 0.356 0.758 0.372 0.340 0.292 0.328
0.343 0.313 0.350 0.727 0.397 0.388 0.317 0.372
0.332 0.347 0.344 0.798 0.383 0.341 0.304 0.308
0.376 0.349 0.349 0.722 0.314 0.321 0.290 0.300

Sustainability-oriented innovation 0.342 0.308 0.304 0.308 0.882 0.357 0.335 0.379
0.331 0.290 0.319 0.370 0.851 0.335 0.366 0.340
0.339 0.375 0.392 0.348 0.806 0.343 0.320 0.312
0.369 0.332 0.358 0.312 0.756 0.368 0.340 0.385
0.355 0.351 0.348 0.316 0.735 0.314 0.355 0.349

Environmental sustainability 0.334 0.340 0.383 0.314 0.302 0.855 0.370 0.295
0.343 0.315 0.388 0.376 0.342 0.841 0.342 0.352
0.339 0.363 0.394 0.294 0.376 0.747 0.341 0.359
0.333 0.353 0.366 0.294 0.387 0.745 0.318 0.369
0.306 0.346 0.383 0.380 0.327 0.723 0.322 0.371
0.383 0.391 0.345 0.361 0.329 0.764 0.389 0.398

Social sustainability 0.309 0.326 0.328 0.386 0.334 0.310 0.725 0.357
0.323 0.313 0.385 0.320 0.366 0.301 0.817 0.354
0.334 0.384 0.315 0.373 0.354 0.331 0.729 0.306
0.324 0.362 0.374 0.379 0.301 0.292 0.774 0.346
0.293 0.321 0.326 0.300 0.380 0.398 0.794 0.377
0.336 0.366 0.378 0.315 0.359 0.304 0.799 0.346

Economic sustainability 0.298 0.319 0.349 0.306 0.373 0.359 0.377 0.778
0.371 0.295 0.337 0.371 0.362 0.379 0.365 0.855
0.324 0.369 0.328 0.346 0.369 0.354 0.368 0.772
0.388 0.347 0.302 0.330 0.390 0.398 0.375 0.781
0.363 0.294 0.347 0.339 0.352 0.300 0.366 0.877

Source: Authors estimation.

TABLE 5 | Discriminant validity of the Fornell–Larcker criterion.

JIT QM EIN PIN SIN ENS SOS ECS

JIT 0.756
QM 0.628 0.834
EIN 0.627 0.560 0.774
PIN 0.576 0.550 0.586 0.770
SIN 0.550 0.527 0.646 0.555 0.823
ENS 0.534 0.603 0.582 0.525 0.633 0.765
SOS 0.621 0.541 0.528 0.553 0.537 0.572 0.813
ECS 0.570 0.599 0.645 0.533 0.532 0.628 0.536 0.771

Source: Authors estimation.

TABLE 6 | Results of HTMT ratio of correlations.

JIT QM EIN PIN SIN ENS SOS ECS

JIT
QM 0.584
EIN 0.733 0.650
PIN 0.676 0.614 0.571
SIN 0.745 0.634 0.639 0.585
ENS 0.560 0.739 0.637 0.640 0.636
SOS 0.735 0.616 0.684 0.725 0.605 0.708
ECS 0.637 0.722 0.713 0.676 0.599 0.592 0.688

Source: Authors estimation.

TABLE 7 | Predictive power of construct.

R-Square Q-square

SIN 0.192 0.110
ENS 0.288 0.099
ECS 0.235 0.103
SOS 0.239 0.097

Source: Authors estimation.
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causing least possible cost to the environment. For economic
aspect of sustainability, process innovation is reported to affect
economic aspect of sustainability positively and significantly at
level of significance of 1%. This is the reflection of the level of
expansion economic aspect of sustainability can have by 27.8%,
through the level of expansion in the process innovation. This
relationship is explained as when organizations improve the
processes through the innovation, there will be optimization of
the resources and minimization of the waste. As an outcome,
there will be a comparatively lesser level of consumption of
financial resources. Through this, firms can save the finances
which can further be invested in other possible profitable avenues
when needed. For social aspect of sustainability, process
innovation is reported to affect social aspect of sustainability
positively and significantly at level of significance of 1%. This is
the reflection of the level of expansion social aspect of
sustainability can have by 27%, through the level of expansion
in the process innovation. This relationship is explained as when
organizations improve the processes through the innovation,
there will be optimization of the resources and minimization
of the waste. As an outcome, firms can realign those resources for
the welfare of the society through which firms can improve the
social aspect of sustainability.

FIGURE 2 | Structural model assessment.

TABLE 8 | Results of path coefficients (direct effects).

Hypothesized path Path coefficient C.R p-value Remarks

PIN → ENS 0.261 8.700 0.000 Supported
PIN → ECS 0.278 8.879 0.000 Supported
PIN → SOS 0.270 8.372 0.000 Supported
LMP → SIN 0.288 12.948 0.000 Supported
LMP → ENS 0.262 11.774 0.000 Supported
LMP → ECS 0.286 7.501 0.000 Supported
LMP → SOS 0.372 10.512 0.000 Supported
SIN → ENS 0.346 8.223 0.000 Supported
SIN → ECS 0.317 11.233 0.000 Supported
SIN → SOS 0.332 9.963 0.000 Supported

Level of significance (5%, i.e., 0.050).
Source: Authors’ estimation.

TABLE 9 | Results of path coefficients (indirect effects).

Hypothesized path Path coefficient C.R p-value Remarks

LMP → SIN → ENS 0.187 9.471 0.000 Supported
LMP → SIN → ECS 0.152 10.729 0.000 Supported
LMP → SIN → SOS 0.170 10.981 0.000 Supported

Level of eignificance (5%, i.e., 0.050).
Source: Authors’ estimation.
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Second, the relationships of lean manufacturing practices are
reflected by three criteria, namely, involvement of the employees,
just-in-time flow of the products, and quality management across
the manufacturing processes, with the different criterion variables
reflecting three aspects of sustainability and sustainable
innovation. For sustainable innovation, lean manufacturing
practices are reported to affect sustainable innovation
positively and significantly at level of significance of 1%. This
is the reflection of the level of expansion sustainable innovation
can have by 28.8%, through the level of expansion in the lean
manufacturing practices. This is because when there is higher
level of involvement by the employees and quality management
across all of the manufacturing practices, followed by lesser level
of inventory due to following the just-in-time approach,
organization can have enough room of improvement in terms
of sustainable innovation, which is also reflected though the
outcome estimated. These findings validate the outcome
reported by earlier researchers (Piercy and Rich, 2015; De
et al., 2020). For environmental aspect of sustainability, lean
manufacturing practices are reported to affect environmental
aspect of sustainability positively and significantly at level of
significance of 1%. This is the reflection of the level of expansion
environmental aspect of sustainability can have by 26.2%,
through the level of expansion in the lean manufacturing
practices. This is because when there is higher level of
involvement by the employees and quality management across
all of the manufacturing practices, followed by lesser level of
inventory due to following the just-in-time approach,
organization can reduce the possible environment costs which
lead to increase the environmental aspect of sustainability. These
findings validate the outcome reported by earlier researchers
(Bandehnezhad et al., 2012; Baliga et al., 2019; Dieste et al., 2020).

Moreover, for economic aspect of sustainability, lean
manufacturing practices are reported to affect economic aspect of
sustainability positively and significantly at level of significance of
1%. This is the reflection of the level of expansion economic aspect of
sustainability can have by 28.6%, through the level of expansion in
the lean manufacturing practices. This is because when there is
higher level of involvement by the employees and quality
management across all of the manufacturing practices, followed
by lesser level of inventory due to following the just-in-time
approach, organization can reduce the possible economic costs
through taking out the unnecessary finances which lead to
increase the economic aspect of sustainability. These findings
validate the outcome reported by earlier researchers (Hofer et al.,
2012; Dey et al., 2020). Furthermore, for social aspect of
sustainability, lean manufacturing practices are reported to affect
economic aspect of sustainability positively and significantly at level
of significance of 1%. This is the reflection of the level of expansion
social aspect of sustainability can have by 37.2%, through the level of
expansion in the lean manufacturing practices. This is because when
there is higher level of involvement by the employees and quality
management across all of the manufacturing practices, followed by
lesser level of inventory due to following the just-in-time approach,
organization can reduce the possible social costs through taking out
the unnecessary finances which will be available to be invested for
social wellbeing for the employees, society and other relevant

stakeholders. These findings validate the outcome reported by
earlier researchers (Dey et al., 2020; Singh et al., 2020).

Third about the relationships of sustainable innovation with the
different criterion variables reflecting three aspects of sustainability.
For environmental aspect of sustainability, sustainable innovation is
reported to affect environmental aspect of sustainability positively
and significantly at level of significance of 1%. This is the reflection of
the level of expansion environmental aspect of sustainability can have
by 34.6%, through the level of expansion in the sustainable
innovation. This relationship is explained as when organizations
improves the processes through the innovation keeping in mind the
social, ecological and financial aspects, there will be optimization of
the resources and minimization of the waste. As an outcome, there
will be a comparatively lesser effect to the environment as sustainable
innovation will lead to less consumption of resources causing least
possible cost to the environment. For economic aspect of
sustainability, sustainable innovation is reported to affect
economic aspect of sustainability positively and significantly at
level of significance of 1%. This is the reflection of the level of
expansion economic aspect of sustainability can have by 31.7%,
through the level of expansion in the sustainable innovation. This
relationship is explained as when organizations improves the
processes through the social, ecological and financial aspects of
innovation, there will be optimization of the resources and
minimization of the waste. As an outcome, there will be a
comparatively lesser level of consumption of financial resources.
Through this, firms can save the finances which can further be
invested in other possible profitable social, ecological and financial
aspects and avenues when needed. For social aspect of sustainability,
sustainable innovation is reported to affect social aspect of
sustainability positively and significantly at level of significance of
1%. This is the reflection of the level of expansion social aspect of
sustainability can have by 33.2%, through the level of expansion in the
sustainable innovation. This relationship is explained as when
organizations improves the processes through the social, ecological
and financial aspects of innovation, there will be optimization of the
resources and minimization of the waste. As an outcome, firms can
realign those resources for the welfare of the society through which
firms can improve the social aspect of sustainability.

Considering the relationship of sustainable innovation as
mediator between lean practices and the three dimensions of
sustainability, the sustainable innovation was found to act as the
mediator in all of the proposed relationships. In addition, since
the both direct and indirect relationships are reportedly found
statistically significant therefore, the kind of mediation is said to
be partial between predictors, mediator and criterion variables. It
means that the presence of sustainable innovation will play a
beneficial role for lean practices while transforming them in
enhancing all the dimensions of sustainability.

5 CONCLUSION AND
RECOMMENDATIONS

Despite plethora of researches exploring lean as the solution for
improving productivity, it is limited to the operational aspects
only, thus ignoring the other aspects of sustainability. The current
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study is an attempt and contribution in the existing literature
through the sample of 431 respondents from ISO 14001 certified
Chinese organizations. The estimations were performed through
the Partial Least Squares–Structural Equation Modeling whereas
the outcome reported a positive association among the proposed
hypothesis of aforementioned studied phenomena. The findings
of the present study draw the conclusion that implementation of
lean and innovation that comply to the principles of sustainability
can significantly enhance all the three levels of sustainability
(including environmental, social and economic) among the
Chinese firms. Since the SIN is also reported as the partial
mediator, it draws the in the presence of LMP, the SIN can
enhance the aspects of sustainability.

Considering the LMP which in present study is measured
through three subdimensions, which are employee engagement,
quality management and just-in-time flow, there are multiple
recommendations. For employee engagement, organizations
need to look into means by which the level of engagement can
be increased. This includes implementation of incentive and
reward systems where additional rewards are awarded to the
employee contributing to the sustainability of the organizations.
Moreover, provision of educational trainings and certifications
can also act as the catalyst whereas taking employees on board
even at the stage of the product development can also enhance
their level of engagement. For quality management,
implementation of quality programs like being accredited by
internal certifications like ISO 9001 and compliance to the
Total Quality Management policies can also make the
difference. For just-in-time flow, implementation of systems
like Kanban can improve the product flow by reducing the
excessive inventory and lead times. For innovation,
implementation of green initiatives can increase the level of
compliance toward sustainability. This includes
implementation of green procurement, green transportation,
green warehousing and green logistics. In addition,
organizations need to invest in the research and development
of the initiatives that comply to the principles of lean as well as
sustainability.

In terms of limitations, following are the future research
recommendations. Firstly, current study only explores the
three subdimensions of lean however, there are several other
dimensions as well which includes like 5S, six sigma, value stream
mapping and so on. In addition, the current study though based
on the sample size which is large but it is based on the companies
from China only, hence the generalizability will be issue. Lastly,
the current study is among the few limited studies that explores
the synergy between lean and sustainability, more empirical

survey methodology-based studies are required in order to
broaden the literature further.
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