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Abstract. This study explores why a sustainable cycle is induced when manufacturers implement 
auditing in combination with lean production. Furthermore, it verifies whether this sustainable 
cycle enhances process integration and risk resilience, thereby allowing the manufacturer to build 
strong cooperation with suppliers, which further produces a positive effect on the green supply 
chain. Sociotechnical systems theory is our theoretical basis, and calculating Spearman’s rank cor-
relation coefficient and estimating PLS regressions are the main methods used. The results show that 
the implementation of auditing induces two driving forces: internal responsibility and the ability 
to respond to emergencies. These two forces drive suppliers to actively and positively cooperate 
with lean practices to ensure that the effect of those practices is strengthened. Moreover, stronger 
lean practices also produce two feedback forces – expanded tolerance for auditing and expanded 
acceptance of auditing interventions – that strengthen auditing practices. As a result, the mutually 
continuous strengthening of lean production and auditing practices is produced, which further be-
comes a sustainable cycle. This cycle can continue to enhance process integration and increase risk 
resilience, build strong cooperation with suppliers, and improve the green supply chain.

Keywords: sustainable cycle, supplier management, lean production, auditing practices, socio-
technical systems theory, green supply chain.
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Introduction

The development of the supply chain has complicated the internal/external operations of sup-
ply chain members and increased pollution emissions (Sarkis et al., 2019). With the increase 
in environmental consciousness, manufacturers carry the burden of the pollution emissions 
problem and recognize the importance of a green supply chain (GS). To improve the GS, 
cooperation among partners is critical, especially for a large amount of business related to 
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pollution in the manufacturer’s and supplier’s related operations (Zhang et al., 2017).
However, it is difficult to require an independent supplier to continue cooperation. These 

suppliers may engage in opportunistic behaviours (OBs) to gain individual profits and further 
cause cooperative instability. As a result, current theory encourages manufacturers to imple-
ment supplier selection and performance assessment (Suraraksa & Shin, 2019). However, 
these measures are only applicable in the case of multiple suppliers. In addition, performance 
assessment is a lagged indicator. When OBs are detected, cooperation is disrupted, and the 
risk of pollution emissions increases. Related empirical results have found that to build stron-
ger cooperation with suppliers, manufacturers can try to enhance their process integration 
(PI) with suppliers and increase their risk resilience (RR) (Zhang et al., 2017; Gligor et al., 
2019). Effective PI can deepen interdependence and improve the continuity of cooperation 
(Ralahallo et al., 2022); greater resilience can allow manufacturers to monitor, prevent, and 
control the OBs of suppliers, ensuring stable cooperation (Di Pasquale et al., 2020).

Today’s manufacturers have found that lean practices (LPs) are a solution that can en-
hance PI and increase RR. Lean production (LP) is a technical organizational philosophy that 
focuses on the elimination of redundant activities (Alemsan et al., 2022). It can drive involve-
ment, increase the connections among participants’ production processes, allow participants 
to further review the supply chain process jointly, and finally, achieve high levels of produc-
tion efficiency (Huo et al., 2019). LP can increase transparency, manufacturers can easily 
prevent, detect, and recover from any OBs to maintain stable cooperation with suppliers; 
this has the same effects as increasing RR (Alemsan et al., 2022). However, Chen et al. (2020) 
found that the involvement of participants may be weakened with long-term participation, 
which causes the PI level to decrease and reduces transparency, further affecting resilience. 
In addition, Birkie (2016) found that a trade-off exists between LP and resilience such that 
strengthening LPs reduces costs and waste, while also reducing the support available to resil-
ience resources. Therefore, whether LPs can enhance PI and increase RR to further develop 
long-term effective cooperation with suppliers is still contentious.

For example, the Taiwan Semiconductor Manufacturing Company (TSMC) and Samsung 
Group have solved the above contentions through auditing mechanisms in combination with 
LPs. Auditing is a social system used in the internal operational environment (Kumar, 2016); 
it can be quantified based on related standards or requirements such as production processes 
(Popescu & Vasile, 2011) or supplier integration (Johng et al., 2020) and further adopted 
to detect any disruptive factor and alter it (Datta, 2017). Therefore, auditing seems to com-
pensate for the trade-off between LPs and resilience. In addition, the benefits of auditing go 
beyond trade-offs through in-depth exploration. Auditing can induce driving forces (DFs) 
that encourage suppliers to cooperate with LPs actively and positively, thereby strengthening 
the effects of such practices. Conversely, strengthened LPs also induce some feedback forces 
(FFs) that strengthen the effects of auditing practices (APs). When LPs and APs are both 
strengthened, their effects produce greater efficiency in enhancing PI and increasing RR due 
to the strengthening of cooperation. Most importantly, these DFs and FFs even drive the LPs 
and APs to mutually and continuously strengthen each other, generating a sustainable cycle 
that seems to continuously enhance PI and increase RR. Finally, cooperation with suppliers 
becomes stronger, and greater improvements in the GS are achieved.
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However, there is still a research gap. When the LPs combine with APs to produce DFs 
and FFs, which generates a sustainable cycle, how does this process generate benefits that in 
turn enhance PI, increase RR and further achieve the GS? Based on the above, the purpose 
of this study is to disclose the sustainable cycle between LPs and APs. We explore the fol-
lowing questions:

1) When LPs are combined with auditing, what DFs are induced to strengthen LPs? In 
turn, what FFs induced by strengthened LPs consolidate APs?

2) Do these forces induce a sustainable cycle between LPs and APs, enhance PI, increase 
the RR of suppliers, help further develop strong cooperation, and produce positive 
effects on the GS?

Our research adds to the literature on the intersection of LPs, auditing and the GS. Most 
importantly, using our research results, manufacturers can also think about how to develop 
related strategies to strengthen these forces, keep promoting the sustainable cycle between 
LPs and APs, and establish strong cooperation with suppliers to fully establish the GS. The 
study structure is as follows. In Section 1, we describe the theory base and literature review 
and develop our theoretical framework. In Section 2, we describe the methodology. Sec-
tions 3 and 4 describe the analysis results and further discuss them. Finally, we provide a 
conclusion.

1. Literature review and theoretical framework

1.1. Sociotechnical systems theory and its application to GS

Sociotechnical systems theory (STS) originated in the studies of the Tavistock Institute 
in the 1950s. The theory indicates that organizations are based on interactions between 
social subsystems and technical subsystems, which generates a sociotechnical system (SS); 
STS emphasizes that it is impossible for social or technical systems to be independent. The 
SS is characterized by both social and technical aspects that lead to goal-directed behav-
iour, and their interactions create conditions for either successful or unsuccessful system 
performance (Prodi et al., 2022). In terms of applying the theory, the core assumption of 
STS is that the joint optimization of the social and technical aspects is required for suc-
cessful system performance. In line with the research purpose, the core idea of STS can 
be applied to this study.

Research models that apply STS to the GS typically begin by identifying the impact of 
human factors on SS and defining performance indices for successful organizations; then, 
they test human factors and social/technical systems and explore the relationship between 
systems and performance. For example, Babüroğlu and Selsky (2021) used the interactions 
between organizational systems and work systems to establish an SS and further explored 
its positive effect on sustainable work systems, involving the pollution emission problem. 
Taysom and Crilly (2017) used the work system as the technical system and stakeholders’ 
perspectives as the social system and further explored how the interactions produced a 
positive effect on resilience, developing an effective SS with multiple stakeholders de-
mands and a work system.
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1.2. Efficiency of PI and RR in establishing cooperative supplier relationships and 
improving the GS

The aim of the GS is to minimize the environmental impacts of a product throughout its 
entire life cycle, such as through green design and harmful material reduction (Chen et al., 
2021). Supply chain partners’ cooperation plays a critical role in realizing the GS (Yang et al., 
2022). Specifically, continuous and stable cooperation with suppliers ensures that every sup-
plier maintains a strong intention to cooperate with the requirements of the GS (Paksoy et al., 
2019). Empirical tests have found that PI with suppliers has a positive effect on the continuity 
of cooperation and that increasing RR promotes stable cooperation with suppliers. PI with 
suppliers usually means supplier integration; it involves strategic collaboration between a fo-
cal firm and its suppliers in managing cross-firm business processes (Wang & Zhao, 2022). 
According to Wang and Zhao (2022), greater PI with suppliers can raise awareness of coop-
eration, which produces a positive effect on the continuity of supplier cooperation and even 
leads to sustainable cooperation. Resilience is defined as the capability of a firm to be alert 
to, adapt to, and quickly respond to changes brought about by supply chain disruption and 
concerns risk prevention and control. Current studies such as Gao et al. (2020) have argued 
that if resilience can be enhanced in the process of establishing supplier cooperation, then 
the risk of breaking the cooperation between manufacturers and suppliers can be reduced, 
further positive effects that promote stable cooperation with suppliers can be produced, and 
the environmental sustainability of the supply chain can even be promoted (Shi et al., 2018). 
Drawing on the above, we develop the following two hypotheses and further verify them in 
this study:

H1a: Enhancing PI has a positive effect on the improvement of the GS.
H1b: Increasing RR has a positive effect on the improvement of the GS.

1.3. Driving forces

The first DF follows from the core idea behind STS and reviews of related cases; it is the for-
mation of an internal responsibility drive (RD), which matches the task of STS. Specifically, 
to build a successful lean environment, these firms implement auditing mechanisms. They 
develop lean operational standards and measure suppliers that meet these standards (Qin & 
Chen, 2022). However, the company will first dispatch auditors to the supplier’s factory to 
guide them and help them improve their business according to the standards. Through this 
guidance, auditors can better understand the suppliers’ situation and attribute responsibility. 
This means that when problems appear, manufacturers immediately know the source of the 
problem and attribution of responsibility (Chen et al., 2022). As a result, the OBs of suppli-
ers can be detected to help the manufacturer adjust or even reduce its level of cooperation 
with suppliers.

To reduce the loss of business profits, suppliers will actively and positively cooperate with 
LPs based on the established standards. LPs can improve and even strengthen the PI level be-
tween manufacturers and suppliers; such a system promotes interdependence and increases 
transparency (Hassani et al., 2020). The combination of the attribution of responsibility and 
transparency helps manufacturers find, control, and recover from OBs more quickly and bet-
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ter control related suppliers. When transparency is enhanced, resilience will be significantly 
strengthened (Al Balushi, 2021). Therefore, although existing studies such as Birkie (2016) 
have indicated that the trade-off between LPs and resilience exists, LPs can promote PI and 
further enhance process transparency; thus, transparency is a critical factor in strengthening 
resilience. Therefore, the trade-off between LPs and resilience may not exist, even though 
LPs may enhance resilience. Based on the above, the RD appears to be a strong DF that can 
strengthen LPs, and it may have a positive effect on PI and RR. Although existing studies 
lack proof of the relationships between the RD, the enhancement of PI, and increases in RR, 
related studies such as Liu et al. (2020) have indicated that increasing the degree of internal 
responsibility has a positive effect on supply chain integration. Bai and Satir (2022) argued 
that responsibility can drive an increase in RR.

The ability to respond to emergencies (ES) is the second DFs, and it matches the technol-
ogy ability of STS. The ES means that suppliers who immediately and positively respond to 
emergencies can even control unexpected damage before it is caused. Under LPs, the related 
operations of participants are intricately linked and share interests or risk. If the supplier ap-
pears to be a problem due to OBs, such operations must affect the related operations of other 
suppliers or participants, further causing the disruption of LP and common profit losses. This 
is expected to drive suppliers to actively develop a greater ES to reduce the disruptions due 
to unexpected OBs. However, an increase in the ES requires high levels of transparency. To 
promote transparency, suppliers can maintain their active and positive cooperation with LPs, 
which also strengthens the effects of LPs on PI.

As above, a high level of PI can strengthen not only transparency but also RR. Zhang et al. 
(2016) indicated that increasing and maintaining the ES certainly produces a positive effect 
on organizational practices and integration. According to Chen et al. (2022), an intention to 
be highly involved drives suppliers to actively cooperate with LPs, and the PI level between 
manufacturers and suppliers is strengthened. In addition, the ES is one of the capabilities of 
RR; thus, it can strengthen LPs and further enhance RR (Ivanov et al., 2019).

Based on the above, the RD and the ES seem to be two DFs. Therefore, three hypotheses 
are developed as follows:

H2a: The implementation of auditing induces the RD, which can strengthen the positive 
effects of LPs on PI and RR.

H2b: The implementation of auditing induces suppliers to increase their ES, which can 
promote the effects of LPs and enhance PI and RR.

H2c: If the implementation of auditing has a positive effect on the relationships among 
DFs, PI, and RR, then auditing has a mediating effect.

1.4. Feedback forces

Regarding feedback forces, the first is tolerance expanding to auditing (TE), which seems 
to be a people-based factor of STS, and the second is an expanded acceptability of auditing 
interventions (AI), which is similar to the structure formulation of STS. Specifically, audit-
ing is binding because it requires sending auditors to direct and evaluate suppliers (Cao 
et al., 2022). The evaluation approach is to adopt related management standards and give 
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evaluation scores by quantifying calculations, such as tolerance scores (Smith & Alvarez, 
2020) and auditing intention scores (Chen et al., 2022). Suppliers are unlikely to fully accept 
this approach. However, when DFs encourage suppliers to actively and positively cooperate 
with LPs, the cooperative level between manufacturers and suppliers increases significantly, 
and a structure of shared interests and risk is generated. Suppliers increase their intentions 
to cooperate with APs, their tolerance for auditing expands, and AI further expands (Qin 
& Chen, 2022). High TE means an increase in the desire to apply auditing pressure (Hutt, 
1994), which expands the influence of auditing. Therefore, increased tolerance encourages 
the supplier to continue cooperating with LPs; thus, increasing TE can be seen as strengthen-
ing APs. Because the operational standards used in auditing are meant to guide participants 
towards cooperation with PI and establish closer integration to create a lean environment, 
TE is expected to strengthen the above relationship. Therefore, TE can also greatly enhance 
PI. Through closer PI, RR is also increased. Expanding the acceptability of appraisals such as 
TE has a positive effect on PI. In addition, McKinnon (2014) argued that when participants 
expand their tolerance for risk auditing, it has a positive effect on RR.

In addition, accepting constraints due to auditing also increases the AI. This means that 
manufacturers can expand the degree to which auditors intervene, and suppliers may also 
reduce their resistance to auditing interventions and fully abide by the auditor’s guidance. 
Because auditing interventions increase the influence of APs and enhance the DFs, it is 
beneficial to strengthen APs and further promote the DFs that strengthen LPs. Because au-
diting initially has a positive effect on resilience (Karuppiah et al., 2022), strengthening APs 
is certainly effective at increasing RR. In addition, a high level of AI also promotes stronger 
interdependence; therefore, the PI level between manufacturers and suppliers seems to be 
enhanced. Therefore, the relationships among AI, PI, and RR seem likely to exist. It is pos-
sible to find support for the above phenomena. Related research, such as the work of Kerekes 
and Szegedi (2012), has argued that auditing can drive suppliers to actively and positively 
cooperate with manufacturers. Paksoy et al. (2019) indicated that the cooperation level of 
suppliers increases through LPs.

Based on the above, strengthening LPs induces two FFs that strengthen audit practices. 
Therefore, three hypotheses are developed as follows:

H3a: When LPs are strengthened, tolerance for auditing expands, further promoting the 
effects of APs and enhancing PI and RR.

H3b: When LPs are strengthened, suppliers become more accepting of auditing interven-
tions, which can increase the effects of APs and enhance PI and RR.

H3c: If strengthening LPs has a positive effect on the relationships among the two FFs of 
PI and RR, then the strengthening of LPs has a mediating effect.

1.5. Theoretical framework

In line with the research purpose and the hypotheses, this study develops the theoretical 
model shown in Figure 1. As shown in Figure 1, this study additionally tests the path rela-
tionships among the forces driving LPs, the FFs affecting APs, the enhancement of PI, the 
increase in RR, and the improvement of the GS.
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Figure 1. Theoretical framework

2. Materials and methods

2.1. Questionnaire, operationalization and variables of the constructs, data 
collection, and sample profile

To test the research hypotheses, this study utilized survey-based empirical data obtained 
from Chinese manufacturers. Based on the hypotheses proposed, the questionnaire included 
seven constructs, including the DFs of the RD and the ES, the FFs of the TE and the AI, the 
enhancement of PI, increases in RR, and the improvement of the GS. We attempted to op-
erationalize each construct and its related variables by using related research. These variables 
became the construct items in the questionnaire, as shown in Table 1. To measure these vari-
ables, this study developed a five-point Likert scale for the questionnaire. The questionnaire is 
shown in the Appendix. In addition, we also give questions for each construct and guide re-
spondents to know how to understand and response for each indicator of the questionnaire.

Table 1. Questionnaire content, operationalization, and variables for each construct and the cited source

Constructs Variables Operationalization Cited source

Internal 
responsibility 
drive (RD)

RD1. Enhancement of purchasing 
process
RD2. Every supplier has a stable 
purchasing source based on lean 
operations requirements
RD3. Every supplier can improve its 
replenishment of product based on 
lean operations requirements
RD4. Every supplier can improve 
production process based on lean 
operations requirements

Internal responsibility drive 
means the supplier actively 
and positively cooperates 
with lean practices be cause 
auditing leads to the att ri bution 
of responsibility and sup p-
liers also worry about losing 
business profits due to bearing 
responsibility for disrupting 
lean practices. This construct 
measures whether internal 
responsibility is produced when 
auditing is imple mented in 
combination with lean practices.

Handfield 
and Lawson 
(2007); 
van Weele 
and van 
Tubergen 
(2017)
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Constructs Variables Operationalization Cited source

Ability to 
respond to 
emergencies 
(ES)

ES1. Enhanced forecasting of 
the damage incurred when other 
participants engage in opportunistic 
behaviour

The ability to respond to 
emergencies means that 
the supplier can respond 
immediately and even control 
damage or prevent opportunistic 
behaviour by other participants 
before it occurs. This construct 
measures whether the supplier’s 
ability to respond to emergencies 
increases when auditing is 
implemented in combination 
with lean practices.

Scholten 
et al. 
(2014); 
Tieman 
(2017)ES2. Supplier can immediately 

assess possible damage levels 
and respond early when other 
participants exhibit unusual 
behaviour
ES3. Supplier can immediately 
identify possible sources of 
damage and respond early when 
other participants exhibit unusual 
behaviour
ES4. Supplier can immediately 
adjust production operations 
to reduce negative effects when 
other participants exhibit unusual 
behaviour

Tolerance 
expanding 
to auditing 
(TE)

TE1. Reduced resistance to auditing 
practices

This construct measures whether 
the supplier expands his or her 
tolerance for auditing, deeply 
accepts auditing, and abides by 
the audit results.

Dey et al. 
(2015); 
Dawande 
and Qi 
(2021)

TE2. Increased auditing intentions
TE3. Positive perceptions of 
auditing

Acceptability 
of auditing 
interventions 
(AI)

AI1. Supplier usually accepts all 
comments from auditor to improve 
related operations and meet lean 
practice standards

This construct measures the 
supplier’s level of acceptance 
of auditing interventions and 
of guidance regarding how to 
cooperate with lean practice 
operational standards.

Pedersen 
and 
Andersen 
(2006); 
Long and 
Young 
(2016); 
Delgado 
(2021)

AI2. Supplier is willing to share his 
or her real situation with auditor
AI3. Supplier is willing to 
continuously improve according to 
auditing assessment results

Enhance ment 
of process 
integration 
(PI)

PI1. Integration of purchasing 
processes This construct measures which 

operations can be effectively and 
significantly integrated between 
manufacturers and suppliers 
when lean practices and auditing 
practices are strengthened.

Jørgensen 
and Emmitt 
(2009); So 
and Sun 
(2010)

PI2. Integration of manufacturing 
information
PI3. Integration of design/
production modules between 
manufacturers and suppliers

Increased 
risk resilience 
(RR)

RR1. Enhanced process monitoring 
capability

Resilience can be defined as the 
ability of a system to prevent and 
recover from disruptions with 
negative effects and unpre dictable 
risky events and return to a better 
situation. This construct measures 
the increase in resilience when 
lean and auditing practices are 
strengthened.

Scholten 
et al. 
(2014); 
Chowdhury 
and 
Quaddus 
(2016); 
Tieman 
(2017)

RR2. Possess the capability to detect 
unusual behaviour in the precrisis 
stage

RR3. Enhanced ability to respond 
early to any possible accidents

Continued Table 1
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Constructs Variables Operationalization Cited source

Improvement 
of the green 
supply chain 
(GS)

GS1. Cross-functional cooperation 
with suppliers for environmental 
improvements This construct measures which 

operations in the green supply 
chain are strongly emphasized 
when cooperation between 
suppliers and manufacturers is 
continuous and stable.

Vachon 
and Klassen 
(2008); 
Feng et al. 
(2018)

GS2. Joint decision-making with 
suppliers to reduce the overall 
environmental impact of products
GS3. A mutual understanding with 
suppliers of the responsibilities 
regarding environmental 
performance

Then, we collected the related empirical data through the questionnaire. This study fo-
cused on the top 5 industrial provinces in China to collect related empirical data, including 
Guangdong, Jiangsu, Shandong, Zhejiang, and Henan. Manufacturers from these 5 provinces 
usually serve as industrial leaders in China; therefore, related data from these 5 provinces 
are considered representative. Then, we selected the top 200 manufacturers in every province 
and asked them via mail to help the investigation. We received positive responses from 283 
manufacturers. We sent the questionnaire and other related information to these 283 manu-
facturing companies, and we received 212 valid responses; this provided us with a response 
rate of 74.91%. Based on the profiles of the companies in the sample, we investigated three 
characteristics: enterprise size, product type, and length of time implementing LPs and APs. 
The characteristics of the respondents in terms of aggregated results are shown in Table 2.

Table 2. Sample profiles

Characteristics Profiles

Enterprise size (number 
of employees)

Up to 100 = 4.25%
Between 101 and 300 = 28.77%
Between 301 and 500 = 30.19%
Between 501 and 1000 = 24.53%
Above 1000 = 12.26%

Type of product

Manufacture of Smart Grid and Intelligent Electrical Apparatus = 
23.58%
Manufacture of fabricated metal products, except machinery and 
equipment = 21.23%
Manufacture of computer, electronic and optical products = 14.62%
Manufacture of electrical equipment = 3.30%
Manufacture of motor vehicles, trailers and semitrailers = 5.66%
Manufacture of other components = 22.17%
Others = 8.96%

Age of implementation of 
lean and audit practices

Under 1 year = 6.13%
1 year to 3 years = 37.26%
3 years to 5 years = 28.30%
5 years to 7 years = 14.15%
Over 7 years = 14.15%

End of Table 1
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2.2. Methods

In this study, Spearman’s correlation analysis and partial least squares (PLS) were the main 
methods used; we adopted these two methods to test the hypotheses. Specifically, Spearman’s 
correlation analysis was adopted to analyse the correlations among the constructs. Analys-
ing the correlation results can be a way to evaluate the “copula” among constructs (Wen & 
Liu, 2009; Bonanomi et al., 2015); it can become an important base with which to measure 
hypotheses. Regarding the PLS analysis, bootstrapping was used to test the statistical signifi-
cance of the hypothesized relationships. The bootstrapping procedure generates 5000 sub-
samples of randomly selected observations with replacement. This analytical process allows 
us to obtain the path coefficients for each randomly selected subsample. In addition, it also 
calculates the t value for every coefficient. With the path coefficient and the t value, we can 
evaluate the research hypotheses. We used SmartPLS 3.3 as the analysis tool.

Before testing the hypotheses, the validity and reliability of the constructs and multicol-
linearity should be tested. In this study, factor loadings, composite reliability (CR), and aver-
age variance extracted (AVE) were the main indices used. The factor loadings usually need 
to exceed 0.4; however, when Nemcic et al. (2005) explored the validation of questionnaires, 
they found that the validity of the constructs can be accepted if the factor loadings are higher 
than 0.3. Regarding the requirements for the CR and the AVE, the CR and the AVE should 
exceed 0.7 and 0.5, respectively (Hair et al., 2016). However, if the AVE is lower than 0.5 
but greater than 0.36 and the CR is above 0.6, the situation is also acceptable and satisfies 
the index requirements (Fornell & Larcker, 1981). Regarding multicollinearity, which is the 
occurrence of high intercorrelations among independent variables, its existence will affect 
the theoretical framework test result; thus, we should ensure that multicollinearity does not 
exist (Perez-Melo & Kibria, 2020). To test the multicollinearity, we calculated the tolerance 
value. In this study, we used the variance inflation factor (VIF) as a tolerance value to mea-
sure multicollinearity. Regarding the VIF, if the VIF value is lower than 5, there is no issue 
of multicollinearity (Elrehail et al., 2021). Finally, we needed to measure the model’s goodness 
of fit when finishing the hypothesis verification. The standardized root-mean-square residual 
(SRMR) was used as the main index. Regarding the SRMR requirements, according to Kline 
(2015), the model is considered acceptable if the SRMR is less than 0.1.

3. Test results

3.1. Construct measures and multicollinearity

We first tested the validity and reliability of the constructs. As shown in Table 3, most of the 
factor loadings exceeded 0.4; only GS3 has a loading less than 0.4 but higher than 0.3. However, 
according to Nemcic et al. (2005), this is still acceptable. Therefore, the factor loadings exceeded 
their required values. Regarding the CR and the AVE, the CR values for six constructs exceeded 
0.7, and only the CR for the TE was less than 0.7. Regarding the AVE, we found that the AVE 
values for the AI were higher than 0.5, those for the other constructs were less than 0.5 but higher 
than 0.36, and their CR was higher than 0.6. The above values are considered below the normal 
requirements; however, as noted by Fornell and Larcker, they may still be accepted.
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Table 3. Assessment of construct measures: composite reliability and convergent validity

Constructs Variables Factoring loading CR AVE

Internal responsibility drive (RD)

RD1 .655

.748 .428
RD2 .584
RD3 .699
RD4 .672

Ability to respond to emergencies 
(ES)

ES1 .727

.733 .412
ES2 .670
ES3 .655
ES4 .492

Expensed tolerance for auditing 
(TE)

TE1 .468
.692 .438TE2 .778

TE3 .699

Acceptability of auditing 
interventions (AI)

AI1 .835
.784 .549AI2 .690

AI3 .689

Enhancement of process integration 
(PI)

PI1 .709
.722 .466PI2 .611

PI3 .721

Increased risk resilience (RR)
RR1 .746

.727 .473RR2 .588
RR3 .720

Improvement of the green supply 
chain (GS)

GS1 .831
.731 .499GS2 .815

GS3 .377

Regarding multicollinearity, the test results are shown in Table 4. According to Table 4, 
the VIF values were found to be lower than 5. Therefore, we can ensure that multicollinearity 
does not exist among independent variables.

Table 4. Test results of VIF

(RD) (ES) (TE) (AI) (PI) (RR) (GS)

(RD) 1.421 1.548 1.603 1.494 1.524 1.591
(ES) 1.619 1.706 1.870 1.820 1.784 1.815
(TE) 1.559 1.485 1.579 1.594 1.607 1.493
(AI) 1.660 1.621 1.536 1.578 1.515 1.577
(PI) 1.298 1.291 1.289 1.287 1.308 1.312
(RR) 1.689 1.617 1.655 1.605 1.699 1.625
(GS) 1.380 1.364 1.295 1.328 1.375 1.316
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3.2. Estimation of the research hypotheses

Next, we calculated Spearman’s rho; all the test results are shown in Table 5. According to 
the test results, strong and significant correlations among constructs existed. Therefore, we 
initially concluded that the hypotheses may be supported.

Table 5. Test results of Spearman’s rho

Mean SD (RD) (ES) (TE) (AI) (PI) (RR)

(RD) 3.934 .559
(ES) 4.019 .501 .538***
(TE) 4.017 .540 .414*** .491***
(AI) 4.156 .591 .438*** .436*** .443***
(PI) 3.956 .558 .409*** .426*** .353*** .311***
(RR) 4.201 .488 .482*** .463*** .377*** .522*** .269***
(GS) 3.865 .687 .412*** .395*** .436*** .440*** .265*** .485***

Note: *** p value < 0.01.

In line with the logic behind the research purpose and the theoretical model, the PLS 
analysis was divided into two parts. The first part verified whether the two DFs have posi-
tive effects on PI and RR when auditing is implemented. Based on the above discussions, TE 
and AI seem to act as mediators. Therefore, we tested two mediating effects models to verify 
whether these two DFs strengthen LPs, enhance PI and increase RR through the influence of 
auditing. The test results are shown in Tables 6 and 7; we used the p value to judge whether 
these path relationships were supported. Although traditionally, the p value should not ex-
ceed 0.05, through mathematical and statistical calculations and related experience, Altman 
and Bland (1995) indicated that the p value can be accepted when less than 0.1. As seen in 
Tables 6 and 7, we found that all hypothesized relationships were supported, and the model 
fit requirements were satisfied. Based on Tables 6 and 7, Figures 2 and 3 show the numerical 
conclusion of the theoretical framework.

Table 6. Test results for the RD

Hypotheses Path coefficient t value Results

RD -> Enhancement of PI .188 2.533** Supported
RD -> Increased RR .279  3.291*** Supported
RD -> TE .361 6.425*** Supported
RD -> AI .412 5.570*** Supported
TE -> Enhancement of PI .257 3.363*** Supported
TE -> Increased RR .175 2.460** Supported
AI -> Enhancement of PI .167 1.815*  Supported
AI -> Increased RR .334 3.303*** Supported
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Hypotheses Path coefficient t value Results

Enhancement of PI -> Improvement of 
the GS .117 1.779*** Supported

Increased RR -> Improvement of the GS .427 7.149*** Supported
Variance explained in the endogenous variables

TE R2 = .130
AI R2 = .170
Enhancement of PI R2 = .229
Increase in RR R2 = .384
Improvement of the GS R2 = .223

Model fit
SRMR .094

Note: ***p < .01, **p < .05, *p < .1.

Figure 2. Numerical conclusion of the theoretical framework for Table 6

Table 7. Test results for the ES

Hypotheses Path coefficient t value Results

ES -> Enhancement of PI .239 2.917*** Supported
ES -> Increased RR .273  3.128*** Supported
ES-> TE .551 11.652*** Supported
ES -> AI .422 6.174*** Supported
TE -> Enhancement of PI .193 2.310** Supported

End of Table 6 
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Hypotheses Path coefficient t value Results

TE -> Increased RR .125 1.807*  Supported
AI -> Enhancement of PI .173 1.970** Supported
AI -> Increased RR .354 3.452*** Supported
Enhancement of PI -> Improvement of the 
GS .120 1.840*** Supported

Increased RR -> Improvement of the GS .420 6.916*** Supported
Variance explained in the endogenous variables

TE R2 = .303
AI R2 = .178
Enhancement of PI R2 = .240
Increased RR R2 = .374
Improvement of the GS R2 = .218

Model fit
SRMR .096

Note: ***p < .01, **p < .05, *p < .1.

Figure 3. Numerical conclusion of the theoretical framework for Table 7

The above tests, in combination with Spearman’s rho test, provided the following research 
results. First, the results of Spearman’s rho test showed high correlations among the RD, ES, 
TE, AI, PI, RR, and the improvement of the GS. We found that the correlation coefficients for 
TE and the AI with the RD were 0.414 (p < 0.01) and 0.438 (p < 0.01), respectively; therefore, 
we can infer that the implementation of auditing induces the RD. The correlation coefficient 
between the RD and the ES was 0.538 (p < 0.01), which is significantly higher than the other 

End of Table 7 
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correlation coefficients. Therefore, as stated in the literature review, the RD increases the 
level of interdependence between manufacturers and suppliers, driving suppliers to increase 
their intention to cooperate with LPs. The RD can establish close PI; this is evident because 
the correlation coefficient between the RD and PI was 0.409 (p < 0.01). We can see that the 
correlation coefficient between PI and RR was found to be 0.269 and significant (p < 0.01); 
therefore, close PI increases transparency and further increases RR. Improvements in PI 
depend on the RD and further increase RR. The correlation coefficient between the RD and 
RR was 0.482 (p < 0.01); therefore, the RD has positive effect on RR.

Second, according to Tables 6 and 7, TE and AI certainly mediate the relationships among 
the DFs, PI, and RR. DFs should have a greater ability to encourage suppliers to actively and 
positively cooperate with LPs, and effective practices enhance PI and increase RR. As seen 
in Tables 6 and 7, our test results showed that the path relationships among the RD, ES, 
auditing tolerance, and auditing interventions are supported; the path relationships among 
auditing tolerance, auditing interventions, PI, and RR are supported; and the path relation-
ships among RD, ES, PI, and RR are also supported. These results, in combination with the 
results of Spearman’s rho test, prove that the implementation of auditing induces the RD and 
ES. These two DFs encourage suppliers to actively and positively cooperate with LPs, further 
enhance PI, and increase RR. In addition, the above analytical results prove that auditing has 
a mediating effect. The above results support H2a, H2b, and H2c.

Next, when LPs are strengthened through the DFs, FFs that strengthen APs are produced. 
This logic agrees with the results of Spearman’s rho. The correlation coefficients between the 
RD and the two FFs are 0.414 (p < 0.01) and 0.438 (p < 0.01), and the correlation coefficients 
between the ES and the two FFs are 0.491 (p < 0.01) and 0.436 (p < 0.01). In addition, the 
correlation coefficients for PI with the TE and the AI are 0.426 (p < 0.01) and 0.353 (p < 0.01), 
respectively; the correlation coefficients for RR with the TE and the AI are 0.463 (p < 0.01) 
and 0.377 (p < 0.01), respectively. The above results support the relationships among the 
strengthening of LPs, FFs, PI, and RR. This means that the FFs promote APs, and the APs 
further increase the DFs, which maintains the strength of the LPs, further generating interac-
tion efficiencies. When this occurs, the FFs strengthen the APs and lead those practices to 
enhance PI and increase RR.

To prove the above inferences, we treated strengthened LPs as a mediator; the two DFs 
must have mediating effects to promote the relationships among APs, the enhancement of 
PI, and RR. Based on this, we also tested two mediation models, as shown in Tables 8 and 9. 
We also show the numerical conclusion of the theoretical framework for Tables 8 and 9 in 
Figures 4 and 5. Tables 8 and 9 show that the SRMR values all satisfied the model fit require-
ment. In addition, we found that all path relationships were supported. By using Spearman’s 
rho and the results of the PLS analysis, we can prove that when LPs are strengthened, the 
supplier expands his or her tolerance for auditing and even accepts auditing interventions. 
This strengthens APs, further producing positive effects that enhance PI and increase RR. The 
above results support H3a and H3b. In addition, the two DFs clearly have mediating effects 
because these two forces strengthen LPs. Therefore, the strengthening of LPs is a mediator 
that influences FFs, PI, and RR. Therefore, H3c is supported.
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Table 8. Test results for the TE

Hypotheses Path coefficient t value Results

TE -> RD .359 6.314*** Supported
TE -> ES .549 11.656*** Supported
TE -> Enhancement of PI .226 2.734*** Supported
TE -> Increased RR .199  2.620*** Supported
RD -> Enhancement of PI .158 2.183** Supported
RD -> Increased RR .284 3.358*** Supported
ES -> Enhancement of PI .214 2.543** Supported
ES -> Increased RR .235 2.857*** Supported
Enhancement of PI -> Improvement of the GS .120 1.849***      Supported
Increased RR -> Improvement of the GS .420 7.032*** Supported
Variance explained in the endogenous variables

RD R2 = .129
ES R2 = .302
Enhancement of PI R2 = .236
Increased RR R2 = .337
Improvement of the GS R2 = .219

Model fit
SRMR .095

Note: ***p < .01, **p < .05, *p < .1.

Figure 4. Numerical conclusion of the theoretical framework for Table 8
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Table 9. Test results for the AI

Hypotheses t value Results

AI -> RD 5.592*** Supported
AI -> ES  6.203*** Supported
AI -> Enhancement of PI 2.003** Supported
AI -> Increased RR 3.550*** Supported
RD -> Enhancement of PI 1.649*  Supported
RD-> Increased RR 2.660*** Supported
ES -> Enhancement of PI 3.490*** Supported
ES -> Increased RR 2.698*** Supported
Enhancement of PI -> Improvement of the GS 1.788***      Supported
Increased RR -> Improvement of the GS 7.016*** Supported
Variance explained in the endogenous variables

RD R2 = .170
ES R2 = .176
Enhancement of PI R2 = .227
Increased RR R2 = .396
Improvement of the GS R2 = .222

Model fit
SRMR .092

Note: ***p < .01, **p < .05, *p < .1.

Figure 5. Numerical conclusion of the theoretical framework for Table 9
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Finally, the Spearman’s rho results showed that the correlation coefficients for PI and RR 
with the improvement of the GS were 0.265 (p < 0.01) and 0.485 (p < 0.01), respectively. In 
addition, the test results shown in Tables 6, 7, 8, and 9 support the hypothesized relationships 
among PI, RR, and the improvement of the GS. This means that enhancing PI and increasing 
RR greatly improves the GS. The above results support H1a and H1b. Based on the above, 8 
research hypotheses test results are integrated, as shown in Table 10.

Table 10. Test results for 8 research hypotheses

Hypotheses Test results

H1a: Enhancing PI has a positive effect on the improvement of the GS. Supported
H1b: Increasing RR has a positive effect on the improvement of the GS. Supported
H2a: The implementation of auditing induces RD, which can strengthen 
the positive effects of LPs on PI and RR. Supported

H2b: The implementation of auditing induces suppliers to increase their 
ES, which can promote the effects of LPs and enhance PI and RR. Supported

H2c: If the implementation of auditing has a positive effect on the 
relationships among the DFs, PI, and RR, then auditing has a mediating 
effect.

Supported

H3a: When LPs are strengthened, the tolerance for auditing expands, 
further promoting the effects of APs and enhancing PI and RR. Supported

H3b: When LPs are strengthened, suppliers become more accepting 
of auditing interventions, which can increase the effects of APs and 
enhance PI and RR.

Supported

H3c: If strengthening LPs has a positive effect on the relationships 
among the two FFs, PI, and RR, then the strengthening of LPs has a 
mediating effect.

Supported

Based on the mediating effects, direct and indirect path relationships, and the results of 
Spearman’s rho, we can conclude that the interaction efficiencies among these four forces can 
induce the generation of a sustainable cycle between LPs and APs. Because strengthening 
LPs and APs can enhance PI and increase RR, we have proven that this sustainable cycle can 
continue to enhance PI and increase RR and continue to further improve GS. According to 
the above test results, we discuss the details in the next section.

4. Discussion

This section further discusses the analysis results. Although auditing can make up for a lack 
of LPs, auditing imposes constraints and is an intervention; therefore, many suppliers usually 
resist auditing, and auditing may even create conflicts. In addition, it is difficult to persuade 
suppliers to accept auditing. Therefore, many manufacturers never consider implementing 
auditing to strengthen their LPs. However, with the changes in the industrial structure and 
in social awareness of the environment, auditing has gradually become more common. As 
the industrial structure has gradually transformed into a vertical supply chain, fewer large 
manufacturers are undertaking leadership roles in the supply chain. These manufacturers 
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place the majority of resource orders, and they even have authority over the share of profit 
suppliers receive. If partners, including suppliers, do not cooperate with the requirements of 
manufacturer auditing to improve LP, manufacturers can adjust or even reduce the share of 
orders made to the supplier, and suppliers lose the related profits. However, such coercive 
behaviour could cause suppliers to engage in OBs. Therefore, manufacturers usually have 
difficulty improving their continuous and stable cooperation with suppliers and further im-
proving the GS.

However, with the increase in environmental awareness, manufacturers do not need to 
use coercive behaviour to enforce supplier cooperation with LPs. Because people have begun 
to feel the burden of the problem of industrial pollution emissions, if a manufacturer’s sup-
ply chain emits large amounts of pollution, related social movements may resist the use of 
products from that manufacturer’s supply chain and purchase substitute products from other 
manufacturers’ supply chains. This is what happened to Volkswagen in Germany; when news 
broke of a problem with high pollution emissions from a diesel engine, Volkswagen’s sales 
decreased significantly. Because of this, manufacturers today routinely roll out comprehen-
sive pollution improvement or GS development strategies. However, these manufacturers also 
understand that it is difficult to control every partner’s intention to participate. Therefore, 
pollution emission responsibilities are assigned through the auditing process, and auditing 
reports are opened. When a problem with pollution emissions occurs, people know who the 
main culprit is who has caused the pollution emissions to increase, and social pressure forces 
manufacturers to search for new suppliers to replace the polluting supplier. As a result, the 
existence of auditing drives suppliers to actively and positively cooperate with LPs to avoid 
bearing that responsibility. Effectively strengthening LPs through internal responsibility es-
tablishes close PI (Liu et al., 2020), increases transparency, and promotes RR. In addition, the 
chain of responsibility drives every supplier to improve its ES to prevent and change any OBs 
from other suppliers to avoid being implicated and becoming a joint offender in pollution 
emissions. Our findings confirm and match those of Carvalho et al. (2011), which state that 
lean practices can strengthen PI and achieve synergy with resilience by enhancing informa-
tion transparency (a key factor for ES).

However, when these two DFs strengthen LPs, why do they also produce FFs that 
strengthen APs? As stated above, auditing imposes constraints and is an intervention. Spe-
cifically, the supplier does not accept the constraints and intervention, which results in large 
improvement costs. However, if the opening auditing report summarizes that the noncoop-
eration of some supplier may increase pollution emissions, that supplier will face social pres-
sure and may possibly lose orders. Therefore, when suppliers actively and positively cooperate 
with LPs, auditing tolerance also expands, and the acceptability of intervention increases. 
When this occurs, auditors from manufacturers can even be stationed in suppliers’ factories 
for extended periods. For example, not only TSMC and Samsung but also even the Japanese 
companies of Panasonic and Sony have assigned auditors to be stationed with cooperative 
suppliers. Therefore, the feedback forces certainly strengthen APs. When APs are strength-
ened, the influence of auditing expands, and the DFs continue to increase. When LPs are 
strengthened by these DFs, FFs are produced that expand the supplier’s auditing tolerance 
and acceptance of interventions. Therefore, the above situation certainly produces interaction 
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efficiencies, further producing a sustainable cycle between LPs and APs. This cycle causes APs 
and LPs to be mutually reinforcing, which continuously enhances PI, increases RR, maintains 
long-term cooperation with suppliers, and successfully improves GS.

Based on the above, the sustainable cycle produced by the combination of LPs and APs 
based on DFs (technical subsystem) and FFs (social subsystem) makes up a sociotechnical 
system for better performance. This system causes APs and LPs to be mutually reinforcing, 
which continuously enhances PI, increases RR, maintains long-term cooperation with sup-
pliers, and successfully improves the GS. Our findings are in line with Chen (2023), who 
believes that good partnership cooperation through LPs can improve supply chain resilience 
and further realize environmental performance. However, few studies have combined PI, RR 
and GS with lean and audit practices. Thus, our research delves into the relationship between 
these factors and expands the existing research scope.

Finally, regarding the trade-off between lean and resilience, our research results provide 
a different opinion. By combining lean practices with auditing practices, a synergistic rela-
tionship between lean practices and resilience is promoted rather than seen as a trade-off. 
Lean practices are also considered by many scholars to be drivers of resilience (Ruiz-Benitez 
et al., 2017, 2018; Purvis et al., 2016), and a company with a higher level of lean practices 
will have a higher level of resilience (Birkie, 2016). However, few studies have considered 
the role of audit report disclosure in the context of the GS to explore lean and resilience. 
However, the role of auditing for LPs is not to be underestimated in the context of the GS. 
Chen et al. (2022) suggested that a combination of lean and auditing practices can improve 
the resilience of sustainable supplier management. Our results also confirm this relationship. 
Therefore, the sociotechnical system formed by auditing and lean practices ensures the long-
term implementation of LPs while strengthening the tie between lean practices and resilience.

Conclusions

When implementing auditing practices and combining them with LPs, two DFs, namely, RD 
and ES, are induced. These forces can guide suppliers to actively and positively cooperate 
with LPs, strengthening the effects of the LPs. The strengthening of LPs also induces two FFs, 
namely, the TE and the acceptance of auditing interventions. These two forces can strengthen 
the effects of APs. In addition, our test results prove that these DFs and FFs can certainly 
produce interaction efficiencies. These efficiencies cause LPs and APs to be mutually continu-
ously strengthening, further generating a sustainable cycle that continuously enhances PI and 
increases RR. When the sustainable cycle is formulated, strong cooperation with suppliers is 
established, and a greater cooperative environment is further built to improve the GS.

The research results of this study provide some valuable implications. Regarding the 
academic implications, as an introductory statement, the existing studies almost exclusively 
focus on the role of LPs in PI with suppliers and increasing RR; they less frequently discuss 
the deeply interconnected relationships among LPs, APs, PI, and RR in the context of the 
GS. In addition, there is a lack of related research results that discuss the efficiency in the 
combination of LPs and APs. We explain the reasons why audits can keep suppliers engaged 
in LPs. In addition, we reveal that LPs and APs can generate a sustainable cycle and mutu-
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ally continuously strengthen each other, building strong cooperation and making it easier to 
improve the GS. Therefore, our research results fill this gap in the existing research. In terms 
of practical implications, our research results provide valuable suggestions for manufacturers. 
This study discusses which forces drive suppliers to actively and positively cooperate with 
LPs when implemented in combination with auditing. In addition, we also identify which 
FFs are produced that further promote APs when LPs are strengthened. Therefore, manu-
facturers can use these four forces as measurement indices and develop related strategies 
to ensure that the interaction efficiencies among the four forces become stronger, further 
strengthening the sustainable cycle that enhances cooperation with suppliers and ultimately 
builds a better environment for improving and establishing the GS. Therefore, in addition 
to the research results, our study specifically indicates how to build a stronger environment 
for improving the GS.

Although our research provides many valuable contributions, it has a few limitations. 
First, this study adopted an empirical analysis method to answer our research question. We 
interviewed related cases, reviewed related studies, and carefully integrated the results of our 
review to develop hypotheses and build a theoretical model. Then, the related literature was 
cited to support the research hypotheses, which were analysed and verified. However, our test 
results still need to be verified with additional observations to prove that this phenomenon 
exists widely. In addition, this study used the core idea behind STS to identify DFs and FFs. 
This approach may have limited the scope of exploration and caused us to ignore other forces 
that promote and strengthen LPs and APs. Based on the above limitations, future research 
could try to perform a longitudinal study to verify our research results. In addition, research-
ers may find and identify another possible force through a related theory to more deeply 
understand how to create more powerful sustainable cycles between LPs and APs.
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APPENDIX 

Questionnaire

Constructs Variables Strongly 
disagree

Dis-
agree

Neither 
agree nor 
disagree

Agree Strongly 
agree

Q1. Can the company measure its internal responsibility drive through the following situations?

Internal 
responsibility 
drive (RD)

RD1. Enhancement of purchasing 
process     

RD2. Every supplier has a stable 
purchasing source based on lean 
operations requirements

    

RD3. Every supplier can improve 
its replenishment of products 
based on lean operations 
requirements

    

RD4. Every supplier can improve 
its production process based on 
lean operations requirements

    

Q2. Can the company measure its ability to respond to emergencies through the following 
situations?

Ability to 
respond to 
emergencies 
(ES)

ES1. Enhanced forecasting of 
the damage incurred when 
other participants engage in 
opportunistic behaviour

    

ES2. Supplier can immediately 
assess possible damage levels 
and respond early when other 
participants exhibit unusual 
behaviour

    

ES3. Supplier can immediately 
identify possible sources of 
damage and respond early when 
other participants exhibit unusual 
behaviour

    

ES4. Supplier can immediately 
adjust production operations 
to reduce negative effects when 
other participants exhibit unusual 
behaviour

    

Q3. Can the company measure whether suppliers or other participants will increase their auditing 
intention through the following situations?

Tolerance 
expanding to 
auditing (TE)

TE1. Reduced resistance to 
auditing practices     

TE2. Increased auditing intentions     

TE3. Positive perceptions of 
auditing     
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Constructs Variables Strongly 
disagree

Dis-
agree

Neither 
agree nor 
disagree

Agree Strongly 
agree

Q4. Can the company measure whether suppliers or participants will accept auditing interventions 
through the following situations?

Acceptability 
of auditing 
interventions 
(AI)

AI1. Supplier usually accepts 
all comments from auditor to 
improve related operations and 
meet lean practice standards

    

AI2. Supplier is willing to share 
his or her real situation with 
auditor

    

AI3. Supplier is willing to 
continuously improve according 
to auditing assessment results

    

Q5. Can the company measure whether the process between manufacturers and suppliers or 
participants has effectively improved through the following situations?

Enhancement 
of process 
integration 
(PI)

PI1. Integration of purchasing 
processes     

PI2. Integration of manufacturing 
information     

PI3. Integration of design/
production modules between 
manufacturers and suppliers

    

Q6. Can the company measure whether the risk resilience has significantly increased through the 
following situations?

Increased 
risk resilience 
(RR)

RR1. Enhanced process 
monitoring capability     

RR2. Possess the capability to 
detect unusual behaviour in the 
precrisis stage

    

RR3. Enhanced ability to respond 
early to any possible accidents     

Q7. Can the company measure the green supply chain improvement situation through the 
following situations?

Improvement 
of the green 
supply chain 
(GS)

GS1. Cross-functional cooperation 
with suppliers for environmental 
improvements

    

GS2. Joint decision-making with 
suppliers to reduce the overall 
environmental impact of products

    

GS3. A mutual understanding 
with suppliers of the 
responsibilities regarding 
environmental performance

    


