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Abstract: This research empirically examines the effect of safety management and sustainable
activities on sustainable performance of work safety and workplace environments. The proposed
model with developed hypotheses were tested using the data collected from 189 respondents in
Korean firms across various industries. The research findings indicate that planning and control
systems affect activities of participation and monitoring in supply chain management (SCM)
processes, which in turn positively affect sustainable performance. The results of the study present
practical implications regarding the relationships among planning and control, participation and
monitoring activities, and the performance of work safety and workplace environments. The study
also provides new insights and implications regarding firms’ investment strategies for safety
management to facilitate sustainable work environments. Activities of participation and monitoring
within SCM are especially critical for sustainable safety management and efficient operations.

Keywords: safety management; planning and control system; participation and monitoring;
sustainable performance; sustainability

1. Introduction

Recently, climate change has received significant attention. Businesses, for example, have begun
to address the possibility of climate change-induced disruptions of their supply chains, which could
disrupt connections with suppliers and customers [1]. According to the U.S. National Centers for
Environmental Information, the cumulative damage of extreme weather and climate events in 2017 was
$306.2 billion [2]. In particular, the natural disasters of 2017 and 2018 (e.g., record-breaking hot weather,
new winter lows of Arctic sea ice, longer and much more widespread wildfires, and hurricanes) indicate
that climate change is becoming more intense. As a result, enterprises are expected to invest more
technical resources toward disaster prevention and mitigation as well as climate resilience, rather than
just recovery [2]. The BSR (Business for Social Responsibility) report “The Future of Sustainable
Business” predicted that no company will be unaffected by climate change [3]. Thus, to protect their
businesses, firms should invest in advanced technologies, new business models, and support policies
that can drive critical climate-related challenges [1,4,5].

Sustainability has thus become a real challenge for society and businesses, from economic,
social, environmental, and political perspectives [6]. Most organizations strive for sustainability
internally by providing workplace conditions that are conducive to employee safety and health.
Therefore, developing a workplace safety culture has become a competitive factor for sustainable
companies [7,8]. While protecting employee safety and health has been a requirement since the 1970s,
the UN Brundtland Commission report of 1987 announced that sustainability would emerge as a major
issue [6]. Enterprises need to deal with risk and hazard management in the workplace to protect their
employees’ health and safety. Unfortunately, however, safety breaches remain common within the
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workplace, despite the implementation of rules and certification systems, with examples shown in
references [9–11]. Safety in the workplace affects productivity and performance [12,13], ultimately
affecting sustainable management activities.

As businesses become increasingly globalized, supply chains may extend into new regions,
increasing uncertainty and risk. In particular, risk management on supply chains should include
strategies for preventing and reducing risk in the uncertainty business environment [14]. Consequently,
supply chain management (SCM) must consider health and safety issues across much wider areas [1,4].
It follows, then, that the sustainability of a business depends on safe and healthy workplaces across
the entire supply chain, from suppliers and manufacturing to delivery of the product and customer
services [6]. In particular, cooperation among partner firms with related activities in the supply chain
is important. When this is the case, a company should holistically manage sustainability issues that
arise in product supply or recovery. To ensure the sustainability of the entire supply chain, then,
related firms must work together to build safe working environments. To assist those in the supply
chain that are working towards achieving overall sustainability, the impact of the company’s activities
on employee safety, health, and the environment should be assessed. Strategic measures to improve
the company’s sustainability can then be formulated.

While firms strive to provide workers with safe and healthy workplaces, such efforts may not
always be successful [15]. Businesses need to encourage, control, and participate in sustainable
activities, particularly when core business activities have spread to various industries because of the
extended supply chain [1]. In such situations, using planning and control factors can allow firms to
more effectively monitor sustainable activities. Yet, there is a paucity of empirical research on the
planning and control system for sustainable businesses, as well as on participation and monitoring
activities to boost firm performance in the areas of safety and the environment. Therefore, this study
focuses on strategies for promoting sustainable activities within SCM.

This study attempts to answer the following two research questions: (1) Does a firm’s planning
and control system impact on the participation and monitoring of sustainable activities in SCM? (2) Do
the participation and monitoring activities for sustainable business have an impact on performances for
work safety and the environment? A research model is proposed to answer these questions. The result
of the study is expected to contribute to both theory and practice on sustainable SCM. Considering
the study results presented based on previous studies, this research contributes to the literature
by examining the proposed research model with developed hypotheses on sustainable SCM. Thus,
the results of this research can be applied to safety management, sustainable activity and performance.

The rest of the paper is organized as follows: Section 2 reviews relevant literature; Section 3
proposes a research model with developed hypotheses; Section 4 presents research methodology;
in Section 5, the results of analysis are reported; and Section 6 concludes the study with the discussion
of results, implications and limitations of the study, and future research needs.

2. Theoretical Background

The UN Brundtland Commission [16] (p. 8) reported sustainable development as “development
that meets the needs of the present without compromising the ability of future generations to meet
their own needs”. The report went on to suggest that positive integration of economic growth
with social factors and stability creates sustainable development. The Rio Earth Summit of 1992
defined sustainability as “environmentally sound and sustainable development”. The concept
was further refined within ISO 14001 and ISO 26000, which emphasized social responsibility as
requiring sustainability in the resources and environments of individuals, firms, communities,
and stakeholders [1,17].

Shrivastava [18] (p. 955) defined sustainability as “the potential for reducing long-term risk
associated with resource depletion, fluctuations in energy costs, product liabilities, and pollution
and waste management”. Góncz et al. [19] (p. 4) defined sustainability as “equal weightings for
economic stability, ecological compatibility and social equilibrium.” Summarizing these perspectives,
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sustainability is a comprehensive concept that emphasizes effective management of the environment
in short- and long-term horizons to ensure that resources and social provisions will meet the needs
of future generations [1]. Most definitions of sustainability encompass environmental and economic
concerns, as well as the intersection of social and environmental issues.

Elkington [20] suggested that corporate sustainability can be achieved by pursuing economic
profit, environmental protection, and ethics as the triple bottom line (TBL) of sustainability
management to evaluate a firm’s sustainability. Carter and Easton [21] used TBL to help suppliers
improve sustainability in various activities, such as reducing costs for transportation and packaging,
and designing systems for recycling and reuse. To ensure sustainability, firms should properly manage
the entire process of transportation, use, production, post-sales recovery, and disposal of raw materials.
In addition, a sustainable and safe working environment is required through collaboration with
vendors in all processes of product manufacturing and service delivery within SCM.

SCM must control risk in uncertain supply chain environments. Previous studies have emphasized
the need for risk management in SCM, the absence of which can lead to the inability to meet customer
demand. SCM risk can arise from natural disasters, extreme weather [22], and poor environmental
conditions [23,24]. SCM involves managing a complex network of various entities and structures,
including such stakeholders as suppliers, partner firms, customers, government agencies, communities,
and the society at large. Consequently, SCM needs to deal with ethical issues, cultural differences,
societal problems, and environmental concerns. SCM becomes even more challenging when many
uncertainties emerge, such as trade issues among the countries involved in the global supply chain,
severe weather risks, and the velocity of demand changes [1,5,21,23,24]. As complexity of the supply
chain and the number of partners involved can create confusion [14], Hallikas et al. [25] emphasized
that the difficulty of managing risk in SCM involves demand, distribution, financial requirement,
resources, and flexibility.

Carter and Rogers [26] (p. 368) defined sustainability in SCM as “the strategic, transparent
integration and achievement of an organization’s social, environmental, and economic goals in the
systemic coordination of key interorganizational business processes for improving the long-term
economic performance of the individual company and its supply chains”.

Sustainable management in SCM involves a series of steps that lead to improved economic
performance in the long term. Therefore, sustainable management should involve all stakeholders,
consumers, and governments and not just focus on profit creation. Reiner [27] emphasized the
importance of sustainable SCM and suggested that companies should actively follow environmental
laws and regulations and fulfill social responsibilities to maintain sustainability. Thus, sustainability
strategy should continuously guide business activities and involve close cooperation among partner
firms. This ensures competitiveness, enhances corporate image, and builds trust in the economic
ecosystem. Since the activities of companies directly or indirectly affect the economy, society,
and environment, it is necessary to involve stakeholders such as related suppliers or venders,
consumers, and communities in voluntary participation and monitoring activities.

2.1. Preventive Planning and Control System

Safety management is recognized as having an important role in protecting workers and reducing
losses [13,28]. It reflects an organization’s commitment to the well-being of workers and is an
important building block of a safety culture, where employees also recognize the importance of
safety [28,29]. A safety culture comprises a firm’s philosophy and management practices aimed
at reducing unsafe behavior, and it positively affects employee attitudes and behavior towards the
reduction of risk [28,29]. Therefore, organizations should understand the importance of the recognition,
understanding, motivation, and dedication of its members in building a safe work culture. It should
be noted that only companies that understand the basic attitudes and perceptions of their employees
would be able to create a truly safe workplace environment [28].
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Safety management has evolved over time towards a preventive perspective [29,30]. In the
past, safety management focused on solving problems based on outcomes of past issues, using the
follow-up approach. However, with more awareness and understanding of accidents, a safety
culture can evolve and be influenced by organizational characteristics (e.g., culture and climate).
A safety perspective must change and adapt in order to influence the members of an organization [29].
This means that organizations need to find ways to build a safe workplace by cultivating the proper
organizational culture or climate [30,31]. An important way to achieve this is to engage the efforts
of upper management. Flin et al. [32] suggested that upper management has an essential role in
building a safety culture. In addition to direct supervision, an effective management approach should
also include other features (e.g., organizational policies, systems and procedures, leadership style,
and commitment to safety) to encourage a safe workplace.

Sustainable organizations need to manage risk in an integrated way to reduce accidents and
improve business productivity and performance [33,34]. However, very few studies have examined
ways to create an integrated health and safety culture to reduce risk [35]. Labodová [36] suggested
that organizational safety management should be based on a proactive system to control risks and
prevent accidents. Moreover, to ensure that these activities are effective, both management and staff
should actively participate in them [30,37].

To ensure sustainable business occurs, organizations should continuously monitor risk, engage in
planning and proactive prevention, and thereby minimize accidents and losses [30,31]. In addition,
internal and external controls should be implemented through cooperation with suppliers and
vendors. Continuous improvement is possible through a regular review of activities performed
in the workplace [30]. Accidents that do occur should be analyzed to determine their root causes and
prevent future occurrences. Thus, sustainable businesses should exercise planning and control systems
for the prevention and management of accidents.

In this study, we consider planning and control systems as prerequisites for building a safety
culture. The planning and control system aspect of this study includes precautionary guidance for
controlling hazards. This study employed measurement items of planning and control factors of
sustainability based on Fernández-Muñiz et al. [30].

2.2. Participation and Monitoring Activities

The sustainable participation of a firm can change based on consumer needs. In addition,
a company’s sustainability hinges on its collaboration with suppliers throughout the global supply
chain, who must be transparent about and responsible for environmental performance and even
human rights issues [1].

Firms must adequately manage risks and hazards to protect the safety of workers in the
workplace [9–11]. Risk should be systematically assessed and if hazards cannot be rectified immediately,
plans should be developed and follow-up actions taken [7,8,15]. These efforts can be improved through
continuous participation of internal and external stakeholders and through monitoring activities.
For example, a major supplier may receive environmental requirements in writing, needing immediate
action, or an audit of environmental compliance. In other words, sustainable participation activities
not only ensure a safe workplace, but they also are in compliance with safety requirements and address
systemic weaknesses through employee participation. Therefore, an organizational culture should be
developed that supports a safe workplace.

An organizational culture is characterized by the common values and norms shared by individual
members [38,39]. However, culture is only one of many factors influencing behavior [40]. A safety
culture involves the healthy, safe, risky, and hazardous aspects of a particular workplace culture [15,41].
In the past, a workplace safety-related culture was only associated with accidents and safe or unsafe
behaviors [8]. Today, however, it includes factors that measure the entire state of a company’s safety
culture [41,42]. This evolution is all part of the ongoing effort to create safe organizational cultures by
eliminating risks and hazards in the workplace.
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In addition to participation activities, the organization should also engage in continuous
monitoring activities. For example, suppose an automobile parts supply system is concerned with
products that meet the design and manufacturing regulations specified by a buyer. It is possible for a
group of firms to supply raw materials, components, or parts (e.g., plating, mold, press, and assembly)
to automobile manufacturers (module production and assembly parts companies). Because of the
characteristics of automobile parts, the first supplier’s product becomes a product for the higher-level
buyer. Parts companies combine single products in ways that will meet the needs of further higher-level
buyers, and then module and component manufacturers execute processes that will allow them to
supply components to meet automobile manufacturers’ demands. In the process, suppliers and buyers
will participate in a web of sustainable activities and work together to build a sustainable environment
through monitoring.

Sustainable monitoring activities can help improve a sustainable business environment.
Monitoring of internal activities might include the following: employee safety procedures in the
workplace; industrial accidents; the number of accident claims; and the use of energy, water, and waste.
In contrast, external monitoring activities may include the following: providing environmental
protection requirements to major suppliers and implementing them; monitoring suppliers’ compliance
with regulations; implementing health and safety improvement goals; and monitoring suppliers’
employees’ health and safety. Sustainable activities of suppliers are also important because end-product
makers become a source of competitiveness. To maximize the value of products and services within
a supply chain to enhance the ultimate value for customers, a company should ensure corporate
competitiveness by cooperating with other partner firms to secure its position within the business
ecosystem and to build trust with other ecosystem members [1]. Thus, to achieve a sustainable business
firms should continuously implement sustainable activities.

In this study, as discussed above, a company’s sustainability activities are divided into
participation and monitoring activities. In this view, a safe working environment is a prerequisite for
sustainability and should be predicated on the voluntary participation of members of the organization.
Therefore, in this study, participation activities are the activities of the firm, its members, and partners to
reduce and remove risks and hazards in order to build a safe and sustainable workplace environment.

All the processes involved in SCM, from purchasing raw materials to delivering products to
the final consumer to recycling, reusing, and disposing of products can eliminate or minimize
environmental harm. These activities require participation from suppliers as well as consumers.
Implementation methods can be improved through repetition and practice; therefore, all activities
should be monitored and analyzed to extract information and knowledge, which can be used to
establish strategic targets of sustainable development.

In this study, monitoring activities are considered to be those internal and external activities that
contribute to the building of a safe and sustainable workplace environment. Measurement items for
sustainability participation and monitoring were adopted from the Global Manufacturing Research
Group’s (GMRG: Kansas, USA) 5.0 survey questionnaire, which was conducted by a multinational
community of researchers dedicated to the study of global manufacturing practices.

2.3. Sustainable Performance: Work Safety and Environmental Performance

Previous studies on sustainable performance (e.g., reference [43]) proposed that sustainable
performance assessment of SCM should include social, economic, and environmental dimensions of
SCM. Also, firms should include these assessments as outputs when participating in environmental
regulation as part of corporate social responsibility (CSR) activities [1,27]. However, in this study,
sustainable performance is divided into work safety and environmental performance in the workplace,
as these dimensions can be ensured through member participation in sustainability and internal and
external monitoring based on planning and control activities.

As discussed above, building a safe workplace is a prerequisite for a sustainable business,
and performance can be improved through the careful documentation and analysis of accidents [30].
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This indirectly implies that safety in the workplace plays a positive role in improving organizational
performance [44]. Thus, organizations can improve performance by strengthening systems for planning
and controlling safety management, addressing any gaps in current safety management practices,
and by a comparative study with other firms. In this study, sustainable performance is defined as the
improvement in work safety and environmental performance that results from cooperation between
suppliers and buyers in SCM.

Safety-related performance in the workplace can reduce accidents by increasing the likelihood
that work will be performed in compliance with safety regulations [13]. The commonality between an
organization’s safety culture, climate, and safety management system is that all these dimensions have
variables that can indicate whether employees are working in a safe environment. These variables,
such as the reduction in accidents and disaster rates, the health of employees, and the number of claims
of industrial accidents, are studied as important performance items [45,46]. Therefore, in this study,
work safety performance is viewed as something that could be achieved through the participation of
employees, and its measurement items are based on the GMRG 5.0 survey questionnaire.

Sustainable activities are the ultimate goal of building a sustainable ecosystem with minimal
environmental impact [1]. Thus, companies should strive to comply with legal and environmental
requirements related to their business activities, including both external and internal factors.
In particular, SCM can improve environmental performance through a reduction in harmful
environmental factors (pollution emission criteria, etc.) and through the development of a sustainable
environment with suppliers [47]. Previous studies related to environmental performance showed
reduced labor costs at higher productivity levels, lower processing costs, improved product quality,
and reduced absenteeism by improved working conditions [43].

In this study, environmental performance is defined as the degree of environmental performance
achievable through the participation of supply chain employees. The measurement items of
environmental performance are adopted from the GMRG 5.0 survey questionnaire.

3. Research Model and Hypotheses

We examine in this study the effects of planning and control system on health, safety,
and environmental performance through participation and monitoring activities for sustainable
activities in SCM. This study, based on previous research, posits that the safety management
prerequisite activities for the firm’s sustainable business within SCM have a positive impact on
sustainable activities, and then sustainable activities improve work safety and environmental
performance in the workplace. The proposed research model is shown in Figure 1.
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A sustainable workplace should be provided to employees to secure a sustainable business.
In other words, when a company provides a safe workplace, employees recognize this and become
more productive in their work [48]. In addition, planning and control system can induce voluntary
participation by organizational members, and activities to prevent or control safety problems can have
a positive impact on monitoring.

Neal et al. [13] showed that an organizational climate that supports safety indirectly influences
safety compliance and participation through the determinants of safety motivation. In other words,
they suggested that a safe environment positively affects participation. Griffin and Neal [49] suggested
that an organizational climate that supports safety affects the motivation and participation of
organizational members. Thus, safety management prerequisites (planning and control) for a firm’s
sustainable business may affect its sustainable activities (participation and monitoring). The following
hypotheses are proposed.

Hypothesis 1 (H1). The planning and control system for safety management has a positive effect on
participation activities of employee.

Hypothesis 2 (H2). The planning and control system for safety management has a positive effect on monitoring
activities of employee.

Employees who recognize safety in the workplace are reassured to carry out their assigned
tasks [50]. Barling et al. [12] suggested that managers who perceived safety as more important showed
more positive perceptions of safety in the work environment and were less likely to engage in unsafe
behavior. This is because the safety climate is directly related to the participation of members [13,33].

A company must provide its employees with a legally safe and healthy working environment
depending on the type of business; every organization has its own unique health and safety
management system according to the amount of risk involved in the work. However, no matter
how well devised a system or policy may be, if it is not managed and monitored continuously, it may
degrade over time. That is, only a planned and systematic approach to risk control management
would ensure the longevity of safe and healthy workplaces. Thus, it follows that a safe workplace can
be built more efficiently through participation and monitoring activities of members with support
from management [12,48].

The control of accidents depends on whether the members are freely participating in activities
and whether hazards can be reasonably minimized. For example, regular monitoring activities can
assess whether safety management measures have been implemented properly. Monitoring activities
may include regular meetings, worker feedback, and environmental monitoring of things such as air
quality, suitable light, and noise testing. Thus, participation and monitoring activities by members can
improve overall work safety as well as environmental performance.

In particular, companies should reduce social and environmental risk by adding these perspectives
to existing SCM activities, thereby strengthening SCM capabilities at the same time [1,4,51,52].
Chhabara [53] suggested that a monitoring system should be strengthened to prevent social and
environmental problems in SCM, and sustainable performance standards should be used to evaluate
suppliers. Therefore, sustainable activities in SCM will have a significant positive effect on work safety
and environmental performance. Thus, the following hypotheses are suggested.

Hypothesis 3 (H3). The participation activities of employees have a positive effect on work safety performance.

Hypothesis 4 (H4). The participation activities of employees have a positive effect on environmental performance.

Hypothesis 5 (H5). The monitoring activities of employees have a positive effect on work safety performance.

Hypothesis 6 (H6). The monitoring activities of employees have a positive effect on environmental performance.
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4. Research Methodology

4.1. Data Collection

Data was collected from first and second tier supplier firms through physical visits and online
contacts of the staff of related SCM firms during 1 September to 30 October 2018 in South Korea.
First and second tier supplier firms in this survey participated on a voluntary basis. A survey
questionnaire was developed using the double translation protocol [54]. The measurement items for
the planning and control system for safety management, participation and monitoring activity for
sustainability, and work safety and environmental performance in SCM are shown in Table 1.

Table 1. Measurement items.

Variables Measurement Items References

Planning and
control system

PCS1: a prevention plan circulated among all workers
PCS2: firm systems to identify risk in all job positions
PCS3: standards of action or work procedures based on risk evaluation
PCS4: periodic checks of prevention plan execution and compliance

with regulations
PCS5: a system for ensuring that all accidents and incidents are

reported, investigated, analyzed, and recorded

Fernández-Muñiz
et al. [30]

Participation
activity

PAF1: control the impact of our production process on
occupational safety

PAF2: a systematic approach to setting occupational safety targets
PAF3: a systematic approach to achieving occupational safety targets
PAF4: a systematic approach to demonstrating that occupational safety

targets have been meet
PAF5: control the environmental impact of our products and processes
PAF6: a systematic approach to setting environmental targets
PAF7: a systematic approach to achieving environmental targets
PAF8: a systematic approach to demonstrating that environmental

targets have been met

GMRG 5.0 survey
questionnaire [55]

Monitoring
activity

MAF1: the occurrence of occupational-related accidents at our facilities
MAF2: occupational employee health and safety procedures at

our facilities
MAF3: the long-term health of our employees at our facilities
MAF4: energy usage in our facilities
MAF5: water usage in our facilities
MAF6: waste re-usage at our facilities

Work safety
performance

HSP1: reduced the number of occupational-related accidents at
our facilities

HSP2: reduced the number of occupational-related injuries at
our facilities

HSP3: reduced occupational-related ill health at our facilities reduced
HSP4: reduced the number of occupational-related insurance claims at

our facilities

Environmental
performance

ENP1: reduced energy use in our facilities
ENP2: reduced water usage in our facilities
ENP3: reduced waste at our facilities
ENP4: reduced emissions at of our facilities
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Out of 500 questionnaires that were distributed to first and second tier supplier firms in South
Korea, 194 (38.8%) responses were received. Incomplete questionnaires or those with missing items
were discarded. The final study sample consisted of 189 (37.8%) valid returned questionnaires.

The descriptive sample characteristics of the firms and respondents are summarized in Table 2.
The majority of business units are manufacturers of motor vehicles (68.3%), metal industry (15.3%),
electronic and other electrical equipment, and petroleum refining and related industries (3.7%). Of the
respondents, 97.5% were male, and working experiences in current organization varied from less than
5 years (30.2%) to more than 20 years (7.9%).

Table 2. General characteristics of firms and respondents.

Characteristics of Firms Frequency Percent

Established years

Less than 10 years 57 22.8
More than 10 years—less than 20 years 65 34.4
More than 20 years—less than 30 years 44 23.3
More than 30 years 23 12.2

Number of employees

Less than 30 45 23.8
More than 30 less than 50 50 26.5
More than 50 less than 100 45 23.8
More than 100 less than 200 29 15.3
More than 200 20 10.6

Number of partners

Less than 10 67 35.4
More than 10—less than 20 42 22.2
More than 20—less than 30 22 11.6
More than 30—less than 40 9 4.8
More than 40—less than 50 6 3.2
More than 50 39 20.6
Missing 4 2.1

Years of average business
with other firms (by

August 2018)

Less than 5 years 52 27.5
More than 5 years—less than 10 years 71 37.6
More than 10 years—less than 20 years 44 23.3
More than 20 years 8 4.2
Missing 14 7.4

Business unit

Electronic and other electrical equipment 7 3.7
Manufacture of motor vehicles 129 68.3
Petroleum refining and related industries 7 3.7
Metal industry 29 15.3
Construction industry 1 0.5
Wholesale and Retail 6 3.2
Telecommunication and Information Services 6 3.2
Food and kindred products 1 0.5
Distribution and logistics 3 1.6

Characteristics of Respondents Frequency Percent

Gender
Male 185 97.5
Female 4 2.1

Position

Staff 27 14.3
Team Leader 64 33.9
Manager 31 16.4
Director/Supervisor 13 6.9
Executive 54 28.6

Working years

Less than 5 57 30.2
More than 5—less than 10 63 33.3
More than 10—less than 15 30 15.9
More than 15—less than 20 24 12.7
More than 20 15 7.9

Total 189 100.0
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4.2. Variables

The questionnaire utilized 5-point Likert scales to measure the constructs. The collected data
was analyzed using SPSS 21.0 (New York, NY, USA) and the AMOS 21.0 (New York, NY, USA)
programs. Structural equation modeling (SEM) by AMOS 21.0 was chosen because it provides graphic
representations and all of the tools necessary to test the hypotheses for this study.

Reliability was tested based on Cronbach’s alpha value (Table 3). All of the coefficients of reliability
measures for the constructs exceeded the threshold value of 0.8 for exploratory constructs in basic
research [56]. For the reliability test, Cronbach’s alpha value for work safety performance was the
highest (0.963) while environmental performance was the lowest (0.891). Thus, all of the Cronbach’s
alpha values were significant at p < 0.05.

For the validity test, the principal component analysis (PCA) and the confirmatory factor analysis
(CFA) were used to identify the most meaningful basis and to examine similarities and differences
of the data based on Brown’s [57] recommendation. Eigen values and percent of variance explained
for each construct are shown, and the cumulative percentages of explained variance were 79.463 for
the constructs in Table 3. The loading values of each factor ranged from 0.619 to 0.885 as shown in
Table 3. However, PAF4 variable of participation activity, which had a less than 0.5 loading value,
was removed from this study (see Table 1).

For the convergent and discriminant validity of theoretical constructs [57], a measurement model
was used with five components of planning and control systems, participation and monitoring activity,
and performance of safety and environment. The standardized factor loadings and t-values for
measurement variables, and results of CFA are presented in Table 3. The values of standardized
loading of all variables proposed by the study were greater than 0.6 and statistically significant at the
0.05 level.

Table 3. Results of PCA and CFA.

Constructs Variables

PCA CFA
Cronbach’s

AlphasEigen
Value

Percent of
Variance

Explained

Factor
Loadings

Standardized
Loading t-Value p-Value

Planning and
control system

PCS1

2.901 11.156

0.795 0.861 15.111 0.000

0.954
PCS2 0.862 0.923 16.61 0.000
PCS3 0.885 0.958 17.744 0.000
PCS4 0.876 0.93 16.839 0.000
PCS5 0.794 0.822 - -

Participation
activity

PAF1

13.079 50.305

0.727 0.709 10.953 0.000

0.927

PAF2 0.689 0.675 10.247 0.000
PAF3 0.678 0.696 10.67 0.000
PAF5 0.717 0.879 15.074 0.000
PAF6 0.734 0.838 13.999 0.000
PAF7 0.742 0.862 18.382 0.000
PAF8 0.76 0.841 - -

Monitoring
activity

MAF1

1.936 7.445

0.619 0.755 13.079 0.000

0.921

MAF2 0.637 0.783 13.722 0.000
MAF3 0.741 0.778 10.824 0.000
MAF4 0.818 0.754 12.696 0.000
MAF5 0.798 0.859 16.162 0.000
MAF6 0.669 0.899 - -

Work safety
performance

HSP1

1.596 6.139

0.822 0.913 22.445 0.000

0.963
HSP2 0.832 0.944 24.953 0.000
HSP3 0.817 0.935 24.14 0.000
HSP4 0.829 0.929 - -

Environmental
performance

ENP1

1.148 4.418

0.741 0.774 11.492 0.000

0.891
ENP2 0.84 0.864 13.204 0.000
ENP3 0.848 0.884 13.565 0.000
ENP4 0.702 0.786 - -
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The results of goodness of fit test for the measurement model are summarized and shown in
Table 4. Based on the recommended values for the goodness of fit tests, the values of CFI, SRMR,
RMSEA, χ2, and the p-value were satisfactory, while the values of GFI and AGFI were not. Deepen [58]
(p. 238) suggested that GFI is desired to be over 0.9, however, “this must not automatically require
the model to be rejected.” In this model, the majority of fit indices showed good acceptance measures,
but GFI and AGFI were below the required threshold.

Table 4. Results of fit indices for CFA.

Model χ2 d.f χ2/d.f GFI AGFI CFI SRMR RMSEA

Measurement model 562.175 277 2.030 0.881 0.870 0.944 0.071 0.074
Recommended values ≤3.0 ≥0.9 ≥0.9 ≥0.9 ≤0.08 ≤0.08

GFI: goodness of fit index, AGFI: adjusted goodness of fit index, CFI: comparative fit index, SRMR: standardized
root mean square residual, RMSEA: root mean square error of approximation.

Table 5 provides the square roots of average variance extracted (AVE) of latent variables, while the
off-diagonal elements are correlations between latent variables. For adequate discriminant validity,
the square root of AVE of any latent variable should be greater than the correlation between a particular
latent variable and other latent variables [59]. The convergent validity of the measurement model is to
be assessed by AVE and CR [60], and AVE above 0.7 would be considered very good and above 0.5
is acceptable [60].

Table 5. Correlation matrix and average variance extracted (AVE).

Factor Planning and
Control System

Participation
Activity

Monitoring
Activity

Work Safety
Performance

Environmental
Performance

Planning and
control system 0.881

Participation
activity 0.608 ** 0.787

Monitoring
activity 0.534 ** 0.693 ** 0.819

Work safety
performance 0.397 ** 0.657 ** 0.638 ** 0.949

Environmental
performance 0.429 ** 0.449 ** 0.540 ** 0.640 ** 0.851

CR 0.946 0.919 0.924 00.974 0.913
AVE 0.777 0.620 0.671 0.902 0.725

CR (critical ratio) = ∑ (factor loading2)/(∑ (factor loading2) + ∑ (error). AVE = ∑ (factor loading)2/(∑ (factor
loading)2 + ∑ (error). Bold value is the square root of AVE. ** p < 0.001.

As CR is considered to be a less biased estimate of reliability than Cronbach’s alpha, the acceptable
value of CR is above 0.7. The values of AVE and CR for planning and control, participation and
monitoring activity, and performance of work safety and environment were all greater than 0.6 and
0.7, respectively. Thus, convergent validity met the threshold. The statistics shown in Table 5 satisfied
the overall requirement as lending to discriminant validity and evidence to construct validity.

5. Results and Discussion

This section presents the results of hypotheses tests along with the standardized coefficient of
each path in the model. As a result of the goodness of fit test, the proposed model had the values of
GFI (0.886), AGFI (0.856), CFI (0.936), RMSEA (0.078), SRMR (0.077) that were good for fit and χ2/d.f
(2.156) and p-value (0.000) were significant. However, the value of GFI (0.886) and AGFI (0.856) did
not satisfy the recommended values.
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Table 6 presents the result of the significance test for the research model as well as the summary of
the hypotheses test. For H1 and H2, the standardized path coefficients between planning and control
system and participation and monitoring activity were 0.639 and 0.525, respectively, and statistically
significant at the 0.001 level. Thus, H1 and H2 were supported. The results of this study are similar
to those of previous studies e.g., [30,32]. Organizations that provide workers with a safe workplace
through a well-designed planning and control system tend to encourage, control, and participate in
sustainable activities for their employees [13,28].

For H3 and H4, the standardized path coefficients between participation activity and work safety
performance were 0.396, and between participation activity and environmental performance were 0.227
and statistically significant at the 0.01 level, supporting H3 and H4. The results of this study are similar
to those of previous studies e.g., references [7,8,33]. If an organization has an effective production
process for occupational safety through participation activity to reduce possible risk in the workplace,
it would provide employees with opportunities to induce voluntary participation. To control the
environmental impact on SCM, the firm should develop sustainable role with suppliers through
collaboration, such as a systematic and integrated approach to setting and achieving environmental
goals in SCM activities.

For H5 and H6, the standardized path coefficients between monitoring activity and work safety
performance were 0.446, and between monitoring activity and environmental performance were 0.450
and statistically significant at the 0.01 level, supporting H5 and H6. The results of this study are similar
to those of previous studies e.g., references [12,48,53]. Monitoring activity for improving safety and
environmental performance can help prevent that risky and hazards can be reasonably minimized
in work place or SCM processes with suppliers [4,51]. SCM processes through suppliers impact on
the firm’s capabilities, which allows internal and external activities to develop the best approach for
reducing occupational-related accidents at facilities and environmental issues (e.g., energy, water,
waste, and emissions of facilities).

Table 6. Results of significance test for paths of the model.

Path Path Coefficient S.E. t-Value p-Value Hypothesis Test
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6. Conclusions

The study results confirmed positive effects of the planning and control system on participation
activity (H1) and monitoring activity (H2), and participation activity on work safety performance (H3)
and environmental performance (H4). In addition, the study found positive relationships between
monitoring activity and work safety performance (H5) and environmental performance (H6).

The main contribution of this research is that it proved that a well-prepared planning and control
system can prevent possible risk and improve performance of work safety and work environments.
Thus, to ensure sustainable business, organizations should continuously monitor risk, engage in
planning and proactive prevention. To engage internal and external employees with suppliers in
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SCM activities, they should be able to first encourage to freely participate and suggest possible
solutions to problems. One example of how the planning and control system might be implemented
for participation is to understand the key issues of risk and hazards in workplaces [33]. To establish
effective collaboration with suppliers, firms should develop long-term strategic relationships with their
suppliers for improving competitive advantage, including managing risk for sustainable SCM activities.
In addition, firms that are planning to develop a safe workplace should first create environments that
allow employees and suppliers to positively participate in devising good solutions to problems. Thus,
organizations should invest in sustainable planning and control systems to develop a safe workplace.

Sustainable activities for participation and monitoring should be developed to induce a
positive influence on the improvement of work safety and environmental performance. Specifically,
these activities can focus on strategies for promoting sustainable activities within SCM including
climate change. Based on the results of the study, we assume that a well-developed planning and
control system plays a key role in preventing possible risk and improving work safety, which in turn
affects organizational performance. Thus, successful safety management requires sustainable activities
within SCM.

The results of the study have significant theoretical and practical implications for operational
efficiency in SCM. The success and sustainability of firms depend on how effectively they adapt
dynamic environment trends, as a diverse group of vendors and stakeholders need to participate in
helping remove environmental obstacles. For adapting dynamic environment factors to operational
efficiency, effective risk management in SCM is critical [61]. Furthermore, firms should apply
different policies and strategies according to workplace conditions and vendor competencies to
have effective safety management within SCM because the complexity of the supply chain can create
risks at the workplace and human errors [14]. In addition, the improvement of work safety and
environmental performance with regard to sustainable commitment may vary based on the type
of partnerships established in SCM [1]. Consequently, the results of this study will be guidelines
that are provided not only for SCM-related companies, but also for potential firms, who want to
establish environment-friendly management environment, and can be applied to find opportunities
for enhancing competitiveness in environmental issues in the global market.

This study has some limitations that should be considered when interpreting the findings of
this research. First, the data collected and analyzed in this study was from cross industry firms in
South Korea. Although South Korea is known as a manufacturing-based country, the motor vehicle
sector had the largest proportion of the study sample (68.0%), while food and kindred products and
the construction industry had a very small sample proportion (0.5%). Although the participating
firms have similar or different hazards and risks associated with their workplaces, further analysis
according to industry types should also be included. Second, this study was conducted only with
suppliers. However, comparing suppliers and buyers will provide valuable results for successful
safety management and sustainable environment within SCM. If this approach is studied, it can
distinguish between first-second tier and second-third tier relationships and understand what options
suppliers/vendors actually considered for safety environments through SCM processes.

Conflicts of Interest: The author declares no conflict of interest.
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