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The OHS services of SMEs are still in their start-up stage in China. As such, there is an absence of mature market norms, which
in turn makes it difficult to guarantee the quality of OHS services. The government, as the “night watchman” of the market, is
supposed to not only involve itself in the regulation of OHS service quality, but also introduce and implement proper regulatory
strategies. This paper employs a computational experiment approach to construct an experimental platform based on multiagent
interactions. By simulating the OHS service transaction activities of SMEs, this paper takes the perspective of dynamic evolution.
From this perspective, we probe into the optimal regulatory strategy covering the positive influence of government punishment,
policy supports, and service quality ratings of the OHS services of SMEs. These strategies should be built on the foundation of
proper punishment standard and intensity, proper support standard and intensity, and quality rating information disclosure.

1. Introduction

More and more Chinese companies actively adopt
OHSAS18001 system in order to adjust to the international
competition order. However, Chinese small- and medium-
sized enterprises (SMEs) are confronted with various
difficulties in building the occupational health and safety
management systems (OHSAS) due to the limitations in
scale, labor power, and economic power. At present, many
countries’ governments are trying to shift the corporations’
occupational health and safety responsibilities to private
agencies, so as to lessen the “legislative burden” and use the
“market” to improve occupational health & safety (OHS)
system [1]. Researches show that the marketized supply
of OHS services helps the corporations prevent safety
accidents, reduce cost, save time, facilitate the employees’
flexibility, and improve the overall quality of OHS plan [2, 3].
Successful OHS services employ the service provider’s unique
expertise and resources to help the corporations actuate
their occupation health and safety goals [4]. Thus, to help
SMEs strengthen their international competitiveness, and
also to turn around their historically poor safety records, the

Chinese government encourages SMEs to seek professional
OHS services from third-party service agencies. These
agencies can help facilitate SMEs’ construction, operation,
and improvement of their OHSAS18001 OHS management
systems. In other words, these third-party agencies can help
SMEs provide a professional supply of OHS services. It is
in this context that OHS services develop rapidly in China
which has become an important means of improving SMEs’
OHSAS18001 management systems.

However, China’s OHS services are still in the preliminary
stages. More time is needed for the industry norms and
self-discipline of the OHS service market to take form. In
addition, combined with the apparent lagging of OHS service
effect and the high degree of information asymmetry related
to service processes, there is a severe lack of any reliable
means for purchasers to distinguish different SMEs’ service
quality. Due to the combination of these factors, guaranteeing
the quality of OHS services is difficult. In addition, the risk
SMEs face when purchasing low-quality OHS services is
significant [5].When low-qualityOHS services are purchased
by an SME, this not only makes it difficult to avoid safety
risks, but also increases the SMEs’ safety costs and dampens
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their enthusiasm for purchasing OHS services [6, 7]. The
practice of purchasing OHS services also departs from the
original intention of the Chinese government when they
began encouraging the development of OHS services. Thus,
there is an urgent need to reduce the risk of purchasing
shoddy service, guarantee the service quality, and promote
the well-being of OHS services market. The objectives of this
study are how to address the above-mentioned issues.

In general, the quality control of products is uniformly
conducted by the principal, as agreed in the contract. How-
ever, due to the complexity of safety-related accidents and
the lagging of service effect, it is very difficult for SMEs
(as the principal) to distinguish rights and liabilities and
control service quality via commercial contracts, as would
normally be the case with ordinary products. In this case,
third-party intervention is needed to assist management. The
quality of OHS services is a matter of concern as regards
social public security. OHS service quality constitutes a
branch of public administration, and the government has a
compelling obligation in terms of public service management
[8]. As such, it is logical for the government’s functional
departments to intervene in the management of OHS service
quality. In consideration of the government’s position in the
OHS service market and the market response combined,
which is different from the government’s direct supervision
of the corporations, it is an urgent theoretical and practical
problem to explore what intervention measures the govern-
ment should take to realize the virtuous development of
OHS service market to help SMEs build the OHSAS18001
system efficiently. Therefore, this paper attempts to compare
the intervention measures taken by the government in the
development of the OHS service market and discuss which
intervention measures can bring about effective functioning
of the OHS service market system. Here, effective means that
SMEs are willing to purchase the high-quality OHS service.
In other words, SMEs are willing and able to establish the
OHSAS18001 system efficiently through market mechanisms.
Accordingly, in order tomeasure the effectiveness of different
intervention, one needs to analyze whether or not enterprises
will purchase services under a specific government interven-
tion and the quality of the purchased services.

The OHS service market in the real world is a large and
complex system that requires the cooperation of government,
service organization, and SMEs. Due to the complexity of
the system environment, the incompleteness of information
among transaction agents, the behavioral bias and framing
effect of experiential drive, and the nonlinear associations
among elements, the evolution of the system presents an
instability and polymorphic equilibrium. This means that
both traditional empirical study method and game simu-
lation are not applicable to the research on the effects of
government intervention. In order to study the impact of
government interventions from a dynamic and bounded
rational perspective, this paper employed multiagent-based
computational experiment simulation method. The purpose
of this method is to construct a controlled and reproducible
government intervention model for OHS service market
based on heterogeneous subjects and simulate different inter-
ventions so that it is possible to observe the market status.

The contribution of this study is the tentative application
of the multiagent-based computational experiment simula-
tion method on the OHS service market studies. Through
the simulated evolution based on real situations, it observes
the market response when the government takes different
measures, which further proves and compareswhichmeasure
can genuinely promote the sound development of OHS
service market, so as to help SMEs make their OHS plan
efficiently. This study not only fills the research gap from a
theoretical perspective but also informs policy-making and
practice.

2. Literature Review

Through reviewing the literature, the researchers found that
previous studies on OHS services and government regulation
mainly focused on the supervision of OHSAS18001 certi-
fication system, which discussed the relationship between
the government and the enterprises. Different from the
direct supervision of the government on the enterprises,
the government's participation in the OHS service market
intervention is concerned with the triangular relationship
between the government, enterprises, and OHS service orga-
nizations. Researches that are directly relevant to this study
are few and far between. However, it should be noted that
enterprise security resulting from enterprise OHSAS18001
certification is an important part of public security. Besides,
OHS service market could also be considered as an important
part of public service market. Therefore, the research on
the OHSAS18001 certification system supervision and public
service market supervision may serve to inspire the current
study.

2.1. Studies on OHSAS18001 Certification System Supervision.
The OHSAS18001 certification is an international standard
jointly launched by 13 organizations, including the British
Standard Institute (BSI) and the Det Norske Veritas (DNV).
The purpose of this certification is to urge the enterprise that
has received the certificates to ensure the maximum health
security of its employees and adequately protect the property
safety of itself.

A comparative study by Santos [9] focused on the partici-
pation of Portuguese small- and medium-sized companies in
OHSAS18001 certification. The result shows that companies
engaged in certification are better at preventing security risks
than those that do not. Some researchers have studied how
to motivate companies to participate in OHSAS certification.
For example, Olsen [10] believes that the government plays an
important role in guiding small businesses to participate in
OHSAS certification. Kvorning [11] believes that small enter-
prises have limited resources and therefore are incapable of
actively participating in OHSAS certification. However, gov-
ernment regulation, trade union intervention, and network
assistance can encourage the initiative of the small enter-
prises. Several researchers have examined how to improve the
level of OHSAS18001 certification. Hasle P [12] argues that
the policy instrument which jointly combines government,
business owners, and trade unions can effectively improve
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the certification level. Legg et al. [13] think that, in order
to improve the certification level, it is necessary to consider
the specific characteristics of SMEs and strengthen the gov-
ernment's inspection of the compliance of enterprises during
the certification process. Okun [14] believes that government
could participate in safety certification with institutes like
trade organizations and trade union organizations and use
the existing communication channels to address high-risk
workplace safety and health issues which can improve a
company's certification level. A few researchers have studied
how to ensure the effectiveness of OHSAS certification. Some
believe that the joint participation of government regulators
and national security assessment departments, laws and
regulations, policies, resources, information, organization,
planning, and implementation are all key factors to guarantee
the effectiveness of OHSAS certification [15–17].When intro-
ducing government regulation, it is important to consider
the diversity characteristics of SMEs [18]. Besides, the risk-
oriented approach of government regulation focuses on
regulatory standards development and enforcement activities
on the highest priority risks through various risk-based
indicators and policy tools, which makes regulation more
proportional and effective [19]. Some researchers studied the
failure of OHSAS certification system and found that if the
policymakers are too optimistic about the operation of the
compulsory certification, the regulation has its limitations,
and the lack of institutional factors leads to operational
failure [20–23]. In face of certification system failure, the
government needs to strengthen the certification enterprise
intervention. Not only should the regulation of the certifica-
tion enterprise be strengthened, but the technical, financial,
and material support to the certification enterprise should
also be provided [24–27].

Previous studies have shown that the well-functioning of
the OHSAS18001 certification system will effectively improve
the safety level of SMEs, and the operation of the system
needs to be strengthened by government regulation. How-
ever, whether it is to encourage enterprises to participate in
certification or to prevent the certification system from failing
through regulation, previous studies only focus on the rela-
tionship between the government and the enterprises, and the
enterprises are regulated entities of the government. In the
studies that further explore government regulation methods,
the empirical methods or game methods are used to measure
the effects of regulation under a single method. There is no
comparison between different supervision methods, and no
in-depth study on how to control the intensity and frequency
of regulation strategies can be found.

2.2. Studies on Government Regulation of Public Service
Market. Government purchase of public service is a new
mode of providing services for citizens by the government,
which solves the problem of the government being the
only public services provider. The government’s function has
been changed greatly and it becomes more service-oriented
due to the new mode [28]. However, it should be noted
that the government purchase of public service does not
mean that the government will transfer its responsibility

to social organizations. Still it is supposed to shoulder the
responsibility of fostering a competitive public service supply
market, fully support public services, strengthen contract
oversight, strengthen the capacity to manage throughout the
procurement process, and improve the quality of services
[29, 30], since the outsourcing of public service contracts
faces various risks, such as moral hazard and rent-seeking
that act against fair competition and equity risk [31]. Besides,
the market is full of high uncertainties and challenges
that may cause the deviation of government public service
outsourcing.Therefore, the risk-based supervision of the gov-
ernment is needed to monitor enterprise performance and
assess contractor performance [32, 33]. In the government-
directed social supervision model, the government relies on
administrative law enforcement to formulate market rules
and standards, guides market credit and price mechanisms
in the form of services and penalties, and makes public
interests a starting point to disclose market information and
induce rational production and consumption [32, 34, 35].
With regard to the supply of rural public goods in China, the
grassroots government needs to better reflect its functions in
establishing scientifically sound market approval and with-
draw criteria, monitoring competition and price systems, and
curbing corruption [36]. In the market-oriented operation of
public sanitation services, the government fosters, regulates,
develops, and supervises the market through price, financial
subsidies, and taxation, in order to improve the quality of
public sanitation services. In addition, the government also
acts as a decision-maker ofmarket rules, a procurement agent
for public sanitation services, and a supervisor of market
operation [37].

These studies often refer to the administrative and law
enforcement means that is necessary for the government
in different fields from various perspectives by means of
case study, empirical research, and other methods. The
government perform its market supervision duties through
price guidance, information disclosure, financial subsidy
incentives, and penalties for breach of laws and regulations.
However, there is no in-depth study on the advantages and
disadvantages of these regulatory methods and how to draw
the lines for the supervision. Different from the traditional
public service market, in the OHS service market, the gov-
ernment is not a direct service purchaser.The two sides of the
market are SMEs and service organizations, respectively, and
the purpose of government supervision is not only to protect
the market, but also to encourage and help more SMEs to
establish OHS18001 system certification efficiently. Therefore,
OHS service market regulation faces more challenges than
the general public service market regulation.

In summary, whether it is the OHSAS18001 certification
system or public services, all researchers emphasize the
importance of government regulation. However, few studies
have analyzed the different intervention strategies that may
guarantee the effective functioning of OHS services market
from the perspective of government regulation. Different
from direct supervision of the enterprise by the government,
the priority at present is how to link the role of the govern-
ment in the OHS service market with its market reaction and
explore what kind of intervention strategy the government
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should adopt so as to achieve the sound development of the
market, which are still theoretical and practical problems that
need to be solved. Many current studies on the government
supervision of OHSAS18001 certification system focus on
the relationship between the government and enterprises by
empirical or game analysis.The research on the supervision of
public service market discusses the influence of government
regulation from the perspectives of government punishment,
government support, andmarket information disclosure.The
environment considered is simple and static, which neither
reproduces the dynamic and complex system situation nor
compares the market operation effect under different inter-
vention strategies.

In real life, as seen from the micro perspective, OHS
service activities constitute a transaction subsystem that
consists of two types of activities. Those two activities are
the purchase of OHS services by SMEs and the provision
of OHS services by third-party professional service agencies.
As seen from the macro perspective, however, OHS service
activities become a complex macro system that consists
of numerous micro subsystems. Therefore, the traditional
research methods are difficult to achieve the purpose of
comparing intervention strategies and measuring the effect
of market intervention. Themultiagent-based computational
experimental method adopted in this study is a method
using computer technology to construct experiment object,
experiment environment, and experiment platform, simulate
the dynamic law of material movement in the real world, and
carry out experimental research on scientific problems [38].

It is a research method in the natural sciences studies,
mostly applied in the studies of uncertainty and network
evolution. Now this method is gradually extending into the
social sciences studies and is applied well in these fields,
making it a useful tool in studying system complexity. For
example, Wang and Singh [39] employed this method to
expand the behavioral economics theory and yielded the
financial mathematical model; Hafezi et al. [40] simulated
the operation of financial market to predict the share price
by constructing a four layer multiagent framework; Behdani
et al. [41] used the multiagent-based modeling in the envi-
ronmental management studies to depict the complexity
of the government’s management of environmental issues;
Santos et al. [42] constructed multilayer multiagent models
to study the change in behavior of different subjects in the
electricity market; Meng et al. [43] developed multiagent-
based modeling framework to simulate the operation of
supply chains, comparing the competitive powers between
supply chains; and Shafie-khah and Catalão [44] simulated
the operation model of electricity market to compare the
operation performances in different situations by depict-
ing the behaviors of the service provider, supervisor, and
relative participants based on complicated and changeful
real situations. These studies all have made contribution to
the application of this method in social sciences studies.
Therefore, on the basis of existing research, this paper
constructs a dynamic model of government participation in
OHS service market supervision and selects three common
intervention methods, i.e., punishment, government support,
andmarket informationdisclosure, in order to test themarket

reaction under the three means. Not only can the advantages
and disadvantages of various interventions be compared,
but the strengths and limitations of various measures can
also be better understood, not to mention the reference this
research could provide for the government about the specific
interventions. It is hoped that this study could promote the
sound development of the OHS market and bring about the
improvement in the quality of OHS enterprises.

3. Methods

3.1. Experimental Framework. This paper abstracts the trans-
action process of the OHS services of SMEs from real-
ity for simulation purposes. The related agents involved
therein include SMEs (Factory agent), third-party pro-
fessional OHS service agencies (Agency agent), and the
government (Government agent). The interactive relation-
ships between these agents are manifested as follows: (1)
Agency agent provides OHS services, and Factory agent
makes the decision whether or not to purchase OHS
services. (2) When low-quality OHS services are pur-
chased, Factory agent faces safety-related accident risks. (3)
Government agent intervenes with regard to OHS services,
and different intervening behaviors influence the OHS ser-
vices of SMEs in different manners. See the specific interac-
tion process in Figure 1.

In order to make the model closer to the real situation,
the analysis is founded on the following five assumptions
in the system development: (1) High-quality OHS services
can effectively improve the OHSAS18001 safety system of
SMEs and reduce the occurrence of safety-related accidents.
(2) Due to requirements of relevant laws and safety sys-
tem certification, there is no intentional reduction of OHS
service quality after purchasing service of SMEs. (3) Due
to capability limitations and information asymmetry, it is
difficult for SMEs to independently distinguish the quality of
the OHS services they have purchased. (4) In reality, when
SMEs (due to limitations in terms of scale, manpower, and
technology) choose to self-construct and implement their
own OHSAS18001 safety systems, they have to pay a higher
safety production cost.Therefore, it is assumed that their self-
construction cost is higher than the cost would be to purchase
OHS services. (5) The prices of OHS services provided by
different OHS service agencies on the market are reasonably
similar. Therefore, it is difficult for enterprises to judge the
real quality of OHS services based on the price of those
services alone.

3.2. Activity Simulation andMultiagentModel Building for the
OHS Service Market

3.2.1. Behavioral Decision-Making Design of Factory Agent
Purchasing OHS Services. The system creates m Facto-
ry agents, each of which has to make the decision whether or
not to purchase OHS services.The Factory agents can choose
to independently complete their OHS-related work. That is,
they can adopt the no-service-purchasing strategy j1, or they
can seek professional OHS services from professional OHS
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Figure 1: Interaction process of OHS service transactions.

service agencies, which is effectively adopting the service-
purchasing strategy j2. In the former case, the Factory agents
have to pay a certain safety cost for putting in place the
OHSAS18001 safety system. In the latter case, they have
saved the safety cost, but, due to the asymmetry of market
information, they face the risk of failing to truly bring the
OHSAS18001 safety system into play, due to the possibility of
purchasing low-quality services. The revenue functions of a
Factory agent under the two strategies are Ui(jj) (j=1,2) as,
respectively, given below:

𝑈𝑖 (𝑗1) = 𝐹𝐹actory−𝑎𝑔𝑒𝑛𝑡 (𝑠𝑡) − 𝐶𝐹actory−𝑎𝑔𝑒𝑛𝑡 (𝑠𝑡) (1)

𝑈𝑖 (𝑗2) = 𝐹𝐹actory−𝑎𝑔𝑒𝑛𝑡 (𝑠𝑡) − 𝑃 (𝑠𝑡) − 𝛽𝐷 (2)

The study adopts the research of safety economy [45,
46], function 𝐹𝐹𝑎𝑐𝑡𝑜𝑟𝑦-𝑎𝑔𝑒𝑛𝑡(S) represents safety income of
enterprises, and function 𝐶𝐹𝑎𝑐𝑡𝑜𝑟𝑦-𝑎𝑔𝑒𝑛𝑡 (S) represents safety
cost of enterprises. Safety income includes safety reduction
L(S) and safety increase I(S), 𝐹𝐹actory−𝑎𝑔𝑒𝑛𝑡(𝑠𝑡) = 𝐿(𝑠) + 𝐼(𝑠).
Safety reduction L(S) represents when safety level s increases,
damage and loss will reduce; function is (3). Safety increase
I(S) represents when safety level s increases, the service life
of equipment extends and productivity increases; function is

(4). Safety cost 𝐶𝐹𝑎𝑐𝑡𝑜𝑟𝑦-𝑎𝑔𝑒𝑛𝑡 (S) represents when safety level
S increases, safety cost will be higher; function is (5). L,l, I, i,
𝐿0, CF, 𝐶0𝐹 are constant. If the purchased OHS services have
failed to genuinely bring the OHSAS18001 safety system into
play, the Factory agent will face the risk of accidents. To be
specific, when 𝛽=1, this means that an accident has occurred.
When 𝛽=0, no accident has occurred. Also, P(S) represents
the purchasing price of OHS services, and D represents the
accident losses suffered by the Factory agent.

𝐿 (𝑠) = 𝐿 ⋅ 𝑒(𝑙/𝑠) + 𝐿0
(𝐿 > 0, 𝑙 > 0, 𝐿0 > 0)

(3)

𝐼 (𝑠) = 𝐼 ⋅ 𝑒(−𝑖/𝑠) (𝐼 > 0, 𝑖 > 0) (4)

𝐶𝐹𝑎𝑐𝑡𝑜𝑟𝑦−𝑎𝑔𝑒𝑛𝑡 (𝑠) = 𝐶𝐹 ⋅ 𝑒[𝑐𝐹/(1−𝑠)] + 𝐶0𝐹
(𝐶𝐹 > 0, 𝐶0𝐹 > 0)

(5)

This paper adopts the EWA learning algorithm [47] to
depict enterprise behaviors. The algorithm assumes that each
strategy has a numerical attractiveness index, and introduces
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certain rules to determine the probability of selecting each
strategy. See the specific updating formula below:

𝑁𝐹 (𝑡) = 𝜌𝑁𝐹 (𝑡 − 1) + 1 (6)

𝐴𝑗𝑗𝐹𝑖 (𝑡)

=
𝑁𝐹 (𝑡 − 1) 𝜑𝐴

𝑗𝑗
𝐹𝑖
(𝑡 − 1) + [𝜕 + (1 − 𝜕) 𝐼𝐹 (𝑗𝑗)]𝑈𝑖 (𝑗𝑗)

𝑁𝐹 (𝑡)

(7)

wherein 𝑁𝐹(𝑡) represents the empirical weight; 𝜌 rep-
resents the discount factor of past experience; 𝐴𝑗𝑗𝐹𝑖(𝑡) rep-
resents the attractiveness index of the strategy 𝑗𝑗 (j=1,2) to
the Factory agent; that is, the higher the value, the higher
the probability of adopting this strategy; 𝜑 represents the
discount factor of past attractiveness index; 𝑈𝑖(𝑗𝑗) repre-
sents the expected revenue of the Factory agent, where
the Factory agent will update the corresponding revenue
according to its specific status; 𝜕 represents the discount
factor of future strategy payments or opportunity costs; that
is, the higher the value of 𝜕, the higher the importance
attached to or the expectations held for the strategy by the
Factory agent. Finally, 𝐼𝐹(𝑗𝑗) is an indicative function, where
𝐼𝐹(𝑗𝑠) = 1means that the strategy is adopted; thus

𝐴𝑗𝑗𝐹𝑖 (𝑡) =
𝑁𝐹 (𝑡 − 1) 𝜑𝐴

𝑗𝑗
𝐹𝑖
(𝑡 − 1) + 𝑈𝑖 (𝑗𝑗)

𝑁𝐹 (𝑡)
(8)

When 𝐼𝐹(𝑗𝑗) = 0, itmeans that the strategy is not adopted;
thus

𝐴𝑗𝑗𝐹𝑖 (𝑡) =
𝑁𝐹 (𝑡 − 1) 𝜑𝐴

𝑗𝑗
𝐹𝑖
(𝑡 − 1) + 𝜕𝑈𝑖 (𝑗𝑗)

𝑁𝐹 (𝑡)
(9)

In the EWA learning algorithm, the attractiveness index
will determine the probability of each strategy being selected.
In other words, the higher the attractiveness index, the higher
the probability of the strategy concerned being selected. This
paper uses the logit response function [48] to express the
probability of strategy 𝑗𝑗 being selected by the Factory agent,
wherein 𝜆 is used to measure the sensitivity of the attrac-
tiveness index in decision-making. When j=1, it means that
enterprise i has a probability of𝑃rob𝑗1i (𝑡+1) of choosing not to
purchase service strategy 𝑗1 in phase t+1. When s=2, it means
that enterprise i has a probability of 𝑃rob𝑗2i (𝑡 + 1) of choosing
to purchase service strategy 𝑗2 in phase t+1.

𝑃rob𝑗𝑗i (𝑡 + 1) =
exp (𝜆𝐴𝑗𝑗𝐹𝑖 (𝑡))

∑2𝑗=1 exp (𝜆𝐴
𝑗𝑗
𝐹𝑖
(𝑡))

(10)

3.2.2. Occurrence of Factory Agent Accidents. When low-
quality OHS services are purchased, the OHSAS18001 safety
systemof the Factory agent has failed to be genuinely brought
into play. In such cases, the Factory agent faces a certain
occurrence probability of accidents. Given that the safety level
St (St<1) of the Factory agent is inversely proportional to

Table 1: Safety state table of Factory agent.

State Safe Unsafe
Probability St 1-St
Cumulative probability St 1

the occurrence probability of accidents, the model (for the
purpose of better embodying the randomness of accidents)
adopts a roulette mode to simulate the occurrence of acci-
dents, as detailed below:

A Step 1: Determine the safety state of the Factory agent
according to its safety level St, as indicated in Table 1.

B Step 2: Generate the randomnumber R=random(0,1).
C Step 3: CompareRwith St .𝑅 ≤ 𝑆𝑡, there is no accident.

When 𝑆𝑡 ≤ 𝑅 < 1, an accident occurs.

3.2.3. Behavioral Decision-Making Design of Agency Agent
Providing OHS Services. Agency agents’ aim is to provide
professional OHS services to Factory agents and to thus help
the latter realize and improve their OHSAS18001 safety sys-
tems and elevate their overall safety levels. However, the pro-
vision of OHS services by Agency agents to Factory agents is
a market behavior. Agency agents (as market agents assum-
ing sole responsibility for their profits or losses) take the max-
imization of profits as their primary objective. At the begin-
ning of the experiment, the system creates n Agency agents,
and the total profit made by each Agency agent in each phase
is determined by the profit from a single business transaction
and the volume of business transactions. Theoretically, the
size of the total profit is inversely proportional to the cost
of a single business transaction and is directly proportional
to both the profit from a single business transaction and the
volume of business transactions. To be specific, the higher
the quality of services provided by Agency agents, the higher
the business cost and, correspondingly, the lower the profit
from a single business transaction. Thus, Agency agents have
the motivation to provide low-quality services. However, the
size of the total profit is influenced not only by the profit
from a single business transaction, but also by the volume
of business transactions. Due to the asymmetry of market
information, it is difficult for Agency agents to judge how to
make the optimal decisions that can attract more business
and maximize their profits. As a result, Agency agents will
constantly adjust their behavioral decision-making in each
cycle, based on market changes and previous experience. In
the samemanner, the EWA learning algorithm is employed to
depict the behavioral decision-making of Agency agents. To
be specific, the decisions made by Agency agents with regard
to the provision of OHS services include three types, namely,
(1) improving the quality of OHS services, (2) keeping
the quality of OHS services constant, and (3) reducing the
quality of OHS services. The expected revenue functions
corresponding to the three types of decisions are 𝜋𝑖(𝑘𝑗)
(j=1,2,3), as, respectively, given below:

𝜋𝑖 (𝑘1) = 𝑇 (𝑠+) ⋅ 𝑄 (𝑠+) − 𝜃 ⋅ 𝐼𝑉 (11)
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𝜋𝑖 (𝑘2) = 𝑇 (𝑠) ⋅ 𝑄 (𝑠) − 𝜃 ⋅ 𝐼𝑉 (12)

𝜋𝑖 (𝑘3) = 𝑇 (𝑠−) ⋅ 𝑄 (𝑠−) − 𝜃 ⋅ 𝐼𝑉 (13)

wherein T(𝑆+), T(S), and T(𝑆-), respectively, represent
the volumes of current market businesses acquired in the
three cases described above and Q(𝑆+), Q(S), and Q(𝑆-),
respectively, represent the profits from a single business
transaction made in the three cases described above. When
𝜃=1, this means that there is government intervention. When
𝜃=0, there is no government intervention. In addition, IV
represents the government intervention value. Assuming that
𝑠 represents the upper limit of service quality for government
intervention, when 𝑠 < 𝑠, Agency agents are punished by the
intervention value IV. When 𝑠 > 𝑠, however, Agency agents
are supported by the intervention value IV. Assuming that
the OHS services provided by Agency agents in each case can
elevate the safety level of Factory agents to s, the profit from
a single business transaction can be expressed as

𝑄 (𝑠) = 𝑃 (𝑠) − 𝐶Agency−agent (𝑠) (14)

Here, P(s) represents the price of services provided by
Agency agents and 𝐶𝐴𝑔𝑒𝑛𝑐𝑦-𝑎𝑔𝑒𝑛𝑡(s) represents the business
cost paid by Agency agents [34] (normally, the lower the
quality of services provided, the lower the business cost to
be paid); that is, 𝐶𝐴𝑔𝑒𝑛𝑐𝑦−𝑎𝑔𝑒𝑛𝑡(𝑠) = 𝐶𝐴 ⋅ 𝑒[𝑐𝐴/(1−𝑠)] + 𝐶0𝐴.The
updated formula of the learning algorithm [35] adopted is
given below:

𝑁𝐴 (𝑡) = 𝜌𝑁𝐴 (𝑡 − 1) + 1 (15)

𝐴𝑘𝑗𝐴𝑖 (𝑡)

=
𝑁𝐴 (𝑡 − 1) 𝜙𝐴

𝑘𝑗
𝐴𝑖
(𝑡 − 1) + [𝜕 + (1 − 𝜕) 𝐼𝐴 (𝑘𝑗)] 𝜋𝑖 (𝑘𝑗)

𝑁𝐴 (𝑡)

(16)

wherein 𝑁A(𝑡) represents the empirical weight; 𝐴𝑘𝑗A𝑖 (𝑡)
represents the attractiveness index of strategy 𝑘𝑗 (j=1, 2, 3) to
the Agency agent; 𝜋𝑖(𝑘𝑗) represents the expected revenue of
the Agency agent; and 𝐼A(𝑘𝑗) is an indicative function, where
𝐼A(𝑘𝑗) = 1means that the strategy is adopted; thus

𝐴𝑘𝑗𝐴𝑖 (𝑡) =
𝑁𝐴 (𝑡 − 1) 𝜙𝐴

𝑘𝑗
𝐴𝑖
(𝑡 − 1) + 𝜋𝑖 (𝑘𝑗)

𝑁𝐴 (𝑡)
(17)

When 𝐼𝐴(𝑘𝑗) = 0, this means that the strategy is not
adopted; thus

𝐴𝑘𝑗𝐴𝑖 (𝑡) =
𝑁𝐴 (𝑡 − 1) 𝜙𝐴

𝑘𝑗
𝐴𝑖
(𝑡 − 1) + 𝜕𝜋𝑖 (𝑘𝑗)

𝑁𝐴 (𝑡)
(18)

Similarly, the logit response function is adopted to express
the probability of the Agency agent selecting strategy Kj,
wherein 𝜆 is used to measure the sensitivity of the attrac-
tiveness index in decision-making. When j=1, this means that
service agency i has a probability of 𝑃rob𝑘1i (𝑡 + 1) of choosing
strategy K1 in phase t+1. That is, the quality of OHS services

is improved. When j=2, this means that service agency i has a
probability of 𝑃rob𝑘2i (𝑡 + 1) of choosing strategy K2 in phase
t+1. That is, the quality of OHS services remains constant.
When j=3, this means that service agency i has a probability
of 𝑃rob𝑘3i (𝑡 + 1) of choosing strategy K3 in phase t+1. That is,
the quality of OHS services is reduced.

𝑃rob𝑘𝑗i (𝑡 + 1) =
exp (𝜆𝐴𝑘𝑗𝐴𝑖 (𝑡))

∑3𝑗=1 exp (𝜆𝐴
𝑘𝑗
𝐴𝑖
(𝑡))

(19)

3.2.4. “Death” and “Birth” of Agency Agent. In the real world,
a service agency may withdraw from the market for very
complicated reasons. This model, for simulation purposes,
has provided simplification to a very high degree. In our
model, when the Agency agent meets one of the following
conditions, this means that the Agency agent is forced to
withdraw from the market.

A When the actual revenue of the Agency agent is less
than 0 for T consecutive phases (that is, when 𝜋𝑖 ≤ 0), the
Agency agent withdraws from the market.

B According to the model, each Agency agent has a
fixed asset of GT(t). In addition, the total asset KT(t) is
the sum of the fixed asset combined with the profit of
each phase, that is, 𝐾𝑇(𝑡) = 𝐺𝑇(𝑡) + ∑𝜋. In cycle t,
when the debt of the Agency agent (i.e., penalty amount
of punishment ∑ 𝐼𝑉𝑝𝑢𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡) exceeds the Agency agent’s
current total assetKT(t) by a given proportion k (that is, when
∑𝐼𝑉𝑝𝑢𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡/𝐾𝑇(𝑡) > 𝑘), the Agency agent goes bankrupt
for reasons of insolvency.

Corresponding to the death of a certain number of
Agency agents in any given cycle, new Agency agents will
enter the market. In our model, we assume that the entry of
new Agency agents depends on the average profit level of the
entire industry. In each cycle, there are several randomly gen-
erated service agencieswhich have the requiredwillingness to
enter the market. Also, the higher the average profit level of
the entire industry, the higher the probability of these service
agencies entering the market.

3.2.5. Behavioral Decision-MakingDesign of Government Agent
Intervention. As the “night watchman” of the market, the
government must adopt the role of maintaining market order
and preventing market failure. In the OHS service market
of SMEs, the purchase of OHS services is a spontaneous
behavior on the part of enterprises. The government has
no right to interfere with the decisions of enterprises about
whether or not those enterprises purchase OHS services,
or which service agency they choose. However, unlike the
case of an ordinary consumer market, in the OHS service
market of SMEs, the effect of OHS services presents a severe
lagging effect, as well as information asymmetry. Combined
with themultiscale complexity of safety-related accidents, it is
very difficult for SMEs to distinguish rights and liabilities via
commercial contracts, as they could in the case of ordinary
products. This combination of factors makes it even more
difficult for SMEs to either distinguish service quality or
investigate and affix the responsibility for the poor effect
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of OHS services. This creates an opportunity for service
agencies to provide low-quality services. However, providing
low-quality services not only causes unnecessary losses to
enterprises, but also jeopardizes fair competition in the
OHS service market. On that account, one governmental
regulatory agency (Government agent) is set in the system,
and government intervention behaviors are introduced to
explore the influence of government intervention on the
quality of OHS services.

Based on related studies and real-life situations, this
paper significantly simplifies and summarizes government
intervention behaviors as three types, i.e., (1) government
punishment, (2) policy supports, and (3) quality rating.
The behavior of government punishment is manifested as
follows: The Government agent inspects the service qual-
ity of Agency agents in the system and sets the upper
limit (or standard Sp) of service quality which must be
met to avoid government punishment. That is, when the
Government agent finds that the quality of OHS services
provided by some Agency agents is lower than the standard
Sp, those Agency agents are punished.The behavior of policy
supports ismanifested as follows:TheGovernment agent sets
the lower limit Sr of service quality for policy supports and
offers policy supports to Agency agents in the system whose
service quality is higher than Sr. The behavior of quality
rating is manifested as follows: The Government agent reg-
ularly inspects the service quality of all Agency agents and
determines quality ratings on theAgency agents on this basis.
Factory agents can observe the results of the quality ratings
and thus more clearly understand the service quality of
Agency agents. Through the setting up of related parameter
situations, we conducted experiments, respectively, to probe
the influences of the different types of intervention behavior
on OHS services.

3.3. Experimental Program. In this paper, Netlogo is used to
simulate the action that Government-agent investigates the
service quality of Agency-agent in the system based on the
model constructed above.Three interventions including gov-
ernment punishment, policy support, and quality assessment
are introduced to study the effect on OHS services of small-
and medium-sized enterprises in Experiment I, Experiment
II, and Experiment III, respectively.

In Experiment I, three sets of comparative experiments
are further set up. To be specific, Experiment 1.1 is designed
with two situations, namely, the situation before introducing
government punishment and the situation after introducing
government punishment. Then, the two situations are com-
pared in terms of the average evolution of the overall quality
of OHS services, as well as the change in the number of SMEs
purchasing OHS services. Experiment 1.2 further verifies the
influence of different punishment standards on OHS services
after introducing government punishment. By setting the
punishment standard Sp, the evolutions of the quality of OHS
services under the two situations are compared. Experimental
1.3 verifies the influence of different punishment intensities
on OHS services after introducing government punishment.
By setting the punishment intensity 𝛽, the evolutions of

the quality of OHS services under the two situations are
compared.

In Experiment II, three sets of comparative experiments
are further set up too. Experiment 2.1 is designed with two
situations, that is, the situation before introducing policy
supports and the situation after introducing policy supports.
Then, the two situations are compared in terms of the average
evolution of the overall quality of OHS services and the
change in the number of SMEs purchasing OHS services.
Experiment 2.2 further verifies the influence of different
support standards on OHS services after introducing policy
supports. By setting the policy support standard Sr, the
evolutions of the quality of OHS services under the two
situations are compared. Experimental 2.3 verifies the influ-
ence of different support intensities on OHS services after
introducing policy supports. By setting the support intensity
coefficient 𝛼, the evolutions of the quality of OHS services
under the two situations are compared.

To observe the influence of the OHS services quality
rating strategy introduced by the government, Experiment III
is designed with two situations, namely, the situation before
introducing quality rating and the situation after introducing
quality rating. To be specific, in the situation after introduc-
ing quality rating, we assume that the Government-agent
regularly inspects the service quality of Agency agents and
conducts quality ratings of all Agency agents. Factory agents
can observe the results of these quality ratings and thus can
obtain the evolution of service quality of Agency agents by
experiments.

4. Experiments and Results

4.1. Experiment I: Influence on the OHS Services of Small-
and Medium-Sized Enterprises after Introducing Government
Punishment. The first step is to create the experimental sam-
ples, that is, 1000 Factory agents, 20 Agency agents, and one
Government agent.TheAgency agents have an initial service
level of S0 (wherein 𝑆0 ∈ (0, 1)). Government agent inspects
the service quality of Agency agents, and Sp is the upper
limit of service quality adopted by the Government agent for
carrying out punishment, or, in other words, the punishment
standard. When it is found that the quality of OHS services
provided by some Agency agents is lower than the standard
Sp, the low-service quality Agency agents are punished. Also,
𝛽 represents the punishment intensity coefficient. That is,
the higher the coefficient, the higher the penalty amount.
Setting Income Agency agent as the current revenue of the
Agency agent, the punishment value IV punishment can be
expressed as 𝐼𝑉𝑝𝑢𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 = 𝛽 ⋅ 𝐼𝑛𝑐𝑜𝑚𝑒𝐴𝑔𝑒𝑛𝑐𝑦.

4.2. Experiment 1.1: Evolution of OHS Service Quality in Both
the Situation with Government Punishment and the Situa-
tion without Government Punishment, and the Proportion of
Enterprises Purchasing OHS Services. In the situation before
introducing government punishment, Government agent-
related activities are excluded. In the situation after intro-
ducing government punishment, Government agent-related
activities are added. The punishment intensity is set at the
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Figure 2: Situation before introducing government punishment.
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Figure 3: Situation after introducing government punishment.

same time at 𝛽=0.8, and the upper limit of the quality of OHS
services for government punishment, or the punishment
standard, is set at Sp=0.6. See the experimental results in
Figures 2 and 3.

The results of our experiment indicate that, before intro-
ducing government punishment, the average quality of OHS
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Figure 4: Evolution ofOHS service quality in the situation of setting
the punishment standard at 0.3, 0.6, and 0.8, respectively.

services stabilizes at approximately 0.2, which is a relatively
low level. In this case, the number of SMEs purchasing OHS
services accounts for approximately 10% of the total number
(a relatively small percentage). However, after introducing
government punishment, the average quality of OHS services
stabilizes at approximately 0.6-0.7, which is a higher level
than before. In this case, the number of SMEs purchasing
OHS services continuously rises and ultimately stabilizes at
approximately 65% (an obviously and significantly increased
percentage). Clearly, after introducing government punish-
ment measures, the quality of OHS services has seen an
apparent improvement and has also driven the rise of the
number of SMEs purchasing OHS services. In other words,
the improvement of the quality of OHS services can drive the
growth of market demand for OHS services and promote the
benign development of OHS services.

4.3. Experiment 1.2: Evolution of OHS Service Quality under
a Certain Punishment Intensity but with Different Punish-
ment Standards. On the basis of adding Government agent-
related activities, the punishment intensity is set constantly
at 𝛽=0.8. The upper limits of the quality of OHS services for
government punishment (or the punishment standard) are
set at Sp=0.3, 0.6, and 0.8, respectively. See the experimental
results in Figure 4.

The results of this experiment indicate that when the
punishment standard is set at 0.3, the average quality of
OHS services stabilizes at approximately 0.3-0.4. When the
punishment standard is set at 0.6, the average quality of
OHS services stabilizes at approximately 0.6-0.7. When the
punishment standard is set at 0.8, the average quality of OHS
services slowly rises up to approximately 0.5-0.6. Clearly,
it is preferable to have the punishment standard set at a
proper level, i.e., neither too low nor too high. When the
punishment standard Sp set by the Government agent is
too high, it becomes difficult for most Agency agents to
significantly improve their service quality within a short
period of time. In other words, when the government makes
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Figure 5: Evolution of OHS service quality in the situation of setting
the punishment intensity coefficients at 0.1, 0.8, and 1.5.

decisions regarding a punishment strategy, the punishment
standard established should conform to the present situation
pertaining to the strength of most service agencies. This will
truly and effectively stimulate service agencies to improve the
quality of their OHS services and to thus provide better OHS
services for SMEs.

4.4. Experiment 1.3: Evolution of OHS Service Quality under
a Certain Punishment Standard but with Different Punish-
ment Intensities. On the basis of adding Government agent-
related activities, the government punishment standard is set
constantly at Sp=0.6. The punishment intensity coefficients
are set at 𝛽=0.1, 0.8, 1.5, respectively. See the experimental
results in Figure 5.

The results of this experiment indicate that when the
punishment intensity is set at 0.1, the average quality of
OHS services stabilizes at approximately 0.2. When the
punishment intensity is set at 0.8, the average quality of
OHS services stabilizes at approximately 0.6-0.7. When the
punishment intensity is set at 1.5, the average quality of
OHS services also stabilizes at approximately 0.6-0.7. Clearly,
when the punishment intensity is set at 0.8, the level of
OHS services quality is improved. In contrast, when the
punishment intensity is set at the lower level (𝛽=0.1), the
quality of OHS services continuously trends downward, and
government regulation fails to exert a positive influence.
When the level of punishment intensity is much higher
(𝛽=1.5), the quality of OHS services is similar to that set at
0.8; however, a plenty of service agencies are found to die for
excessively high pressure, with the experiment in progress. It
is thus obvious that, when adopting a punishment strategy,
the punishment intensity should be set at a proper level, so as
to effectively promote the improvement of the quality of OHS
services.

4.5. Experiment II: Influence on the OHS Services of Small-
and Medium-Sized Enterprises after Introducing Policy Sup-
ports. The first step is to create the experimental samples,
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Figure 6: Situation before introducing policy supports.

that is, 1000 Factory agents, 20 Agency agents, and one
Government agent. The Agency agents have an initial ser-
vice level of S0 (wherein 𝑆0 ∈ (0, 1)). We assume that
Government agent offers supports to Agency agents who
are active in the market and whose service quality is above
Sr, wherein Sr represents the lower limit of service quality
adopted by the Government agent for carrying out support.
The support value IVsupport is expressed as 𝐼𝑉sup𝑝𝑜𝑟𝑡 = 𝛼 ⋅ (𝑠𝑡 −
𝑠𝑟) ⋅ 𝐼𝑛𝑐𝑜𝑚𝑒/𝑚, wherein 𝛼 represents the support intensity
coefficient, “Income” represents the total revenue of all service
agencies, and “Income/m” represents the average revenue.
That is, the higher the quality St of the OHS services provided
by service agencies, the higher the value of policy supports
those service agencies will receive.

4.6. Experiment 2.1: Evolution ofOHS ServiceQuality in Both a
Situation with Policy Supports and a Situation without Policy
Supports, and the Proportion of Enterprises Purchasing OHS
Services. In the situation before introducing policy supports,
Government agent-related activities are excluded. In the sit-
uation after introducing policy supports, Government agent-
related activities are added, and the support intensity coeffi-
cient is set at 𝛼=1.5. The lower limit of the quality of OHS
services for policy supports from the government (or the
support standard) is set at Sr=0.3. See the experimental results
in Figures 6 and 7.

The results of this experiment indicate that, before intro-
ducing policy supports, the average quality of OHS services
stabilizes at approximately 0.2 (a relatively low level), inwhich
case the number of SMEs purchasing OHS services accounts
for approximately 10% of the total number (a relatively small
percentage). However, after introducing policy supports, the
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Figure 7: Situation after introducing policy supports.

average quality of OHS services stabilizes at approximately
0.8-0.9 (a relatively high level on the whole), in which case the
number of SMEs purchasing OHS services is relatively large
and stabilizes at approximately 89%.Clearly, after introducing
policy supportmeasures, the quality of OHS services has seen
an apparent and significant improvement. This once again
proves that the improvement of the quality of OHS services
can effectively drive the growth of the market demand for
OHS services and promote the positive development of OHS
services.

4.7. Experiment 2.2: Evolution of OHS Service Quality under
a Certain Support Intensity but with Different Support Stan-
dards. On the basis of adding Government agent-related
activities, the support intensity coefficient is set constantly at
𝛼=1.5. The policy support standards of the government are
set at Sr=0.3, 0.6, and 0.8, respectively. See the experimental
results in Figure 8.

The results of this experiment indicate that when the
support standard is set at 0.3, the average quality of OHS
services rises up to approximately 0.8-0.9. When the support
standard is set at 0.6, the average quality of OHS services
stabilizes at approximately 0.6. When the support standard is
set at 0.8, the average quality ofOHS services is approximately
0.2-0.3. Clearly, when the support standard is set at too high a
level (Sr=0.8), the higher standard fails to exert any influence
on the quality of OHS services. This is because, when the
standard becomes too high, it becomes difficult for most
service agencies to live up to the criteria. In this case, the
support value IVsupport fails to exert the desired positive effect
on service agencies. In other words, the support policies
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Figure 8: Evolution of OHS service quality in the situation of setting
the support standards at 0.3, 0.6, and 0.8, respectively.

become ineffective. These results are also consistent with
observations of real-life situations, which suggests that an
excessively high support standard does not exert any positive
effect on the improvement of the quality of OHS services.
When the support standard is set at a relatively low level
(Sr=0.3, 0.6), the quality of OHS services provided by service
agencies (influenced by the function of the support value
IVsupport) becomes directly proportional to the support value.
In other words, the lower the support standard is, the stronger
the stimulationwill be to improve the quality ofOHS services.

4.8. Experiment 2.3: Evolution of OHS Service Quality under
a Certain Support Standard but with Different Support Coef-
ficients. On the basis of adding Government agent-related
activities, the support standard is set constantly at Sr=0.6.
The support intensity coefficients are set at 𝛼=0.5, 1.5, 3,
respectively. See the experimental results in Figure 9.

The results of this experiment indicate that when the
support intensity is set at 0.5, the average quality of OHS
services stabilizes at approximately 0.3-0.4.When the support
intensity is increased to 1.5, the average quality of OHS
services increases as well and stabilizes at approximately 0.6.
When the support intensity is increased to 3, the average qual-
ity of OHS services is continuously increased and stabilizes
at approximately 0.8. As clearly shown by these experimental
results, when the support intensity becomes too low, the
quality of OHS services fails to achieve the expected effect,
in which case policy supports become ineffective. Only when
the support intensity has reached a certain level can policy
supports be expected to exert their influence. In addition,
the higher the support intensity, the stronger the stimulation
effect on the improvement of the quality of OHS services.
This is because excessively low support intensity results in an
excessively low value of policy supports received by service
agencies. The profit thereby generated is insufficient to offset
the high cost of improving service quality. To put it in another
way, the higher the support intensity, the higher the value of
policy supports received by service agencies for improving
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Figure 9: Evolution of OHS service quality in the situation of setting
the support intensity at 0.5, 1.5, and 3.

the quality of their OHS services. When the support intensity
reaches a certain level, the motivation of service agencies
to improve the quality of their OHS services is significantly
enhanced, thus promoting the all-round improvement of the
quality of OHS services. These results are consistent with
observations of real-life situations.

4.9. Experiment III: Influence on the OHS Services of Small-
and Medium-Sized Enterprises after Introducing Quality Rat-
ings. The first step is to create the experimental samples,
that is, 1000 Factory agents, 20 Agency agents, and one
Government agent.TheAgency agents have an initial service
level of S0 (wherein 𝑆0 ∈ (0, 1)). To observe the influ-
ence of the OHS services quality rating strategy introduced
by the government, this experiment is designed with two
situations, namely, the situation before introducing quality
rating and the situation after introducing quality rating. To be
specific, in the situation after introducing quality rating, we
assume that Government agent regularly inspects the service
quality of Agency agents and conducts quality ratings of all
Agency agents. Those whose service quality falls within the
intervals of [0, 0.4], [0.4, 0.7], or [0.7, 1] are, respectively,
rated at grade C, grade B, or grade A. Factory agents can
observe the results of these quality ratings and thus more
clearly understand the service quality of Agency agents. See
the experimental results in Figures 10 and 11.

The results of our experiment indicate that, before intro-
ducing quality ratings, the average quality of OHS services
stabilizes at approximately 0.2 (a relatively low level). In this
case, the number of SMEs purchasing OHS services accounts
for approximately 10% of the total number (a relatively small
percentage). However, after introducing quality ratings, the
average quality of OHS services stabilizes at approximately
0.8 (a relatively high level on the whole). In this case, the
number of SMEs purchasing OHS services is obviously and
significantly increased and stabilizes at approximately 80%.
Clearly, when Factory agents can observe the service quality
of Agency agents, they will actively seek cooperation with
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Figure 10: Situation before introducing quality rating.

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

0 100 200 300 400 500 600 700 800 900

Avg.S

Time

Average quality of OHS services

0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
80.00%
90.00%

100.00%

0 100 200 300 400 500 600 700 800 900 Time

Proportion of Factory_agents that purchase OHS service

Figure 11: Situation after introducing quality rating.

those who provide high-quality services. This in turn clearly
shows that SMEs have a demand for high-quality OHS ser-
vices. Introducing the quality rating strategy can effectively
stimulate more SMEs to purchase high-quality OHS services
and further promote the high-quality development of OHS
services. This finding further proves that there is a mutually
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stimulating and interactive benign relationship between the
quality of OHS services and the market demand for OHS
services and that a positive developmental trend is hereby
formed.

5. Discussions and Conclusions

This paper focuses on the intervention measures taken by
the government in the development of the OHS market and
demonstrates which intervention measures can achieve the
real effective operating of the OHS service market. The effec-
tive operating of OHS service market means that enterprises
are willing to buy services, and the services they bought are
of high quality. The results of evolutionary experiments show
that different interventions lead to different implementation
effects and have different implementation conditions. Each
intervention has certain constraints, advantages, and disad-
vantages. This means that the government should choose
interventionmeasures according to actual circumstances. For
example,

(1) Considering the effect of punishment strategy, the
government should set appropriate punishment standard and
intensity. It is difficult to stimulate the service agencies to
improve service quality under excessive or too low punish-
ment standard, or too low punishment intensity. Similarly,
when the punishment intensity becomes too high, it is helpful
to enhance the quality of service, but a large number of service
agencies will die, which will be nonconducive to market
development.

(2) Appropriate policy support standard and intensity
of government are beneficial. Excessive support standard
led to the fact that most service agencies are difficult to
meet the requirements. In such cases, policy supports cannot
truly exert any significant positive influence. Meanwhile, it
is also not desirable to set the support intensity at too low
a level, as the profit generated in this case is insufficient to
offset the high cost of improving service quality. In other
words, the expected effect of stimulating the improvement of
service quality fails to be achieved.Therefore, according to the
current level of market service quality, government should
reduce support standards to improve support, so that service
agencies are effectively supported by policy support, which
promotes the service agencies to enhance the quality of OHS
service.

(3) When the government introduces quality ratings
of OHS services and discloses the results of such ratings,
enterprises can actively seek cooperation with those who
provide high-quality services by observing their service qual-
ity rating. This measure could also stimulate the significant
improvement of the quality of OHS services and drive service
market development.

Besides that, by comparison of the different governmental
interventions, all the government interventions can effec-
tively improve the quality of service under certain circum-
stances, simultaneously, increase the number of enterprises
which buy OHS services, and ensure the good development
of the market. However, each intervention has its advantages
and disadvantages. From the perspective of the operation of

the OHS service market, policy support strategy is the most
effective way. It can motivate to a great extent the service
agencies to improve their service quality and ensure the
proper development of the market as long as the government
reduces the support standard and increase the support
intensity. In comparison to policy support strategy, the pun-
ishment strategy calls for extra attention to the standard and
the intensity. The strategy would be ineffective if the standard
and the intensity are set too low; however, when the standard
and the intensity are set too high, the service agencies would
have difficulty in greatly improving their services in a short
period and would have to withdraw from the market at last,
which goes against the prospect of sound operation of the
OHS service market. From the prospective of the practicality
of policy implementation, policy support strategy demands
a great amount of fund from the government, which is
rather difficult in reality. In contrast, punishment strategy and
quality ratings strategy only incur costs in quality verification,
and this is rather more feasible. By comparison, it can be
seen that policy support strategy is the most effective way
to promote OHS service development, however, which is at
the cost of high regulatory expenses. Punishment strategy
is similarly effective, but it will bring too much pressure to
the OHS service agencies. Quality ratings strategy is not only
effective to the OHS service agencies, but also economic to
the government.

Our study, however, is still fallible to limitations. First of
all, we have set a general situation to achieve the simulation.
On the basis of reality, we assume that the cost of SMEs’ self-
built OHS system is higher than that of purchasing OHS ser-
vices; SMEs are unable to tell the quality ofOHS services from
the price; and quality OHS services are bound to improve the
corporates’ OHS quality. Therefore, the results of this study
are valid in general situations, and the results may deviate
in special situations when the postulated conditions change.
Secondly, our study only takes governmental intervention
strategies into consideration and does not introduce other
interested agents into the playing field, which, though it
goes beyond this study, is very important for future studies.
Thirdly, in regard to the setting of quality rating strategy, this
essay only verifies whether the strategy yields quality rating
effects. In the future, the author will delve into the way of
information disclosure of different rating systems.

Despite all these limitations, this research develops a
rigid experimental framework dedicated to analyzing the
influence of different intervention strategies on SMEs’ OHS
service quality. It also provides an evolution experiment, with
three specific strategies applicable to various situations, to
examine the influence of different governmental intervention
strategies on SMEs’ OHS service quality. Every strategy
experiment consists of one or several control experiments.
The results of the experiments can tell the positive influence
that government interventions exert on OHS service quality
and how to control the standard and the intensity of various
strategies to achieve the optimum results.

In consideration of the experiment results, this paper
argues that, in order to ensure the operation of OHS ser-
vice market so as to help SMEs build the OHSAS18001
system efficiently, the government should take intervention
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strategies to control OHS service quality and the strategies
may be reasonable and moderate, as the Chinese SMEs’
OHS management is lagging far behind the OHSAS18001
standards.Meanwhile, the intervention should fit theChinese
national conditions and the current situation of the service
market, for instance, in the initial stage of the market, if
the government has a good finance, is willing to invest,
and adopts incentive methods that will activate the energy
of the market. When the market researches a certain scale,
the government can adopt the strategies of punishment and
quality rate information exposure, strengthen the service
quality supervision of service organizations, encourage ser-
vice organizations to improve service quality, standardize
behavior of the market, and guide good operation of the
market. Therefore, considering environment of the market
and the supervision cost, the government can choose the
most appropriate intervention, prevent the failure of OHS
service market, stimulate development of the market, and
finally maintain the OHS level of SMEs.
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[7] I. Nuñez, “Outsourcing occupational safety and health: An
analysis of the make or buy decision,” Human Resource Man-
agement, vol. 48, no. 6, pp. 941–958, 2009.

[8] S. A. Shapiro, “Outsourcing government regulation,”Duke Law
Journal, vol. 53, no. 2, pp. 389–434, 2004.

[9] G. Santos, S. Barros, F. Mendes, and N. Lopes, “The main
benefits associated with health and safety management systems
certification in Portuguese small and medium enterprises post
qualitymanagement system certification,” Safety Science, vol. 51,
no. 1, pp. 29–36, 2013.

[10] K. B. Olsen and P. Hasle, “The role of intermediaries in deliv-
ering an occupational health and safety programme designed
for small businesses - A case study of an insurance incentive
programme in the agriculture sector,” Safety Science, vol. 71, pp.
242–252, 2015.

[11] L. V. Kvorning, P. Hasle, and U. Christensen, “Motivational fac-
tors influencing small construction and auto repair enterprises
to participate in occupational health and safety programmes,”
Safety Science, vol. 71, pp. 253–263, 2015.

[12] P. Hasle, “Working environment interventions [J],” Safety Sci-
ence, vol. 68, no. 10, pp. 73–80, 2014.

[13] S. J. Legg, K. B. Olsen, I. S. Laird, and P. Hasle, “Managing safety
in small and medium enterprises,” Safety Science, vol. 71, pp.
189–196, 2015.

[14] A. H. Okun, J. P.Watkins, and P. A. Schulte, “Trade associations
and labor organizations as intermediaries for disseminating
workplace safety and health information,” American Journal of
Industrial Medicine, vol. 60, no. 9, pp. 766–775, 2017.

[15] D. Masi and E. Cagno, “Barriers to OHS interventions in Small
andMedium-sized Enterprises,” Safety Science, vol. 71, pp. 226–
241, 2015.

[16] E. Farina, A. Bena, and A. Dotti, “Impact on safety of a
preventive intervention in metalworking micro-enterprises,”
Safety Science, vol. 71, pp. 292–297, 2015.

[17] D. Ramos, P. M. Arezes, and P. Afonso, “A systematic approach
for externalities in occupational safety through the use of
the delphi methodology,” in Proceedings of the International
Symposium on Safety and Hygiene, SHO 2015, pp. 251–254,
Portugal, February 2015.

[18] B. Nowrouzi, B. Gohar, B. Nowrouzi-Kia et al., “Facilitators
and barriers to occupational health and safety in small and
medium-sized enterprises: a descriptive exploratory study in
Ontario, Canada,” International Journal of Occupational Safety
and Ergonomics, vol. 22, no. 3, pp. 360–366, 2016.

[19] D. Demeritt, H. Rothstein, A.-L. Beaussier, and M. Howard,
“Mobilizing risk: Explaining policy transfer in food and occu-
pational safety regulation in theUK,”Environment and Planning
A, vol. 47, no. 2, pp. 373–391, 2015.

[20] L. Pascale, “WorkersCompensation Insurance: Incentive Effects
of Experience Rating on Work-related Health and Safety [J],”
Working Papers, 2015.

[21] T. R. Cunningham and R. Sinclair, “Application of a model for
delivering occupational safety and health to smaller businesses:
Case studies from the US,” Safety Science, vol. 71, pp. 213–225,
2015.



BioMed Research International 15

[22] Q. Ma, L. Shi, L. Hu, Q. Liu, Z. Yang, and Q. Wang, “Neural
features of processing the enforcement phrases used during
occupational health and safety inspections: An ERP study,”
Frontiers in Neuroscience, vol. 10, 2016.

[23] U. Lenhardt and D. Beck, “Prevalence and quality of workplace
risk assessments - Findings from a representative company
survey in Germany,” Safety Science, vol. 86, pp. 48–56, 2016.

[24] K. Hausken and J. Zhuang, Game Theoretic Analysis of Conges-
tion, Safety and Security [M], Springer, 2015.

[25] P. Lengagne, “Experience Rating andWork-RelatedHealth and
Safety,” Journal of Labor Research, vol. 37, no. 1, pp. 69–97, 2016.

[26] R. R. Habib, G. Blanche, F. Souha, F. El-Jardali, and I. Nuwayhid,
“Occupational health and safety in hospitals accreditation sys-
tem: the case of Lebanon,” International Journal of Occupational
Medicine and Environmental Health, vol. 22, no. 3, pp. 201–208,
2016.

[27] R. Y. Sunindijo, “Improving safety among small organisations
in the construction industry: Key barriers and improvement
strategies,” in Proceedings of the 5th Euro Asia Civil Engineer-
ing Forum Conference, EACEF 2015, pp. 109–116, Indonesia,
September 2015.

[28] Y. Chen, “Study on the Risk Evaluation ofGovernment Purchas-
ing Public Service Based on Matter Element Extension Model,”
Open Journal of Social Sciences, vol. 06, no. 02, pp. 127–143, 2018.

[29] J. Gao, Y. Zhang, and Y. University, “The Positive Role of
Big Data in the Government’s Purchasing Public Services [J],”
Journal of Management, 2016.

[30] S. Jilke, W. Van Dooren, and S. Rys, “Discrimination and
Administrative Burden in Public Service Markets: Does a
Public–Private Difference Exist?” Journal of Public Administra-
tion Research andTheory, vol. 28, no. 3, pp. 423–439, 2018.

[31] A. Kakabadse and N. Kakabadse, “Outsourcing in the public
services: A comparative analysis of practice, capability and
impact,” Public Administration and Development, vol. 21, no. 5,
pp. 401–413, 2001.

[32] I. Cunningham and P. James, “Analysing public service out-
sourcing:Thevalue of a regulatory perspective [J],”Environment
& Planning C, vol. 35, no. 6, 2017.

[33] C. Defeuilley, “Competition and Public Service Obligations:
Regulatory Rules and Industries Games,” Annals of Public and
Cooperative Economics, vol. 70, no. 1, pp. 25–48, 1999.

[34] J. Ma, “Research on Government Procurement Supervision
Performance based on the New Normal Public Service [J],”
Innovation Science & Technology, 2015.

[35] Q. Chen, Balance and Enhancement: Thinking about the Opti-
mization of Public Service Supervision in China [J], Chinese
Public Administration, 2013.

[36] X. ZhangW andH. ZhanG, “Holistic GovernanceMechanisms
and Effective Supply of Rural Public Services [J],” Journal of
Northwest A & F University, 2016.

[37] J. Sarisky and J. Gerding, “Environmental public health systems
and services research,” Journal of Environmental Health, vol. 73,
no. 10, pp. 24-25, 2011.

[38] M. J.Wooldridge,An Introduction toMulti-Agent Systems,Wiley
& Sons, vol. 4, no. 2, pp. 125–128, 2009.

[39] Y. Wang and M. P. Singh, “Evidence-based trust: A mathemati-
cal model geared for multiagent systems,” ACMTransactions on
Autonomous and Adaptive Systems (TAAS), vol. 5, no. 4, 2010.

[40] R. Hafezi, J. Shahrabi, and E. Hadavandi, “A bat-neural network
multi-agent system (BNNMAS) for stock price prediction: Case
study of DAX stock price,” Applied Soft Computing, vol. 29, pp.
196–210, 2015.

[41] B. Behdani, Z. Lukszo, A. Adhitya, and R. Srinivasan, “Perfor-
mance analysis of a multi-plant specialty chemical manufac-
turing enterprise using an agent-based model,” Computers &
Chemical Engineering, vol. 34, no. 5, pp. 793–801, 2010.

[42] G. Santos, T. Pinto, H. Morais et al., “Multi-agent simulation of
competitive electricity markets: Autonomous systems cooper-
ation for European market modeling,” Energy Conversion and
Management, vol. 99, pp. 387–399, 2015.

[43] Q. Meng, Z. Li, H. Liu, and J. Chen, “Agent-based simulation of
competitive performance for supply chains based on combined
contracts,” International Journal of Production Economics, vol.
193, pp. 663–676, 2017.

[44] M. Shafie-Khah and J. P. S. Catalão, “A stochastic multi-layer
agent-based model to study electricity market participants
behavior,” IEEE Transactions on Power Systems, vol. 30, no. 2,
pp. 867–881, 2015.

[45] W. Y. Oi, “The Economics of Product Safety,” Bell Journal of
Economics, vol. 4, no. 1, pp. 3–28, 1973.

[46] M. Lu, C.M. Cheung, H. Li, and S.-C. Hsu, “Understanding the
relationship between safety investment and safety performance
of construction projects through agent-based modeling,” Acci-
dent Analysis & Prevention, vol. 94, pp. 8–17, 2016.

[47] Y. Sun and J.-S. Qian, “EWA Selection Strategy with Channel
Handoff Scheme in Cognitive Radio,” Wireless Personal Com-
munications, vol. 87, no. 1, pp. 17–28, 2016.

[48] A. Gregorczyk, “The logistic function - Its application to the
description and prognosis of plant growth,” Acta Societatis
Botanicorum Poloniae, vol. 60, no. 1-2, pp. 67–76, 1991.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

