

[image: image1]
Internet Public Opinion Diffusion Mechanism in Public Health Emergencies: Based on Entropy Flow Analysis and Dissipative Structure Determination












	
	ORIGINAL RESEARCH
published: 15 October 2021
doi: 10.3389/fpubh.2021.731080






[image: image2]

Internet Public Opinion Diffusion Mechanism in Public Health Emergencies: Based on Entropy Flow Analysis and Dissipative Structure Determination

Wanlian Li, Feng Zeng, Wei Zhou* and Zhishao Chen

College of Public Administration and Law, Hunan Agricultural University, Changsha, China

Edited by:
Kuang-Cheng Chai, Guilin University of Electronic Technology, China

Reviewed by:
Yung-Shuan Chen, Dongguan University of Technology, China
 Jiazheng Xia, Jiangsu Vocational Institute of Commerce, China

*Correspondence: Wei Zhou, zhouw@hunau.edu.cn

Specialty section: This article was submitted to Digital Public Health, a section of the journal Frontiers in Public Health

Received: 26 June 2021
 Accepted: 09 September 2021
 Published: 15 October 2021

Citation: Li W, Zeng F, Zhou W and Chen Z (2021) Internet Public Opinion Diffusion Mechanism in Public Health Emergencies: Based on Entropy Flow Analysis and Dissipative Structure Determination. Front. Public Health 9:731080. doi: 10.3389/fpubh.2021.731080



As an empirical case, this study selected the illegal production process incidents of rabies and DPT (Diphtheria, Pertussis, Tetanus) vaccines by Changchun Longevity Biotechnology Co., Ltd., which occurred in July 2018. Based on the four factors involved in the spread of public opinion, the public health emergency, netizen, network media, and government, Brusselator model, and entropy method were applied to calculate the positive and negative entropy—to verify whether the Internet public opinion system is a dissipative structure. This study verified four evolution mechanisms in Internet public opinion diffusion, among which the trigger point of entropy-control occurred in the germination mechanism, the entropy-controlled disposal point occurred in the outbreak and fluctuating mechanism, and then became latency in the elimination mechanism. It provides a theoretical reference for the government to judge the stage of such diffusion and improve the governance ability of the opinion mentioned above.
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INTRODUCTION

In recent years, with the frequent occurrence of public health emergencies, research on Internet public opinion related to such events has also become an essential part of public health crisis management. The Internet public opinion describes the influence scope and disaster situation of public health events in the real space (1). Moreover, compared to traditional methods (systematic review and focus group study), analysis of online comments to news media reports is considered a faster and cheaper alternative while ensuring the breadth (2). On the other hand, if the relevant public opinion is not effectively supervised and guided in the transmission process, it is easy to cause serious social problems (3). Undoubtedly, social media has become the platform of the public to get information and express opinions and feelings (4).

Jo et al. (5) summarized and analyzed the public anxiety in the early stages of coronavirus disease 2019 (COVID-19) and evaluated the suitability of network information. They found a need to monitor public anxiety in the early stage of an outbreak. Furthermore, measuring public sentiment is essential for developing effective disease control policies (5). Using Twitter, Xiong et al. adopted sentiment analysis and a topic model to find that public opinion could help local governments with emergency responses (6). He et al. argue that the knowledge management framework of large-scale social media platform data should be constructed, and Internet public opinion should be monitored and analyzed using big data technology and knowledge management systems (7).

China has experienced an increasing number of public health emergencies in recent years, such as the illegal vaccine case of Shandong province, Ebola epidemic, African swine fever, hospitals in Hainan province selling fake HPV vaccines, 69 people infected with hepatitis C in a hospital in Jiangsu Province, and the COVID-19 outbreak. The Internet public opinion about such events is also spreading and developing rapidly in China, which can easily cause social panic. Meanwhile, it poses new challenges to effective handling of public health emergencies and maintaining an orderly and healthy Internet public opinion environment of the government.

With the largest Internet user population in the world, Internet public opinion of China is growing in influence. According to the 44th “Statistical Reports on Internet Development in China,” released by the China Internet Network Information Center (CNNIC) in August 2019, as of June 2019, netizens of China reached 854 million; network coverage reached 61.2% (8). The new media communication platform represented by Weibo, WeChat, Weishi, among others, has become the primary front for the spread of public opinion on public health emergencies. Because the new media platform is open, convenient, anonymous, and has a low threshold, it enables people to freely access information, express their opinions, and convey their views. This allows public opinion to be efficiently, truly, sharply and adequately reflected. At the same time, it is a real-time barometer and accurate direction indicator for government to screen the trend of public opinion on the Internet and understand it promptly.

The spread of Internet public opinion refers to an influential and biased opinion collection that consists of the emotions, attitudes, and opinions of the public on hot topics related to their own or social interests. This study is based on these four major factors involved in the spread of public opinion on public health emergencies: the public health emergencies, netizens, network media, and the government. By collecting data from public opinion-monitoring platforms, this study adopted entropy flow analysis to determine whether the Internet public opinion system forms a dissipative structure and then analyzed the diffusion mechanism of public health emergencies. This study has implications for providing theoretical references for a better understanding of public opinion evolution of public health events and improving public health crisis management. Existing literature mostly focuses on the causes, contents, and correct guidance of Internet public opinion. This study focuses on how to understand and judge the effective timing of public opinion governance and adopt the right means at the right time, which has certain contributions to the governance of Internet public opinions of similar events. However, this study selected a single typical case for analysis; in future research, comparative analysis of multiple cases can be carried out to enhance the rigor of research conclusions.



THEORETICAL FRAMEWORK AND LITERATURE REVIEW


Theoretical Analysis of Entropy Flow

Entropy is the amount of disorder in a system at any given time. Entropy theory defines disorder entropy as positive entropy dSA and order entropy as negative entropy dSB according to the different degrees of order and disorder of the system (9).

The total entropy of the system is composed of positive and negative entropy. The entropy generated within the system has irreversible characteristics and disorders for a single closed and isolated system. Thus, the positive entropy dSA is formed spontaneously and is always greater than zero. The higher the entropy value of a single closed system, the worse the internal organizational ability of the system, and the greater and higher the degree of disorder. The smaller the entropy value, the stronger the internal organization ability, the smaller the degree of disorder, the higher the order degree. However, for a single-open system, the total entropy of the system is affected by the positive entropy dSA and the negative entropy dSB. The positive entropy is the irreversible disordered entropy spontaneously formed in the system, which always has dSA ≥ 0. The negative entropy is the ordered entropy flowing into the system from the outside, and its entropy value is negative, which can be canceled by the disordered entropy. With a decrease in the total entropy, the system evolves from disorder to order and stabilizes (10, 11).

In this study, the Internet public opinion diffusion system of public health emergencies is considered an open system composed of internal and external environments. The positive entropy is the disordered entropy formed spontaneously by public health emergencies and the internal environment of the Internet public opinion system composed of netizens, and its entropy value is positive. On the other hand, the negative entropy is the ordered entropy injected into the system by the external environment of the Internet public opinion system composed of government and network media. Furthermore, its entropy value is negative, which can counteract the disorder entropy. Thus, the Internet public opinion system of public health emergencies is an open system composed of the events themselves: netizens, network media, and the relevant government departments. Furthermore, its diffusion process is based on the condition of transforming from a disordered non-equilibrium state to an ordered equilibrium state and reaching the new ordered, stable system.

The expression of the total entropy change of the Internet public opinion system in public health emergencies is as follows:
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where dAS is the irreversible entropy increase in the system, which belongs to the positive entropy. The disordered entropy spontaneously formed by the internal environment of the Internet public opinion system composed of public health emergencies and netizens, with constant dAS > 0. dBS is the entropy flow from outside the system, which belongs to the negative entropy. Finally, the ordered entropy injected into the system by the external environment of the Internet public opinion system is composed of network media and government, with constant dBS < 0.

The total entropy of the system can be positive and negative, and the positive and the negative are mainly affected by the information supply and demand gap between the information demand side (public health emergencies and netizens) and the information supply side (government and network media).

If the positive entropy input is greater than the negative entropy, it may lead to a positive total entropy value of the system. This indicates that the system is in a state of disorder and confusion; netizens still have demand for the truth regarding the event, and the process of Internet public opinion diffusion has not subsided. Contrastingly, if the positive entropy input is less than the negative entropy input, the total entropy value of the system may be negative. This indicates that the system is in an orderly and stable state, the netizens know the truth about the event, and the spread of Internet public opinion will gradually subside.



Dissipative Structure Theory

Professor Prigogine, a Belgian scientist, first proposed the theory of dissipative structure in the 1960's. In this theory, the system changes from a disordered non-equilibrium state to an ordered equilibrium state by exchanging materials with outside. Finally, it forms a new ordered, stable structure known as a dissipative mechanism. The Brusselator model was proposed to conduct a quantitative analysis of the dissipative structure of systems (12). This method is widely used to verify whether a system has a dissipative structure (13). The Brusselator reaction sequence is as follows:

[image: image]

where A and B are the initial reactants of the Internet public opinion system, D and E are the reaction products of the system, and they remain the same. X and Y are intermediate products of the system, and their amount varies with the length of the opinion diffusion time. The Brusselator diffusion dynamics model is expressed as follows:
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If A > 0 and when B > 0, it represents the exchange of information between the external environment and the system; the expression has a unique equilibrium point X = A, Y = B/A, with the critical condition B > 1 + A2. Thus, the model can analyze the positive and negative entropy of Internet public opinion system.

Applying the Brusselator model, A and B are defined as the positive and the negative entropy flows, respectively, making the Internet public opinion diffuse. D and E represent the two states when the four factors in the system diffuse. D is a non-dissipative structure, E is a dissipative structure, and X and Y are intermediate state I and intermediate state II of the diffusion process, respectively (14).

According to the equation and inference of the Brusselator model, only when B > 1 + A2 does the system produces self-organization behavior. When the input of negative entropy B in the external environment is small, and the critical condition is not reached, the positive entropy plays a leading role in the system. Additionally, the diffusion of Internet public opinion does not become a dissipative structure, which indicates that the diffusion still tends to be chaotic and disordered. When negative entropy B is input, the external environment reaches the critical value; the system is in a crucial state, which indicates that the system and the external environment no longer exchange information and tend to be stable. Suppose the input of negative entropy B in the external environment exceeds the critical value. In that case, the system will become a dissipative structure, which indicates that the diffusion of public opinion in the network will gradually and steadily develop and progressively dissolve. Based on the formula |B| > 1 + A2, the criterion of the dissipative structure of the diffusion process of the system is deduced. The expression is as follows:
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According to the above expression, in the process of public opinion diffusion in public health emergencies, as long as the concentration of positive and negative entropy A and B is controlled and the conditional relationship |B| > 1 + A2 is reached, the system will evolve from imbalance to order.



Crisis Life Cycle Theory

The public opinion diffusion process has its life cycle. The process of dividing the life cycle of the evolution of public opinion is based on crisis life cycle theory. Fink first proposed a four-stage theoretical model of public crisis communication, which divided the crisis life cycle into prodromal (the warning stage), acute (when the crisis occurs), chronic crisis stage (the cleanup stage), and crisis resolution stage (15). In 1992, Pauchant and Mitroff proposed a five-stage theoretical model, which indicates the following: detection of the crisis (warning signs), prevention/preparation of the crisis (prepare for its occurrence), containment (efforts to limit the duration of the crisis and localize it), recovery (restoring order), and learning (evaluation and examination) (16).

Coombs proposed a three-stage model comprising the precrisis (actions that organizations perform before a crisis), crisis (recognition, containment, and business resumption), and postcrisis stages (prepared for the next crisis and make a positive impression of the management abilities of the government) (17). He et al. investigated the online opinions of young college students and divided the online public opinion diffusion process into four stages: prodromal, outbreak, fluctuating, and fading stages (18). Zhao et al. found that the attention of the public during the COVID-19 epidemic can be divided into three stages based on their study of Sina Microblog hot search list: incubation period (low and unstable public attention), epidemic period (concentrated increase), and widespread period (continued public attention) (19).

Public health emergencies are public crisis events, and public opinion diffusion in public health networks is similar to that of crisis information dissemination. Therefore, this theory has essential reference and guiding value for studying the period of Internet public opinion diffusion.

In summary, this study makes the following deductions. First, at the beginning of the event, due to the sensitivity of the event and the urgent needs of netizens, the original balance of the Internet public opinion system was broken, which prompted the germination stage, and public opinion began to spread. Then, as the external negative entropy of the system gradually increases, and when the absolute value of the negative entropy is greater than the positive entropy value, public opinion enters the stage of elimination. Finally, the system reaches a dissipative structure.

The total entropy change of the system shows that the spread of Internet public opinion of this event has undergone a process of order before germination, disorder during germination, chaos during an outbreak and fluctuation, and gradually formed an orderly and stable development in the final elimination stage. The process of dissipative structure formation of Internet public opinion diffusion in public health emergencies is illustrated in Figure 1.


[image: Figure 1]
FIGURE 1. The process of dissipative structure formation of Internet public opinion diffusion.





METHODOLOGY AND MEASUREMENT


Positive and Negative Entropy Index

The main body of the internal environment of public opinion systems for public health emergencies is public health events and netizens, which are the primary sources of the positive entropy.

“Event entropy” is reflected by the heat of Internet public opinion on public health emergencies, expressed as the degree of gathering such opinion and the change in public opinion pressure. Due to the initial outbreak of public health emergencies, the public urgently needs the truth regarding the event and the handling of the event, so the “netizen entropy” is generated. Therefore, the amount of reading, commenting, forwarding, and likes can be expressed as netizen entropy.

The media and government are the main bodies of the external environment of the system. The negative entropy of the system is mainly composed of the “media entropy” and the “government entropy.” Therefore, the system should be promoted from disorder to orderly development.

“Media entropy” refers to the amount of media tracking, reporting, and spreading information on public health emergencies, which can be reflected by the media index and the amount of media reporting at the central level. “Government entropy” is the information publicity and handling behavior of relevant government departments such as the State Council, the provincial and municipal healthcare commission. It mainly releases information through web portals, so the release of the government plays an essential role in guiding the spread of Internet public opinion of the event, which can fully reflect the entropy of the government. The notification and disposal of the event of the government were counted from the horizontal diffusion (regions) and vertical diffusion (government level) to serve as the assignment of government release.

The positive and negative entropy index system of the Internet public opinion system of public health emergencies is presented in Table 1.


Table 1. Positive and negative entropy index system of internet public opinion system.

[image: Table 1]
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FIGURE 2. Regional distribution of netizens involved in Changchun Longevity Biotechnology Co., Ltd., vaccine fraud incident (www.zhiweidata.com). The nine provinces marked with numerical values are the most active netizens in this public opinion event, and the numerical values represent their proportion in the top nine.




Data Processing

Due to the difference in dimensionality, quantity grade, and utility of the positive and negative entropy index, the extremum standardization method is used to make the data dimensionless. It is necessary to shift the data to avoid an invalid logarithm of negative entropy. Xij is the value of the index j in the stage i(i = 1, 2, …m; j = 1, 2, …n). The normalized value Zij after normalization is expressed as follows:

When Xij, it is a positive entropy indicator:

[image: image]

When Xij, it is a negative entropy indicator:

[image: image]
 

Model Operations
 
Calculation of Positive Entropy in Internet Public Opinion System

The Changchun Longevity Biotechnology Co., Ltd., vaccine fraud period was from July 15, 2018, to August 10, 2018. Based on the critical nodes of events, the diffusion process of event Internet public opinion is divided into four stages: germination stage X1 (July 15 to July 22), outbreak stage X2 (July 23 to July 26), fluctuation stage X3 (July 27 to August 8), and elimination stage X4 (August 9 to August 10). Thus, the proportion of each indicator of the index system of the positive entropy flow presented in Table 1 (mA = 4, nA = 3) can be calculated as follows:
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Make [image: image], then the entropy value of each index in the positive entropy flow index system is

[image: image]

The above equation satisfies 0 ≤ eAj ≤ 1, and the information entropy redundancy (difference coefficient) of each index is

[image: image]

The weight of the index i can be obtained from the different coefficients of each index:

[image: image]

The positive entropy of the Internet public opinion system is

[image: image]
 

Calculation of Negative Entropy Value in Internet Public Opinion System

For the negative entropy flow index system presented in Table 1 (mB = 4, nB = 3), the proportion of each index is

[image: image]

Make [image: image], then the entropy of each index in the negative entropy system is:
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The above equation satisfies −2 ≤ eBi ≤ 0, and the different coefficient of each index is

[image: image]

According to the different coefficients of each index, the weight of the index i can be obtained as follows:
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The negative entropy of the Internet public opinion system is

[image: image]

According to the weight of each index, the comprehensive score of the spread of Internet public opinion in each stage can be obtained as follows:

[image: image]

The test formula for the calculation results is as follows:

[image: image]

If Wj is not 1, it indicates that the calculation result is incorrect.



Determination of the Dissipative Structure of Internet Public Opinion System

The essence of the evolution process that emphasizes the transformation of a disordered state to an ordered state in a dissipative structure system is to inject ordered negative entropy flow in time and reduce the generation of positive entropy flow. For example, the Internet public opinion system of public health emergencies is an open system formed by the interaction of four factors (public health emergency, netizens, social media, and government departments). It transforms from a disordered non-equilibrium state to an ordered equilibrium state. Furthermore, it achieves a new entropy change process of an ordered and stable system, which meets the requirements of the judgment model of the dissipative structure.

Therefore, according to the classical Brusselator diffusion dynamics model (12), the positive and negative entropy flow system of the Internet public opinion system for public health emergencies is calculated. Moreover, the positive and negative entropy values of its diffusion process are obtained. According to the criterion, the entropy value calculation results are substituted into equation (4) to determine whether the diffusion reaches the dissipative structure.





EMPIRICAL STUDY


Case Description

As an empirical case, this study selected the illegal production process incidents of rabies and diphtheria, pertussis, tetanus (DPT) vaccines by Changchun Longevity Biotechnology Co., Ltd., which broke out in July 2018. According to the critical nodes of public opinion development (Figure 3), the diffusion process of event Internet public opinion is divided into four stages: germination stage X1 (July 15 to July 22), outbreak stage X2 (July 23 to July 26), fluctuation stage X3 (July 27 to August 8), and elimination stage X4 (August 9 to August 10).


[image: Figure 3]
FIGURE 3. Changchun Longevity Biotechnology Co., Ltd. vaccine fraud incident: Internet public opinion development trend (source: ZhiWeiData). The vertical axis represents the number of pieces of information; the horizontal axis represents the date.


The Internet public opinion spread situation regarding the Changchun Longevity Biotechnology Co., Ltd., vaccine fraud can be roughly divided into anger and pain (germination), accountability (outbreak and fluctuation), disposal, and reflection (elimination).


Internet Public Opinion Germination: Anger and Pain

The period during which Internet public opinion was triggered was July 15 to 22, 2018; the public expressed anger and sad emotional tendencies, with an upward trend. The State Drug Administration circulated a notice about the company regarding falsified records and the illegal production of vaccines on July 15, 2018. Although the move did not attract wide public attention, people began to express anger and sadness on major social media platforms.

On July 16, “Guangming Daily,” “Beijing News,” “People's Daily,” “CCTV News,” and other relevant authoritative central media began to report the incident and reprint the official response of the government. Thus, the Internet public opinion field was constantly developing.

On July 17, ZAKER News (a well-known Chinese information publishing platform) first released a report that employees of Changchun Longevity Biotechnology Co., Ltd., were under the “seal fee,” which has long been an indicator of suspected criminal activity. Subsequently, “China News Network” and other media sources reprinted the article.

On July 19, the Food and Drug Administration of Jilin province fined Changchun Longevity Biotechnology Co., Ltd., 3.4429 million RMB for the illegal production of vaccines. As a result, the focus shifted to how government departments deal with such matters.

On July 20, after a review article published by the Procuratorial Daily (a media platform hosted by the Supreme People's Procuratorate of the People's Republic of China), the relevant Internet public opinion volume increased again. Major network platforms such as Weibo and WeChat continued to publish updates, and many netizens were involved in forwarding and following.

On the evening of July 21, an article released from We-Media titled “King of Vaccines” triggered shock and panic, exposed the scandals of jerry-building, fraud, evasion of supervision, low antigen content of vaccine, and many more. Furthermore, it revealed that a batch of about 250,000 doses of DPT vaccine produced by Changchun Longevity Biotechnology Co., Ltd., that had failed tests had been sold to Shandong province.

On July 22, Prime Minister Keqiang Li gave instructions on the vaccine fraud incident. Internet public opinion began to soar, causing netizens to continue paying attention to and discussing the public health emergency. Additionally, the volume of network public opinion on various social platforms also peaked on the same day.



Outbreak and Fluctuation of Internet Public Opinion: Accountability

On July 23 and 26, 2018, Internet public opinion continued to erupt and increase in volume. The government's handling of the incident and the health of vaccinated children has become a spotlight of public attention. Therefore, the overall emotional tendency of netizens was mainly related to accountability.

Following the instructions of the Prime Minister on July 22, “people.cn,” “China National Radio,” and other central media reprinted the instructions, and incident-related Internet public opinion continued to “heat up” in tone.

On July 23, General Secretary Jinping Xi issued a vital directive, stressing that all government departments should attach great importance to the incident, immediately file a case for investigation, determine the truth regarding the incident, be seriously accountable, and handle it per laws and regulations. Consequently, the volume of related public opinion on WeChat, Weibo, and other major social platforms peaked.

On July 24, the Commission for Discipline Inspection of Jilin province investigated the corruption in the Changchun Longevity Biotechnology Co., Ltd., vaccine fraud case. It detained the chairman per the law.

On July 25, the flow and the control of fraudulent vaccines were reported by the State Drug Administration.

On July 26, the former party secretary and director of Jilin Provincial Food and Drug Administration was prosecuted for bribery.



Elimination of Internet Public Opinion: Disposal and Reflection

Those involved were investigated and punished, and the topic “vaccine fraud incident” gradually became less of a hot topic. Subsequently, netizens began to reflect more on whether such fraud would be repeated. However, from July 27 to August 8, 2018, the follow-up of “where the vaccine in question went” and the quality of the vaccine were still critical points of public concern.

On July 27, the State Council ascertained the facts and issued a circular.

On August 6, the State Council investigation team announced its progress regarding its investigation of the illegal production of rabies vaccines at Changchun Longevity Biotechnology Co., Ltd.

On August 8, the government introduced a rabies vaccine reinsertion program.




Entropy Value Calculation and Determination of the Dissipative Structure
 
Positive and Negative Entropy Flow Calculation

The original values of the positive and negative entropy indexes in four stages (germination, outbreak, fluctuation, and elimination) are reported in Table 2. As the dimensionality of each index is different, this study uses the extreme value standardization method to conduct the dimensionless processing of each index and continues the standardization calculation to the initial value according to formulas (1) and (2). The calculation results are presented in Table 3.


Table 2. Original values of positive and negative entropy index.

[image: Table 2]


Table 3. Normative values of positive and negative entropy index.

[image: Table 3]

This study obtained the P matrix of positive and negative entropy of the Internet public opinion system of the Changchun Longevity Biotechnology Co., Ltd., vaccine event (Table 4) using the formula (3). Based on the P-value, the contribution degree of the positive and negative entropy indexes in the germination, outbreak, fluctuation, and elimination stages were calculated (Table 5).


Table 4. P matrix.

[image: Table 4]


Table 5. Total contributions.

[image: Table 5]

Based on formula (4), Table 5 indicates that the most significant contribution is from the search volume A2 and the media index B1 in the germinating stage. The contribution of the government release B3 is lower. In the outbreak stage, the event heat value A1, the search volume A2, the net behavior A3 in the positive entropy flow, and the central media coverage B2. Furthermore, the government release B3 in the negative entropy flow contributed largely, indicating that netizens were eager for the truth about the event and expected the government to explain to the public.

In the fluctuation stage, the contribution of the event heat value A1, the net behavior A3, the central media coverage B2, and the government release B3 is large. This indicates that, after the outbreak stage, the internal demand in the Internet public opinion system is still larger than the external supply. The government still has not dealt with the event effectively, which leads to the continued spread of the related Internet public opinion, and the event continues to develop.

During elimination, the event heat value A1, search volume A2, and central media coverage B2 decreased. This indicates that, after the fluctuation stage, the relevant government departments dealt with the events reasonably and scientifically to meet the interests of the public. As the heat of the event subsided, netizens were gradually in a “wait-and-see” state. At this time, the system had reached an orderly equilibrium state where supply was greater than demand.

Using the positive entropy flow formulas (4–6), and (7) and the negative entropy flow formulas (9–11), and (12), the entropy Ej, difference coefficient Dj, weight Wj, and total entropy E of the system can be obtained, respectively (Table 6). According to the entropy value E of each index, in the course of the Internet public opinion diffusion of the vaccine fraud, the event heat value A1 and the net behavior A3 input the most positive entropy flow to the system, with 0.093 and 0.090, respectively. This indicates that the event heat and the likes, comments, and forwarding behaviors of the netizens are the core forces to promote the accumulation of public opinion entropy in the network. On the other hand, the government release and central media report input the most negative entropy flow into the system, with −0.419 and −0.342, respectively. This indicates that the active involvement of government departments and authoritative central media reports is a significant force to control the disorderly development of the positive entropy flow of Internet public opinion and to realize the system toward an orderly and balanced state. According to the results Wj, in the positive entropy flow of the system, the weight of event heat value A1 and the net behavior A3 is about 0.118 and 0.113, respectively. This indicates that the heat of public health emergencies and the information generated by likes, comments, and retweet behaviors of the netizens significantly influence the positive entropy index of the system. In the negative entropy flow of the system, the weights of central media coverage B2 and government release B3 are about 0.212 and 0.282, respectively. This indicates that the active reporting of the central media and the timely, scientific, and effective intervention of the government can effectively control the spread of Internet public opinion, promote the system to reach a new equilibrium state, and have a significant influence on the negative entropy index of the system.


Table 6. Entropy values and weight of the index.

[image: Table 6]

Based on the formula (13), the comprehensive scores of the four stages (germination, outbreak, fluctuation, and elimination) of Internet public opinion diffusion regarding the vaccine fraud event are presented in Table 7. The comprehensive scores for the four stages are 0.13, 0.48, 0.67, and 0.05, respectively, indicating that the negative entropy is the largest in the fluctuation stage, followed by the outbreak, germination, and elimination stages.


Table 7. A comprehensive score of internet public opinion diffusion.

[image: Table 7]



Dissipative Structure Determination

Table 6 indicates that the positive entropy A of Internet public opinion diffusion in the vaccine fraud event is 0.255, while the negative entropy B is −1.072, 1+A2 = 1 + (0.255)2 = 1.065 and the Internet public opinion system |B| − (1 + A2) is about 0.007. Thus, the following can be introduced:

[image: image]

According to the dissipative structure criterion of the Internet public opinion diffusion process, the results reveal that the absolute value of total negative entropy of the system is greater than the absolute value of positive total entropy. Furthermore, it satisfies the dissipative structure criterion. This indicates that the system has reached a dissipative structure.

Specifically, the leading causes of the high negative total entropy of the Internet public opinion diffusion system are as follows. After public health emergencies are exposed, public anxiety, panic, and other negative emotions are constantly magnified on various social media platforms. There is an urgent need to know the truth about the event, which is a more intense demand. However, due to the limited information resources held by the relevant government departments and network media in the early stage, the information needs of the public needs cannot be met, which leads to confusion and disorder in the system. When government departments respond and deal with it effectively, much negative entropy flows quickly into the system, and the negative entropy value of the system increases rapidly.

The leading causes of the low positive total entropy of the Internet public opinion diffusion system are as follows. After the event, the relevant government departments and the media respond to the focus topic and provide effective feedback, making the truth about the event apparent and satisfy public demand. Therefore, the negative total entropy injection increases and the positive total entropy no longer accumulates.

The A1 event heat of public health emergencies and A3 net behaviors are essential sources of the positive entropy of the system and the endogenous driving force that triggers the spread of Internet public opinion. The results indicate that authoritative central media reports and government releases significantly affect the Internet public opinion negative entropy environment.

The critical point of entropy control is the criterion of whether the network public opinion system of public health emergencies has reached a dissipative structure. When the total positive entropy flow in the system is much higher than the total negative entropy flow and does not reach the point of entropy control, it indicates that the network public opinion is still in the outbreak or fluctuation period. This suggests that the relevant government departments have not yet effectively dealt with this public health emergency. The injection amount of negative entropy flow should be actively increased to promote the Internet public opinion system of public health emergencies to reach the dissipative structure. When the total positive entropy flow in the system is lower than the total negative entropy flow and has reached the point of entropy control, it indicates that the system will reach a new dissipative structure, and the network public opinion of this event will tend to the elimination stage.





CONCLUSION AND IMPLICATIONS


Germination Mechanism: Entropy-Controlled Trigger Point

When public health emergencies are exposed, Internet-based public opinion begins to accumulate and be expressed. This period belongs to the germination stage (July 15 to 22, 2018), showing a single content and small spread. During this period, the public began to pay attention to the vaccine fraud incident but did not participate in large numbers. The whole network topic was scattered, the social platform public opinion was relatively uniform, and the vaccine-related topic forwarding and comment volume were lower. According to the comprehensive score of the Internet public opinion diffusion cycle in Table 7, the amount of negative entropy input in the germination stage is lower, promoting a higher public opinion trend. Therefore, this period is the trigger point to control the inflow of positive entropy flow of Internet public opinion and inject negative entropy flow as soon as possible.

The suggestions are as follows: the government should intervene promptly to investigate, adopt a commanding position to steer public opinion, grasp the truth about the incident as soon as possible, prepare an emergency decision-making plan, and make full use of prime time to release authoritative, comprehensive, and accurate facts to alleviate public panic and anxiety. Second, it should give full play to the ability of media agenda-setting and timely and objective reporting. Third, the two should cooperate to enhance public opinion guidance ability.



Outbreak and Fluctuating Mechanism: Entropy-Controlled Disposal Point

During the Changchun Longevity Biotechnology Co., Ltd., vaccine fraud incident, Internet public opinion content gradually increased, becoming the whole network focus and hot spot (July 23 to August 8, 2018). The outbreak and fluctuation stage are an essential and challenging point in Internet public opinion diffusion governance. Government departments and authoritative media should give full play to controlling the positive entropy flow inflow of the system and injecting the negative entropy flow in time. On July 23, after General Secretary Jinping Xi, Prime Minister Keqiang Li, and relevant departments released information and began to deal with the incident, the focus of public opinion on the Internet continued. Social media platforms spawned other hotspots. The focus of public attention changed from denouncing and pursuing fake vaccines to questioning all domestic vaccines. The field of Internet public opinion is in a state of disorder. If the government cannot guide public opinion correctly and rationally, it will amplify the anxiety of the public and affect social stability. From the comprehensive score of the public opinion diffusion cycle in Table 7, it can be seen that the negative entropy in the fluctuation stage is the largest, and the negative entropy injection in the outbreak stage is still lower than the critical condition. Therefore, this period is the disposal point for controlling the positive entropy flow inflow of the system and injecting the negative entropy flow as soon as possible. This can preposition the entropy control point to lead a healthy and rational Internet public opinion negative entropy environment.

The suggestions are as follows. First, the relevant government departments should adopt an attitude of severe punishment toward illegal behavior and publicize the results of such punishment promptly. Second, they should establish an information feedback platform through which the media releases and provides feedback information and the targeted response to public opinion demands. Finally, they should give full play to the advantages of central media and opinion leaders to weaken the influence of untrue speech and online rumors.



Elimination Mechanism: Latency

When vaccine fraud-related personnel at Changchun Longevity Biotechnology Co., Ltd., had been investigated, attention toward the incident decreased, and vaccine fraud-related topics began to “cool down.” Through the large-scale discussion on social network platforms such as Weibo, WeChat, and so on, the public is familiar with the development process of this public health emergency, and the panic and negative emotions of netizens have gradually been relieved. According to the comprehensive score of the Internet public opinion diffusion cycle in Table 7, the negative entropy flow is the least in the elimination stage, which indicates that the timely and effective authoritative information issued by the government promotes the rational solution of the Internet public opinion crisis. The trend of public opinion diffusion tends to be gentle. From August 9 to August 10, the “hot spot” of the incident gradually weakened, and the spread of public opinion on the entire network was controlled. Therefore, this period is the latency to control the continuous injection of negative entropy flow in the system.

The suggestions are as follows. First, to reduce the recurrence of similar events, deal with this public health emergency, and determine the crux of the problem reflected by the Internet public opinion of the incident. Second, the administrative departments of public health institutions at all levels should standardize the mechanism of issuing, monitoring, and early warning of all kinds of public health emergencies to ensure that adequate measures can be taken. This is to improve the rigor, timeliness, and authority of the relevant government departments in dealing with similar public health emergencies. Finally, we should comprehensively monitor the progress of the hot spots related to public health emergencies, control the critical nodes in the process of Internet public opinion diffusion, publish the events in time and deal with the results, and improve the execution, guidance and credibility of the government.
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The increase in the impact index of the event.

The weighted sum of the search frequency of the core keywords of the
Baidu search engine, indicating the degree of the netizen's concern about
the public health emergency and its changes.

“The weighted sum of the number of participating behaviors such as search,
comment, lies, forwarding and reading of event keywords.

Except for the central media, all the news titles containing the keywords of
the event in the reports of the major new media network platforms were
collected by Baidu News.

Number of articles reported by 18 central news organizations (People’s
Daily, Xinhua News Agency, Central Radio and Television Station, Qiushi
magazine, PLA newspaper, Guangming Daily, Economic Daily, China Day,
Science and Technology Daily, CPPCC newspaper, China Discipline
Inspection and Supervision newspaper, Learning Times, Workers Dail,
China Youth Daily, China Women's Daily, Farmers Daily, Legal Daily, China
News Agency) during the period of the event.
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attention were obtained, and the number of offcial reports and disposal
information of crisis events on the portals of governments at all levels in
these regions were collected. Assignments to central, provincial, municipal,
county, and township governments based on 5, 4,3, 2, and 1,
respectively?. (Figure 2 shows the top nine regions with netizens’ attention)

“ZhiweiData is a famous social media data service company in China. With massive Internet information platform data, ZhiweiData provides multilevel services of artificial inteligence

and big data technology, intelligence perception, intelligence analysis, and intelligence think tank.

bAs shown in Figure 2, the top nine regions with the attention of netizens are Jiangsu, Guangdong, Zhejang, Shandong, Bejing, Shanghai, Sichuan, Henan, and Shaanxi, with 20.9,
19.6, 185, 15.9, 14.8, 7.7, 0.3, 0.2, and 0.2%, respectively. Using “Changchun Longevity Biotechnology Co., Ltd., Vaccine” as the key search term, at the official website of the Health
and Health Commission Portel in the above nine provinces and municipalies, the amount of information published within the period of the event was counted. The number published

was multiplied by the number of government rankings to obtain the specific value.
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