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China has historically eliminated absolute poverty and built a comprehensive well-off society through targeted poverty alleviation, at the end of which, however, many issues are worthy of scholars' attention kept emerging. A significant one was cognitive-behavioral differences between officials and folks regarding the procedure, standards, and methods of removing the poverty hats, which formed a new social dilemma called the official-folk game. Officials did not carry out targeted poverty alleviation work in strict accordance with the criteria specified by the government. In comparison, folks who have reached poverty elimination standards were unwilling to take off their poverty hats after targeted assistance due to the fear of returning to poverty. To fully explain this social dilemma, this study analyzes the causes of cognitive-behavioral differences between officials and folks in China's targeted poverty alleviation from the perspective of evolutionary game theory. The results show that bounded rational officials and folks will eventually get caught up in the prisoner's dilemma without exogenous factors' intervention. Furthermore, the study proposes that the government establish reasonable punishment, incentives, and supervision mechanisms to guide officials and folks and eliminate their cognitive-behavioral differences by investigating the influence of exogenous policy factors on the evolutionarily stable strategy (ESS) of the official-folk game. This finding not only reveals the formation mechanism of the cognitive-behavioral differences between officials and folks and presents an effective solution at the individual level but also provides a reference for other developing countries to overcome similar social dilemmas in the process of eliminating absolute poverty.
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INTRODUCTION

As globalization develops, poverty has long been not confined to a single country or region but has become a global problem. Eliminating poverty is the mission of all humanity (Anand and Ravallion, 1993). China is the world's largest developing country and whose poverty alleviation initiatives directly affect the governance of global poverty. By 2020, China's battle against poverty has been fully victorious, which got 98.99 million rural poor people rid of poverty and removed 832 poor counties and 128,000 poor villages from the poverty list according to the current standards (Xu et al., 2021b). China has completed the historic task of eradicating absolute poverty and successfully established a comprehensive well-off society.

However, the prerequisite for a comprehensive well-off society is that poor households can achieve stable and orderly poverty alleviation. Since 2015, various parts of China, especially the 14 concentrated contiguous impoverished areas, have implemented poverty exit work in succession. This work aimed to let poor households who have reached the poverty elimination standards through targeted assistance withdraw from the Targeted Poverty Alleviation Management System (abbreviated TPAMS) (Zhang et al., 2018). Nevertheless, cognitive-behavioral differences between officials and folks had severely hindered the progress of poverty exit work, which consumed more financial, material, and human resources simultaneously. These differences are mainly reflected in the following aspects:

Grassroots poverty alleviation cadres usually strictly implement poverty exit work according to the government's poverty alleviation standards and processes. In contrast, most poor households are willing to take off poverty hats after getting assistance from the government (Zeng, 2020). To achieve the poverty alleviation goals set by superiors or excessively pursuing poverty alleviation performances or other political purposes (Mandefro, 2016), however, a few grassroots poverty alleviation cadres have carried out “Digital Poverty Alleviation” (fraud on poor households' income and welfare to reduce poverty, abbreviated DPA), which leads to poor households below the poverty alleviation standards to get rid of poverty superficially and lost the assistance they deserve. As a result, some impoverished households who meet the conditions for removing poverty hats are unwilling to sign the Poverty Alleviation Confirmation and do not admit that they have been lifted out of poverty due to distrust of utilitarian and formalist officials (Grossmann et al., 2021). Besides, the fear of canceling various assistance measures and preferential conditions and returning to poverty after removing the poverty hats may be another reason (Pan et al., 2021). The cognitive-behavioral differences between officials and folks appeared in the final step of targeted poverty alleviation—poverty exit work became the last obstacle to China's poverty alleviation cause.

Many scholars have carried out related research and believe that the fundamental reason for the cognitive-behavioral differences is the government's insufficiency in formulating poverty exit policies (Liu et al., 2018; Zhang et al., 2018; Mi et al., 2022). Therefore, they argued that the cognitive-behavioral differences could be eliminated by improving the poverty exit mechanism. Liu et al. (2020) pointed out that the exit of poverty-stricken counties should be evaluated and considered from multiple aspects such as GDP, education, medical care, and transportation. Yang (2017) further proposed the four-in-one comprehensive indicator method for the exit of impoverished counties, including poverty series, material development, cultural construction, and life comfort indicators. However, these studies only remain at the macro-county level and have not involved the cognitive behaviors of individual officials or folks.

Another reason for the differences that scholars recognize is the conflict of interests between officials and folks under information asymmetry and finite rationality (Cai et al., 2022). The bounded rational officials and folks always seek to maximize immediate self-interests, thus ignoring long-term cooperative interests (Sun et al., 2021). Therefore, the root cause of the cognitive-behavioral differences between officials and folks in the official-folk game, as well as other social dilemmas (e.g., corruption, resource overexploitation, climate inaction, vaccine hesitancy, traffic congestion, and cancer metastasis), is the conflict between immediate self-interest and long-term collective interest (Arefin et al., 2020). This conflict of interest has led to cognitive differences between officials and folks in targeted poverty alleviation, which in turn has led to the differences in behavior. Ultimately, the cognitive-behavioral differences created a social dilemma that hindered poverty alleviation. To explain these social dilemmas and achieve cooperation, many social physicists have made remarkable contributions (Li et al., 2019; Tanimoto, 2019; Shen et al., 2021). Nowak (2006) presented five rules for the evolution of cooperation as follows: kin selection, group selection, direct reciprocity, indirect reciprocity, and network reciprocity. Wang et al. (2015) proposed a generic approach to estimating the dilemma strength, which as a basis, Ito and Tanimoto (2018) examined the mechanistic differences between the five rules for eliminating dilemmas by distorting/transforming the dilemma phase plane. However, these studies focused only on symmetric binary games and did not address the asymmetric case. In fact, it has been demonstrated that asymmetries arising from environmental variation or individual differences affect the evolution of cooperative behavior between interacting individuals (Kagel et al., 1996; Bshary and Grutter, 2002). In addition, this social dilemma studied in this paper falls into this category. The disparity in power, status, and information creates asymmetry in officials' and folks' payoffs. Meanwhile, limited rationality drives officials and folks to choose the best strategy for themselves in their current self-interest. This is reflected in the willingness of a few officials to risk highly severe penalties for implementing DPA and the reluctance of some poor households who have escaped poverty to exit TPAMS. Therefore, in the dilemma of the official-folk game, officials and folks can easily betray each other to make cooperation difficult. Fortunately, evolutionary game theory provided a powerful framework to investigate cooperation dilemmas inside many real-world systems (Smith, 1982; Jian et al., 2021). Numerical simulation via evolutionary game theory can shed some light on the complex effect of asymmetry on cooperation (Wang et al., 2021).

Therefore, based on the interview survey materials of China's rural areas, this study establishes an asymmetric binary evolutionary game model of officials (grassroots poverty alleviation cadres) and folks (poor households), reflecting the underlying logic/reason behind the social dilemma (cognitive-behavioral differences between officials and folks). In the model, officials can choose whether to adopt a trick strategy (implementing DPA) in targeted poverty alleviation, and folks can choose whether to exit the TPAMS after getting rid of poverty. At the same time, exogenous policy factors will impact the strategic benefits of officials and folks. Bounded rational officials and folks select their strategies according to their respective strategic benefits and finally reach an evolutionary game equilibrium, a stable cognitive behavior in the poverty exit work. Since the strategies of officials and folks are endogenous evolution and the results of evolutionary equilibrium depend on policy parameters, it is possible to explore the impact of government policy factors (poverty exit mechanisms) on cognitive behaviors between officials and folks in the poverty exit work. Moreover, this study investigates how the government adjusts the poverty exit mechanisms to make officials will choose the “no trick” strategy (follow the rules) and poor households will choose the “exit” strategy (take off poverty hats). This finding reveals the formation mechanism of the cognitive-behavioral differences between officials and folks at the individual level for the first time and provides an effective solution, which indicates the direction for maximizing the effectiveness of targeted poverty alleviation. Furthermore, this finding also provides a reference for other developing countries to overcome similar social dilemmas in the process of eliminating absolute poverty.

The paper is organized as follows. In section Methodology, we give a detailed description of the methodology, including the study area, research method, and data collection. In section Analysis of Cognitive-Behavioral Differences, we develop a specific analysis of cognitive-behavioral differences between officials and folks based on our investigation results. Then, we formulate the basic assumptions in section Basic Assumptions. In section Evolutionary Game Modeling, we construct an evolutionary game model and present the results of model analysis, which show the effects of policy parameters on evolutionary cooperative behavior. In section Numerical Simulation and Discussion, to present our results more prominently, we have used MATLAB for numerical simulation. Furthermore, we also discuss the above results and give our opinion. Finally, the paper is concluded in section Conclusion and Limitations.



METHODOLOGY


Study Area

County Y, a provincial poverty-stricken county located west of Province H in Central China, is situated in the Wuling Mountains, one of the contiguous poverty-stricken areas (as shown in Figure 1). The geographical environment has various topographical landforms such as sub-alpine mountains, hills, Hegu alluvial plains, and so on., and the highest altitude of the county is 1,325 m. In terms of climate, it belongs to the subtropical continental monsoon climate, with a mild temperature and abundant rainfall. The main crops are tea, citrus, and mushrooms. In addition, the county's forest coverage area is as high as 74%, known as the “small forest sea” city. As a provincial poverty-stricken county, the number of poor people and poor villages registered in TPAMS is relatively tiny. There are 15 impoverished villages with only 24,686 people living in poverty and a 15.92% poverty incidence rate, lower than the province's average level of other impoverished counties. In addition, the population base of County Y is relatively small (only 193,700 people), which has led to the fact that the disposable income of its rural residents has been higher than the average level of all counties in Province H in the past 8 years. The good momentum of economic development has ensured that the county has quickly shifted its focus from “poverty alleviation” to “getting rid of poverty.” Since 2014, County Y has started carrying out poverty exit work and being lifted out of poverty in 2017.
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FIGURE 1. Location of the study area.




Research Method

Generally, the formal development of game theory as a theory began with the monograph “Theory of Games and Economic Behavior” by Morgenstern and Von Neumann in 1944 (Morgenstern and Von Neumann, 1953). Subsequently, Nash put forward the critical concept of “Nash Equilibrium,” which laid the theoretical foundation for non-cooperative games (Nash, 1950). After the decades of development, game theory, the core content of mainstream economics and management, has become the primary analysis tool and standard research method for scientists in almost all social science fields (Gintis, 2000).

Based on the assumption of entire rationality, Nash established a classic game theory system that still has a place in economics and management. Entire rationality requires that each game player always aims to maximize individual benefits or utility, has excellent analysis, judgment, and decision execution capabilities, and never makes mistakes. Meanwhile, entirely rationality is common knowledge of all game players. However, social people cannot be entirely rational. People may not make decisions that maximize utility due to limited information, knowledge, abilities, and unconsidered options. It is necessary to break through the assumption of entire rationality and consider all game players' bounded rationality to ensure the game analysis's practical validity. Bounded rationality considers people's fundamental physiological limitations, the resulting cognitive restrictions, motivational limitations, and their mutual influences. Bounded rationality generally has two limitations—first, incomplete information. Game players have insufficient data to list all alternatives, and there is uncertainty about the benefits of each program; second, incomplete rationality. Game players may not necessarily make decisions in an utterly self-interested manner or may not have sufficient computing power to get the optimal solution. They just choose a reasonable and satisfying answer.

Evolutionary game theory, proceeding from the assumption of bounded rationality, believes that bounded rationality first means game players often cannot or will not adopt the optimal strategy. Second, the equilibrium strategy between game players is usually caused by learning adjustments rather than a one-time choice. Third, even if the equilibrium is reached, it may deviate again. This kind of game analysis framework under bounded rationality is very similar to the biological evolution theory analysis framework, which studies the evolution and stability mechanism of the shape of biological populations based on Darwin's natural selection thought. Therefore, it is an effective way to analyze human behaviors by studying the evolution and stability mechanism of biological population traits. More importantly, the analysis method of natural evolution theory and physical behavior rules can also simulate the dynamic realization process of the game equilibrium solution. Inspired by the idea of biological evolution, Maynard Smith and Price introduced the evolutionary ideas in biological theory into game theory and published a creative paper, “The logic of animal conflict,” in 1973 and proposed the concept of evolutionary game and evolutionarily stable strategy (ESS) (Smith and Price, 1973). This kind of game analysis method originating from the theory of biological evolution is called “Evolutionary Game Theory.”

Evolutionary game theory believes that the interaction between individuals in a group is a dynamic process of the situation they face (the game environment and the state of the participants). The game situation and the participants' behaviors are interdependent. In an evolutionary game, participants' rationality constantly evolves according to the game situation changes. Rationality is a rule by which an individual chooses, and it can often be described as an individual's choice preference. As a result, bounded rationality is discussed as an individual's behavior selection rule or decision-making mechanism to determine dynamic evolutionary processes in understanding and learning the game situation. The key to evolutionary game analysis is to determine the learning mechanism of the game player and the process of strategy evolution.



Data Collection

To deeply investigate the formation process and causes of the cognitive-behavioral differences between officials and folks in targeted poverty alleviation, our research team went to County Y, Province H, to conduct a feasibility study on poverty exit from poor counties in March 2017. First, we held a forum for poverty alleviation officials (involved county leaders and the heads of relevant departments such as the County Poverty Alleviation Office, County Easy Relocation Office, County Civil Affairs Bureau, County Human Resources and Social Security Bureau, and County Finance Bureau) at the county, township, and village levels in County Y, Province H of China, to obtain the data information and relevant supporting materials required for poverty exit.

Second, we conducted village-level (with village cadres and village task forces) interviews in five poor villages in three townships under County Y.

Third, we randomly selected 3–4 poor households in each village for household interviews. Through semistructured interviews and observations, we collected 23 valid questionnaires for officials, 19 for poor households, and other related materials in Country Y.




ANALYSIS OF COGNITIVE-BEHAVIORAL DIFFERENCES

The key to solving the dilemma in the poverty exit work is to make poor households lifted out of poverty willing to take off their poverty hats. However, poor households' willingness to take off poverty hats is affected by endogenous policy factors (poverty exit mechanisms) and whether grassroots poverty alleviation cadres strictly implement targeted poverty alleviation according to the government's standards and processes. In other words, cognition and behavior between grassroots poverty alleviation cadres and poor households are subjected to policy factors' macro-control. Combining semistructured interviews, field observations, and relevant literature, we will analyze cognitive-behavioral differences between officials and folks in the following.


Officials


Fiscal Dilemma

The Chinese central government attached great importance to the historical task of targeted poverty alleviation and invested a lot of financial resources. In fact, due to the diminishing marginal input and output of poverty alleviation, in 2017, when the poverty incidence rate in China was <2%, this money is still a drop in the bucket for poverty alleviation of the remaining population (Liu et al., 2020). The financial difficulties encountered in targeted poverty alleviation made the grassroots government must carry out DPA.



Political Tournament

The tournament model is a vital incentive mechanism that refers to competition among several candidates to select winners, with relative order determining the winner (Lazear and Rosen, 1981). Companies mainly used the theory to motivate their employees to work hard, but now, it has become an important way of government governance (Su et al., 2012). The pressure-incentive political tournament adopted by the government for the officials includes administrative outsourcing, quantitative assessment, performance ranking, and merit-based promotion. The government evaluates the poverty alleviation performance of grassroots cadres every year, and the grassroots cadres who have won this performance appraisal will have a great chance of being promoted (Chen and Liu, 2011). When this tournament starts, grassroots poverty alleviation cadres become “economical people” who seek to maximize their interests and do their best to mobilize a series of financial, material, and human resources to strive for the top. As the annual tournament is held, the difficulty of getting rid of poverty will also increase year by year. Under the circumstance that the economic and political strength of the grassroots has not been greatly improved, a few grassroots cadres carrying out DPA to win the tournament have become a shortcut to the goal of poverty alleviation.



One-Vote Veto System

The government also formulates a target responsibility system (Mu and De Jong, 2018) for the poverty alleviation work of grassroots cadres as well as other public administration issues, which puts pressure on grassroots officials to implement their poverty alleviation responsibilities. Specifically, in the assessment at the township level, a “one-vote veto” system is implemented (Chang, 2018). As long as the poverty alleviation performance does not meet the standards, no matter how well it is done in other aspects, one vote means a year in vain. Under such severe punishment, DPA has become the helpless action of a few grassroots poverty alleviation cadres.




Folks


Distrust of Officials

Although DPA is a helpless action of some grassroots cadres driven by political championships and target responsibility systems, such figures on paper are often tricky to withstand the practical inspection. In response to DPA, China's central government has formulated “Provincial Party Committee and Government Poverty Alleviation and Development Effectiveness Evaluation Measures” and established the “National Targeted Poverty Alleviation Third-Party Evaluation” organization—The State Council Poverty Alleviation Office to investigate and deal with various violations of regulations and disciplines (Liu et al., 2018). However, the grassroots government poverty alleviation cadres take various measures to get poor households rid of poverty superficially and even collude with poor households in response to the inspection of third-party assessors in the case of information asymmetry. It is manifested in the following two aspects:


Income Whitewash of “Two No Worries”

“Two no worries” means no worries about food and clothing (Li and Wu, 2021). In response to superior inspection, grassroots poverty alleviation cadres usually temporarily forge a subsistence allowance index, arrange poor households a public welfare post, and even increase farmers' income by temporarily participating in the industry's shareholding and dividends. However, the industry has not yet developed in most situations and is still in the planning stage.



Housing Whitewash of “Three Guarantees”

“Three Guarantees” means guaranteed housing, education, and medical care (Li and Wu, 2021). The adobe houses of all poor households are painted to cover up the appearance of the houses, which does not consider whether the houses meet the safety standards. For some houses that cannot be disguised by painting, grassroots poverty alleviation cadres do not provide related information to assessors or even create the illusion that the house is uninhabited or that the house owner is out with his family.




Dependence on Poverty Alleviation Policies

Due to the central government's determination to overcome absolute poverty, although some grassroots poverty alleviation cadres have adopted the DPA strategy, the life quality of most poor households has been significantly improved (Liu et al., 2020). Even some non-poor households conceal their actual income, such as income from working outside the home, to create the illusion of poverty for seizing benefits. Poverty alleviation policies have brought considerable benefits to poor households (almost zero cost for them), making them hugely dependent on poverty alleviation policies, which dramatically increases the difficulty of poverty exit work for grassroots poverty alleviation cadres.



Questions About Poverty Alleviation Standards and Process

Since 2014, grassroots poverty alleviation cadres of County Y have conducted house-to-house visits to impoverished households following the standards of “two no worries,” “three guarantees,” and income. Then, the cadres inform poor households who meet the above poverty alleviation standards and arrange for them to exit TPAMS following the steps below: confirming the poverty alleviation signature, the village committee negotiating and publicizing the announcement, reporting to the higher-level poverty alleviation department for approval and confirmation, and getting rid of poverty (Liu et al., 2020). According to this step, grassroots poverty alleviation cadres will carry out the poverty exit work as long as poor households meet the standard. However, due to the limited education level, grassroots poverty alleviation cadres feel very difficult to process the more cumbersome precision poverty alleviation forms and data files. Therefore, many work steps have been simplified, such as democratic evaluation is often only a formality, and the opinions of most villagers are not fully solicited in the process of withdrawing from object evaluation. Village committee cadres formulate the objects of poverty exit after direct discussion, and the generic structure and related information of exit poverty households have not been publicized promptly. In addition, many poor households are illiterate and have no idea about the poverty alleviation standard. Therefore, when the cadres say they have been lifted out of poverty and must sign and confirm, they still feel they have not met the poverty alleviation standard.



Fear of Returning to Poverty

Most people are risk-averse, and poor households are no exception. After taking off poverty hats, poor households still face the risks of returning to poverty, such as illness, incapacity to work in old age, and education costs for their children to go to school (Li et al., 2022). Out of aversion to risks and fear of returning to poverty, poor households hope that they are guaranteed by the national poverty alleviation policy forever.

In summary, the formation of cognitive-behavioral differences between officials and folks includes not only intrinsic factors (e.g., interests, concerns, and trust) but also some extrinsic factors (e.g., political, liability, and financial). These intrinsic and extrinsic factors influence the strategic choices of officials and folks in the evolutionary game. Then, their different strategic choices in their current self-interest will eventually lead to a prisoner's dilemma (i.e., grassroots poverty alleviation cadres implement DPA whereas poor households do not exit TPAMS). When the external policy factors (poverty exit mechanisms) remain the same, officials and folks will not change their own strategies. With this in mind, we present the basic assumptions of the evolutionary game in the next section.





BASIC ASSUMPTIONS


Hypothesis 1

Assume that the two populations of officials and folks are infinite and well-mixed, there are two reasons for this. First, China has a large rural population. Second, China's targeted poverty alleviation is carried out with the village as the basic unit, and many poverty alleviation cadres have been assigned.



Hypothesis 2

Officials and folks are both bounded rational persons. Officials and folks both hope to maximize their self-interests in targeted poverty alleviation. Due to information asymmetry, however, folks do not know whether officials implemented DPA in poverty exit work, and officials also do not know whether folks will discover that.



Hypothesis 3

The influence of policy factors (poverty exit mechanisms) on officials and poor households is an exogenous given, which is used to explore the impact of policy factors on the equilibrium of the evolutionary game.



Hypothesis 4

The basic income earned by officials who typically complete the poverty alleviation indicators according to the government's requirements is UG (including political performance, reputation, wages, etc.), and the essential cost paid is CG1 (including time and energy for normal work, etc.). The primary benefit of folks in targeted poverty alleviation is UP (including direct and indirect subsidies). Due to the public welfare nature of the poverty alleviation policy, although folks hardly need to pay any cost in the process, the impact of various risks makes folks possibly return to poverty. Therefore, this study sets the possible loss caused by returning to poverty as η1R(R ≤ UP). The poverty regression coefficient η1 represents the estimation of the risk of returning to poverty. The larger η1 is the more negative poor households about returning to poverty. If poor households choose the “no exit” strategy (do not take off poverty hats), officials will persuade folks to quit with cost CG3. However, for folks who choose the “no exit” strategy, this strategy choice is their optimal consideration for the current situation in the game. Once they have made this decision, they will not change until they receive more feedback of information, so the extra efforts of officials are still useless in the short term. As a result, officials can choose the “trick” strategy (DPA) to complete the poverty alleviation target. Nevertheless, the considerable conflict caused by the “trick” strategy of officials and the “no exit” strategy of the nail households will make officials have a higher chance of being discovered by government inspectors. In this case, the promotion benefit is P1, and the penalty is δ2P2(δ2 > δ1). δ2 and δ1 indicate the magnitude of the likelihood that government inspectors will find that officials have committed DPA.



Hypothesis 5

When officials adopt the “trick” strategy, if folks choose the “exit” strategy, then officials can make themselves pay less by DPA. This study sets this cost reduction as CG2. At the same time, due to the existence of the political tournament, officials who adopt the “trick” strategy can get better promotion opportunities with an income of P1. However, when officials adopt the “trick” strategy, they have a probability of δ1 to be found (depending on the government's supervision) with punishment P2 (including administrative penalties and reputation reduction) when they are found.



Hypothesis 6

When officials adopt the “no trick” strategy, if folks choose the “exit” strategy, officials will get the essential benefit UG and pay the basic cost CG1. If folks choose the “no exit” strategy, officials need to pay extra effort cost CG3 and punishment P3 for not fulfilling the government's poverty alleviation targets (one-vote veto system).



Hypothesis 7

When folks choose the “exit” strategy, if officials choose the “no trick” strategy, the folks' primary benefit is UP, and the cost is η1UP. If officials choose the “trick” strategy, in this case, the basic income of folks will be reduced UT due to the DPA of officials. The “trick” strategy of officials will make folks more pessimistic about returning to poverty with a poverty return coefficient η2(> η1).



Hypothesis 8

When folks choose the “no exit” strategy, if officials select the “no trick” strategy, the basic income for folks will be UP. At the same time, becoming a nail household may reduce the evaluation of the same villagers and increase the risk of “wearing small shoes” for officials (being targeted or sidelined by officials in some ways) in the future. This study sets this part of the reputation cost as E(< R). If officials choose the “trick” strategy, basic income will reduce UT due to the DPA of officials, and folks still pay reputation cost E.



Hypothesis 9

Suppose that the proportion of officials who choose the “no trick” strategy is x(0 ≤ x ≤ 1), and the ratio who select the “trick” strategy is 1 − x. The proportion of folks who choose the “exit” strategy is y(0 ≤ y ≤ 1), and the ratio of selecting the “no exit” strategy is 1 − y. Both x and y are functions of time t.




EVOLUTIONARY GAME MODELING


Game Payoff Matrix

According to the above analysis and assumptions, we can obtain the game payment matrix between officials and folks (as shown in Table 1).


Table 1. Game payment matrix between officials and folks.

[image: Table 1]



Equilibrium of the Game


Replicator Dynamic Equation of Officials

Set the expected utility and group utility of officials choosing the “no trick” strategy and “trick” strategy as U11, U12, U1, respectively:

[image: image]
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According to the Malthusian dynamic equation, when a group in the game chooses a specific strategy with a higher return than the group that selects another strategy, it is considered that the strategy can adapt to the evolution process of the group (Friedman, 1991).

The replicator dynamic equation for officials to choose the “no trick” strategy is:

[image: image]
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when F(x) = 0, the solution of the equation is x = 0; x = 1; [image: image]. According to the nature of the evolutionarily stable strategy of replicating dynamic equations, F(x) = 0 and F′(x) ≤ 0 must be satisfied when the evolution is stable. Then, the following discussion is conducted:

if [image: image], for any x, F(x) = 0, F′(x) = 0, then axis x is in a stable state, which shows that when folks choose the “exit” strategy with the probability of (P3 + CG2 + P1 − δ2P2)/(P3 + δ1P2 − δ2P2), any strategy of officials is an ESS. As shown in Figure 2A;


[image: Figure 2]
FIGURE 2. (A–C) The replication dynamic phase diagram of officials in the official-folk game.


if [image: image], F(0) = 0, F′ (0) > 0 but F(1) = 0,F′(1) < 0, then x = 1 is the only ESS, which shows that when folks choose the “exit” strategy with a probability greater than (P3 + CG2 + P1 − δ2P2)/(P3 + δ1P2 − δ2P2), officials will shift from the “trick” strategy to the “no trick” strategy, and the “no trick” strategy is an ESS. As shown in Figure 2B;

if [image: image], F(0) = 0,F′ (0) < 0 but F(1) = 0,F′(1) > 0, then x = 0 is the only ESS, which shows that when folks choose the “exit” strategy with a probability less than (P3 + CG2 + P1 − δ2P2)/(P3 + δ1P2 − δ2P2), officials will shift from the “no trick” strategy to the “trick” strategy, and the “trick” strategy is an ESS. As shown in Figure 2C;



Replicator Dynamic Equation of Folks

Set the expected utility and group utility of folks choosing the “exit” strategy and “no exit” strategy as U21, U22, U2, respectively:
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The replicator dynamic equation for folks to choose the “exit” strategy is:

[image: image]
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when F(y) = 0, the solution of the equation is y = 0; y = 1; [image: image]. According to the nature of the evolutionarily stable strategy of replicating dynamic equations, F(y) = 0 and F′(y) ≤ 0 must be satisfied when the evolution is stable. Then, the following discussion is conducted:

if [image: image], for any y, F(y) = 0, F′(y) = 0, then axis y is in a stable state, which shows that when officials adopt the “no trick” strategy with the probability of (η2R − E)/[(η2 − η1)R], any strategy of folks is an ESS. As shown in Figure 3A;


[image: Figure 3]
FIGURE 3. (A–C) The replication dynamic phase diagram of folks in the official-folk game.


if [image: image], F(0) = 0, F′ (0) > 0 but F(1) = 0, F′(1) < 0, then y = 1 is the only ESS, which shows that when officials adopt the “no trick” strategy with a probability greater than (η2R − E)/[(η2 − η1)R], folks will shift from the “no exit” strategy to the “exit” strategy, and the “exit” strategy is an ESS. As shown in Figure 3B;

if [image: image], F(0) = 0, F′ (0) < 0 but F(1) = 0, F′(1) > 0, then y = 0 is the only ESS, which shows that when officials adopt the “no trick” strategy with a probability less than (η2R − E)/[(η2 − η1)R], folks will shift from the “exit” strategy to the “no exit” strategy, and the “no exit” strategy is an ESS. As shown in Figure 3C;



ESS Analysis

On the plane M = {(x, y)|0 ≤ x, y ≤ 1}, there are five partial equilibrium points (0, 0),(0, 1),(1, 0),(1, 1),(x*, y*) for both sides of the game. [image: image],[image: image].

Jacobian matrix is:

[image: image]

The determinant and trace of matrix J are, respectively:

[image: image]
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According to Friedman's discriminant method (Friedman, 1998), the Jacobian matrix can analyze ESS that must satisfy detJ > 0 and trJ < 0. (x*, y*) Set trJ = 0, so ESS will not be obtained here. We substitute the remaining four equilibrium points into detJ and trJ to obtain Table 2.


Table 2. The expression of matrix determinant and trace corresponding to equilibrium points.

[image: Table 2]

For the convenience of analysis, we replace several expressions that repeatedly appear in Table 2 with letters. For details, please refer to Table 3.


Table 3. Meaning of letters.

[image: Table 3]

Different parameter changes in the game will affect the symbols of detJ and trJ at the equilibrium point, thus forming different ESS. The symbols of detJ and trJ are determined by the symbols of letters A, B, C, and D after the replacement. Therefore, according to the different combinations of A, B, C, and D symbols, this study divides ESS of officials and folks into the following eleven situations:

A, B, C, D > 0

There is only one ESS (1, 1) in the game, which needs to satisfy δ2P2 > P3 + CG2 + P1, δ1P2 > CG2 + P1, E > η2R > η1R. A, C > 0. This shows that regardless of whether folks choose the “exit” strategy, the benefits of officials who choose the “no trick” strategy are higher than those who choose the “trick” strategy. Under such circumstances, officials will always choose the “no trick” strategy, called the dominant strategy of officials. B, D > 0 means that no matter whether officials choose the “trick” strategy, the benefits of folks who choose the “exit” strategy is higher than “no exit” strategy, and the “exit” strategy is the dominant strategy of folks.


A, C, D > 0, B < 0

There is only one ESS (1, 1) in the game, which needs to satisfy δ2P2 > P3 + CG2 + P1, δ1P2 > CG2 + P1, η2R > E > η1R. Likewise, the “no trick” strategy is still the dominant strategy of officials. B < 0, D > 0 shows that if officials choose the “no trick” strategy, folks will choose the “exit” strategy, and if officials choose the “trick” strategy, folks will choose the “no exit” strategy to deal with it. Different from Scenario 1, even if the reputation loss caused by folks becoming nail households is lower than the expected cost of returning to poverty when officials adopt the “trick” strategy, as long as it is still higher than the expected cost of returning to poverty when officials adopt the “no tricks” strategy, the final ESS will still be the “no trick” strategy for officials and the “exit” strategy for folks.



B, C, D > 0, A < 0

There is only one ESS (1, 1) in the game, which needs to satisfy δ2P2 < P3 + CG2 + P1, δ1P2 > CG2 + P1, E > η2R > η1R. Similar to Scenario 1, the “exit” strategy is still the dominant strategy of folks. A < 0, C > 0 shows that if folks choose the “exit” strategy, officials will choose the “no trick” strategy, and if folks choose the “no exit” strategy, officials will choose the “trick” strategy to deal with it. Unlike Scenario 1, even facing the “no exit” strategy of folks, officials should choose the “trick” strategy to maximize their benefits. As folks continue to change from the “no exit” strategy to the “exit” strategy, officials will also change their coping methods to achieve an ideal ESS (1, 1).



C, D > 0, A, B < 0

There are two ESS (1, 1) or (0, 0) in the game, which need to satisfy δ2P2 < P3 + CG2 + P1, δ1P2 > CG2 + P1, η2R > E > η1R. In this case, neither officials nor folks have dominant strategies, and the final ESS of the game is related to the initial strategy selection ratio (x, y) of both parties. At this point, we can draw a phase diagram, as shown in Figure 4.


[image: Figure 4]
FIGURE 4. Evolutionary phase diagram of officials and folks.


From Figure 4, we can see the relative size of the quadrilateral SABCD and SAOCD determines the possibility of the game evolving to (0, 0) or (1, 1). To get the ideal ESS (1, 1), we need to increase the relative area of the quadrilateral SABCD as much as possible, where:

[image: image]

Taking the partial derivative of each parameter in Equation (14), we can find that S is proportional to E, η1, CG2, P1, P3, and inversely proportional to R, δ1, δ2.



A, B, D > 0, C < 0

There is only one ESS (0, 1) in the game, which needs to satisfy δ2P2 > P3 + CG2 + P1, δ1P2 < CG2 + P1, E > η2R > η1R. In this case, the dominant strategy of folks is the “exit” strategy, at which the benefits of the officials who choose the “trick” strategy are higher than that of the “no trick” strategy, so ESS will eventually converge to (0, 1). If the government cannot adjust the game's parameters through punishment, reward, supervision, and so on., the ideal ESS (1, 1) cannot be reached in the end.



B, D > 0, A, C < 0

There is only one ESS (0, 1) in the game, which needs to satisfy δ2P2 < P3 + CG2 + P1, δ1P2 < CG2 + P1, E > η2R > η1R. In this case, the dominant strategy of the officials is the “trick” strategy. Still, the dominant strategy of folks is the “exit” strategy, so ESS will eventually converge to (0, 1).



A, C > 0, B, D < 0

There is only one ESS (1, 0) in the game, which needs to satisfy δ2P2 > P3 + CG2 + P1, δ1P2 > CG2 + P1,η2R > η1R > E. In this case, the dominant strategy of the officials is the “no trick” strategy. Still, the dominant strategy of folks is the “no exit” strategy, so ESS will eventually converge to (1, 0).



A > 0, B, C, D < 0

There is only one ESS (1, 0) in the game, which needs to satisfy δ2P2 > P3 + CG2 + P1, δ1P2 < CG2 + P1,η2R > η1R > E. In this case, the dominant strategy of the folks is the “no exit” strategy, in which the benefits of the “trick” strategy are lower than that of the “no trick” strategy, so ESS will eventually converge to (1, 0).



D > 0, A, B, C < 0

There is only one ESS (0, 0) in the game, which needs to satisfy δ2P2 < P3 + CG2 + P1, δ1P2 < CG2 + P1,η2R > E > η1R. In this case, the dominant strategy of the officials is “trick,” at which the benefits of the “exit” strategy are lower than that of the “no exit” strategy, so ESS will eventually converge to (0, 0).



C > 0, A, B, D < 0

There is only one ESS (0, 0) in the game, which needs to satisfy δ2P2 < P3 + CG2 + P1, δ1P2 > CG2 + P1,η2R > η1R > E. In this case, the dominant strategy of the folks is the “no exit” strategy, in which the benefits of the “trick” strategy are higher than that of the “no trick” strategy, so ESS will eventually converge to (0, 0).



A, B, C, D < 0

There is only one ESS (0, 0) in the game, which needs to satisfy δ2P2 < P3 + CG2 + P1, δ1P2 < CG2 + P1,η2R > η1R > E. In this case, the dominant strategy of the officials is the “trick” strategy. Still, the dominant strategy of folks is the “no exit” strategy, so ESS will eventually converge to (0, 0).






NUMERICAL SIMULATION AND DISCUSSION

The above analysis shows that the policy factors–poverty exit mechanisms including government's punishment, incentive, and supervision policies will affect the cognitive behaviors of officials and folks in the poverty exit work, making ESS converge to different equilibrium points. However, to achieve the win–win situation we expect, that is, (1, 1), the government needs to meet some limited parameters, such as: How severe should the punishment be? How strong should the incentive be? and How adequate should the supervision be?

Therefore, this study takes County Y of Province H as an example to carry out a numerical simulation. According to the actual situation of County Y, we assign reasonable values to the parameters in the game (representing the relative size of each parameter). Then, we simulate the evolution process of the official-folk game in the situations mentioned above and discuss the initial value of the ratio (x, y) of the strategies chosen by both parties of the game and the effect of policy parameters on ESS.


Unfavorable Policy Parameters


Scenarios 9, 10, 11

Since the ESS of cases 9, 10, and 11 is all (0, 0), the numerical simulation results are also similar. Therefore, we only show the representative numerical simulation results of case 11 in Figure 5, where δ1 = 0.2, δ2 = 0.3, η1 = 0.3, η2 = 0.4, P1 = 3, P2 = 10, P3 = 2, CG2 = 1, R = 7, E = 2 (satisfy δ2P2 < P3 + CG2 + P1, δ1P2 < CG2 + P1, η2R > η1R > E). Figure 5A shows that no matter what the initial value of (x, y) is, ESS will eventually converge to (0, 0). Figures 5B,C are evolution trajectories at x = y = 0.7 and x = y = 0.3. The convergence speed of both sides of the game in (c) is significantly slower than (b), which indicates that the greater the probability that officials and folks are initially non-cooperative, the sooner they will fall into the prisoner's dilemma.


[image: Figure 5]
FIGURE 5. (A–C) The evolution process of the official-folk game under unfavorable policy parameters (Scenario 11).




Scenarios 5, 6, 7, 8

Since the ESS of cases 5, 6, 7, and 8 is all (0, 1) or (1, 0), the numerical simulation results are also similar. Therefore, we only show the representative numerical simulation results of case 7 in Figure 6, where δ1 = 0.2, δ2 = 0.3, η1 = 0.3, η2 = 0.4, P1 = 3, P2 = 21, P3 = 2, CG2 = 1, R = 7, E = 2 (satisfy δ2P2 > P3 + CG2 + P1, δ1P2 > CG2 + P1, η2R > η1R > E). Figure 6A shows that no matter what the initial value of (x, y) is, ESS will eventually converge to (1, 0). Figures 6B,C are evolution trajectories at x = y = 0.7 and x = y = 0.3.


[image: Figure 6]
FIGURE 6. (A–C) The evolution process of the official-folk game under unfavorable policy parameters (Scenario 7).





Moderate Policy Parameters—Scenario 4

The ESS of case 4 is (1, 1) and (0, 0), which one converges to is determined by the initial value of (x, y). We show the representative numerical simulation results of case 4 in Figure 7, where δ1 = 0.25, δ2 = 0.3, η1 = 0.3, η2 = 0.4, P1 = 3, P2 = 17, P3 = 2, CG2 = 1, R = 6, E = 2 (satisfy δ2P2 < P3 + CG2 + P1, δ1P2 > CG2 + P1, η2R > E > η1R), which shows that if officials and folks have a relatively high willingness to cooperate at the beginning and strictly follow the government's requirements in the poverty exit work (officials choose the “no trick” strategy, and folks choose the “exit” strategy), ESS will eventually converge to (1, 1). If officials and folks are hardly willing to cooperate at the beginning and only consider their interests, the ESS will eventually converge to (0, 0). However, the government can make the game more likely to reach an ideal ESS (1, 1) through external interventions (such as increasing the upper right quadrilateral SAOCD).


[image: Figure 7]
FIGURE 7. (A–C) The evolution process of the official-folk game under moderate policy parameters (Scenario 4).




Favorable Policy Parameters—Scenarios 1, 2, 3

Since the ESS of cases 1, 2, and 3 is all (1, 1), the numerical simulation results are also similar. Therefore, we only show the representative numerical simulation results of case 1 in Figure 8, where δ1 = 0.2, δ2 = 0.3, η1 = 0.3, η2 = 0.4, P1 = 3, P2 = 21, P3 = 2, CG2 = 1, R = 7, E = 3 (satisfy δ2P2 > P3 + CG2 + P1, δ1P2 > CG2 + P1, E > η2R > η1R). Figure 8A shows that no matter what the initial value of (x, y) is, ESS will eventually converge to (1, 1). In other words, as long as the policy adopted by the government meets the three conditions above, officials and folks can consistently achieve a win–win situation. Figures 8B,C are evolution trajectories at x = y = 0.7 and x = y = 0.3.


[image: Figure 8]
FIGURE 8. (A–C) The evolution process of the official-folk game under favorable policy parameters (Scenario 1).


From the numerical simulation above, it can be found that neither of the two types of parameters shown in Figures 5, 6 can get officials and folks out of the prisoner's dilemma. Although the parameters shown in Figure 7 have the potential to allow both the government and the people to escape from the prisoner's dilemma and achieve a win–win situation, the final ESS depends on the initial ratio of both official and civilian populations, which significantly reduces the applicability of the model parameters. Therefore, we will focus on the favorable policy parameters (as shown in Figure 8) in the following.

The first parameter combination is δ2P2 > P3 + CG2 + P1, δ1P2 > CG2 + P1, E > η2R > η1R in Scenario 1, under which situation, regardless of the initial willingness to cooperate of the officials and folks parties, their willingness will gradually change in the game process. Finally, a win–win situation of cooperation will be achieved. To achieve this parameter combination, the government should appropriately increase δ1, δ2, and P2 and decrease P1, P3, η1, and η2. Specifically, the government can make efforts in the following aspects:

First, improve the reward-punishment mechanism in poverty alleviation and adhere to the principle of appropriateness while rewarding merit and punishing failures. Under the current political championships system, officials' performance has become the most critical promotion indicator, and exceeding the poverty alleviation indicators also has become the shared willingness of each grassroots cadre (Leng and Zuo, 2022). Besides, the “one-vote veto” system allows officials less interested in promotion to become a member of the tournament (Chang, 2018). In other words, the unreasonable reward-punishment mechanism gives officials the motivation and incentive to implement “Digital Poverty Alleviation” in targeted poverty alleviation. Therefore, establishing a perfect reward and punishment mechanism means that the government cannot combat officials' enthusiasm for poverty alleviation. At the same time, it must effectively weaken the problematic cognitive behavior of officials.

Second, a broader and more effective supervision mechanism for poverty alleviation and curb any illegal and chaotic behaviors was established. The reward-punishment mechanism and the supervision mechanism complement each other. No matter how good the reward-punishment mechanism is, it is not easy to achieve the desired effect without a suitable supervision mechanism to protect it (Liu et al., 2020). An appropriate monitoring mechanism should be not only top–down but also bottom–up (Serra, 2012). Although the government implements the investigation and punishment of various violations of regulations and disciplines through the State Council Poverty Alleviation Office, grassroots officials can always think of multiple ways to cope with the inspection and evaluation by taking advantage of information asymmetry (Liu et al., 2018). However, every citizen is a potential supervisor of poverty alleviation at the grassroots level. Suppose the government establishes a bottom–up supervision mechanism and feedback channel, allowing the whole people to supervise targeted poverty alleviation and poverty exit work. In that case, the problematic behavior of officials will be more effectively curbed.

Third, communication with folks was strengthen, and correct cognitive behavior was guided. Although many post-help policies have been promulgated to eliminate the folks' fear of returning to poverty, the results have not been evident (Zhang et al., 2022). Therefore, grassroots poverty alleviation cadres should conduct in-depth exchanges with poor households, keep abreast of the ideological trends of poor households, and adhere to the specific policy tailored to each household. For those poor households who fear returning to poverty, grassroots officials must do their ideological work and actively steer their cognitive behavior in the right direction. Officials must make folks understand the truth that they will still receive government support and assistance again while reencountering difficulties. For those poor households lifted out of poverty entirely but unwilling to give up preferential assistance conditions, poverty alleviation cadres should provide spiritual poverty alleviation to help them establish a sense of self-improvement to achieve well-off through their struggles.

The second parameter combination is δ2P2 > P3 + CG2 + P1, δ1P2 > CG2 + P1, η2R > E > η1R or δ2P2 < P3 + CG2 + P1, δ1P2 > CG2 + P1, E > η2R > η1R in Scenarios 2,3, under which situation, one of the officials or folks must compromise first and choose a strategy conducive to achieving win–win cooperation. After observing that the former decides to cooperate, the other party will cooperate; otherwise, it will not cooperate. There are two reasons for this situation: From the officials' view, even if his original intention is not to choose the “trick” strategy, he has nothing to do with those nail households who are determined not to choose the “exit” strategy. Coupled with the “one-vote veto” punishment mechanism, they must take a risk and choose the “trick” strategy. If the folks cooperate with the “exit” strategy, they will naturally choose the “no trick” strategy; from the perspective of the folks, although they worry about returning to poverty, most of them will still choose to cooperate with the “exit” strategy, if the officials patiently persuade them and inform them that taking off poverty hats does not mean lost policy help. However, if officials implement DPA, folks will find cooperating with officials difficult. Therefore, when the government formulates policies, it needs first to create a favorable situation in which one party will choose to cooperate no matter what. So that, driven by active partners, the other party will gradually cooperate and finally achieve a win–win situation.

Under the political system with Chinese characteristics, grassroots poverty alleviation cadres generally actively carry out targeted poverty alleviation work assigned by the government. However, grassroots poverty alleviation cadres often encounter all kinds of difficulties (both self and external) in the implementation process, so they often use their information advantages to create the illusion of poverty elimination (DPA) under the pressure of government assessment (Gao and Tyson, 2020). Since poor households are at a disadvantage in terms of power and information relative to grassroots poverty alleviation cadres, poor households who are weak in cadres' DPA will only take an attitude of letting it go. Therefore, poverty-stricken households who intended to remove poverty hats as required were reluctant to do so out of distrust of officials. Furthermore, after enjoying the benefits of the poverty alleviation policy, especially critical illness relief and medical assistance measures, some poor households are reluctant to give up these vested interests after they are lifted out of poverty. Even a “lazy effect” (Xu et al., 2021a) appears that poor households believe that they should enjoy the minimum living allowance and other poverty alleviation policies once they wear the poverty hats. Therefore, the cognitive-behavioral differences between officials and folks regarding the procedure, standards, and methods of removing the poverty hats form a new social dilemma called the official-folk game. Without the interference of exogenous policy factors, officials and folks will eventually get caught up in the prisoner's dilemma. Fortunately, the government can develop effective policies to counteract the effects of this social dilemma to some extent.




CONCLUSION AND LIMITATIONS

From the perspective of evolutionary game theory, this study analyzes the cognitive-behavioral differences between officials and folks and reveals their formation mechanism in China's targeted poverty alleviation, which has significant practical implications. The officials hope to achieve promotion and salary increases or not be “vetoed by one vote” through poverty exit work, thus motivating “Digital Poverty Alleviation.” The folks have relied on poverty alleviation policy and been unwilling to take off poverty hats out of distrust of officials and fear of returning to poverty. Without the intervention of exogenous factors, the result of the official-folk game between the officials and the folks will eventually lead to the prisoner's dilemma (i.e., officials choose the “trick” strategy, and folks choose the “no exit” strategy), which dramatically reduces the effect of the targeted poverty alleviation. In addition, this study also provides an effective solution to this social dilemma through an evolutionary game analysis, which indicates the direction for maximizing the effectiveness of targeted poverty alleviation. Furthermore, this finding also provides a reference for other developing countries to overcome similar social dilemmas in the process of eliminating absolute poverty. Ultimately, this finding points the way forward for the assistance encountered in alleviating relative poverty in the future.

Despite the valuable exploration of cognitive-behavioral differences between officials and folks in China's targeted poverty alleviation in this paper, there are still some shortcomings to be improved. First, the employed evolutionary game model is based on infinite and well-mixed populations, contrary to reality to a certain extent. We will consider a finite population, or the population has social network structures in the future. Second, we mentioned a new social dilemma (official-folk game) in this paper, but we did not quantify this dilemma's strength like Arefin et al. (2020) and Wang et al. (2015). In the future, we will find a method for our asymmetric binary game that quantifies the dilemma strength.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

ZC contributed to the study's design, a compilation of interview records, and manuscript revision. CY contributed to numerical analysis and the manuscript edition. Both authors contributed to the article and approved the submitted version.



FUNDING

This research was funded by the Hubei Provincial Social Science Foundation (Project #: 2021167).



REFERENCES

 Anand, S., and Ravallion, M. (1993). Human development in poor countries: on the role of private incomes and public services. J. Econ. Perspect. 7, 133–150. doi: 10.1257/jep.7.1.133

 Arefin, M., Kabir, K., Jusup, M., Ito, H., and Tanimoto, J. (2020). Social efficiency deficit deciphers social dilemmas. Sci. Rep. 10, 1–9. doi: 10.1038/s41598-020-72971-y

 Bshary, R., and Grutter, A. S. (2002). Asymmetric cheating opportunities and partner control in a cleaner fish mutualism. Anim. Behav. 63, 547–555. doi: 10.1006/anbe.2001.1937

 Cai, C., Li, Y., and Tang, N. (2022). Politicalized empowered learning and complex policy implementation: targeted poverty alleviation in China's county governments. Soc. Policy Administr. 1–18. doi: 10.1111/spol.12802

 Chang, Y. (2018). The paradox of accountability system of grassroots cadres in China. Paper presented at the International Conference on Educational Research, Economics, Management and Social Sciences (EREMS 2018), Changchun, China.

 Chen, T., and Liu, X. (2011). Tournament system, promotion game and local political theatre. J. Public Manage. 8, 21–33.

 Friedman, D. (1991). Evolutionary games in economics. Econ. J. Econ. Soc. 59, 637–666. doi: 10.2307/2938222

 Friedman, D. (1998). On economic applications of evolutionary game theory. J. Evolut. Econ. 8, 15–43. doi: 10.1007/s001910050054

 Gao, H., and Tyson, A. (2020). Poverty relief in China: a comparative analysis of kinship contracts in four provinces. J. Contemp. China 29, 901–915. doi: 10.1080/10670564.2020.1744388

 Gintis, H. (2000). Game Theory Evolving. Princeton, NJ: Princeton University Press.

 Grossmann, K., Jiglau, G., Dubois, U., Sinea, A., Martín-Consuegra, F., Dereniowska, M., et al. (2021). The critical role of trust in experiencing and coping with energy poverty: evidence from across Europe. Energy Res. Soc. Sci. 76, 102064. doi: 10.1016/j.erss.2021.102064

 Ito, H., and Tanimoto, J. (2018). Scaling the phase-planes of social dilemma strengths shows game-class changes in the five rules governing the evolution of cooperation. R. Soc. Open Sci. 5, 181085. doi: 10.1098/rsos.181085

 Jian, Q., Li, X., Wang, J., and Xia, C. (2021). Impact of reputation assortment on tag-mediated altruistic behaviors in the spatial lattice. Appl. Math. Comput. 396, 125928. doi: 10.1016/j.amc.2020.125928

 Kagel, J. H., Kim, C., and Moser, D. (1996). Fairness in ultimatum games with asymmetric information and asymmetric payoffs. Games Econ. Behav. 13, 100–110. doi: 10.1006/game.1996.0026

 Lazear, E. P., and Rosen, S. (1981). Rank-order tournaments as optimum labor contracts. J. Polit. Econ. 89, 841–864. doi: 10.1086/261010

 Leng, N., and Zuo, C. (2022). Tournament style bargaining within boundaries: setting targets in China's cadre evaluation system. J. Contemp. China 31, 116–135. doi: 10.1080/10670564.2021.1926099

 Li, E., Deng, Q., and Zhou, Y. (2022). Livelihood resilience and the generative mechanism of rural households out of poverty: an empirical analysis from Lankao County, Henan Province, China. J. Rural Stud. 93, 210–222. doi: 10.1016/j.jrurstud.2019.01.005

 Li, M., and Wu, Z. (2021). Power and poverty in China: why some counties perform better in poverty alleviation? J. Chin. Polit. Sci. 27, 319–340. doi: 10.1007/s11366-021-09765-0

 Li, X., Wang, H., Xia, C., and Perc, M. (2019). Effects of reciprocal rewarding on the evolution of cooperation in voluntary social dilemmas. Front. Phys. 7, 125. doi: 10.3389/fphy.2019.00125

 Liu, M., Feng, X., Wang, S., and Qiu, H. (2020). China's poverty alleviation over the last 40 years: successes and challenges. Austral. J. Agric. Resource Econ. 64, 209–228. doi: 10.1111/1467-8489.12353

 Liu, Y., Guo, Y., and Zhou, Y. (2018). Poverty alleviation in rural China: policy changes, future challenges and policy implications. China Agric. Econ. Rev. 10, 241–259. doi: 10.1108/CAER-10-2017-0192

 Mandefro, H. (2016). Politics by numbers: poverty reduction discourse, contestations and regime legitimacy in Ethiopia. Int. Rev. Sociol. 26, 386–406. doi: 10.1080/03906701.2016.1244928

 Mi, Y., Chen, X., and He, Q. (2022). Evaluating the effect of China's targeted poverty alleviation policy on credit default: a regression discontinuity approach. Appl. Econ. 54, 3654–3667. doi: 10.1080/00036846.2021.2016585

 Morgenstern, O., and Von Neumann, J. (1953). Theory of Games and Economic Behavior. Princeton, NJ: Princeton University Press.

 Mu, R., and De Jong, M. (2018). The psychology of local officials: explaining strategic behavior in the Chinese target responsibility system. J. Chin. Governance 3, 243–260. doi: 10.1080/23812346.2018.1455413

 Nash, J. F. (1950). Equilibrium points in n-person games. Proc. Nat. Acad. Sci. U.S.A. 36, 48–49. doi: 10.1073/pnas.36.1.48

 Nowak, M. A. (2006). Five rules for the evolution of cooperation. Science 314, 1560–1563. doi: 10.1126/science.1133755

 Pan, B., Cheng, G., Li, L., Liu, F., Zhu, Y., Dai, H., et al. (2021). A study on the role of rural revitalization in preventing rural poor households from returning to poverty based on the sustainable livelihood theory. Forest Chem. Rev. 144–158. Available online at: http://www.forestchemicalsreview.com/index.php/JFCR/article/view/344

 Serra, D. (2012). Combining top-down and bottom-up accountability: evidence from a bribery experiment. J. Law Econ. Org. 28, 569–587. doi: 10.1093/jleo/ewr010

 Shen, C., Jusup, M., Shi, L., Wang, Z., Perc, M., and Holme, P. (2021). Exit rights open complex pathways to cooperation. J. R. Soc. Interface 18, 20200777. doi: 10.1098/rsif.2020.0777

 Smith, J. M. (1982). Evolution and the Theory of Games. Cambridge: Cambridge University Press.

 Smith, J. M., and Price, G. R. (1973). The logic of animal conflict. Nature 246, 15–18. doi: 10.1038/246015a0

 Su, F., Tao, R., Xi, L., and Li, M. (2012). Local officials' incentives and China's economic growth: tournament thesis reexamined and alternative explanatory framework. China World Econ. 20, 1–18. doi: 10.1111/j.1749-124X.2012.01292.x

 Sun, K., Xing, Z., Cao, X., and Li, W. (2021). The regime of rural ecotourism stakeholders in poverty-stricken areas of China: implications for rural revitalization. Int. J. Environ. Res. Public Health 18, 9690. doi: 10.3390/ijerph18189690

 Tanimoto, J. (2019). Evolutionary games with sociophysics. Evolut. Econ. 1–10. doi: 10.1007/978-981-13-2769-8

 Wang, Y. C., Wang, X., Ren, D. Y., Ma, Y. H., and Wang, C. (2021). Effect of asymmetry on cooperation in spatial evolution. Phys. Rev. E 103, 032414. doi: 10.1103/PhysRevE.103.032414

 Wang, Z., Kokubo, S., Jusup, M., and Tanimoto, J. (2015). Universal scaling for the dilemma strength in evolutionary games. Phys. Life Rev. 14, 1–30. doi: 10.1016/j.plrev.2015.04.033

 Xu, M., Walker, R., and Yang, L. (2021a). Poor and lazy: understanding middle-class perceptions of poverty in China. J. Contemp. China 1–20. doi: 10.1080/10670564.2021.2010878

 Xu, Y., Zhao, Y., Sui, P., Gao, W., Li, Z., and Chen, Y. (2021b). Emergy-based evaluation on the systemic sustainability of rural ecosystem under China poverty alleviation and rural revitalization: a case of the village in North China. Energies 14, 3994. doi: 10.3390/en14133994

 Yang, Z. (2017). Discussion on calculation method of poverty incidence in the exit evaluation of poverty-stricken counties and villages. Agric. Sci. Technol. 18, 1766–1769. doi: 10.16175/j.cnki.1009-4229.2017.09.044

 Zeng, Q. (2020). Managed campaign and bureaucratic institutions in China: evidence from the targeted poverty alleviation program. J. Contemp. China 29, 400–415. doi: 10.1080/10670564.2019.1645489

 Zhang, H., Wang, Z., Liu, J., Chai, J., and Wei, C. (2022). Selection of targeted poverty alleviation policies from the perspective of land resources-environmental carrying capacity. J. Rural Stud. 93, 318–325. doi: 10.1016/j.jrurstud.2019.02.011

 Zhang, H., Xu, Z., Sun, C., and Elahi, E. (2018). Targeted poverty alleviation using photovoltaic power: review of Chinese policies. Energy Policy 120, 550–558. doi: 10.1016/j.enpol.2018.06.004

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Chen and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/inline_10.gif
Y =(B4+Cou+B-4B) (B+ER-8R)0=x y 1)





OPS/images/math_7.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cognitive-Behavioral Differences Between Officials and Folks in China's Targeted Poverty Alleviation: An Evolutionary Game Theory Perspective



		Introduction



		Methodology



		Study Area



		Research Method



		Data Collection







		Analysis of Cognitive-Behavioral Differences



		Officials



		Fiscal Dilemma



		Political Tournament



		One-Vote Veto System









		Folks



		Distrust of Officials



		Income Whitewash of “Two No Worries”



		Housing Whitewash of “Three Guarantees”









		Dependence on Poverty Alleviation Policies



		Questions About Poverty Alleviation Standards and Process



		Fear of Returning to Poverty













		Basic Assumptions



		Hypothesis 1



		Hypothesis 2



		Hypothesis 3



		Hypothesis 4



		Hypothesis 5



		Hypothesis 6



		Hypothesis 7



		Hypothesis 8



		Hypothesis 9







		Evolutionary Game Modeling



		Game Payoff Matrix



		Equilibrium of the Game



		Replicator Dynamic Equation of Officials



		Replicator Dynamic Equation of Folks



		ESS Analysis



		A, C, D > 0, B < 0



		B, C, D > 0, A < 0



		C, D > 0, A, B < 0



		A, B, D > 0, C < 0



		B, D > 0, A, C < 0



		A, C > 0, B, D < 0



		A > 0, B, C, D < 0



		D > 0, A, B, C < 0



		C > 0, A, B, D < 0



		A, B, C, D < 0



















		Numerical Simulation and Discussion



		Unfavorable Policy Parameters



		Scenarios 9, 10, 11



		Scenarios 5, 6, 7, 8









		Moderate Policy Parameters—Scenario 4



		Favorable Policy Parameters—Scenarios 1, 2, 3







		Conclusion and Limitations



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/inline_1.gif
Y =(B+Ceu+R-aR) I (B+AF-4R)0=y"<T)





OPS/images/math_6.gif





OPS/images/inline_3.gif
y>y =(B+Co+R-&B) (B+35-4R)





OPS/images/math_9.gif
F(y):% = v (Un—2) =y (1) (Uar—Uza)

—y(1-y) (@Rx—mRx—;R+E)  (9)





OPS/images/inline_2.gif
y=y =(B+Co+R-&B) (B+45-4R)





OPS/images/math_8.gif
Uy=yUy+ (1—-y) Uz





OPS/images/math_3.gif
xUp+(1—x) Uz





OPS/images/math_2.gif
¥ (Ug—Ca1+Ca2+P1—81P2) + (1-y)
(Ug—Cg14+Cg2+P1—8:P2—Cg3) (2)






OPS/images/fpsyg-13-916030-t003.jpg
Letter

o0 ®>

Expression

8P, —P3 —Caz — Pt
E—nR

81P2 = Cgz2 = Py
E-mR

Meaning

The part of officials’ *no trick” strategy benefits that exceed the “trick” strategy benefits when folks choose the “no exit” strategy
The part of folks' “exit” strategy benefits that exceed the “no exit” strategy benefits when officials choose the “trick” strategy
The part of officials’ “no trick” strategy benefits that exceed the “trick” strategy benefits when folks choose the “exit” strategy
The part of folks’ “exit” strategy benefits that exceed the “no exit” strategy benefits when officials choose the “no trick” strategy





OPS/images/math_5.gif
Fo= dF"‘),ufzx) (¥Ps+y81P2—y5:P2)

(M;P;—P, Cc—Py) (5)





OPS/images/fpsyg-13-916030-t002.jpg
(xy)

0,0

©.1

(1,0

.1

Expression of matrix determinant and trace

detJ = (5P — Ps = Caz — P1) (E = 12R)
1= (32P2 = Ps — Coo — P1) +(E = 1aR)
detJ = — (81P2 — Cgz — P1) (E = 12R)

tr = (81P2 = Caz = P1) = (€ = o)

detJ = — (82P, — P3 — Caz — P1) * (€ = mR)
) = — (82P2 = Ps — Co2 = P1) + (E = miR)
detJ = (31P2 — Caz — P1) (€ = miR)

1=~ (1P, = o = P1) = (E = mR)






OPS/images/math_4.gif
P = Grox (Un=U) =x[Un=xUn— (1-3) U]
(1-%) (Un—Un2)

(1-x) (YP3+y8, Pa—y8;P2+8;P,— P3—Ci—Py)  (4)









OPS/images/math_14.gif
s=Sroc=3 (¥ +)

MmR-E | P3+Cr+P1—52P3
2m—n) R P3+8,P;—5;P3

1 (14)






OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Psychology





OPS/images/fpsyg-13-916030-g005.gif





OPS/images/fpsyg-13-916030-g006.gif
| .






OPS/images/fpsyg-13-916030-g003.gif





OPS/images/fpsyg-13-916030-g004.gif
b=





OPS/images/fpsyg-13-916030-t001.jpg
Folks

Exit

No exit

Officials

No trick
Trick

Ug = Ca1,Up —mR
Us = Ca1 +Caz +P1 = 81Py,
Up—noR=Ur

Us ~Co1 —Cas —Po,Up—E
Us = Cot +Coz +P1 — 82P2 — Cas,
Up-E-Ur






OPS/images/fpsyg-13-916030-g007.gif





OPS/images/fpsyg-13-916030-g008.gif





OPS/images/math_11.gif
=5

SRR ) ) (B iPriaPy)
[ (e, ) soonmansm] |

5 (-2
| e [

Re_mR4E) |






OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Cognitive-Behavioral Differences
Between Officials and Folks in
China’s Targeted Poverty Alleviation:
An Evolutionary Game Theory
Perspective





OPS/images/math_10.gif
F (y)= (1 — 2y) (g2Rx—n; Rx—1;R+E) (10)





OPS/images/math_13.gif
trj= (1 - 2x) (yP3+ybi P2 —y8: P2 +5:P2—P3—CG—P1)
4 (1 2y) (2Rx—m Rx—n;R+E) (13)





OPS/images/math_12.gif
1 —2x) (yP3+yd) P2—y8;P2+8,P2— P3—Cia— P

* (1= 2y) (n2Rx—mRx—n2R+E) —y (1-y) (mR—mR)
X(1—x) (P3+8,P;—58,P;) (12)





OPS/images/fpsyg-13-916030-g001.gif





OPS/images/inline_8.gif
x<x =(R- B[, - n)R]





OPS/images/fpsyg-13-916030-g002.gif
Ll





OPS/images/math_1.gif
(Ug—Cg1) + (1-y) (Ug—Cg1—Cgz—P3)

(1)





OPS/images/inline_9.gif
X =(nR-B) /[0, -m)RI0=x <1)





OPS/images/inline_5.gif
X =(nR-B) /[0, -m)RI0=x <1)





OPS/images/inline_4.gif
y<y =(B+Cou+B-aB) (B+aF-45)





OPS/images/inline_7.gif
x> = (L,R-E){(n-n)R]





OPS/images/inline_6.gif
(R-E) I [(9,-m)R]





