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Abstract

With the rapid development of China’s economy and society, the innovation of grassroots

social governance has become increasingly important. This paper constructs 35 grassroots

social governance innovation samples. Using the TOE theoretical framework and a fuzzy

set qualitative comparative analysis (fsQCA), this paper analyzes the joint effects and inter-

active relationships of multiple factors on grassroots social governance innovation perfor-

mance from three dimensions: technology, organization, and environment. The research

reveals that internal environmental openness is a necessary condition for achieving high

innovation performance in grassroots social governance, and proposes four grouping mod-

els that affect the performance of grassroots social governance innovation. This paper

explores the inner logic of grassroots social governance innovation from a histological per-

spective, and on this basis proposes an adaptive path to enhance the performance of grass-

roots social governance innovation.

1 Introduction

In recent years, Grassroots social governance has attracted wide attention [1]. Grassroots soci-

ety refers to the lowest and fundamental level of social organization and activities. It typically

refers to the basic social units composed of residents, communities, villages, streets, etc., in

urban or rural areas [2]. Grassroots society is characterized by direct engagement with resi-

dents, serving them, and addressing their practical issues [3]. China has made significant

efforts to promote grassroots social governance innovation in order to modernize its social

governance system and enhance its governance capacity. This has been further advanced by

the establishment of awards such as the "China Local Government Innovation Award" and the

"China Top Ten Social Governance Innovation Awards". Although governments at all levels

have promoted the practice of grassroots social governance innovation, due to the imperfect
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system and mechanism, imperfect laws and regulations, and blocked participation channels,

some grassroots social governance innovation projects have a short-lived phenomenon, and it

is difficult to ensure the efficiency and sustainability of innovation projects [4]. Therefore, the

goal that this article addresses is: why do grassroots social governance innovation projects suf-

fer from the same fate of being ineffective despite taking different paths? How to improve the

practical efficiency of grassroots social governance innovation projects?

The academic circles mainly study the innovation of grassroots social governance from three

perspectives. The first is to study the barriers to innovation in grassroots social governance

from the perspective of problem interpretation. From the government level, the government is

the leader of grassroots social governance innovation, and grassroots social governance innova-

tion has a strong political nature, and the government pays more attention to efficiency but

ignores democracy [5]. It makes the grassroots social governance innovation lack vitality. At the

same time, the dislocation and absence of functions of grass-roots governments, insufficient

supply of resources, and lagging management reduce the innovation performance to some

extent [6]. From the perspective of the public, grassroots social governance innovation is easy to

be covered up by technocracy and exclusivity, and the public is rarely the core of previous delib-

eration, decision-making and development [7], and there is no institutional guarantee for public

participation in grassroots social governance innovation. From the perspective of innovation

itself, grassroots social governance innovation is not sustainable, innovation subjects lack enthu-

siasm, innovation projects lack operability, and the use of innovative technologies is insufficient

[8]. The second is to study the influencing factors of grassroots social governance innovation

from the perspective of causality. Based on the political dimension, some scholars have dis-

cussed the impact of government authority, political support [9], organizational structure,

power structure, legal structure, action structure, grassroots social governance system, and the

"trinity" model on grassroots social governance innovation [10]. Other scholars have studied

the interactions between personal attributes, political leaders and their environment [11], top-

down political mandates and policy pressures, civil rights and civic participation [12], and the

overlap of innovative activities with existing social structures and social needs [13]. The net

effect of other factors on grassroots social governance innovation. The third is to study the inno-

vation path of grassroots social governance based on the goal-oriented perspective. From the

government level, the government should optimize the grid management system in governance

innovation, build the network structure of actors, and form innovation synergy [14]. The gov-

ernment should further integrate various resources, respect the interests of multiple subjects,

strengthen political commitment, optimize the collaborative governance model, improve the

grassroots governance innovation system, and form a grassroots governance innovation com-

munity. From the public level, improve the enthusiasm of the public to participate in grassroots

social governance innovation, improve the "government-society" cooperation mechanism,

strengthen technological innovation and application, and stimulate the vitality of grassroots

social governance innovation [15];From the perspective of the innovation process, the innova-

tion process of grassroots social governance itself is conducive to fostering a more general

democracy, which requires strengthening the use of technology, coordinating the interests of all

parties, and improving infrastructure [16]. The innovation process needs to be more open to

public scrutiny and wider participation.

Scholars have explored the innovation of grassroots social governance from different per-

spectives, which is of reference significance to this paper. But there are two limitations to the

existing research: First, most researchers only study the innovation performance of grassroots

social governance from a single factor, and cannot clearly identify the "interactive relationship"

between different factors. This situation often leads to excessive dependence on a single factor

in the innovation performance of grassroots social governance, and it is impossible to
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maximize the efficiency of resource utilization through reasonable allocation of resources. Sec-

ond, few studies have explored the joint effects of multiple factors, nor have in-depth studies

been conducted on the anthems of the differences in grassroots social governance innovation

performance, the lack of analysis on the interaction mechanism of multiple complex condi-

tions from the perspective of configuration, the configuration law of conditions is not clear,

and the differentiation path and combination of improving grassroots social governance inno-

vation performance need to be studied. Therefore, the second goal that this article addresses is

whether and to what extent multiple factors are necessary conditions for achieving high-per-

formance grassroots social governance innovation. How do multiple factors couple and inter-

act to enhance grassroots social governance innovation performance?

Based on this, the main contributions of this paper are as follows: First of all, from the per-

spective of configuration, this paper discusses the impact of coordination and integration of

multiple factors on the innovation performance of grassroots social governance, expands the

study based on single variable "net effect" to the study of multi-factor comprehensive effect

based on the perspective of configuration, and clarifies the impact of each condition on the

innovation performance of grassroots social governance and the linkage interaction between

conditions. Secondly, the TOE framework is introduced in this paper to explore the influenc-

ing factors of grassroots social governance innovation performance from three aspects: tech-

nology, organization and environment, which is conducive to building a multidimensional

comprehensive governance model of grassroots social governance innovation. Finally, this

paper conducts a comprehensive configuration analysis to explore the optimal configuration

of the high innovation performance path in grassroots social governance. It reveals the core

influencing factors and the substitution effect among different paths, demonstrating that there

is not a singular mode for enhancing innovation performance in grassroots social governance.

Moreover, it offers novel insights for managers to selectively adopt innovation modes and

enhance the innovation performance of grassroots social governance.

2 Theory and analysis framework

This paper uses TOE theory (Technology-organization-Environment), TOE theoretical frame-

work was developed by Tornatzky and Fleischer in 1990 and was originally used to analyze the

factors affecting the adoption of innovative technologies by enterprises. It is essentially a com-

prehensive analysis framework based on the Technology application context [17]. TOE theory

holds that the application of a new technology is influenced by three factors: technology, orga-

nization and environment. As a system analysis framework based on technology application,

TOE theoretical framework is used to explore the mechanism of technology to achieve effects

in multi-level application scenarios. Since TOE theoretical framework does not point out the

specific explanatory variables of technology, organization and environment, scholars can

adjust them appropriately, so TOE theoretical framework has strong flexibility and can explain

the causes and influencing factors of complex social phenomena well. Grassroots social gover-

nance innovation is affected by many factors, which also applies to TOE theoretical frame-

work. The TOE theoretical framework provides a good theoretical perspective for studying the

innovation performance of grassroots social governance.

According to the TOE framework, the implementation of technological innovation in

enterprises is mainly influenced by technological factors [18], organizational factors [19], and

environmental factors [20]. Technological factors refer to the compatibility between technol-

ogy and organization [21], which provides support and accessibility for organizational innova-

tion, and brings potential benefits to organizations during the innovation process.

Organizational factors include organizational structure and size, organizational systems and
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culture, and organizational resources and relationships. Environmental factors refer to exter-

nal pressures and institutional support for technological innovation.

2.1 Technical factors and grassroots social governance innovation

performance

In order to achieve higher performance in grassroots social governance innovation, it is neces-

sary to break through the problem of insufficient use of technology in the traditional gover-

nance model, which requires increasing technological innovation efforts and improving

technological innovation ability. Especially with the rapid development of network informa-

tion technology, governance technology has become an important tool to promote grassroots

social governance innovation, and digital technology has become a key driving force to

improve grassroots social governance innovation performance [22]. Based on the actual situa-

tion of China’s grass-roots social governance, China’s grass-roots population is large, grass-

roots problems are complex, and it is more necessary to promote technological innovation

and increase the application of technology, so as to improve the innovation performance of

grass-roots social governance. The academic community largely approaches the forefront and

hot topics of grassroots social governance from perspectives such as input-output and cost-

benefit [23], focusing on whether the application of technology can reduce governance costs

and whether technological empowerment can promote performance. However, the application

of technology in grassroots social governance relies on the support of technological innovation

capabilities and technological infrastructure. Generally speaking, technological innovation

capability is the core competitiveness of regional economic development and grassroots gover-

nance, and it represents the breadth and depth of grassroots social governance innovation,

while technological facility platform is an important form of technology application, and an

important tool to facilitate grassroots social governance and improve grassroots social gover-

nance performance [24].

2.2 Organizational factors and grassroots social governance innovation

performance

Grassroots social governance innovation behavior is the specific implementation of strategic

decision-making, and grassroots social governance innovation strategic decision-making is

decided by the government organization to a large extent, and will be promoted by the supe-

rior government, their own degree of attention and government levels. Under the Chinese

political system, the willingness of grassroots governments to innovate and develop depends to

a certain extent on the financial resources and policy support given by higher level govern-

ments. Top-down political pressure is an important driver of innovation in public sector gov-

ernance [25]. Therefore, grassroots social governance innovation cannot be achieved without

the support of the higher level government, and the capital investment, policy inclination and

resource allocation of the higher level government are the effective support for achieving grass-

roots social governance innovation [26]. Local governments’ self-importance is the internal

driving force for promoting innovation in grassroots social governance. Existing studies start

with institutional analysis and development framework, and depict the relationship between

the government’s self-importance and innovation performance in terms of rule supply, policy

formulation, policy implementation, and policy supervision [27]. In China’s bureaucratic

administrative management system, lower-level governments are controlled by higher-level

governments, and governments at different levels have different control effectiveness over

authoritative resources. Therefore, government levels largely determine the success or failure

and effectiveness of grassroots social governance innovation.
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2.3 Environmental factors and grassroots social governance innovation

performance

Grassroots social governance innovation is inevitably influenced by environmental factors.

Since organizations are embedded in the social environment, their basic goal is to adapt, sur-

vive and develop their institutional environment to adapt to the changing environment [28].

Based on institutionalism, peer and superior pressure, public pressure, and competitive pres-

sure significantly affect governance performance and innovation level [29]. Some studies have

shown that grassroots social governance innovation will be affected by the pressure of inter-

governmental competition. In innovation activities, the higher the innovation level of neigh-

boring governments, the greater the pressure on them to promote their own innovation prac-

tices, which will lead to the strengthening of innovation practices and improvement of

innovation level of governments in the region [30]. In China, local governments respond to

public demands in accordance with the requirements of the central government under the

pressure of assessment, and the public puts pressure on the government based on efficiently

solving the problems of grassroots governance and safeguarding their legitimate rights and

interests. The pressure of public demand urges government departments to adopt innovative

strategies to improve the performance of grassroots social governance [9]. Open government

can be seen as a form of innovation in the public sector, as it requires the government to adopt

new technologies with an open attitude [31]. Therefore, open government is an important

guarantee for promoting innovation in grassroots social governance.

In summary, based on TOE theoretical framework and existing studies, and combined with

the specific context of grassroots social governance innovation performance, this paper selects

eight key variables, It selects the technological innovation ability and technical facility support

at the technical dimension, the promotion by higher government, government attention level

and level of government at the organizational dimension, and the inter-provincial competitive

pressure, the public demand pressure and the internal environment openness at the environ-

mental dimension (See Fig 1). Expanding existing studies from the three dimensions of techni-

cal factors, organizational factors and environmental factors, focusing on the single factor

influence of grassroots social governance innovation performance, ignoring the lack of

research on the combination of multiple factors, and then revealing the core influencing fac-

tors of grassroots social governance innovation to achieve high performance and the substitu-

tion effect between different paths. It provides reference for local governments to adopt

differentiated innovation paths of grassroots social governance according to local conditions.

3. Research methods, variable measurement and data construction

3.1 Qualitative comparative analysis method

In this paper, we abandon the traditional binary linear model and try to use fuzzy set qualita-

tive comparative analysis (fsQCA) from the perspective of configuration to analyze the multi-

ple driving path to improve the innovation performance of grassroots social governance. The

qualitative comparative analysis method can solve the data analysis of 10–60 small and

medium-sized samples, and find out the logical relationship between the innovation perfor-

mance of grassroots social governance under different matching modes of ante-cause condi-

tions. The fsQCA method has the following considerations:

First, the QCA method combines quantitative analysis and qualitative comparison, adheres

to the case-oriented research on combination phenomena, and realizes the in-depth dialogue

between the theoretical path configuration of grassroots social governance innovation perfor-

mance and the specific grassroots government grassroots social governance innovation cases.
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Second, QCA method is not a traditional econometric analysis from the perspective of con-

tingency (studying linear and one-way causality), but based on set theory and from the per-

spective of configuration, it analyzes the complex mechanism of this phenomenon [32], which

can better explain the relationship between different anthems behind the innovation perfor-

mance of China’s grassroots social governance.

Third, compared with configuration research methods such as cluster analysis and factor

analysis, the biggest advantage of QCA method is that it can effectively identify dynamic comple-

mentarity, configuration equivalence and causal asymmetry among anthems. At the same time,

the complex mechanism of grassroots social governance innovation is considered, and most of

the influencing factors are continuous variables. Therefore, compared with other QCA methods

(clear set qualitative comparative analysis csQCA, multi-value set qualitative comparative analy-

sis mvQCA), fsQCA can more fully capture the subtle changes of anthems at different levels.

In terms of specific technical principles, QCA measures the sufficient and necessary rela-

tionship between the antecedent conditional variable X and the result variable Y in the set

membership through Consistency and Coverage indexes. Measuring the consistency of set X

with respect to Y is a sufficient condition to investigate to what extent X can constitute Y; Mea-

suring the coverage of set X over Y is a necessary condition for examining to what extent X

can constitute Y. Coverage describes the explanatory power of interpretation condition (com-

bination) X to result Y. The coverage varies from 0 to 1. The greater the index, the greater the

explanatory power of X to Y empirically. The specific calculation formula is as follows:

Consistency ðXi � YiÞ ¼
X
½minðXi;YiÞ�=

X
ðXiÞ ð1Þ

Coverage ðXi � YiÞ ¼
X
½minðXi;YiÞ�=

X
ðYiÞ ð2Þ

3.2 Case selection

The cases selected in this paper are innovative experiments conducted independently by gov-

ernments at all levels. On the one hand, case selection criteria mainly consider the mutual

Fig 1.

https://doi.org/10.1371/journal.pone.0297587.g001
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application of case selection and condition variable setting, that is, to ensure internal consis-

tency; On the other hand, in order to maintain the balance between the number of cases and

the number of conditional variables in QCA research design and general research practices,

this paper excluded the influence of some variable factors in case selection, that is, to ensure

external consistency. The specific approach is to follow the following criteria in the selection of

cases: (1) The standard of universality, which means that the problem situation targeted by the

case is universal at the national level; (2) Differentiation criteria: In order to ensure the differ-

entiation between cases, the selected cases cover different fields such as social livelihood, public

security prevention and control, community governance, and digital governance; (3) Feasibil-

ity criteria: All the innovation cases selected in this paper have been implemented for more

than 2 years, which excludes the factors of time and benefit, that is, the selected cases will not

have their performance not yet revealed due to time reasons. According to the above case

selection criteria, this paper selects 35 grass-roots social governance innovation cases from the

"China Top Ten Social Governance Innovation" award selected by the China All-round Well-

off Forum and the official news reports of governments at all levels. The data based on the val-

ues of each variable come from official data, journal data, and Internet media such as Xinhua-

net, NetEase, Sohu and Ifeng.com.

3.3 Variable measurement and data construction

3.3.1 Result variable. The result variable of this paper is the innovation performance of

grassroots social governance. Scholars have divided innovation performance in terms of spatial

diffusion [33] or substantive elements [34]. Based on the existing research and the specific

practical scenarios of grassroots social governance innovation in China, this paper measures

the innovation performance of grassroots social governance as follows:

Firstly, promoting the realization of the value of grassroots social governance and achieving

innovation performance in this field is a significant driving force. This can be accomplished by

maintaining goal orientation and measuring the innovation performance of grassroots social

governance against specific objectives.

Secondly, the replicability and scalability of innovative measures in grassroots social gover-

nance are assessed by the introduction of promotion policies by higher-level government

authorities and the adoption of these innovative practices by other government departments.

Thirdly, the sustainability of these measures over time can be evaluated based on a two-year

timeframe.

Lastly, recognition as an exemplary case is determined by receiving accolades such as the

"China’s Top Ten Innovations in Social Governance" award and being recognized as a

"National Typical Case of Innovative Social Governance in the New Era led by Party Building."

The result variable adopts the four-value fuzzy set assignment method, 1 = full membership,

0.67 = partial membership, 0.33 = partial non-membership, 0 = complete non-membership.

The result variable meeting one of the conditions and below is 0, meeting two of the conditions

is 0.33, meeting three of the conditions is 0.67, and meeting all four is 1, the higher the perfor-

mance will be. The result variable data comes from government websites, public reports and

scholars’ studies.

3.3.2 Conditional variable. Based on existing studies and typical social governance inno-

vation cases, this paper selects condition variables that may affect the innovation performance

of grassroots social governance from three dimensions of technology, organization and envi-

ronment according to TOE theoretical framework, including 8 condition variables.

Technological innovation ability. In this paper, the comprehensive scientific and technologi-

cal innovation level index is used to measure the technological innovation ability of each
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region. The score of comprehensive scientific and technological innovation level index ranges

from 0 to 100 points. It is necessary to calibrate the variables of scientific and technological

innovation ability in fsQCA, and the key to calibrate is to find out the three qualitative anchor

points required for calibration: full membership (1), crossover point (0.5) and complete non-

membership (0). Therefore, 100 is 1,50 is 0.5, and 0 is 0. The data comes from the Evaluation

Report on China’s Regional Innovation Capability (2021) released by the Ministry of Science

and Technology.

Technical facility support. Scientific and technological support in grassroots social gover-

nance innovation is a key factor to guarantee high performance. In this paper, the causal rela-

tionship between the technology facility platform and the outcome variable is explored by the

measurement criterion of whether to build a technical facility platform. For example, Rizhao

built a four-level digital platform, Construction of urban Brain traffic V3.0 in Hangzhou.

Therefore, there exists a technical facility platform that provides support for Code 1; otherwise,

it is 0. The data comes from government websites, public reports and scholars’ researches.

Promotion by higher government. In the context of China’s bureaucracy, top-down political

pressure and financial and policy support of superior governments are important factors to

promote the innovation of government organizations. Therefore, this paper mainly examines

whether the government’s social governance innovation practice is supported by superior lead-

ers or superior policy documents. If it is obtained, the code is 1; otherwise, it is 0. For example,

"Jiangsu Huai ’an Public Complaints and Calls Bureau promotes the new model of ’126’ public

complaints and calls work", the General Office of the Provincial Party Committee and the

Research Office of the provincial government highly affirm the new model of "126" public

complaints and calls work of Huai ’an City, and have published a long survey article in the

"Investigation and Research Report" of the provincial Party Committee and the provincial gov-

ernment to make a special recommendation. The variable data comes from government web-

sites, public reports and scholars’ studies.

Government attention level. As the undertakers and promoters of the innovative practice of

grassroots social governance, local government’s own importance and preference determine

the level of governance performance. Local governments attach importance to the establish-

ment of special governance institutions, guidance of proprietary policies and investment of

proprietary funds. If there is construction of special governance institutions or investment of

governance policies or investment of governance funds, it is 1; otherwise, it is 0. The variable

data comes from government websites, public reports and scholars’ studies.

Level of government. To some extent, the level of government represents the degree of

power and resource superiority. The higher the position of innovation subject in the level of

government, the higher the authority of government, and the more formal and informal gover-

nance resources available. Therefore, the code of non-grass-roots government above the

municipal level (including) is 1, and the code of grass-roots government is 0.

Inter-provincial competitive pressure. In this paper, the "China County Social Governance

Index Model" developed by the Institute of Social Governance of Zhejiang University is

selected to evaluate and rank the government’s social governance ability from the four dimen-

sions of social management, co-governance of government and society, social autonomy, and

scientific and technological support. If the local government of the case is lower than the

neighboring government of the top 100 counties (cities) in social governance, the mean rank-

ing code is 1; otherwise, it is 0. The data comes from the Report on China’s Top 100 Counties

(cities) in Social Governance.

Public demand pressure. The "responsive governance path" based on public demand is an

important external driving force for the innovation of grassroots social governance in China.

We refer to existing research [15]: If the pressure code of the innovation project is 1 based on
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urgency or sudden problems, otherwise it is 0, the variable data comes from government web-

sites, public reports and scholars’ researches.

Internal environment openness. In the market economy environment, the degree of market-

ization is highly correlated with the environmental openness inside the government. We refer

to existing research [35]: This paper chooses marketization index as the index to measure the

environmental openness inside the government. Among them, the marketization index score

is 0–10 points. First, find out the qualitative three anchor points required for calibration: full

affiliation (1), crossover point (0.5) and complete nonaffiliation (0). Therefore, the marketiza-

tion index is 1 for 10, 0.5 for 5 and 0 for 0. The data comes from China’s Provincial Marketiza-

tion Index Report (2021) released by the National Economic Research Institute. The

measurement and coding of the result and condition variables are shown in Table 1:

4 Results and analysis

4.1 Analysis of the necessity of individual conditions

Firstly, the qualitative analysis of fuzzy sets should detect whether the conditional variable is a

necessary condition for the result. There are two important measurement indexes for necessity

detection, namely consistency and coverage. Consistency is equivalent to the degree of signifi-

cance (p-value test) in regression analysis, that is, the extent to which a certain result requires

the presence of a certain variable. It is generally believed that if the consistency reaches 0.9, the

necessary condition test criteria are met [36], while the coverage reflects how many cases with

a single anthems condition achieve high innovation performance. In this paper, fsQCA3.0

software is used to test whether a single condition constitutes a necessary condition for high

innovation performance of grassroots social governance. As can be seen from Table 2, among

the eight conditional variables, only the internal environment openness variable reached the

consistency testing standard, and the consistency value was 0.9203, that is, 92.03% of the 35

grassroots social governance innovation cases had high internal environment openness. This

Table 1. Encoding of result variables and condition variables.

Variables Tier 1 Indicator Secondary Indicator Variable code

Outcome

Variable

Grassroots social governance

innovation performance

1. Achieve governance

objectives

Meet one of the conditions and below is 0; Two of them are 0.33; It meets three

of the conditions and is 0.67; All four correspond to 1

2. Can be replicated and

promoted

3. Sustainable in time

4. Selected excellent cases

Conditional

Variable

Technological factors Technological innovation

ability

The scientific and technological innovation level index is 1 out of 100; 50 is 0.5;

Zero is zero

Technical facility support Platform support is 1; Otherwise zero

Organization factors Promotion by higher

government

Support from superior leaders or superior policy documents is 1; Otherwise

zero

Government attention

level

The construction of governance institutions or governance policies or capital

input is 1; Otherwise zero

Level of government Governments above the county level are 1; Government at the county level and

below is 0

environment factors Inter-provincial

competitive pressure

The average ranking of the top 100 counties (cities) in social governance is 1;

Otherwise zero

Public demand pressure The pressure of innovation project based on urgency or emergent problem is 1;

Otherwise zero

Internal environment

openness

Marketization index 10 is 1; 5 is 0.5; Zero is zero

https://doi.org/10.1371/journal.pone.0297587.t001
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also means that grassroots social governance innovation lacking internal environment open-

ness is difficult to achieve high performance. The consistency level of other single conditions

on the high innovation performance of grassroots social governance is lower than 0.9, which

does not constitute a necessary condition for the result.

4.2 Sufficiency analysis of conditional grouping

From the perspective of set theory, configuration analysis is to explore whether the set formed

by the combination of antecedent conditions to achieve the high innovation performance of

grassroots social governance is a subset of the result set, that is, the adequacy analysis of the

results of configuration realization with different antecedent conditions. The adequacy of the

configuration is also expressed by consistency. According to the data characteristics, the con-

sistency threshold is set to 0.80 and the acceptable case frequency is set to 1. To avoid inconsis-

tent configurations, set the Proportional Reduction in Inconsistency (PRI) threshold to 0.75

[37], When analyzing the effective configuration that leads to the result, three classes of solu-

tions are generated, namely simple solutions, intermediate solutions and complex solutions. In

this paper, by referring to the research of Fiss [32], the intermediate solution is used as the

main reference, and through the nested comparison between the intermediate solution and

the simple solution, the factors that appear in both the intermediate solution and the simple

solution are identified as the core conditions, and the factors that only appear in the intermedi-

ate solution are identified as the edge conditions.

As can be seen from Table 3, there are 7 configuration paths for high innovation perfor-

mance of grassroots social governance, and the overall Solution Consistency is 0.9346, which

means that 93.46% of innovation cases of grassroots social governance innovation that meet

these 7 types of configuration conditions show a high level of performance. The overall Solu-

tion Coverage is 0.6985, which means that the seven-type conditional configuration can

explain 69.85% of the high innovation performance cases of grassroots social governance. The

Table 2. The necessity analysis results of high innovation performance in grassroots social governance.

Antecedent condition High innovation performance

Consistency Coverage

Technical innovation ability 0.8522 0.7012

~ Technical innovation ability 0.5632 0.7206

Technical facility support 0.6501 0.5968

~ Technical facility support 0.3567 0.5012

Promotion by higher government 0.6854 0.6589

~ Promotion by higher government 0.3254 0.3542

Government attention level 0.7596 0.6029

~ Government attention level 0.2308 0.4208

Level of government 0.5681 0.5362

~ Level of government 0.3259 0.6502

Inter-provincial competitive pressure 0.3225 0.5985

~ Inter-provincial competitive pressure 0.6302 0.5496

Public demand pressure 0.4016 0.6857

~ Public demand pressure 0.6514 0.5129

Internal environment openness 0.9203 0.6802

~ Internal environment openness 0.3025 0.7768

Note: “~” indicates not.

https://doi.org/10.1371/journal.pone.0297587.t002
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consistency of the solution and the coverage of the solution are both higher than the critical

value, which indicates that the empirical analysis is effective. Based on the conditional configu-

ration, we can further identify the differentiated adaptive relationship between technology,

organization and environment in improving the innovation performance of grassroots social

governance. The core conditions of C2a and C2b, C3a and C3b, and C4a and C4b are the

same, which constitute the second-order equivalent configuration respectively [32, 38]. There-

fore, the seven configurations can be regarded as the combination of sufficient conditions to

improve the innovation performance of grassroots social governance, which can be divided

into the following four path modes.

4.2.1 Environment-led technology and organization driven model. In configuration

C1, the openness of internal environment is the core existence condition, the edge existence

condition of technological innovation ability, the support of higher government and the pres-

sure of public demand is the edge existence condition, the pressure of intergovernmental com-

petition is the edge non-existence condition, and the other conditions are the uncertain state.

It shows that as long as maintaining a high level of environmental openness, improving tech-

nological innovation ability, obtaining the support of higher governments, and responding to

the public demand, a high level of grassroots social governance innovation performance can

be achieved. The consistency level of configuration 1 is 0.9358, indicating that this configura-

tion has a 93.58% possibility to achieve high innovation performance. Its original coverage is

0.2598, indicating that about 25.98% of grassroots social governance innovation cases can

explain configuration 1. Its unique coverage is 0.1865, indicating that 18.65% of cases can be

explained by this path alone. Typical examples of this model are: Songgang Street, Baoan Dis-

trict, Shenzhen City, Guangdong Province, implements "one grid and multiple" grid grass-

roots governance. Baoan District, Shenzhen City, Guangdong Province, has a high level of

internal environmental openness, the level of marketization and scientific and technological

innovation are in the forefront of the country, and ranks 25th in the ranking of the top 100

counties (cities) in social governance, with less pressure of inter-governmental competition.

The innovative practice of "one grid and multiple" grid grass-roots governance in Songgang

Table 3. Analysis of configuration results of high innovation performance in grassroots social governance.

Antecedent condition High innovation performance in grassroots social governance

C1 C2a C2b C3a C3b C4a C4b

Technological innovation ability s x s s s s
Technical facility support S S s s X X

Promotion by higher government s x s s S S
Government attention level S S S S x

Level of government X X S S S S
Inter-provincial competitive pressure x X X x s

Public demand pressure s x x X X
Internal environment openness S S S S S S S

Consistency 0.9358 0.9685 0.9895 0.9687 0.9802 0.9765 0.8987

Original coverage 0.2598 0.1265 0.0859 0.0896 0.1108 0.0856 0.0401

Unique coverage 0.1865 0.1206 0.0275 0.0058 0.0850 0.0405 0.0412

Global consistency 0.9346

Overall coverage 0.6985

Note: S or sIndicates that the condition exists, X or x Indicates that the condition does not exist, “blank” Indicates that the condition may or may not exist; S or X
Representation core condition, s or x Representational edge condition. The same below.

https://doi.org/10.1371/journal.pone.0297587.t003
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Street has significantly improved the efficiency of grass-roots social governance. In August

2018, Songgang Street implemented the "one grid multiple" grid governance system in 13 com-

munities under its jurisdiction, sinking personnel, rights and responsibilities to the commu-

nity line, reducing the work chain, with the gradual improvement of personnel and rights and

responsibilities sinking mechanism, its governance system effectively improved the efficiency

of work, showing a new atmosphere of grassroots governance.

4.2.2 Technology, organization and environment driving model. This model includes

two configurations, C2a and C2b. Configuration C2a indicates that when there is support of

technical facilities, more attention to itself and a higher level of openness of the internal envi-

ronment, even if the government level is low, the pressure of inter-governmental competition

and public demand is small, the grassroots social governance innovation will achieve higher

performance. This configuration has a 96.85% probability of achieving high innovation perfor-

mance, and 12.06% of cases can only be explained by this path. A representative case of this

path is as follows: Pingshan New District of Shenzhen innovates the "digital governance"

model. As a pioneer of China’s reform and opening up, Shenzhen has a high level of marketi-

zation and openness of the government’s internal environment. In the grassroots social gover-

nance, we should strengthen the support of technical facilities, build "one library, one team,

two networks and two systems" in the software aspect, achieve full coverage of the three-level

network of "new district—office—community" in the hardware aspect, and innovate the

"Internet + intermediary service" model; In grassroots social governance, the government atta-

ches more importance to further improving relevant laws and regulations, standardizing the

service process according to law, strictly implementing evaluation and assessment, and

strengthening in-process and post-event supervision. Configuration C2b indicates that when

there is technical support, more attention to itself and a higher level of openness of the internal

environment, even if the government level is low, the pressure of inter-governmental competi-

tion is small, the technological innovation ability is low, and the higher government does not

promote, the grassroots social governance innovation will achieve higher performance, but the

coverage of this configuration is low, and 2.75% of the cases can only be explained by this path.

A representative example of this path is the setting up of a "joint command center" in Tianya

District, Sanya City, Hainan Province. As a grass-roots government, Tianya District has little

pressure of inter-governmental competition, high environmental openness and government

attention level, and builds a joint command center. Although the scientific and technological

innovation ability is at a low level in the country, it can still achieve high innovation

performance.

4.2.3 Technology and organization-led environment driven model. This model

includes two configurations, C3a and C3b, which indicate that under the environment of less

pressure of inter-governmental competition or public demand, giving full play to technological

advantages such as technological innovation ability, technical facility support, and organiza-

tional advantages such as the promotion of higher government, government attention level,

and government level, higher innovation performance can be achieved under the drive of

internal environment openness. The corresponding cases of C3a configuration mode are as

follows: Jinan City of Shandong Province established the "four-society linkage" mechanism,

and Jinan City ranks first in the ranking of the top 100 counties (cities) of social governance by

neighboring governments, with less pressure of inter-governmental competition. Meanwhile,

the openness level of internal environment of Jinan City government ranks above the average

level in the country; In terms of technical factors, the technological innovation ability of Jinan

city is at the top level of the country, and it creates an information platform to provide infor-

mation technology support for the "four-social linkage"; At the level of organizational factors,

the Ministry of Civil Affairs and the Ministry of Finance put forward the Opinions on
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Accelerating Community Social Work Services and the Shandong Provincial Civil Affairs

Department issued the Opinions on Promoting the "Four-community Linkage" innovative

community governance and services to provide policy support for the "four-community link-

age". In addition, the Jinan Municipal Government also attaches great importance to the

"four-community linkage". In the "four social linkage", information communication system,

team construction system and service joint office system are established. C3b configuration

mode corresponding cases such as: The case of "Connected community" governance service

new model in the Northern District of Qingdao City, Shandong Province is similar to the case

of C3a. In the northern district of Qingdao City, an "connected community" information plat-

form integrating democratic consultation, social situation and public opinion collection, dis-

play, service and other functions is fully built to connect residents’ needs, government public

resources, volunteer service resources and social service resources. It has promoted the deep

integration of "Internet plus" and community construction.

4.2.4 Organization and environment-led technology driven model. The model includes

two configurations, C4a and C4b. In the two configurations, the promotion by the superior

government, the openness of the government level and the internal environment are the core

existence conditions, the support of technical facilities and the pressure of public demand are

the core non-existence conditions, the technological innovation ability is the marginal exis-

tence conditions, and the pressure of inter-governmental competition is the marginal existence

or uncertainty conditions. Government attention level is non-existence or uncertain condi-

tions at the edge. The results show that in the absence of technical facilities support and public

demand pressure, as long as the non-grassroots government receives the support of the higher

level government in the open market environment, supplemented by higher technological

innovation ability, the grassroots social governance innovation can achieve higher perfor-

mance regardless of whether there is pressure of inter-governmental competition or whether it

attaches importance to it. C4a configuration mode corresponding cases such as: Yangpu Dis-

trict of Shanghai carries out the "Community and Good Neighborliness Center", and the inter-

nal environment openness and technological innovation ability of the Shanghai Municipal

government rank first in the former country. The government also attaches great importance

to the construction of "community and good neighborliness Center", and actively supports

and promotes the popularization and promotion of "Community and good neighborliness

Center" in Shanghai and even in the whole country. The innovation practice of "Community

good-neighborly Center" in Yangpu District of Shanghai has also been selected as the national

excellent social governance innovation case for many times. The corresponding cases of C4b

configuration mode are as follows: Zhejiang Provincial Civil Affairs Department implements

"village rules and people’s conventions to promote harmony, social conventions to ensure gov-

ernance", community governance takes village rules and people’s conventions and residents’

conventions as the carrier, innovates the credit management system and mechanism of letters

and visits, constantly improves the grass-roots governance system combining "rule of law, rule

of virtue and autonomy", and gradually improves the innovative performance of grass-roots

social governance.

4.3 Robustness test

Adjustment of condition variables, adjustment of calibration threshold, change of consistency,

change of case frequency, etc., can be used as the robustness test criteria for qualitative com-

parative analysis, and can also be tested by changing data sources, adjusting measurement

methods, and changing data collection period [39], To judge whether the original analysis

results are robust, there are two levels of criteria: on the one hand, the fitting parameters of the
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re-analysis results are generally considered robust if there is little difference; On the other

hand, if there is still a clear subset relationship between the result configuration of the robust-

ness test and the original configuration result, the original result is considered robust [36]. In

this paper, the original consistency threshold of the solution is adjusted from 0.8 to 0.85 based

on two criteria for robustness evaluation and existing calibration methods [40]. The results of

conditional configuration adequacy analysis of the high innovation performance of grassroots

social governance obtained after modifying the calibration method are shown in Table 4. After

comparison and calculation, it is found that the configuration results under the adjustment

strategy are basically consistent with the original configuration results or there is an obvious

subset relationship, which further confirms the robustness of the research conclusions.

5 Discussion and conclusion

5.1 Discussion

Based on the above research result, this paper provides the following management implications

for government departments to improve the innovation performance of grassroots social

governance:

Firstly, the openness of the internal environment is a crucial and indispensable factor in

enhancing the innovation performance of grassroots social governance. In the era of informa-

tion technology, it is imperative for the government to exhibit a more open and inclusive

mindset towards emerging technologies, actively embracing and accommodating new

advancements. This entails being responsive, adaptable, and receptive to the opportunities and

challenges presented by information technology. It reflects the factors of organizational system

culture. From the historical development experience, politics and economy are closely inter-

twined, whether it is Milton Friedman’s promotion of economic freedom to political freedom

[41], The mutual support between the openness of power in the economic field and the open-

ness of power in the political field by Douglass C. North both demonstrated a high positive

correlation between the openness of environment within the government and the degree of

marketization [42]. Therefore, the government should follow the development of the market

economy and further improve the degree of marketization.

Table 4. Robustness test results.

Antecedent condition High innovation performance in grassroots social governance

C1 C2a C2b C3a C3b C4

Technological innovation ability s x s s s
Technical facility support S S s s X

Promotion by higher government s x s S
Government attention level S S S S

Level of government X X S S S
Inter-provincial competitive pressure x X X x

Public demand pressure s x x X
Internal environment openness S S S S S S

Consistency 0.9358 0.9685 0.9895 0.9687 0.9802 0.9802

Original coverage 0.2598 0.1265 0.0859 0.0896 0.1108 0.1926

Unique coverage 0.1865 0.1206 0.0275 0.0058 0.0850 0.1196

Global consistency 0.9502

Overall coverage 0.5306

https://doi.org/10.1371/journal.pone.0297587.t004
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Secondly, there are synergies among technology, organization and environment, which

highlights the complexity of improving the innovation performance of grassroots social gover-

nance. The second is to study all the important factors that affect innovation performance,

focusing on a single factor may not produce the desired results. It is crucial to consider multi-

ple factors from a holistic perspective and adopt context-specific measures that align with the

local conditions. This approach acknowledges the interplay and interdependencies among

technology, organization, and environment in order to effectively improve innovation perfor-

mance in grassroots social governance. We will develop differentiated paths for community-

level social governance innovation. The government can make efforts from three aspects: First,

strengthen the technical support for grassroots social governance innovation. We will apply

advanced technologies such as big data, blockchain, Internet of Things, and 5G to multiple

scenes of grassroots social governance, and strive for overtaking on corners and leapfrog devel-

opment. The second is to strengthen the organizational construction of grassroots social gov-

ernance innovation [43]. In the public sector, especially in government organizations, the

willingness of lower-level governments to innovate and develop depends to a certain extent on

the financial resources and policy support provided by higher-level governments, which have a

strong dependence on higher-level government organizations. Thus, top-down political pres-

sure is the most dominant external driver of applied innovation in the public sector. China’s

vertical governments at all levels are in essence a "relationship between superiors and subordi-

nates". The policy support of higher governments to lower governments reflects a certain attri-

bute of political pressure, which can bring various resources and pressures to lower

governments. Therefore, higher governments should actively encourage and support lower

governments to promote innovative practice of grassroots social governance. In addition, stud-

ies have shown that local governments’ self-importance has a significant positive impact on

innovation performance. Local governments should attach importance to grassroots social

governance innovation practices and formulate development strategies, norms and measures

according to local conditions. The third is to optimize the external environment for grassroots

social governance innovation, improve its own competitiveness, actively respond to public

demand, build an institutional environment with multi-subject participation, and create a

grassroots social governance community with co-construction of subjects, co-governance of

resources and shared benefits.

Thirdly, whether considering the entire nation or taking into account regional disparities,

there exists not just one "satisfactory solution" for enhancing the innovation performance of

grassroots social governance or fostering innovation in grassroots social governance. In other

words, a universal, "one-size-fits-all" approach does not exist. Instead, one potential starting

point is to prioritize the expansion of the internal environment’s openness. It can also promote

innovation in social governance at the grassroots level from the aspects of technological inno-

vation capacity, technical facility support, promotion by the higher level government, and

their own importance. There are multiple paths to improve innovation performance, not a sin-

gle one. Therefore, local governments should select appropriate paths and targeted measures

based on local development scenarios and governance resources, and find an efficient way to

innovate grassroots social governance in China.

This paper possesses certain limitations and suggests avenues for future research. Firstly, it

focuses solely on preconditions such as technology, organization, and environment, while

there are numerous other factors that impact innovation performance. To achieve a more

comprehensive understanding of the influencing factors, future research could incorporate

additional elements such as strategic orientation and organizational resources. Secondly, this

study selected 35 grassroots social governance innovation cases, and the generalizability of the

qualitative comparative analysis results may be restricted by the sample size. Collecting a larger
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dataset for further analysis in the future would enhance the robustness of the findings. As a

result, this study holds significant theoretical and practical value, offering fresh ideas and

methodologies for the field of management and social governance research. It opens up new

avenues for exploration and provides directions to advance knowledge in these domains.

5.2 Conclusion

Promoting innovation practices in grassroots social governance and enhancing the perfor-

mance of grassroots social governance innovation is a key driver for modernizing the grass-

roots social governance system and governance capacity. In the current Chinese political

context, local governments promote grassroots social governance innovation plans in a timely

and effective manner, with varying degrees of success. Why do these differences exist, and how

do various factors interact to enhance grassroots social governance innovation performance?

Based on this, this paper constructs 35 grassroots social governance innovation case data and

uses the TOE analysis framework and innovative fuzzy set qualitative comparative analysis

(fsQCA) method to explore the "combined effects" and "interactive relationships" of eight ante-

cedent conditions—technological innovation ability, Technical facility support, Promotion by

higher government, self-value, government level, inter-facility competition pressure, public

demand pressure, and internal environmental openness—on high innovation performance in

grassroots social governance. The specific research conclusions are as follows: First, the open-

ness of the internal environment is a necessary condition for improving the innovation perfor-

mance of grassroots social governance, forming a single-factor path of high innovation

performance. Second, achieving high innovation performance in grassroots social governance

has the characteristics of "multiple paths and the same goal", with multiple different antecedent

conditions forming 7 paths that ultimately achieve the goal of high innovation performance,

namely the same goal. The seven configuration paths can be summarized as environment-led

technology and organization-driven mode, technology, organization and environment drive

mode, technology and organization-led environment drive mode, and organization and envi-

ronment-led technology drive mode. Third, from the perspective of the combination condi-

tions of the high innovation performance of grassroots social governance, the influencing

factors of the high innovation performance of grassroots social governance are the result of the

joint action of technology, organization, environment and other factors, which means that the

dynamic mechanism to improve the innovation performance of grassroots social governance

is often mixed, rather than a specific factor that can be imposed and promoted.
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10. Benáček V. Three dimensions of modern social governance: markets, hierarchies and kinships. the

NISPAcee Annual Conference; 2005.

11. Wynen J, Verhoest K, Ongaro E, Van Thiel S, In CWTC. Innovation-oriented culture in the public sector:

Do managerial autonomy and result control lead to innovation? Public Manag Rev. 2014; 16(1):45–66.

12. Crosby BC, T Hart P, Torfing J. Public value creation through collaborative innovation. Public Manag

Rev. 2017; 19(5):655–69.

13. Korac S, Saliterer I, Walker RM. Analysing the environmental antecedents of innovation adoption

among politicians and public managers. Public Manag Rev. 2017; 19(4):566–87.

14. Mittelstaedt JC. The grid management system in contemporary China: Grass-roots governance in

social surveillance and service provision. China Inform. 2022; 36(1):3–22.

15. Huang X, Zhou L. “Paired competition”: A new mechanism for the innovation of urban grassroots gover-

nance. Chinese Journal of Sociology. 2023; 9(1):3–45.

16. Smith A, Stirling A. Innovation, sustainability and democracy: An analysis of grassroots contributions.

Journal of Self-Governance and Management Economics. 2018; 6(1):64–97.

17. Tornatzky LG, Fleischer M, Chakrabarti AK. Processes of technological innovation. Lexington books;

1990.

18. Basloom RS, Mohamad MHS, Auzair SM. Applicability of public sector reform initiatives of the Yemeni

government from the integrated TOE-DOI framework. International Journal of Innovation Studies. 2022;

6(4):286–302.

19. Ng PM, Lit KK, Cheung CT. Remote work as a new normal? The technology-organization-environment

(TOE) context. Technology in Society. 2022; 70: 102022. https://doi.org/10.1016/j.techsoc.2022.

102022 PMID: 35719245

20. Picoto WN, Bélanger F, Palma-dos-Reis A. A technology–organisation–environment (TOE)-based m-

business value instrument. Int J Mob Commun. 2014; 12(1):78–101.

PLOS ONE Research on the Improvement Path of Grassroots Social Governance Innovation Performance in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0297587 February 21, 2024 17 / 18

https://doi.org/10.3109/17483107.2013.823573
https://doi.org/10.3109/17483107.2013.823573
http://www.ncbi.nlm.nih.gov/pubmed/23919407
https://doi.org/10.1016/j.techsoc.2022.102022
https://doi.org/10.1016/j.techsoc.2022.102022
http://www.ncbi.nlm.nih.gov/pubmed/35719245
https://doi.org/10.1371/journal.pone.0297587


21. Saxena S. Open Government Data (OGD) usage in India: A conceptual framework using TOE &

UTAUT frameworks. SOCRATES. 2016; 4(3):124–44.

22. Sachan A, Kumar R, Kumar R. Examining the impact of e-government service process on user satisfac-

tion. Journal of Global Operations and Strategic Sourcing. 2018; 11(3):321–36.

23. Lee S, Jung K. The Role of community-led governance in innovation diffusion: The case of RFID Waste

pricing system in the Republic of Korea. Sustainability-Basel. 2018; 10(9):3125.

24. Saxena S. Summarizing the decadal literature in open government data (OGD) research: a systematic

review. foresight. 2018; 20(6):648–64.

25. Andersen SC, Jakobsen ML. Political Pressure, Conformity pressure, and performance information as

drivers of public sector innovation adoption. Int Public Manag J. 2018; 21(2):213–42.

26. Donegan M, Lester TW, Lowe N. Striking a balance: A national assessment of economic development

incentives. Urban Aff Rev. 2021; 57(3):794–819.

27. Jin P, Mangla SK, Song M. The power of innovation diffusion: How patent transfer affects urban innova-

tion quality. J Bus Res. 2022; 145: 414–25.

28. Adnan HR, Hidayanto AN, Kurnia S. Citizens’ or government’s will? Exploration of why indonesia’s local

governments adopt technologies for open government. Sustainability-Basel. 2021; 13(20):11197.

29. Jing Y. Study on the influencing factors of e-government service capacity of provincial governments in

China. Front. Edu. Res. 2020; 3: 12–5.

30. Manyika J, Lund S, Bughin J. Digital globalization: The new era global flows.: McKinsey Global Institute;

2016.

31. Myeong S, Ahn MJ, Kim Y, Chu S, Suh W. Government data performance: The roles of technology,

government capacity, and globalization through the effects of national innovativeness. Sustainability-

Basel. 2021; 13(22):12589.

32. Fiss PC. A set-theoretic approach to organizational configurations. Acad Manage Rev. 2007; 32

(4):1180–98.

33. Braun D, Gilardi F. Taking Galton’s problem’ seriously—Towards a theory of policy diffusion. J Theor

Polit. 2006; 18(3):298–322.

34. Meuer J. Exploring the complementarities within high-performance work systems: a set-theoretic analy-

sis of UK firms. Hum Resour Manage-Us. 2017; 56(4):651–72.

35. Farid M. Advocacy in action: China’s grassroots NGOs as catalysts for policy innovation. Stud Comp Int

Dev. 2019; 54(4):528–49.

36. Laux T. Set-Theoretic Methods for the Social Sciences—A Guide to Qualitative Comparative Analysis.

Kolner Z Soziol Soz. 2013; 65(1):168–70.

37. Greckhamer T, Furnari S, Fiss PC, Aguilera RV. Studying configurations with qualitative comparative

analysis: Best practices in strategy and organization research. Strateg Organ. 2018; 16(4):482–95.

38. Fiss PC. Building Better Causal Theories: A fuzzy set approach to typologies in organization research.

Acad Manage J. 2011; 54(2):393–420.

39. Ordanini A, Parasuraman A, Rubera G. When the recipe is more important than the ingredients: a quali-

tative comparative analysis (QCA) of service innovation configurations. J Serv Res-Us. 2014; 17

(2):134–49.

40. Emmenegger P, Schraff D, Walter A, editors. QCA, the truth table analysis and large-N survey data:

The benefits of calibration and the importance of robustness tests; 2014 2014-01-01. Pub Place; Year

Published.

41. Turner R. Un/inhibited organism: Political power, psychophysiology, and techniques.; 2009.

42. Wang W, Wen J, Luo ZG, Luo WY. How does environmental punishment affect regional green technol-

ogy innovation?-Evidence from Chinese Provinces. Plos One. 2023; 18(7). https://doi.org/10.1371/

journal.pone.0288080 PMID: 37478060

43. Rehman SU, Ashfaq K, Bresciani S, Giacosa E, Mueller J. Nexus among intellectual capital, interorgani-

zational learning, industrial Internet of things technology and innovation performance: a resource-based

perspective. J Intellect Cap. 2023; 24(2):509–34.

PLOS ONE Research on the Improvement Path of Grassroots Social Governance Innovation Performance in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0297587 February 21, 2024 18 / 18

https://doi.org/10.1371/journal.pone.0288080
https://doi.org/10.1371/journal.pone.0288080
http://www.ncbi.nlm.nih.gov/pubmed/37478060
https://doi.org/10.1371/journal.pone.0297587

