
Citation: Yang, C.; Meng, X. A

Fuzzy-Set Configurational

Examination of Governance

Capability under Certainty and

Uncertainty Conditions: Evidence

from the Chinese Provincial Cases of

Early COVID-19 Containing Practice.

Sustainability 2023, 15, 2828. https://

doi.org/10.3390/su15032828

Academic Editors: Valeria Bellisario,

Giulia Squillacioti and

Federica Ghelli

Received: 28 December 2022

Revised: 25 January 2023

Accepted: 1 February 2023

Published: 3 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

A Fuzzy-Set Configurational Examination of Governance
Capability under Certainty and Uncertainty Conditions:
Evidence from the Chinese Provincial Cases of Early COVID-19
Containing Practice
Chao Yang 1,2,* and Xianyin Meng 3

1 School of Public Policy and Management, China University of Mining and Technology, Xuzhou 221116, China
2 School of Safety Engineering, China University of Mining and Technology, Xuzhou 221116, China
3 School of International and Public Affairs, Shanghai Jiao Tong University, Shanghai 200030, China
* Correspondence: chaoyang@cumt.edu.cn

Abstract: It is a complex task for provincial governments to sustain the effectiveness of the governance
system in containing the spread of COVID-19 in the early stages. This study aims to examine the
complex causal combinations of certainty, uncertainty and governance capabilities leading to high and
low effectiveness of governance across 30 Chinese provincial administrative regions. The fuzzy-set
qualitative comparative analysis (fsQCA) shows that: (1) Two paths lead to a high level of governance
effectiveness. One is condition-based, while the other is mainly based on the expertise of health
directors and low-spreading control conditions. (2) Two paths lead to a low level of governance
effectiveness. Because of a high level of spreading control difficulty, most provinces take the first
path. (3) The SARS experience in 2003 may not be a necessary condition to improve the governance
effectiveness of the COVID-19 outbreak. Provinces could achieve good governance effectiveness even
if they had no prior SARS experience. The findings enhance the understanding of the emergency
response to a public health crisis in a country with a strong government by clarifying various effective
and ineffective configurations. It also reflects China’s existing public health emergency system to
maintain sustainable governance under varying degrees of certainty and uncertainty.

Keywords: government management; public health crisis; COVID-19; configurational analysis;
qualitative comparative analysis (QCA)

1. Introduction

There was an interesting phenomenon in the early COVID-19 containing practices. A
province with better medical, information infrastructure and other physical conditions may
have lower governance effectiveness than another province with poorer physical conditions
at this stage. The influencing factors are numerous, including governance capability,
economic development, public health conditions, population density, transportation, etc.
This example also demonstrates that a good configuration of policy choices and investment
in governance, social protection, green economy and digitalization, that is, an “SDG push”,
would assist some less-developed regions in moving beyond development trajectories,
even though the outbreak of COVID-19 may widen the gap between the developed and
developing regions [1]. To reveal the complex causal relationships in unexpected epidemics,
abrupt biophysical system shifts and economic crises, the complexity theory was introduced
into governance literature for more than two decades [2,3]. In the public health crisis, how
to match resources with governance capability from a broad perspective could have a
significant impact on the effectiveness of governance. A good public health governance
model would be sustainable and balanced in containment and social functioning.

Governments make a great number of decisions on policy choices, such as resource
allocation and the speed of response to emergent health issues. One of the most inexorable
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factors affecting policymakers’ decisions is uncertainty, since they cannot make perfectly
informed judgements and their interpretations of the existing evidence may lead to numer-
ous interpretations and perspectives [4–6]. This was especially true during the early stages
of the COVID-19 pandemic. The policymakers were challenged by the limited knowledge
about the virus and abundant policy decisions with unknown potential consequences.
Complexity entails both uncertainty and some stability [7]. Uncertainty can be divided
into measurable uncertainty and unmeasurable uncertainty [8]. Certainty is what we can
control, and to some extent, reduce uncertainty and direct a complex situation toward
stability [9]. Certainty, uncertainty and governance capabilities are mixed in a complex
task. Which combinations of these certainty, uncertainty and governance conditions could
be effective in controlling the fast transmission of the novel coronavirus? How to design
governance strategies considering the ever-changing environment?

Previous research has analyzed these questions primarily from a governance strat-
egy perspective. Different institutional arrangements and cultural orientations lead to
different governance strategies [10]. Equifinality occurs when the deployments of various
governance strategies in different countries produce similar successes [11,12]. For example,
capable politicians, a high-trust society, a strong economy, and a low population density
were conducive to effective government measures against the pandemic in Norway [13]. In
the case of Japan, solid governance, individual behavior, and the health care system were
all important factors in the country’s success in controlling the virus spread [12]. It is also
found that the early and anticipatory approaches to containing the virus are also proven to
be superior to the late and reactive strategies [14,15]. The uncertainty inherent in the com-
plex governance tasks has been mentioned multiple times in the current literature [16–18],
but it has not yet been the focus of previous studies.

The government’s assessment of certainty and uncertainty would have an impact on
the governance responses, which in turn could affect the effectiveness of the complex task.
The mismatch between (un)certainty and governance reveals a lack of understanding of
the complex tasks in public management. The uncertainty caused by the virus has put
a strain on one-size-fits-all government measures that are implemented without much
consideration of the realities that they face. The governments of different countries rarely
share the same situation in fighting the COVID-19 pandemic, so how they make policy
choices within their own governance configurations may be reflected in the final results on
curbing the virus’ spread. The purpose of this complex task is to improve the effectiveness
of governance, that is, how quickly the increasing rate of newly added cases is slowed and
how many individuals are infected compared to the total population in one province.

The plural and conditional advice from experts could be a solution to this mismatch
problem, but a better suggestion is to reconcile the science-based evidence and appraisal
feedback [5]. For government managers, even when they obtain comprehensive evaluations,
they still need to arrange the configurations according to their local conditions, and the
outcome of these governance efforts is very likely to be uncertain. We look into this
issue by constructing a framework to identify the configurations of matching certainty,
uncertainty and governance that the provincial governments of China take in the battle
against coronavirus in the first two months of the COVID-19 outbreak in 2020.

We use fuzzy-set qualitative comparative analysis (fsQCA) to reap the benefits of
both qualitative and quantitative methods in investigating configurations that could indi-
cate certainty, uncertainty, and governance combinations in the complex task of fighting
COVID-19 in China. The contribution of this research is, theoretically and practically, to
understand the complex causality of effective government response to the fast-spreading
virus in China, which could aid the government in improving governance capabilities
when facing similar situations in the future. Methodologically, we take data from official
reports, statistical yearbooks and public data platforms and use the fsQCA as our primary
approach. This paper builds on and expands on a prior study on government policy control
against the pandemic [19] and a comparison of country risk and responses to COVID-19
across 25 countries using QCA [15].
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This paper consists of the following sections. First, a contextual and theoretical
framework is outlined. Then, data collection, methods, and sample selection are presented,
followed by a discussion and a conclusion.

2. Context and Theoretical Framework
2.1. Context: A Complex Scenario of containing COVID-19 in China in the Early Stages

The situation in which China’s government is attempting to prevent and control the
novel coronavirus is unique. First, in the early stages of transmission, the uncertainty for
public management in China is expected to be higher. “The virus was first identified as the
cause of a cluster of cases of severe pneumonia in Wuhan, to date it is uncertain from where
the first cases originated” [20]. Second, the governance is timely and transparent with
a fairly good performance. On 12 March 2020, the newly added infected cases dropped
to only 11 cases (8 domestic cases and 3 imported cases). It was the lowest at this stage,
according to the data from the National Health Commission of China (NHCC). Since then,
the spread of COVID-19 has been slowed, and the number of new cases has remained low,
despite multiple instances of small- and medium-scale transmission, such as the Nanjing
airport cluster transmission in July 2021. As a result, the time length to roughly accomplish
this complex task for Chinese provincial governments is only 51 days from 21 January 2020,
when the National Health Commission of China (NHCC) began updating the epidemic
information daily via their websites on 21 January 2020 [21]. Third, China is a big country
with vast economic and infrastructure disparities between provincial administrative regions.
Provinces, autonomous regions, municipalities and special administrative regions (SAR) are
all included in the provincial regions. Municipalities are densely populated metropolitan
cities such as Beijing and Shanghai. The provinces are so divergent with both the advanced
eastern provinces like Jiangsu, Zhejiang and Guangdong and the less-developed western
provinces like Gansu and Qinghai. Autonomous regions, such as Ningxia and Guangxi,
have more ethnic groups. The SARs include Hong Kong and Macao.

2.2. Theoretical Framework: A Match of Certainty, Uncertainty and Governance

Complexity theory offers us a systematic perspective to examine government opera-
tions and responses to governance tasks [22,23]. The term “complexity” refers to a particular
dynamic or movement in time that is paradoxically stable and unstable, predictable and
unpredictable, known and unknown, certain and uncertain, all at the same time [24]. The
importance of complexity thinking for public managers performing governance duties
cannot be overstated. The governance task often relates to the “dynamic system” of so
many interconnected social issues. In this system, even slight changes are amplified over
time [25]. The dynamic of stability and instability complicates a task, as a given input
does not always result in a given outcome [24]. As a result, a reductionist approach to
evaluating policy performance has been criticized for oversimplifying the cause-and-effect
relationship [26].

However, the instability of the complex governance system does not rule out the
possibility of increasing effectiveness and allocating resources more scientifically. Practi-
tioners can improve their effectiveness if they “complicate” themselves by increasing their
understanding of complexity and matching the complex situation [27]. How can you make
sense of a complicated situation? Most often, what is unknown in the process of change
is frequently a barrier to the specialists and decision-makers, and the concealed potential
risk is “uncertainty”, which refers to the limited knowledge to handle the threats [28].
The hard effort is to recognize this hiddenness and the inside causal logic [29]. A matrix
based on knowledge about possibilities and probabilities is proposed to help them deepen
their understanding of risk and acquire more knowledge about uncertainty, ambiguity and
ignorance by using both quantitative and qualitative methods [5].

Though it is difficult to assess the effectiveness of the governance strategy, results-
based evaluation may not be fair in an unforeseeable environment, and process-based
governance should be considered [30]. Governments also need to cope with the changes
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incurred by time and space [31,32] and should be well adapted to changing circumstances.
In the 2009 A/H1N1 public health crisis, for example, the governments needed to develop
agility when facing pandemic uncertainty [33]. The government’s adjustments should
also be proactive and could be assorted into seven system interventions for public service
organizations by Meadow’s work, including value-based interventions, finding direction
and core purpose, intervening in self-organization, intervening in internal bureaucracy,
strategic information management, interventions for change and crisis, and routine resource
interventions [9].

2.2.1. Certainty and Uncertainty in the COVID-19 Crisis in China

Certainty is something we can control but not easily improve in a short time. Infor-
mation publishing and medical diagnosis and treatment are the most essential parts of
this complex virus-fighting task. The information infrastructure is one certainty for the
governments to publish accurate information and to curb the spread of rumors. The virus’s
terror might readily be mishandled to instill fear in the public during an infectious disease
outbreak. One of the most prominent examples is the panic buying that occurs in super-
markets as customers rush to purchase daily essentials as a result of the misinformation
spreading online [34]. This is likely to coincide with the public’s worry. Another major duty
for governments in this special period is to prevent groundless rumors and disseminate
accurate facts. Good infrastructure, if utilized properly, could be a very powerful tool in
addressing this emergency.

The other certainty is the medical condition. China uses the strategy of early discovery,
diagnosis, treatment and quarantine to curb the spread [35]. All of the procedures need
medical infrastructure. For example, the pressure from the shortage of hospital beds was
relieved by the building of Huoshenshan hospital with 1000 beds and Leishenshan hospital
with 1600 beds. The two new hospitals were built in around ten days for the treatment of
confirmed cases [36]. In many provinces, governments also built or transformed special
wards for potential patients. The medical conditions are also reflected in the number of
hospitals and medical staff. To a very large extent, the testing capability and the maximum
number of patients accommodated at the same time depend on this medical infrastructure.

The unknown number of the outflow population from Wuhan before the lockdown
caused uncertainty in this complex task. In the period when NHCC updated its report daily
and the emergency level was rising, people outflowing from Wuhan and Hubei province
to other parts of China attracted a lot more attention. All provincial governments took
measures to sort through the influx of individuals from Wuhan and Hubei. Although some
western media may be critical of this governance mechanism, it is perfectly reasonable in
an emergency. According to a prior study, the number of people flowing out of Wuhan was
proportional to the number of cases reported in other provinces of China [37]. Therefore,
quarantining these people at home for 2 weeks was good for the health of the general
public. On the other hand, if all the inflowing people from Wuhan and Hubei were
not required to stay at home, and the governments provided no support for their basic
needs, the infected people who did not show symptoms could pose a hazard to the entire
population. The healthcare system would collapse after everyone is diagnosed. Therefore,
“the medical and information infrastructures” are a certainty, while the uncertainty is
“spreading control difficulty”.

2.2.2. Governance Capabilities

In China, modernization of the national governance system and governance capacity
was proposed in 2013 and has been implemented since then, which could be a good prereq-
uisite for addressing the looming public health problem. The five elements of governance
capability consist of collective action, coordination, resilience, learning and resources [38].
Bear this in mind, governance capabilities are demonstrated as the emergency response
capability, collective and cooperation capability, professional leaderships, and capability of
learning from the past in this article by using “the governance response speed”, “mutual
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support and help”, “expertise of the health director” and “the past experience of SARS
in 2003” indicators. First, the Chinese governance system attached importance to response
speed. When the public health crisis emerged, the first level of emergency response started
very fast, but still not at the same pace. Second, the advantage of coordination and coop-
eration with unified leadership was demonstrated. For example, the governance system
necessitates quick action to form a special leadership team to coordinate epidemic control
in each province and provide support to Hubei. A “one province to one city in Hubei”
assistance matching plan was implemented, in which each province or several provinces
offered medical and emergency goods support to one municipal city in Hubei province,
for example, Jiangsu province to Huangshi Prefecture City, Hubei province. However, it
appears that mutual assistance is insufficient. For example, Dali, a city in Yunnan province,
expropriated medical supplies heading to Chongqing [39]. Third, the expertise of some
provincial health commission directors seemed not very appropriate given their educa-
tional background and past working experience. This also shows whether or not this role
was critical in the health-emergency-management system prior to the outbreak. Finally,
the Severe Acute Respiratory Syndrome (SARS) epidemic, which ended in 2003, appears
to have left little experience for this fight. The public health infrastructure for emergency
use had not been matched with fast-growing economic development. Even in Beijing,
Xiaotangshan hospital, which served as a temporary medical center for SARS patients in
2003, was dismantled in 2010 [40].

2.2.3. Results-Based Effectiveness of Governance

The effectiveness of governance is judged by the results of the governance system [30].
The competition for the provincial governments exists in many aspects. Provincial govern-
ments were competing for speed and accuracy in publishing the infected case reports day
by day to keep the public informed immediately. The infected cases were most often pub-
lished anonymously in newspapers and on the web, which includes their false names, the
community they live in, and a description of the places they visited in the past two weeks.
Thus, the results of effectiveness of governance were satisfying on the whole. The domestic
newly infected cases were controlled in only 51 days, and the number has remained rela-
tively low. This is closely related to how provincial governments compete to slow down
the increasing trend of confirmed cases and reduce the mortality rate. Considering the total
population, the proportion of infected cases is very small for most provinces.

The effectiveness is measured by how quickly the increasing rate of newly added cases
is being lowered, and how many people are infected in relation to the overall population of
a province. Thus, “the length of time it takes to see the turning point”, “the ratio of infected
people to the population” and “the ratio of the peak number to the population” are used to
assess the outcome.

Therefore, based on the literature and public management practice in China, we
construct a conceptual model of how the matching of certainty, uncertainty and governance
conditions would lead to high and low effectiveness of governance in the case of the
government controlling the COVID-19 pandemic in China, as presented in Figure 1.



Sustainability 2023, 15, 2828 6 of 20

Sustainability 2023, 15, x FOR PEER REVIEW  6  of  20 
 

 

Therefore,  based on  the  literature  and public management practice  in China, we 

construct  a  conceptual  model  of  how  the  matching  of  certainty,  uncertainty  and 

governance conditions would lead to high and low effectiveness of governance in the case 

of the government controlling the COVID‐19 pandemic in China, as presented in Figure 

1. 

 
Figure 1. Hypothesized Conceptual Model. 

3. Methods, Data and Case Selection 

The fuzzy set Qualitative Comparative Analysis (fsQCA) is applied in this study to 

see which  configurations of  certainty, uncertainty and governance  capability  could be 

excellent combinations to improve the results‐based effectiveness of governance. 

3.1. Methods 

The  fsQCA  method  has  several  advantages  for  this  study.  First,  case‐based 

approaches  have  been  advocated  in  explaining  the  complex  causal  relationships, 

especially for those small‐ and medium‐sized samples [41]. We regard each province in 

China  as  an  in‐depth  case,  which  aligns  with  QCA’s  case‐centered  advantages  in 

understanding complex phenomena. QCA is also suitable for the number of cases in this 

research, which rules out methods that require large samples. Second, fsQCA could lead 

to  a  better  understanding  of  condition  combinations  compared  with  crisp  set  QCA 

(csQCA)  [42]. The  introduction of a fuzzy set to QCA brings the advantage of keeping 

more valuable information than csQCA, through which the original dataset calibrates to 

a new dataset with either 0  (non‐membership) or 1  (full membership). For  fsQCA,  the 

transformation  of  the  data  produces  continuous  scores  from  0  to  1, with  0.5  as  the 

crossover point, so  that the degree of membership  is developed as predefined, such as 

high,  low  and  in‐between  [43,44].  Third,  fsQCA  provides  causal  combinations  of  the 

conditions, or “recipes”, which could be good  for practical use. “QCA  is very suitable 

when the relationships between conditions and outcomes are not presumed and can be 

used  to build  theory  in  the  complex  environment of  construction”  [45]. This helps  to 

understand the complex task of containing COVID‐19 for the government, which involves 

numerous unknown situations and outcomes. 

The analysis procedure follows six parts, as shown in Figure 2. The first step  is to 

conduct a case selection to keep as many cases as possible based on the characteristics of 

cases. The second step is to collect and clean the data. Third is a calibration according to 

Ragin’s  calibration method. Then  follows necessity  analysis  to  find whether  there  are 

single  conditions necessary. The  fifth  step  is  to  conduct  a  configurational  analysis by 

focusing on  the  truth  table and  then  finding  the paths  that  lead  to both high and  low 

outcomes. The last step is to analyze the results. It explains equifinality by demonstrating 

that different combinations of certainty, uncertainty and governance capabilities result in 

the same level of success or failure. 

Figure 1. Hypothesized Conceptual Model.

3. Methods, Data and Case Selection

The fuzzy set Qualitative Comparative Analysis (fsQCA) is applied in this study to see
which configurations of certainty, uncertainty and governance capability could be excellent
combinations to improve the results-based effectiveness of governance.

3.1. Methods

The fsQCA method has several advantages for this study. First, case-based approaches
have been advocated in explaining the complex causal relationships, especially for those
small- and medium-sized samples [41]. We regard each province in China as an in-depth
case, which aligns with QCA’s case-centered advantages in understanding complex phe-
nomena. QCA is also suitable for the number of cases in this research, which rules out
methods that require large samples. Second, fsQCA could lead to a better understanding
of condition combinations compared with crisp set QCA (csQCA) [42]. The introduc-
tion of a fuzzy set to QCA brings the advantage of keeping more valuable information
than csQCA, through which the original dataset calibrates to a new dataset with either
0 (non-membership) or 1 (full membership). For fsQCA, the transformation of the data
produces continuous scores from 0 to 1, with 0.5 as the crossover point, so that the degree of
membership is developed as predefined, such as high, low and in-between [43,44]. Third,
fsQCA provides causal combinations of the conditions, or “recipes”, which could be good
for practical use. “QCA is very suitable when the relationships between conditions and
outcomes are not presumed and can be used to build theory in the complex environment
of construction” [45]. This helps to understand the complex task of containing COVID-19
for the government, which involves numerous unknown situations and outcomes.

The analysis procedure follows six parts, as shown in Figure 2. The first step is to
conduct a case selection to keep as many cases as possible based on the characteristics of
cases. The second step is to collect and clean the data. Third is a calibration according to
Ragin’s calibration method. Then follows necessity analysis to find whether there are single
conditions necessary. The fifth step is to conduct a configurational analysis by focusing on
the truth table and then finding the paths that lead to both high and low outcomes. The
last step is to analyze the results. It explains equifinality by demonstrating that different
combinations of certainty, uncertainty and governance capabilities result in the same level
of success or failure.
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3.2. Case Selection

In this research, each province is treated as a separate case, but Hubei Province, Taiwan
Province, Hong Kong SAR and Macao SAR are not included in the selected cases for the
following reasons. First, each of these regions has chosen distinct governance measures in
this containing practice. For example, Wuhan and its surrounding Hubei Province were
under the management of the Special Guidance Team from the central government of China.
The measures are highly likely different from the other provinces. Almost all the other
provinces were matched to help the prefecture-level cities in Hubei, by sending medical
teams, vegetables, food and so on. However, all the other provinces were only giving
instead of taking. Second, in China, the virus was first observed in Wuhan; hence, the
severity of the virus’ spread in Hubei province was different from the rest. Third, Taiwan
Province, Hong Kong SAR and Macao SAR are special governance regions. The governance
measures differ from those in other provinces. Therefore, the selected cases in this research
are 21 provinces, 5 minority autonomous regions and 4 province-level municipalities. The
number of selected cases is 30, which complies with the minimum requirements of fsQCA
of at least 15 cases [43]. Figure 3 shows the total number of infected domestic cases in these
regions until 12 March 2020.
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Figure 3. The total domestic case number of COVID-19 in 30 provinces, autonomous regions and
province-level municipalities (with the imported case number deducted) in the early stage.

According to the description of the total number of confirmed cases after subtracting
the number of imported cases in this period, more than 1000 people were infected in
Guangdong, Henan, Zhejiang and Hunan, while in Tibet, Qinghai, Ningxia, Inner Mongolia,
Xinjiang, Gansu and Jilin, there were fewer than 100 infected people. Among the four
province-level municipalities, the number of infected people in Tianjin was less than a
quarter of that number in Chongqing, one-third of that number in Beijing, and half of that
number in Shanghai.

3.3. Measures, Indicators and Data

Table 1 presents the measures of seven conditions and the outcome in this research.
Most conditions are composite ones with more than one indicator. The advantage of
composite indicators as conditions and outcomes is more impartial and reliable. The
most common practice in QCA is that the intermediate-N cases from 10 to 40 are best
chosen from 4 to 7 conditions [46]. Therefore, 30 cases and 7 conditions in this research
conform to the requirements. Among all seven conditions, “Information Infrastructure”,
“Medical Infrastructure”, “Governance Response Speed”, “Expertise of the Provincial HC
Director” and “SARS experience” are possibly positive conditions for the outcome, while
the other two, “Inflow People from Wuhan” and “Support Wuhan and Hubei”, are negative
conditions. Most provinces dispatched medical personnel to assist Wuhan and Hubei,
which is good for the overall situation but may be detrimental to their province temporarily.
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Therefore, “support for Wuhan and Hubei” is likely to be a negative condition for the
provincial effectiveness of governance for other provinces.

Table 1. Conditions, Outcomes and Indicators.

Categories Conditions & Outcome Indicators Data Sources

Certainty

Condition 1:
Information

Infrastructure (II)

1. Provincial Telecommunication Business
Turnover in the Province per 10,000 people (TBT)

2. The Number of Fix Telephone Users in the
Province per 10,000 people (FTE)

3. The Number of Mobile Phone Users in the
Province per 10,000 people (Mob)

4. The Number of Internet Users in the Province
per 10,000 people (Int)

Provincial Statistical
Yearbook (2019);
China Statistical
Yearbook (2020)

Condition 2:
Medical

Infrastructure (MI)

1. The Number of Hospital Beds in the Province
per 10,000 people (Beds)

2. The Number of Doctors and Nurses in the
Province per 10,000 people (DN)

3. The Number of Tertiary Hospitals in the
Province (THP)

China Healthcare
Statistical Yearbook (2020)

Uncertainty
Condition 3:

Spreading Control
Difficulty (SCD)

1. The Relative Ratio of the Inflow Population
from Wuhan in the Province from 10 to 23

January based on the “Baidu Migration” Big
Data Platform (IFR)

2. The Population Density (PPD)

“Baidu Migration”
platform;

Provincial Statistical
Yearbooks (2019)

Governance
capability

Condition 4:
Governance Response

Speed (RS)

1. The Date to Start the 1st Level of Public Health
Emergencies Minus the Date of National Health

Commission updating the virus daily on the
website (EMR)

2. The Date to organize the first news conference
on the fighting Minus the Date of the first case

being reported in the province (NCD)
3. The number of news conference times on the

fighting during the period (NCT)

The provincial health
commission’s websites;

Provincial
government websites;

Condition 5:
Expertise of Provincial

Health Commission
Director (EP)

1. Educational Background of the Provincial
Health Commission (HC) Director

(Bachelor/Master/PhD degree) (HCE)
2. The Past Experience in Health-related Work of

the HC Director (HCW)

The profiles of
health director

Condition 6:
Support Wuhan and

Hubei (SP)

The Number of Medical Personnel in the
Province to Support Wuhan and Hubei

News reports of the
supporting medical team

returning home;

Condition 7:
SARS experience(SS)

The total number of confirmed cases reported in
the province in the 2003 SARS epidemic

The Ministry of
Health website

Results-based
Outcome

Outcome:
Effectiveness of

Governance(EOG)

1. The Time Length of the First Peak Date of
Newly Added Confirmed Cases Minus the

Report Date of the First Confirmed Case in the
Province (Fast)

2. The Ratio of the Number of Total Domestic
Confirmed Cases to the Provincial Total

Population (CFC)
3. The Ratio of the Peak number of newly added

cases through the targeted period to the
Provincial Total Population (NP)

The websites of the
provincial health

commission;
China Statistical
Yearbook (2020)
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3.3.1. Outcome: The Effectiveness of Governance

The effectiveness of governance (EOG) is a results-based outcome that is measured
by three indicators: “the length of time it takes to reach the turning point”, “the ratio of
infected people to the population” and “the ratio of the peak number to the population”.
The first indicator of time duration is of much relevance to the start of governance effec-
tiveness, which could disclose the time cost of this complex governance task. The second
and third indicators show the proportion of infected people to the entire population, which
could reveal the infected cost. The reason is that the purpose of the virus-fighting task for
governments is to occupy less time and lower the infected population. Unlike prior research
on government effectiveness and governance efficiency, which used Likert-scale question-
naires or administrative indicators, this design focuses more on complex task [47,48], but it
is similar to the idea of performance between service delivery and its results [49].

The data is collected from a variety of sources. The number of infected cases is
obtained from the websites of the provincial health commission. The population data for
each province is from the China Statistical Yearbook (2020).

3.3.2. The Conditions of Certainty

The information and medical conditions represent certainty in this article. According to
the Information and Communications Technology Development Index by the International
Telecommunications Union, the information infrastructure is measured by “the provincial
telecommunication business turnover, the number of fixed telephone users, mobile phone
users, and internet users per 10,000 population in the province”. These indicators could
reflect information communication in a single province, and the information instruments
are often used by the governments in combating the pandemic. By following the practice
of Sustainable Development Goals Target 3.c [50], the medical infrastructure is measured
by “the number of hospital beds, doctors and nurses in the province per 10,000 population
in the province” and “the number of tertiary hospitals in the province”. The former
provides statistics on average medical conditions, while the latter provides the maximum
testing capacity for a single province. This is because the COVID-19 nucleic acid test
could only be performed in tertiary hospitals in the early stages of the epidemic. That is
why this number does not consider the average population. The greater the number of
tertiary hospitals in a province, the greater the testing capacity. The data is collected from
the provincial statistical yearbooks (2019), China Statistical Yearbook (2020) and China
Healthcare Statistical Yearbook (2020).

3.3.3. The Condition of Uncertainty

The uncertainty stems primarily from the spreading control difficulties. Based on the
“Baidu Migration” Big Data Platform (https://qianxi.baidu.com, accessed on 20 December
2022) and the population density of the province, it is measured by the relative ratio of
the inflow population from Wuhan into the province from 10 January to 23. The “relative
ratio of the inflow population from Wuhan” indicator represents the proportion of the
outflow population from Wuhan in one province to the total outflow population from
Wuhan. Population density is defined as the ratio of the provincial population to the unit
of area (square kilometers) in each province. The data on spreading control difficulty
is retrieved through the “Baidu Migration” platform and collected from the provincial
Statistical Yearbooks (2019).

3.3.4. The Conditions of Governance Capability

The governance capability is measured by “governance response speed”, “expertise of
the provincial health director”, “support for Wuhan and Hubei” and “SARS experience”.
The governance response speed is a comprehensive indicator that reveals how quickly and
how much effort provincial governments put in to respond to potential risks and how much
effort they take. This includes the time length of the provincial governments’ responses
to the national health commission’s daily updates, the time length between the first news

https://qianxi.baidu.com
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conference and the first case reported in the province, and the number of news conferences
on the fighting in the period. The “expertise of the provincial health director” is used to
highlight the importance of the job position in the government before the outbreak. The
“support Wuhan and Hubei” indicator is the number of medical workers to reinforce the
local medical capabilities. This reflects how much help the other provinces give to the
most serious virus-spreading province in China and how the provinces react to the central
government’s arrangements. The “SARS experience” is assessed by the overall number
of confirmed cases in the 2003 SARS epidemic. The more confirmed cases in 2003 may
leave more attention and experience on the provincial public health governance through
the years and even leave mobile cabin hospitals such as Xiaotangshan Hospital in Beijing.
Therefore, the province that experienced a serious epidemic in 2003 may have a deeper
memory and more expertise to formulate an emergency public health plan in advance. This
conforms to the Chinese management logic that “a fall into the pit, a gain in your wit”,
meaning, one should draw a lesson from poor performance in the past.

The data is collected from all the provincial health commission’s websites, provincial
government websites, the introduction of health directors’ profiles, news reports of the
supporting medical team returning home, and the Ministry of Health webpage with daily
updates on SARS in mainland China [51].

3.3.5. Descriptive Analysis and Calibration of Sets

The data preparation process consists of the following steps. First, it is to collect the
original data and calculate the indicators. We first collect the data and keep the original
value in the dataset. The descriptive analysis of all indicators is presented in Table 2.
Second, it is to normalize the data. The data point was transformed from 0 to 1 to normalize
the difference of the unit by the Min-Max method. Third, the average of the indicators
as the value of the conditions and outcome for the calibration. The crossover point in the
calibration is the average value and all these normalized values were calibrated based
on this. The range takes into consideration the level of each indicator. All the points are
transformed into 0.05, the average value (crossover point), and 0.95 to indicate whether
this point is “fully out” (less than 0.05), “more out than in” (0.05 to the average value),
“more in than out” (the average value to 0.95), or “fully in” (more than 0.95) for each
indicator [42,43].

Table 2. A descriptive analysis of all the indicators.

Indicators N Min Max Mean SD

II-TBT 30 0.459 1.245 0.810 0.198
II-FTE 30 0.060 0.274 0.147 0.064
II-Mob 30 0.894 1.866 1.161 0.213
II-Int 30 0.754 1.527 0.955 0.177

MI-Beds 30 43.748 72.136 58.995 7.995
MI-DN 30 29.789 130.773 77.254 19.059
MI-THP 30 6.000 120.000 46.933 27.581
SCD-IFR 30 0.020 5.690 1.013 1.179
SCD-PPD 30 2.800 3847.619 463.395 719.375
RS-EMR 30 2.000 8.000 3.567 1.073
RS-NCD 26 1.000 19.000 7.000 5.091
RS-NCT 30 0.000 74.000 21.367 18.356
EP-HCE 30 1.000 3.000 2.200 0.664
EP-HCW 30 0.000 1.000 0.733 0.450

SP 30 3.000 3096.000 1323.967 613.363
SS 30 0.000 2521.000 177.300 527.044

EOG-Fast 30 0.000 30.000 13.133 5.457
EOG-CFC 30 0.003 0.210 0.091 0.062
EOG-NP 30 0.002 0.023 0.008 0.005

N is the number of cases; SD is the standard deviation value.
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4. Results

In this section, we present the results of fsQCA analysis to find which combinations
could be effective in improving the effectiveness of governance in the fight against the
coronavirus. First, necessity analysis is done to assess whether a condition is necessary
for the outcome variable. Second, sufficiency analysis determines if the cause can produce
a certain outcome by itself [52]. Configuration analysis is conducted to explain which
combinations of conditions could be effective or ineffective.

4.1. Necessity Analysis

The results of the necessity analysis are presented in Table 3. This test is done to find
whether the conditions are highly necessary for the outcome. This study is made to identify
conditions that are required for the effectiveness of governance in the fight against the
coronavirus in China, including certainty, uncertainty and governance conditions.

Table 3. Necessity Analysis Results for EOG and ~EOG.

Condition
EOG EOG ~EOG ~EOG
Cons Cov Cons Cov

II 0.491 0.633 0.588 0.719
~II 0.782 0.667 0.700 0.565
M 0.492 0.589 0.640 0.726

~MI 0.771 0.694 0.637 0.543
SCD 0.337 0.486 0.637 0.868

~SCD 0.909 0.726 0.622 0.471
RS 0.534 0.547 0.730 0.708

~RS 0.714 0.736 0.533 0.520
EP 0.628 0.581 0.756 0.662

~EP 0.635 0.733 0.522 0.570
SP 0.576 0.626 0.722 0.743

~SP 0.763 0.744 0.636 0.587
SS 0.158 0.624 0.188 0.701

~SS 0.924 0.546 0.899 0.503
Note: The conditions and outcome with the symbol ‘~’ mean low, and the ones without ‘~’ mean high. For
example, EOG means high effectiveness of governance and ~EOG means low effectiveness of governance.

The consistency value of a condition in the necessity analysis has a threshold of
0.9 [53,54], and Table 2 reveals that ~SCD and ~SS are two necessary conditions. The
~SCD (low SCD) is necessary for EOG with a consistency value of 0.909. The ~SS is a
necessary condition for both high EOG and low EOG, with 0.924 and 0.899, respectively.
That is, the condition of low spreading control difficulty is necessary for the effectiveness
of governance. However, the low SARS experience is necessary for both the high and low
effectiveness of governance. Therefore, we drop the SARS experience condition because it
does not appear to be relevant to the outcome.

4.2. Truth Table Analysis

In this research, all the calibrated variables are used in the calculation, and Table 4
presents the results of the truth table. The data matrix of six conditions, the number of
cases in this configuration, and its relative raw consistency are the columns from left to
right. The configurations whose case number is less than 1 are removed. We employ 0.8 as
our threshold for the judgment of membership of EOG [55]. If the raw consistency is more
than 0.8, the relative EOG is assigned “full-membership”, otherwise “non-membership”.
An intermediate solution is presented after the truth table analysis. Intermediate solutions
could be good enough as the final solution since they are between parsimony and complex-
ity based on substantive and theoretical knowledge [55]. Logical remainders are the rows
without cases with membership scores higher than 0.5 [54]. This reveals limited diversity
in social research [56]. The complex solution ignores any logical remainder, whereas the
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parsimonious solution includes all of them. The intermediate solution strikes a good bal-
ance in including those simplifying assumptions [57]. The robustness of the fsQCA results
is reflected by the solution consistency threshold.

Table 4. Truth Table of Six Conditions Variables and its raw consistency values for EOG and ~EOG
and frequency of provinces or regions in that configuration.

MI II RS EP SCD SP Number EOG Raw Consist
of EOG ~EOG Raw Consist

of ~EOG

0 0 0 0 0 0 4 1 0.892 0 0.650
1 1 1 1 1 1 3 0 0.598 1 0.984
1 1 1 1 1 0 2 0 0.739 1 0.968
0 0 1 1 0 0 2 1 0.864 0 0.733
1 1 1 1 0 1 1 1 0.801 1 0.883
1 1 0 0 1 1 1 1 0.944 1 0.828
1 0 1 1 1 1 1 0 0.792 1 0.986
1 0 1 1 0 1 1 0 0.782 1 0.917
1 0 1 1 0 0 1 1 0.857 1 0.848
1 0 0 0 0 1 1 1 0.932 0 0.761
0 1 1 1 0 1 1 1 0.900 1 0.824
0 1 1 0 1 1 1 0 0.754 1 0.978
0 1 1 0 0 0 1 0 0.797 1 0.811
0 1 0 1 0 0 1 1 0.828 1 0.840
0 1 0 0 0 0 1 1 0.855 0 0.747
0 0 1 1 1 0 1 0 0.798 1 0.938
0 0 1 1 0 1 1 1 0.862 1 0.826
0 0 1 0 1 1 1 0 0.651 1 0.984
0 0 1 0 0 1 1 0 0.791 1 0.819
0 0 1 0 0 0 1 0 0.791 0 0.788
0 0 0 1 1 1 1 1 0.823 1 0.924
0 0 0 1 0 0 1 1 0.862 0 0.734

Note: The conditions and outcome with the symbol ‘~’ mean low, and the ones without ‘~’ mean high. For
example, EOG means high effectiveness of governance and ~EOG means low effectiveness of governance.

4.3. Configurations

The intermediate solutions are presented in Table 5. There are seven configurations
in the intermediate solutions of the fsQCA output, which cover 84.8% of all cases. All the
configurations are sufficient to increase the effectiveness of governance in 80.1% of cases.

Table 5. Configurations leading to high effectiveness of governance.

Conditions

Configurations
P1a P1b P1c P2a P2b P2c P2d

Certainty & Uncertainty
Information Infrastructure • •

Medical Infrastructure • • X©
Spreading Control

Difficulty
X© X© X© X© X©

Governance Capability
Response Speed X© X© X© X©
Mutual Support X© X©

Expertise of Health
Director • • • •

SARS experience



Sustainability 2023, 15, 2828 13 of 20

Table 5. Cont.

Conditions

Configurations
P1a P1b P1c P2a P2b P2c P2d

Consistency 0.843 0.917 0.809 0.755 0.810 0.846 0.801
Raw Coverage 0.345 0.280 0.575 0.434 0.489 0.482 0.348

Unique Coverage 0.041 0.019 0.149 0.023 0.018 0.022 0.009
Solution Consistency 0.801

Solution Coverage 0.848

Note: • (Presence) and X© (absence) represent central conditions; • (Presence) and X© (absence) represent
contributing conditions. The constructs of conditions are in bold.

Seven configurations could be incorporated into two paths. In Path 1 (~RS*~SCD*MI,
~RS*MI*II, ~RS*~SCD*~SP), configurations 1a, 1b and 1c lead to high effectiveness of
governance though the response speed is low. Provinces in configurations 1a and 1b have
very good infrastructure, which is beneficial to a better effectiveness. The advantage of
provinces in configuration 1c is that the relatively low spreading control difficulty and less
mutual support to Wuhan and Hubei. In Path 2 (EP*~RS, EP*~SCD*~SP, EP*~SCD*~MI,
EP*~SCD*II), all the configurations attach importance to the expertise of Health Directors.
Configuration 2a indicates that low response speed and good expertise of Health Directors
could lead to high effectiveness of governance in the provinces with low spreading control
difficulty. Configuration 2b, 2c and 2d also share the absence of spreading control difficulty.

We use the concept of asymmetric causality to assert that social phenomena are the
results of asymmetric conditions [43,58]. That is, the causal relations are asymmetrical, and
this is much closer to the social reality. The configurations leading to high EOG and those
leading to low EOG could be different. Therefore, we also ran the test on which conditions
lead to the negation outcome. This could help explain why the low outcome occurs. In the
fsQCA methodology, the output of a negative outcome test could not be used to explain
the inverse of the positive outcome test [59]. Thus, this research also presents the output of
the intermediate solutions leading to low effectiveness of governance in Table 6. There are
five configurations that contribute to low effectiveness of governance, covering 83.0% of
cases. These are sufficient to reduce the effectiveness of governance in 82.1% of cases. The
configurations are SCD, RS*SP, ~II *MI*EP, II*~MI*RS*~EP and II*~MI*~RS*EP.

Table 6. The configurations leading to low effectiveness of governance.

Conditions

Configurations
P1 P2a P2b P2c P2d

Certainty & Uncertainty
Information Infrastructure • X© •

Medical Infrastructure X© • X©

Spreading Control Difficulty •
Governance Capability

Response Speed • • X©

Mutual Support •
Expertise of Health Director X© • •

SARS experience
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Table 6. Cont.

Conditions

Configurations
P1 P2a P2b P2c P2d

Consistency 0.868 0.818 0.832 0.864 0.843
Raw Coverage 0.637 0.615 0.220 0.401 0.254

Unique Coverage 0.127 0.032 0.005 0.007 0.038
Solution Consistency 0.821

Solution Coverage 0.830

Note:• (Presence) represent central condition; • (Presence) and X© (absence) represent contributing conditions.
The constructs of conditions are in bold.

There are two paths leading to low effectiveness of governance. Most cases are in path
1 (SCD), including Henan (0.96, 0.73), Shanghai (0.96, 0.78), Hunan (0.82, 0.72), Anhui (0.7,
0.77), Guangdong (0.69, 0.73), Beijing (0.68, 0.92), Jiangsu (0.64, 0.23), Tianjin (0.56, 0.46),
Jiangxi (0.64, 0.94), Shandong (0.56, 0.96), Zhejiang (0.53, 0.97) and Chongqing (0.52, 0.86).
The other four configurations constitute path 2. The great investment of mutual support
in Wuhan and Hubei leads to lower effectiveness of governance though response speed is
high in configuration 2a (RS*SP). The RS*SP configuration includes the cases of Guangdong
(0.9, 0.73), Zhejiang (0.78, 0.97), Shanghai (0.65, 0.78), Chongqing (0.64, 0.86), Shandong
(0.61, 0.96), Heilongjiang (0.6, 0.81), Shanxi (0.59, 0.24), Sichuan (0.56, 0.2), Shaanxi (0.56,
0.28), Fujian (0.53, 0.28) and Anhui (0.52, 0.77). The disadvantage of configuration 2b
(~MI*II*RS*~EP) is the poor expertise of health director and poor medical infrastructure.
This configuration includes the cases of Chongqing (0.6, 0.86) and Qinghai (0.54, 0.16). The
configurations 2b and 2d (~MI*II*~RS*EP) are lack of medical infrastructure, which may
cause low effectiveness. The case of Ningxia (0.54, 0.73) is in the above configuration. The
configuration 2c (~II*MI*EP) is lack of information infrastructure.

The contradictory cases in the low EOG configurative sets are the cases of Jiangsu,
Tianjin, Shanxi, Sichuan, Shaanxi, Fujian, Inner Mongolia and Qinghai, and the calibrated
outcome values are 0.23, 0.46, 0.24, 0.2, 0.28, 0.28, 0.14 and 0.16, respectively. These values
are in the negation of EOG, so the smaller the value, the higher the outcome of EOG should
be. However, these cases are in the low EOG configurative sets, so this demonstrates that
some cases cannot be explained by the configurations [60].

5. Further Discussion on the Early-Stage Sustainable Epidemic Governance

Early-stage epidemic governance strategies are vital for provincial governments to
make arrangements for containing the fast-spreading virus and keeping the society opera-
tional. We intend to provide reflections on the previous governance strategies and identify
the deficiencies for future reference.

5.1. Sustainable Governance under High Certainty Conditions

It makes sense that most configurations with high certainty conditions lead to high
outcomes, such as “~RS*MI*II”, “~RS*~SCD*MI” and “EP*~SCD*II”. Jiangsu is in the
case of the configuration “~RS*MI*II”. Jiangsu has advantages of medical and information
infrastructure over many provinces in China. Although it initiated the first-level emergency
response plan not very rapidly and the news conference to publish new updates was barely
visible, the obvious advantage in the physical conditions could be one of the main reasons
to achieve high effectiveness of governance. Jiangsu has 74 tertiary hospitals, placing it
fourth among all provinces in this study, which determines how large a province’s testing
capacity is. Doctors per 10,000 people and hospital beds per 10,000 people are 91.82 and
61.05, respectively. Furthermore, a solid information infrastructure could enrich medical
resources by extending the traditional medical services to online and offline services. For
example, e-hospital and online outpatient services on both mobile applications and the
internet lessen the pressure from people with a fever who may not have COVID-19 and
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other panicked people. The previous research also demonstrated that travel restrictions
against people from certain regions could have an impact [61], but the restrictions are
widely found in the early-stage practices of provincial governments. This research extends
the analysis by looking for the factors leading to different governance outcomes. The
other two configurations appear to benefit from the low spreading control difficulty. The
case of Liaoning with good medical infrastructure is in the “~RS*~SCD*MI” configuration,
while the cases of Fujian, Shaanxi and Ningxia with good information infrastructure are
in the “EP*~SCD*II” configuration. In the early-stage period, the cases of high certainty
conditions are comparably easy to achieve success when combined with positive policy
choices. The social functioning measures have positive impacts on sustainable governance.
For example, industrial production recovered because of the “zero-COVID” policy after
the first two weeks. Moreover, emergency supplies such as masks and detection kits
were produced nonstop for 24 h. Further, these measures maintain smooth supply and
transportation management for the daily food supplies and fast delivery operations. These
social functioning measures keep the governance system sustainable.

5.2. Sustainable Governance under Low Certainty Conditions

The lack of medical or information infrastructure in a province most often leads to
low outcomes, which could validate the configurations of “~II*MI*EP”, “~MI*II*RS*~EP”
and “~MI*II*~RS*EP”. However, a configuration of “EP*~SCD*~MI” is unanticipated since
one province with poor medical infrastructure attains good performance. It is noticeable
that the configurations with low certainty are not low in both medical and information
infrastructure. In the “~II*MI*EP” configuration, the examples of Heilongjiang, Shandong
and Inner Mongolia only have a lack of information infrastructure while the medical
infrastructure is abundant. It appears that a lack of information is a factor in the poor
outcome. The other two conditions are relatively good in these provinces. For example,
the number of tertiary hospitals in Heilongjiang is 73, ranking 5th among all the provinces.
However, in “~MI*II*RS*~EP” and “~MI*II*~RS*EP” combinations, the shortage of medical
infrastructure appears to explain the poor outcomes in the cases of Chongqing, Qinghai
and Ningxia to some extent. Another key factor is the low expertise of the HC director.
Provincial decision-making teams consist of the HC director, social management directors,
directors of centers for disease control, and others, but the HC directors are generally
considered the head of the team. The weight of their advice is possibly higher than that of
the other experts, which will further reflect the overall expertise of the team. For example,
the Health Directors of Qinghai and Chongqing have master’s degrees in business and
economics rather than in health-related majors. Their previous working experiences are
also not related to healthcare. It is more difficult to keep the operation of social functions
sustainable in provinces with poor physical conditions. These governments implemented
a lot of policies to help people and organizations to endure difficult times. The measures
include refunding 6 months’ social insurance charges for enterprises without job cuts,
exempting tax for small and medium enterprises, and canceling the transportation tolls for
raw materials and livelihood.

5.3. Sustainable Governance under High Uncertainty Conditions

Many provinces perform poorly in the outcome because of high difficulty in spreading
control, including Henan, Shanghai, Hunan, Anhui, Guangdong, Beijing, Jiangsu, Tianjin,
Jiangxi, Shandong, Zhejiang and Chongqing. Two contradictory cases are Jiangsu and
Tianjin, because they are, in fact, attaining good performance in the outcome. However, we
could not ignore the higher containment difficulties in these regions. Most of the other cases
are bordering Hubei province, so there was a large number of people inflowing from Wuhan
from 10 to 23 January 2020, the lockdown date for Wuhan. From the Baidu Migration
Platform, the relative ratios of Henan, Hunan, Jiangxi, Anhui and Jiangsu are 5.69%, 3.48%,
2.12%, 2.27% and 1.46%, respectively. Beijing and Tianjin are highly populated megacities
with close economic connections with Wuhan and Hubei. Several provinces, despite the
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high level of uncertainty, continue to provide strong support to Wuhan and Hubei. Jiangsu
has dispatched 3096 medical personnel to assist Wuhan and Hubei. In the configuration
of “RS*SP”, Guangdong, Zhejiang, Shanghai, Chongqing and Shandong sent 2484, 2018,
1649, 1636 and 1794 medical personnel, respectively. This configuration demonstrates that
mutual support in public health threats is good in achieving the overall performance of
governance but should be provided according to their own capability in their own crisis.
The social functioning measures under high uncertainty conditions are much relevant with
the inflow population. The grassroots officials sent notice to the people from the “high risk”
regions so that they quarantined themselves at home, monitored body temperatures daily,
and were assigned livelihood goods for them. These measures can keep the potentially
infected people at home and reduce the possibility of fast spreading. Governments made
arrangements for basic livelihood assignments and delivery for these self-quarantined,
potentially infected people. When the people were tested negative, they were transferred
to the cabin hospital for professional care.

5.4. Sustainable Governance under Low Uncertainty Conditions

Most cases under a low uncertainty environment lead to positive outcomes
(EP*~SCD*~SP, ~RS*~SCD*~SP, ~RS*~SCD*MI). The configurations of a positive outcome
are consistent with the hypothesis that spreading control difficulty is a negative condition
in promoting the effectiveness of governance. This is also supported by the results of the
necessity analysis. ~SCD is a necessary condition leading to high EOG with a consistency
value of 0.909, more than the threshold of 0.9. Low uncertainty conditions make for a very
good environment for governance. Tibet, Xinjiang, Gansu, Guizhou, Liaoning, Guangxi,
Ningxia, Jilin and Hainan cases are in this group. In these provinces, the infected cases are
very few. The total number of infected cases is only one in Tibet at this stage. Most of these
provinces are in the border area of China and have no close economic relations with Wuhan.
The first case in these regions was reported very late, so the response speed is a little slow.
However, it does not mean the insignificance of response speed. This is related to the first
case reported in the province. According to the configurations, the measures to keep the
society operating smoothly could be found in the “~RS*~SCD*~SP” and “EP*~SCD*~SP”
configurations. Inner Mongolia and Guangxi were sending 849 and 962 medical person-
nel, respectively, to support Wuhan and Hubei. This would be a little lower than most
provinces, but is quite appropriate for their medical situation. On the other hand, Jiangsu,
Guangdong, Shanghai, Zhejiang and Shandong showed strong support despite the high
level of uncertainty in their individual regions. In the midst of this emerging public health
crisis, all the provinces were pulling together, yet the less support they gave others, the
better they would face their dilemma of resource scarcity. This could be a useful finding for
the central and provincial governments to improve the overall support arrangements.

6. Conclusions and Limitations
6.1. Conclusions

This study examines the governance capabilities under the certainty and uncertainty
conditions in achieving high and low effectiveness of governance in the early-stage pan-
demic containment in China. We prefer to adopt a results-based performance evaluation
as the outcome since it is more in line with the managerial practice in China. With the
application of fsQCA, we reflect the configurative set at the province level. The findings can
be summarized in the following points. First, the configurations offer an explanation of the
phenomenon that poor physical conditions could have a higher effectiveness of governance.
Although the overall quasi-lockdown and travel restrictions had been implemented in
almost all provinces, governance capabilities could be highlighted by the good expertise
of Health directors and reduced mutual support. Second, good information and medical
infrastructure could be highly likely to have a high effectiveness of governance, but could
not guarantee a good outcome. The lack of either information or medical conditions, if
response speed is slow or the expertise of the health director is poor, makes it possible to
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have poorer effectiveness of governance. Third, the necessity analysis reveals that the SARS
experience in 2003 seems not to have much impact on governance effectiveness. Provinces
with little or no SARS experience are required for both high and low performance, whereas
those with high SARS experience are not necessary for high performance. It demonstrates
that, to some extent, prior lessons and experiences are not taken seriously in the emergency
public health system. On the other hand, from the other side of the point, provinces could
attain high performance even without the SARS experience.

6.2. Contributions

The contribution of this study could be in four aspects. Firstly, we construct indicators
to analyze the complex matches of the certainty, uncertainty, and governance capabilities
conditions leading to high and low effectiveness of governance on the public health crisis at
the provincial level. These findings enhance the understanding of the complex emergency
response in the country with strong governments [3,14,62,63]. Secondly, the analysis of
certain and uncertain conditions in the early-stage COVID-19 outbreak contributes to how
to keep public health governance sustainable [7,9,24,64,65]. Thirdly, the more objective
dataset, collected from public databases and open data on government websites, is a
complement to the critique of the subjectivity of the fsQCA technique in the case analysis.
Furthermore, the certainty and uncertainty conditions could be seen as “control variables”
in the tests. Although they are part of the configurations in the results, we group the
configurations according to them in the discussion. Lastly, one possible contribution to
government management practice would be to reflect on China’s existing emergency public
health system to identify the potential governance deficiency for future improvement. The
asymmetric causality of fsQCA offers us diverse combinations of certainty, uncertainty and
governance capability, which help us understand what governments should do better in
achieving fast and effective virus-spreading control in various provincial contexts. This
would also aid the central and provincial governments in developing a well-thought-out
contingency plan in the event of a future public health emergency [10,15,48,66].

6.3. Limitations and Future Research

There are potential limitations of this study. The major limitation of this study is that
it is difficult to come up with “fair” criteria for evaluating the effectiveness of governance
when considering the complex nature of the task of virus containment. We prefer to use a
multiple-indicator metric that reveals how quickly we observe a turning point and how
many people are infected in the overall population of a province. This is very similar to
how governance evaluation is done in practice in China. It is comparable to the concept
of efficiency in economics. Then, we elucidate the causal links from a more practical
perspective. In addition, our definition of the outcome is relevant to the theoretical goal
of finding the right balance of certainty, uncertainty and governance in a complex task for
different provinces. Furthermore, the limitations are also derived from the data availability
and methodology. For example, the maximum nucleic testing capacity in one province
is not available, so we use the number of tertiary hospitals because they are the only
designated hospitals to do this test. The configurations of logical remainders cannot be
found in all the empirical evidence, and limited diversity exists. Future research could
remedy the issues when such data is available.
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