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Abstract

In the wake of frequent global pandemic outbreaks, the assessment of community
resilience has emerged as a critical task for ensuring public health and safety. This
study develops a comprehensive framework for evaluating community resilience to
public health emergencies, focusing on communities in Henan Province, China. The
research integrates a systematic literature review with advanced methodologies,
including the SciBERT algorithm for indicator extraction, K-means clustering
analysis, elbow method, silhouette analysis, and the Analytic Hierarchy Process
(AHP). The resulting framework identifies key dimensions—Spatial Design and
Infrastructure, Community Services and Support, Landscape and Ecology, and
Medical and Safety Measures—that are essential for enhancing community
resilience. The framework was validated through case studies in both urban and rural
communities, revealing significant differences in resilience performance and
highlighting the need for tailored strategies. This study offers a scientifically
validated tool for public health managers and community planners, aiming to
strengthen community resilience and improve response capabilities in future public
health crises.
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INTRODUCTION

Problem Background

In the context of frequent global pandemic outbreaks, the importance of
community resilience has become increasingly prominent. Community resilience
refers to the ability of a community to respond to and recover from sudden public
health events. The pandemic has exposed numerous shortcomings in
communities' responses to emergencies, including inadequate medical facilities,
chaotic management, and uneven resource distribution. These issues have not
only disrupted the normal functioning of communities but also posed serious
threats to the health and safety of residents. Therefore, establishing an effective
community resilience assessment framework has become a critical issue that
needs to be addressed (Praptika et al., 2024).

Research Objectives

The primary objective of this study is to develop a comprehensive and reliable
framework for assessing community resilience in the face of public health
emergencies. This framework aims to identify key factors that contribute to
resilience, allowing for targeted improvements in community planning and
response strategies. By focusing on these critical areas, the study seeks to enhance
the ability of communities to withstand and recover from future public health
crises.

Research Significance and Innovation

The significance of this study lies in providing public health managers and
community planners with a scientific and systematic assessment tool to help them
identify and strengthen the weak links in communities, thereby enhancing overall
community resilience (Galanis, 2018). The innovation of this study is reflected
in several aspects. First, the integration of the SciBERT algorithm and the Delphi
method ensures the scientific and authoritative extraction of indicators (Thierry
et al., 2023a). Second, the use of the elbow method and silhouette analysis
determines the optimal number of indicator classifications, ensuring the
reasonableness and accuracy of the classification (Shahapure & Nicholas, 2020).
Finally, the Analytical Hierarchy Process is used to evaluate the extracted
indicators by experts, forming the final assessment system (Gnanavelbabu &
Arunagiri, 2018).

LITERATURE REVIEW

Definition and Importance of Community Resilience

Community resilience refers to the ability of a community to respond to and
recover from various emergencies and crises (Robertson et al., 2021).
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A resilient community can quickly restore normal operations after a
disaster, minimizing the impact on residents' lives and social order (Kammouh et
al., 2019). With global climate change and the frequent occurrence of public
health events, the importance of community resilience has become increasingly
evident. Research indicates that community resilience depends not only on robust
physical infrastructure but also on social capital, community cohesion, and
effective resource allocation (Pfefferbaum et al., 2017). Thus, understanding and
enhancing community resilience has become a key focus for governments and
research institutions worldwide to better protect residents' health and safety
during future crises (Joerin et al., 2012).

Current Research on Community Resilience Assessment

Existing research on community resilience assessment mainly focuses on the
following areas: spatial design and infrastructure, environmental quality and
green spaces, technological integration and smart systems, medical and safety
measures, and community management and resident participation (Yi et al.,
2023). Effective spatial design and infrastructure can enhance a community's
emergency response capabilities; for instance, spacious public areas and well-
designed road networks provide efficient evacuation routes during emergencies
(Wang et al., 2023). High environmental quality and well-designed green spaces
not only improve residents' quality of life but also offer psychological support
and comfort during crises (Valinejad et al., 2023). The application of smart
technologies plays a crucial role in improving community management efficiency
and emergency response speed; for example, smart surveillance systems and
smart energy management systems optimize resource use and safety monitoring
in communities (Ariyaningsih & Shaw, 2023). Comprehensive medical and
safety measures are core components of community resilience, including
adequate medical facilities, emergency medical services, and effective security
patrols, which significantly enhance a community's ability to respond to public
health emergencies (Dabelko-Schoeny et al., 2022). Furthermore, residents
actively participating in community activities and management are more likely to
unite and face challenges together during crises, strengthening community
cohesion and resilience (L. Shi et al., 2023).

RESEARCH METHODOLOGY

SciBERT Algorithm

This study employs the SciBERT algorithm to analyze relevant literature and
extract key indicators for assessing community resilience (T. N. Dinh et al.,
2024). SciBERT can automatically identify and extract important information
and indicators from the literature, providing data support for the research. Using
the SciBERT algorithm, a significant amount of literature data related to
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community resilience was extracted, and the most representative assessment
indicators were selected (Vilares et al., 2021).

The literature screening process is illustrated in Figure 1. Initially, a
literature search was conducted in databases such as Web of Science, resulting in
348 relevant articles. After removing duplicates, 324 articles remained. Screening
the abstracts of these articles led to the exclusion of 211 articles that did not meet
the research requirements. Subsequently, the remaining 113 articles underwent
full-text review, and 74 were excluded based on their relevance to the research
topic and availability of complete text. Ultimately, 39 articles were retained for
qualitative analysis.

Searching databases like Web
Identification of Science and document
identified =348

4 N

Record screened after duplicate
remove=324

" < Documents removed based on
abstract screening=211
4 B

Full text document screened for
eligibility =113
(. J ( Document excluded with

Screening

Bigibility

(3)

reasons.Not full text=32

Not relevant = 42

t Total exclusion = 74
Included Documents inclu_ded in qualitative
analysis = 39

Figure 1: Flow Diagram of the Literature Screening Process
(Author's Creation)

K-means Clustering and Elbow Method and Silhouette Analysis

To ensure the extracted indicators are reasonable and representative, K-means
clustering analysis was conducted. K-means clustering is a commonly used
unsupervised learning algorithm that effectively assigns data points to different
clusters. By applying K-means clustering to the extracted indicators, the study
preliminarily identified several categories of indicators.

To determine the optimal number of clusters for K-means clustering,
the elbow method and silhouette analysis were employed. The elbow method
involves plotting the total sum of squared errors (SSE) for different numbers of
clusters and selecting the number of clusters at the "elbow" point, where the SSE
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starts to level off. Silhouette analysis evaluates the compactness of data points
within clusters and the separation between different clusters (Lenssen &
Schubert, 2024).

Elbow Method for Optimal Clusters

Silhauette Analysis for Optimal Clusters

5 50 s s 10 s 50 75 us B4 s

Figure 2 Elbow Method and Silhouette Analysis for Determining Optimal Clusters
(Author's Creation)

Through these methods, the study determined that the optimal number
of clusters is four. Figure 2 shows the elbow method and Silhouette Analysis
results, suggesting it as an ideal number (C. Shi et al., 2021). Combining these
methods, the study concluded that four clusters is the optimal classification
number.

Indicator Review and Framework Refinement

After identifying the initial four categories of indicators—Spatial Design and
Infrastructure, Community Services and Support, Landscape and Ecology, and
Medical and Safety Measures—this study undertook a thorough review to ensure
their scientific validity and relevance. The review process involved several steps:
First, the selection of indicators was informed by a comprehensive literature
review and consultations with eight experts in urban planning, architecture,
landscape design, and ecological environment, selected based on their expertise
and research background in community resilience. Data was collected from these
experts through structured interviews and Delphi questionnaires, focusing on the
relevance, practicality, and applicability of each indicator.

Second, specific issues identified during the expert consultation, such
as overlap between indicators or lack of clarity in their application, were
addressed through iterative feedback and refinement. Indicators that were deemed
impractical, redundant, or too general were eliminated, while those that were
essential and contextually relevant were retained and detailed in the framework.
The final framework thus represents a robust and contextually appropriate tool
for assessing community resilience, with specific strengths in its adaptability and
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comprehensiveness, though challenges remain in ensuring its wide applicability
across diverse communities.

Analytical Hierarchy Process (AHP)

Following the establishment of the final indicator framework, this study
employed the Analytical Hierarchy Process (AHP) to evaluate the weights of
each indicator. AHP is a method that combines subjective judgment with
mathematical analysis, widely used in multi-criteria decision analysis (Arshad et
al., 2020).

To assess community resilience, a three-level hierarchical indicator
system was established, comprising a goal level for overall resilience, a criteria
level for four main indicator categories, and an indicator level for specific
assessment indicators within each category. A panel of experts in urban planning,
architecture, and community resilience then conducted pairwise comparisons of
indicators, rating their relative importance on a 1-9 scale to build a judgment
matrix. The Consistency Ratio (CR) was used to check the reliability of these
comparisons; a CR value above 0.1 prompted experts to re-evaluate their ratings,
ensuring the final matrix accurately reflected their consensus on indicator
importance.

Table 1: Demographic Information of Participating Experts (Author's Creation)

Expert Code Gender Title Research Field

Expert A Male Lecturer urban and rural planning
Expert B Male Lecturer urban and rural planning
Expert C Male Senior Designer Architecture

Expert D Male Lecturer Architecture

Expert E Male Lecturer urban and rural planning
Expert F Female Senior Engineer Landscape Design
Expert G Female Associate Professor Ecological Environment
Expert H Male Associate Professor Architecture

Next, the consistency of the judgment matrix was tested to ensure the
consistency of the experts' scores. If the consistency test failed, the experts' scores
needed to be adjusted until the matrix's consistency index met the requirements.
Then, the eigenvector method was used to calculate the eigenvectors of each
judgment matrix, ultimately deriving the weights of each indicator. The weights
corresponding to the eigenvectors reflect the relative importance of each indicator
in the overall community resilience assessment. Finally, the weights at each level
were comprehensively calculated to obtain the final weight of each specific
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indicator. These weights will be used in subsequent comprehensive assessments
of community resilience, guiding practical applications.

RESULTS AND DISCUSSION
Theme Extraction Using SciBERT Algorithm

Table 2: Frequency and Source Distribution of Resilience Indicators
(Author's Creation)

Indicator Freq Files Indicator Freq  Files
Accessibility of Medical Community Squares and
Facilities 66 24 Gardens 6 6
Training and Drills 35 14 Indoor Ventilation Systems 6

Special Plans for Vulnerable
Emergency Rescue Plans 33 10 Groups
Control Entry Points 31 6 Regular Waste Removal 6
Emergency Passageways 20 5 Community Lighting 6
Daily Health Monitoring in the
Community 19 10 Social Distancing Measures 5 3
Provision of Telemedicine Digital Information Service
Services 18 4 Platforms 5 4
Psychological Health Support Transparency and
Services 17 4 Accountability Mechanisms 5 3
Contactless Identity and
Temperature Detection 16 3 Community Greening Rate 5 5
Effective Organizational
Management 16 4 Air Quality Monitoring 5 4
Pedestrian and Vehicle Community Interaction and
Separation Design 16 6 Mutual Aid Platforms 5 3
Availability of Emergency Plant Species that Promote Air
Equipment 11 5 Quality 5 4
Community Public Area Video
Surveillance Systems 9 4 Social Support Networks 4 3
Accessibility of Daily Use of Environmentally
Community Services 9 5 Friendly Materials 4 4
Flexible Space Reserved for
Emergencies 8 4 Support Friend 4 4
Unidirectional Systems to
Reduce Contact 8 4 Recovery Reconstruction 4 3
Stockpiling and Distribution of
Emergency Supplies 8 4 Community Assist 4 4
Clear Navigation Signage 7 6 Resilience Preparedness 3
Value Community 3 4 Respond Crises 3

The research team utilized the SciBERT algorithm to extract themes
from 39 SCI articles on community resilience in public health emergencies. To
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ensure the representatives of the indicators, frequency and source thresholds were
set for the extracted phrases. Specifically, phrases that appeared more than three
times and were sourced from more than two articles were selected. Table 2
presents the final 39 phrases identified as candidate indicators.

Clustering Analysis Results

Using the elbow method and silhouette analysis on the 39 extracted phrases, as
shown in Figures 2 and 3, the optimal number of clusters was determined to be
four. The clustering analysis results indicated that the best four categories are
Medical and Safety Measures, Spatial Design and Infrastructure, Community
Services and Support, and Landscape and Ecology (Punhani et al., 2022).

Indicator Review and Framework Refinement

Following the initial classification, the study conducted a further review and
adjustment of these indicators. First, through a literature review and expert
consultation, feedback was collected to identify and address potential issues in
practical application. Consequently, some indicators that were impractical or
redundant, such as support friend, recovery reconstruction, community assist,
resilience preparedness, value community, and respond crises, were removed.
This process verified and adjusted the indicator system to ensure its applicability
to different types of communities and public health emergency scenarios. Figure
3 presents the final framework diagram.

FRAMEWORK FOR SPATIAL RESILIENCE ASSESSMENT OF COMMUNITY PUBLIC HEALTH EMERGENCIES

MEDICAL AND SAFETY MEASURES

Accessibility Of Medical Facilities
Provision Of Telemedicine Services
Training And Drills

Availability Of Emergency Equipment
Daily Health Monitoring In The Community
Emergency Rescue Plans

Community Public Area Video Surveillance
Systems

Psychological Health Support Services

Control Entry Points

Social Distancing Measures

Pedestrian And Vehicle Separation Design
Unidirectional Systems To Reduce Contact
Emergency Passageways

G Identity And
Detection

Clear Navigation Signage
Flexible Space Reserved For Emergencies

Indoor Ventilation Systems,

ISPATIAL DESIGN AND INFRASTRUCTUREE COMMUNITY SERVICES AND SUPPORT

Effective Leadership

Community Interaction And Mutual Aid
Platforms

Social Support Networks

Accessibility Of Daily Community Services
Special Plans For Vulnerable Groups
Transparency And Accountability
Mechanisms

Digital Information Service Platforms
Emergency Information Systems

Stockpiling And Distribution Of Emergency
Supplies

LANDSCAPE AND ECOLOGY

Community Greening Rate
Community Squares And Gardens
Community Lighting

Air Quality Monitoring

Regular Waste Removal
Use Of Environmentally Friendly Material

Plant Species That Promote Air Quality

Figure 3: Framework for Spatial Resilience Assessment of Community Public Health
Emergencies (Author's Creation)
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Indicator Weight Calculation Results

Table 3: Weight of Resilience Indicators (Author's Creation)

indicator Wi indicator Wi

Availability of Emergency| 0.0748 Community Public Area Video 0.0222

Equipment Surveillance Systems

Emergency Rescue Plans | 0.0743 Flexible Space Reserved for 0.022
Emergencies

Training and Drills 0.0707 Contactless Identity and 0.0203
Temperature Detection

Accessibility of Medical | 0.0668 Transparency and Accountability | 0.0195

Facilities Mechanisms

Effective organizational | 0.0565 Indoor Ventilation Systems 0.0188

management

Emergency Information | 0.0398 Digital Information Service 0.0178

Systems Platforms

Control Entry Points 0.0395 Community Interaction and 0.0155
Mutual Aid Platforms

Emergency Passageways | 0.0391 Unidirectional Systems to Reduce| 0.0151
Contact

Special Plans for 0.0373 Pedestrian and Vehicle Separation| 0.0149

Vulnerable Groups Design

Accessibility of Daily 0.037 Social Support Networks 0.0144

Community Services

Stockpiling and 0.0344 Community Greening Rate 0.0137

Distribution of

Emergency Supplies

Psychological Health 0.0342 Air Quality Monitoring 0.013

Support Services

Provision of Telemedicine| 0.0339 Clear Navigation Signage 0.0116

Services

Daily Health Monitoring | 0.0323 Social Distancing Measures 0.0108

in the Community

Community Squares and | 0.0319 Plant Species that Promote Air 0.0066

Gardens Quality

Regular Waste Removal | 0.0292 Use of Environmentally Friendly | 0.006
Materials

Community Lighting 0.0261 Availability of Emergency 0.0748
Equipment

To ensure the reliability and consistency of the assessment framework,
experts with extensive experience in fields relevant to community resilience,
including urban planning, architecture, and emergency management, were invited
to evaluate the indicators using the Analytical Hierarchy Process (AHP). These
experts performed pairwise comparisons of the importance of each indicator,
evaluating their relative significance within their respective categories to
construct a judgment matrix reflecting the weights of the indicators. The
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consistency of the experts' evaluations was assessed using the Consistency Ratio
(CR) to ensure logical soundness, and any inconsistencies identified were
addressed by revisiting the experts' judgments to refine the matrix. The results,
as illustrated in Table 3, show that "Availability of Emergency Equipment" has
the highest weight at 0.0905, highlighting its crucial role in enhancing community
resilience in response to public health emergencies. Other significant indicators
include "Emergency Rescue Plans" (0.0899), "Training and Drills" (0.0855), and
"Accessibility of Medical Facilities" (0.0808), emphasizing the importance of
medical and safety measures. Additionally, indicators like "Effective
Organizational Management" (0.0425) and "Control Entry Points" (0.0447)
underscore the critical role of management and infrastructure in public health
emergencies.

Community Scoring Analysis

To further validate the effectiveness and applicability of the constructed
assessment framework, this study conducted case studies on two communities in
Henan Province: one rural community which named Liujingzhai Village and one
urban community which named Fenghuangcheng Community. By evaluating
these two communities in detail, the study aims to better understand the
differences and commonalities in resilience building across different types of
communities, thereby providing a basis for formulating differentiated policies
and measures.

Table 4: Comparison of Resilience Indicators Between Community A and Community
B (Author's Creation)

Liujingzhai Fenghuangchen
L VJillagge Cgommugnity §

Availability of Emergency Equipment 0.181 0.362
Emergency Rescue Plans 0.3596 0.3596
Training and Drills 0.2565 0.4275
Accessibility of Medical Facilities 0.1616 0.404
Control Entry Points 0.0894 0.1788
Emergency Passageways 0.1326 0.1326
Effective organizational management 0.17 0.1275
Psychological Health Support Services 0.1652 0.1239
Provision of Telemedicine Services 0.123 0.164
Daily Health Monitoring in the Community 0.1173 0.1564
Emergency Information Systems 0.12 0.09

Special Plans for Vulnerable Groups 0.0562 0.0843
Accessibility of Daily Community Services 0.0834 0.1112
Community Public Area Video Surveillance 0.0268 0.1072

Systems
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Liujingzhai Fenghuangchen
JLEGS VJillfge Cgommugnity i
gtl(;cpl?ia;mg and Distribution of Emergency 00518 0.0777
Flexible Space Reserved for Emergencies 0.1245 0.0747
g(e)igg;tsiss Identity and Temperature 0.046 0115
Indoor Ventilation Systems 0.1065 0.0852
Community Squares and Gardens 0.1045 0.0836
Regular Waste Removal 0.0576 0.096
Community Lighting 0.0344 0.0688
Unidirectional Systems to Reduce Contact 0.0513 0.0684
Pedestrian and Vehicle Separation Design 0.0336 0.0672
Transparency and Accountability Mechanisms 0.0438 0.0292
Digital Information Service Platforms 0.0268 0.0536
Clear Navigation Signage 0.0262 0.0524
Social Distancing Measures 0.0369 0.0369
gl(:trtl"?rlrlnr;lty Interaction and Mutual Aid 0.0585 0.0351
Social Support Networks 0.0324 0.0432
Community Greening Rate 0.036 0.018
Air Quality Monitoring 0.017 0.017
Plant Species that Promote Air Quality 0.0172 0.0086
Use of Environmentally Friendly Materials 0.008 0.008
Total 2.9556 3.8676

The results show that the Fenghuangcheng Community scores
significantly higher than the rural community in indicators such as "Availability
of Emergency Equipment," "Training and Drills," and "Accessibility of Medical
Facilities," indicating that the urban community has stronger resilience in these
key areas, likely due to more comprehensive infrastructure and greater resource
investment. However, the Liujingzhai Village community scores higher than the
urban community in indicators such as "Effective Organizational Management"
and "Psychological Health Support Services," reflecting closer community
relationships and stronger organizational management capabilities in rural areas
when facing emergencies.

These results demonstrate significant differences in resilience
performance across different types of communities, underscoring the importance
of developing differentiated strategies tailored to each community. For urban
communities, it is essential to continue enhancing the availability of emergency
equipment and medical facilities. For rural communities, improving emergency
management and psychological support services is crucial.
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CONCLUSION

In the context of frequent global pandemic outbreaks, assessing community
resilience has become a crucial task to ensure public health and safety. This study
aimed to establish a comprehensive framework for evaluating community
resilience to potential future public health emergencies. By integrating a
systematic literature review, SciBERT algorithm for indicator extraction, K-
means clustering analysis, elbow method and silhouette coefficient analysis, and
Analytic Hierarchy Process (AHP), this study developed a robust indicator
system encompassing multiple dimensions.

The findings indicate that Spatial Design and Infrastructure,
Community Services and Support, Landscape and Ecology, and Medical and
Safety Measures play vital roles in enhancing community resilience. The
framework offers theoretical guidance and practical references for community
planning and management, ultimately aiming to bolster communities' resilience
and response capabilities in future public health crises.

This study contributes a scientifically validated and systematic
assessment tool for public health managers and community planners, enabling
them to identify and strengthen weak points within communities. The innovative
aspects of this study include the use of the SciBERT algorithm and the Delphi
method for scientific and authoritative indicator extraction, the combination of
elbow and silhouette methods to determine optimal classification numbers, and
the application of AHP for expert evaluation of the final assessment framework.
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