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Abstract: In order to improve the ability of residential disaster prevention, control, and governance,
it is important to objectively measure how nearby residents’ needs match the public resources of
the residential area, and to understand the factors affecting the satisfaction of residents’ needs at
the time of lockdowns. Taking Changchun City as an example, this paper used Structural Equation
Modeling (SEM)-logit and Importance–Satisfaction (I–S) evaluation methods to discuss the impact
mechanism and improvement strategies of residential public resource elements on the satisfaction of
residents’ needs during the lockdown period. The results showed the influencing factors and the
degree of importance of the satisfaction of residents’ needs under different types of settlements have
obvious differentiation characteristics. The level of resource management can better affect the overall
evaluation of residents in newly built settlements, and the quality of the conditions of the space
environment is more important for the old residential communities. The satisfaction of residents in
settlements has a more significant impact. Finally, the study explained the renovation proposals and
their priority levels that meet the needs of residents to provide beneficial support for the resilience of
urban settlements.

Keywords: lockdowns; pandemic prevention and control; public resources; satisfaction analysis;
structural equation modeling

1. Introduction

At the beginning of 2020, the COVID-19 pandemic broke out globally, and a sudden
major public health incident posed a great challenge to the governance system and emer-
gency carrying capacity of cities in various countries. In pandemic prevention and control,
some countries, represented by China, Singapore, and Japan [1,2], adopted a community-
based lockdown method, which has become a crucial means of curbing the spread of the
pandemic [3,4]. As a result, “community resilience” has once again caused reflection and
discussion in the field of international settlement planning. A key issue is how to construct
a pandemic prevention and control system that is built on patterns of behavior, structure,
and space found in residential communities [5,6]. The residential community functions as
the fundamental unit of residents’ lives and the hub of the community. As a result of the
lockdowns, the supply–demand relationship between residents’ living needs and residen-
tial communities’ handling capacity (which refers to the integrated supply ability to sustain
residents’ daily lives, covering commercial and medical services supplied with service
facilities and cleaning services within the residential communities) was significantly en-
hanced, leading to further conflict between the two, especially with respect to the allocation
and management of public resources such as physical space, roads, and service facilities.
Residents were irritated by the unreasonable entrances and exits, inadequate basic services,
and insufficient sanitation measures that were revealed during the lockdowns [7]. When
faced with such circumstances, it is essential to objectively measure how well residential
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public resources match residents’ needs to rationally formulate residential management
plans and enhance the ability of residential communities to resist, control, and manage
disasters. Furthermore, our urban and rural planning work should also be guided by how
residents perceive their public lives in residential communities, as well as the factors that
influence them during lockdown periods to develop strategies for the orderly management
of pandemic prevention and control in urban and rural communities post-pandemic.

In 2003, another pandemic, SARS, became rampant across the globe. Afterward, many
urban planning practitioners made reflections on the phenomena from professional perspec-
tives. For instance, Makwana [8] pointed out the necessity of institutionally constructing
an integrated disaster mitigation management system for metropolises. Additionally, Cor-
burn [9] proposed 11 urban planning improvement measures for coping with the outbreak
of SARS. As the economies keep developing, the concept of the “Healthy City” is emerging.
Correspondingly, Barton [10] discussed the status-quo and hot issues in present domestic
healthy city studies, concluding that urban planning has become a major branch of related
studies. Furthermore, Giles-Corti [11], Iswahyudi [12], and Khomenko [13] have conducted
similar analyses of planning issues with and urban strategies for healthy city construction
in cities located in Austria, Great Britain, and Australia as research objects, respectively.
Against this background, a great number of scholars and experts around the world have set
out to discuss residential planning and governance measures amid pandemic prevention
and control.

From an international perspective, many scholars have discussed the main types
of communities in China and their differentiated governance models during this special
period of pandemic prevention and control. For example, Mackworth-Young [14] con-
ducted telephone interviews and found that in pandemic prevention and control, personal
protective equipment and sufficient salaries for health care workers, as well as provisions to
meet residents’ basic needs, are prerequisites for communities to take effective preventive
measures. In a report by Zhang Yuxiao [15], it is recommended that, when a public health
emergency occurs, the government should take measures to improve the quality of resi-
dents’ lives and coordinate prevention and control efforts, including dispatching enough
service personnel, mobilizing service resources, refining service content, and adjusting
incentive policies so as to effectively prevent and control the spread of the pandemic and
further expedite the economic and social recovery. The management and deployment of
public resources in a community are often key to preventing and controlling outbreaks
during a pandemic.

In addition, it has also been noticed by some scholars that it is crucial to develop a
resilient community. Resilient communities are expected to resist, adapt, and recover well
from external interference, impacts, or uncertain factors and then learn after such incidents
so as to improve their overall resilience. Based on resilience theory, scholars have suggested
a few theories and countermeasures concerning resilient community planning from the
following perspectives: residential district planning, architectural design, and dedicated
facilities. Among them, Heslop [16] discussed key points in spatial planning against an
unexpected pandemic in terms of public space, community unity, public facilities, and
emergency space redundancy, proposing spatial governance strategies ranging from the
flexible assignment of medical resources, vertically interlinked prevention and control
mechanisms, social organizational participation, and elaborated community governance.
By comparison, Marais [17] studied how to improve subdistrict and community governance
ability and enhance resilience in the face of emergencies from various aspects, including
networking, the elaboration and institutionalization of primary management, public health
service institutions’ facilities and levels, environmental hygiene quality, public participation,
and the application of new technology.

On the other hand, from the perspective of residents, the public resources that were
sufficiently supplied in the social system during the non-pandemic period are now faced
with the sudden changes brought about by residential community control during the
pandemic. In order to implement community governance, it is also necessary to determine
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whether the residents accept such changes and whether the control conditions meet their
basic needs [18].

Previous studies on the public resources of residential communities have primarily
focused on residential activities, age-friendly transformations, resilience improvement, and
other aspects [19–22], among which the investigation and analysis of residents’ satisfaction
have played an important role. The impact of residential public resource factors on the
evaluation of residents’ satisfaction was examined via partial least squares (PLS) path mod-
eling [22], multigroup structural equation modeling (MSEM) [23], logistic regression [24],
and multiple regression [25]. From the perspective of the composition of evaluation factors,
factors such as residential location [23], social class, age, gender, and income [26] have been
proven to have an impact on residents’ satisfaction, and residents’ subjective cognition
often plays a greater role than the objective material conditions. The research group led
by Zainab Ibrahim Abass [25] analyzed the satisfaction of residents in Australia’s suburbs
and concluded that neighborhood characteristics such as seating environment quality,
footpath conditions, and shared open spaces were the strongest predictors of residents’
satisfaction. Wanita Subadra Abioso and Sugeng Triyadi [27] explained that the content
of public spaces is shaped by physical, cognitive, and social needs. It appears that spatial
resources, facility resources, transportation resources, and their management are the major
measurement indicators on which most studies have agreed. Nevertheless, existing studies
appear insufficient in illustrating how such elements influence residents’ satisfaction levels
and how they interact with each other.

This paper is based on the analysis of residential public resource satisfaction using the
SEM-logit model and IS evaluation methods to quantitatively grasp the differentiation char-
acteristics of residents’ satisfaction with residential space resources during the lockdown
periods of the pandemic, clarifying which factors have an impact on the differentiation of
residents’ satisfaction, and how to optimize the allocation of public resources and their
service capabilities to improve the prevention, control, and governance capabilities of
residential areas.

2. Materials and Methods
2.1. Study Area

The survey selected the downtown area of Changchun city as the study area for the
following two reasons:

1. As the capital city of Jilin Province, Changchun is a densely populated, representative
city in northeast China. It also has typical settlements and residential management
patterns like other cities in China;

2. As COVID-19 approached, Changchun decided to adopt lockdowns throughout the
whole city from 6 February 2020 until 25 June of that year. As one of the cities having
implemented a lockdown earliest and for the longest period of time in the country, it
is worth studying local residents’ life satisfaction and demands during the lockdowns.

2.2. Survey Methods

In the study, stratified random sampling was used to obtain residents’ satisfaction
evaluation data through questionnaire surveys. Researchers conducted pre-survey activities
in mid-March 2020 to specifically understand the residents’ characteristics and satisfaction
during the pandemic period, as well as to inform questionnaire design and aid result
interpretation for the satisfaction research. As a follow-up to preliminary findings, a
formal survey questionnaire was conducted in downtown Changchun in May 2020 using a
combination of online and offline methods. The questionnaire was mainly distributed in
three municipal districts by three groups involving about 200 residential areas with 3 million
residents; secondly, according to the types of residential communities in each district, they
were further divided into old and new residential neighborhoods. Each of the residential
communities is numbered separately based on its type. Finally, 2–3 residential communities
in each district were randomly selected for a total of 13 residential communities (six old
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residential communities and seven new residential communities) and questionnaires were
distributed online via a survey company and the neighborhood committees. In addition, in
order to analyze and demonstrate the results of the questionnaire, the spatial environment
characteristics of the study’s residential areas were also recorded, combined with satellite
map information (Table A1).

During the survey, Changchun City’s pandemic situation was generally under control.
Although the residential communities were under lockdown, residents have returned to
normal production and life. Thus, the survey can reflect the time-dependent characteristics
of how prevention and control of pandemics affect residents’ satisfaction.

There are four parts to the questionnaire: the respondent profile, resource utilization,
the level of satisfaction with residential public resources, and the extent of renewal needs.
Among them, the survey on the utilization of residential resources was at the core of the pre-
survey, with 29 questions related to residents’ public activity frequency, use intention, and
demand preference during the lockdowns based on three aspects: the spatial environment,
the road layout, and public resource management (Appendix B). To measure the residents’
satisfaction with residential public resource demand, the scale was designed to measure
the residents’ public behavior characteristics and public space conditions in the community
during the period of pandemic prevention and control, as well as their satisfaction with the
overall level of residential resource allocation, service management, and other indicators
during the period of pandemic prevention and control. A Likert scale with five points
was used to measure their level of satisfaction with the survey. In general, the higher the
satisfaction, the higher the score. As shown in Table 1, in the first part of the questionnaire,
evaluation indicators No. 3–5 and No. 8–11 attempt to clarify the differences between
lockdown management during the pandemic and usual management in terms of people
access control, motor vehicle access control, community health, safety prevention and
control, and so on [28,29]. Based on these findings, combined with the results of the
pre-survey, and considering that residents have a high demand for residential activity
space and public health service facilities during the outbreak period, evaluation indicators
No. 1, 2, 6, and 7 (Table 1) were proposed, including a total of 11 observed variables,
from which the initial model of residents’ satisfaction with public space utilization was
constructed, as shown in Figure 1. Moreover, to understand the rationale behind the
residents’ selection, the team conducted sub-sampling on the basis of the information
obtained from the questionnaire, while analyzing the results of the questionnaire alongside
online interviews with the residents.

2.3. Data

A total of 453 questionnaires were collected (Appendix C). After excluding the invalid
data (Appendix D), a total of 412 valid samples were obtained, with an effective rate of
91%, meeting the necessary sample size (Appendix E) for stratified sampling. The basic
characteristics of the sample are shown in Table 2. Approximately 36.4% of the total sample
comprised 25–45-year-olds, while 35.6% of the total sample size composed 46–60-year-olds.
There were 208 respondents who lived in new residential communities built after 2000,
accounting for 50.5% of the sample size, while 49.5% lived in old residential communities
built before 2000, showing a relatively balanced distribution.

2.4. Overview of SEM-Logit Model

Satisfaction is often viewed as residents’ perceptions of the gap between their expected
utility and actual feelings [30], and the satisfaction model is often nonlinear according
to random utility theory [31,32]. At the same time, satisfaction evaluation is a complex
multifactor decision-making process. Its structure includes not only directly observable
influencing factors (such as residents’ age, social status, etc.) but also many different aspects
and different types of potential psychological factors. For a comprehensive assessment of
spatial environmental resources, resource management, and other index categories and
latent variables, these factors are often not directly observable and need to be further
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refined to create a multi-level nested variable structure. Therefore, if the non-linear model
is directly used for analysis, statistical errors such as multicollinearity may occur, and it is
also difficult to effectively explain the relationship between various influencing factors and
satisfaction.

To tackle the issue of IA (independence from irrelevant alternation) characteristics and
stochastic preferences in statistics, this study builds an SEM-logit model by combining the
classic logit model with a structural equation model (SEM) that measures the relationship
between observed variables and latent variables.

Table 1. Related variables of satisfaction scale and positive explanation.

Category (Latent
Variable)

Serial
Number

Satisfaction Index
(Observed Variable) Positive Explanation

Spatial
environment

resources

1
Residential

environmental
comfort level

The residential community has a luxuriant green landscape and
comfortable road environment, thus delivering a satisfactory

walking experience for the residents during the
lockdown period.

2 Activity space suitability
The conditions of the public activity venues in the residential
community can meet the daily activity needs of the residents

during the lockdown period.

Transportation
resources

3 Road patency
During the lockdown period, motor vehicle traffic in the

residential community flowed freely without on-road parking
or traffic jams.

4 Access rationality
During the lockdown period, the designated entrances and exits

of the residential communities were located at a reasonable
distance from public transportation and urban facilities.

5 Travel convenience Before and after the lockdown, the travel distance has not been
significantly affected, and it was relatively convenient to go out.

Service facility
resources

6 Medical security
capacity

The residential community is equipped with health service
stations with sufficient handling capacity. During the lockdown
period, the residents’ daily medical needs could be met, and the

supply of medicines could be guaranteed.

7 Service supply level

Residential convenience supermarkets offer a complete supply
of goods and a variety of community services, with the ability

to meet the daily needs of residents during the
lockdown period.

8 Facility scale

The area of service facilities such as convenience supermarkets,
barber shops, and express delivery stores in the residential

community was adequate so that residents could utilize them
orderly instead of crowding during the lockdown period.

Resource
management

9 Anti-epidemic measures
During the lockdown period, the garbage in the residential
community could be cleared and transported in time, and

public places were disinfected regularly.

10 Traffic and travel control
During the lockdown period, strict inspections were carried out
on the entrances and exits of residential communities, which

could effectively surveil non-residential personnel and vehicles.

11 Feedback mechanism

During the lockdown period, the residential community
management created a feedback channel for residents’ opinions

and could respond to and resolve residents’ complaints in a
timely manner.
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Table 2. Characteristics of our sample.

Project Sub-Option n %

Type of
community

Old residential community * 204 49.5%
New residential community * 208 50.5%

Gender
male 201 48.8%

Female 211 51.2%

Age

Under 25 65 15.7%
25–45 years old 150 36.4%
46–60 years old 146 35.6%

Over 60 years old 51 12.3%

Profession

Self-employed and service industry personnel 81 19.6%
Employees of state agencies and enterprises 163 39.6%

student 54 13.2%
retiree 47 11.4%
other 67 16.2%

Monthly income

Below 2000 CNY 96 23.3%
2000–5000 CNY 155 37.7%
5000–8000 CNY 129 31.3%

8000 CNY and above 32 7.7%
* Old residential community: residential quarters that were built before 2000 in cities and counties (county
towns) with backward public facilities that impact on the basic life of residents, resulting in high demands
for transformation. New residential community: residential quarters built after 2000 in cities and counties
(county towns).

There are two steps in the analysis of the SEM-logit model. The first step is to construct
the SEM model. In the first place, the researcher proposed the hypothesis of the influence
path of residents’ satisfaction with public resources and established the structural model of
residents’ satisfaction with public resources to evaluate the causal relationship between the
observed and latent variables. Additionally, the researcher determined the actual structural
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relationship between the variables through model testing and correction and computed
the configuration value of latent variables from each parameter. The calculation formula is
as follows:

ηikn = ∑
r

λiknxirn + ζikn (1)

yi,t,n = ∑
k

γiktηikn + ξitn (2)

where ηikn represents the latent variables; xirn denotes the manifest variables related to the
latent variables; yi,t,n refers to the indicator variables corresponding to the latent variables;
t is the number of observed variables corresponding to the latent variables; n is the number
of the manifest variables related to latent variables; ζikn and ξitn are stochastic error terms;
and λikn and γikt are unknown parameters.

The second step is to substitute the fit values of the latent variables in the SEM model
into the ordered Logit model, coupled with a t-test, and finally to determine the correlation
coefficients of each variable, thereby identifying the impact of various factor attributes in
residential public resources on residents’ overall satisfaction. The calculation formula is
as follows:

Uin = Vin + εin (3)

Vin = ∑ aiq siqn + ∑ bik ηikn (4)

where Uin represents the utility function of resident n choosing satisfaction degree i;
Vin refers to the fixed term of the utility function of resident n choosing satisfaction degree
i; εin is the random term of resident n choosing the utility function of satisfaction degree i;
q is the number of the variables of residents’ characteristic; siqn is the manifest variables of
the residents’ characteristics; k is the number of latent variables; ηikn is the latent variables;
and aiq and bik are unknown parameters.

3. Result
3.1. Statistical Overview of Satisfaction Data

As shown in Figure 2, the statistical results of the questionnaire data were obtained
after normalizing the scores for the evaluation indicators of satisfaction with residential
public resources. During the lockdown period, residents’ satisfaction levels averaged
0.32 (max: 1), which suggests that many residents did not find the public resources and
service capacity of the residential communities to be adequate to meet their living needs.
According to the indicators, the satisfaction rate of travel convenience was the highest, with
an average value of 0.52, indicating that access restrictions in residential communities did
not significantly affect residents’ transportation; in contrast, the satisfaction rate of service
supply is only 0.19, the lowest of all the indicators. During the lockdown period, many
public facilities, such as supermarkets and vegetable markets in residential communities,
could not meet the daily needs of residents.

Based on Spearman’s analysis, the correlation between the respondents’ basic infor-
mation and the satisfaction of community public resources was tested. The results show
that the correlation coefficient between the residential area type and the public resource
satisfaction of residents is −0.188, and the correlation is the most significant. This proves
that with different types of settlements, residents’ evaluation of public resource satisfaction
has distinct characteristics. Based on this result, the study distinguished between the old
and newly built settlements and explored the differentiating factors of spatial resource
satisfaction and their influence on structure.
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3.2. Results of SEM Model Analysis

As shown in Table 3, the reliability and validity of the factors in the old residential
community model and the new residential community model were tested through con-
firmatory factor analysis (CFA). All the composite reliability values were greater than 0.7,
indicating high reliability and sound internal consistency for the model data. All latent
variables also passed the KMO test (all greater than 0.7) and Bartlett’s sphere test, indicating
that the model had sound discriminant validity. Using the fitted data and the modification
indices, the model was modified and optimized by adding paths between factors.

Table 3. Test results of data reliability and validity.

Type of
Settlement Latent Variable

Number of
Measurement

Variables
Reliability Validity

Old
residential
community

Total 11 0.725 0.729
Spatial environment resources 2 0.718 0.704

Transportation resources 3 0.736 0.776
Service facility resources 3 0.701 0.701
Resource management 3 0.717 0.744

New
residential
community

Total 11 0.743 0.704
Spatial environment resources 2 0.739 0.706

Transportation resources 3 0.754 0.718
Service facility resources 3 0.709 0.741
Resource management 3 0.747 0.754

Model optimization usually brings in more than one possible model (which could
also be called an alternative or competing model) [33]. To ensure the reasonableness of
the resultant model, this study referred to the research findings of Amerigo [34] and Han
Soojeong [35] regarding settlement satisfaction in order to guarantee qualified sample data
fitting and finally chose the model structure as shown in Figure 3. Moreover, it was pointed
out by Boomsma [36] and Lei Puiwa [33] that the SEM model’s effectiveness was directly
related to the sample size. They suggested a minimum sample size of over 200. It could be
inferred that this study is in line with the effectiveness precondition and its results are of
interpretation value.
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Figure 3 shows the results of the SEM model. According to the figure, the thickness
of the connection between variables indicates the intensity of the influence relationship,
and the thicker the connection, the greater the influence intensity. Based on the results,
the overall structure of the model indicates that the four latent variables of spatial envi-
ronmental resources, transportation resources, service facility resources, and re-source
management all have a positive impact on the overall satisfaction of the residents in the
two types of residential communities. In other words, the more satisfied residents are
with the four, the more satisfied they are with the public resources of their communities.
Furthermore, the service facility resources, spatial environmental resources, and resource
management in the two types of residential community models interrelate, indicating that
the increased satisfaction of residents with the residential management measures can result
in their higher evaluation of spatial environmental resources and service facility resources.

In the old residential community model, the spatial environmental resources had the
greatest effect on residents’ satisfaction (0.81). During the lockdown period, residents of old
residential areas pay more attention to the quality conditions of residential squares, parks,
and other spaces, whether the public space meets their daily needs, and their feelings about
the size, facilities, and other aesthetic aspects.

In the new residential community model, the influence coefficient of the resource
management variables is 0.88, which is the largest compared to the other latent variables.
During the lockdown period, residents of new residential communities paid more attention
to the management measures and their implementation when evaluating the residential
public resources.

3.3. Results of SEM-Logit Model Analysis

Figure 4 shows the results of substituting the residents’ characteristics and the fit value
of the latent variables into the ordered logit model for calculation. The regression coefficient
represents the relative importance of each attribute factor to the overall satisfaction of
the residents.

In the old residential community model, as seen from the socioeconomic attribute
factors of residents, the significance of the age and monthly income of residents in old
residential areas are 0.035 and 0.002, passing the significance test at 0.05. This indicates
that these two factors have a significant influence on the overall satisfaction distribution of
residents in old residential areas. Likewise, when combined with the positive and negative
regression coefficients, it can be determined that the lower the income of the residents of the
old residential communities, the higher their overall satisfaction with the public resources
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of the settlements. Furthermore, the public resource satisfaction index results (Table 4)
indicate that in the old residential community model, the regression coefficient of residential
environmental comfort level is the highest, indicating that it contributes the most to the
overall satisfaction of residents. Therefore, residents’ satisfaction with residential public
resources will increase by 0.209 units for every point increase in residential environmental
comfort level. Additionally, anti-epidemic measures (0.107) and traffic and travel control
(0.107) have a significant impact on overall satisfaction.
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Table 4. Correlation analysis of resident satisfaction 1.

Variable

Correlation Coefficient of Overall
Satisfaction

Old residential
Community

New
Residential
Community

Socio
economic

factors

1 Gender 0.167 ** —
2 Profession — 0.122 *
3 Monthly income −0.101 * —

Public resource
satisfaction

index

1 Residential environmental
comfort level 0.550 ** 0.305 **

2 Activity space suitability 0.251 ** 0.147 *
3 Road patency 0.308 ** 0.163 *
4 Access rationality 0.183 * 0.151 *
5 Travel convenience 0.162 * 0.178 *
6 Medical security capacity 0.135 * 0.182 *
7 Service supply level 0.340 ** 0.318 **
8 Facility scale 0.125 * 0.244 **
9 Anti-epidemic measures 0.332 ** 0.425 **
10 Traffic and travel control 0.491 ** 0.246 **
11 Feedback mechanism 0.142 * 0.321 **

1 “—” means that it failed the significance test at the 0.05 level, “*” means it passed the 0.05 level test, “**” means
it passed the 0.01 level test.

In the new residential community model, only the “occupation” factor areas pass
the significance test. This suggests that when expressing the satisfaction level of the local
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residential district, residents from different walks of life have distinct focuses. Moreover,
as seen from the public resource satisfaction index, the regression coefficient of the anti-
epidemic measures in the newly built residential community model is the highest (0.163),
suggesting that the extent of satisfaction with anti-epidemic measures has a large impact
on the overall satisfaction of residents.

4. Discussion
Analysis on the Root of Differences in Satisfaction Degree

According to the statistical results shown in Table 4 and Figure 5, it can be seen that the
influencing factors of satisfaction differences in old residential communities mainly include
the environmental comfort level of residential communities, traffic and travel control, and
service supply level, as the strong correlation coefficient between the evaluation indicators
and overall satisfaction suggests that they are closely related. The satisfaction difference
in newly built residential communities is more related to factors such as anti-epidemic
measures, feedback mechanisms, and service supply levels. Comparing the effect sizes of
each factor attribute, it can be stated that, during the lockdown period, the system and
regulations of residential resource management generally have a greater impact on the
overall impression of residents in new residential communities in terms of the allocation of
public resources and service capacity. Additionally, residents of old residential communities
pay more attention to factors of spatial environmental resources, whether the residential
community is convenient for parking, and whether the activity square is still able to host
their daily activity habits during the special period.
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While the pandemic is still spreading across the world, lockdown will remain a major
means of urban management in domestic pandemic prevention and control. For this reason,
different outcomes reflected in the aforementioned satisfaction evaluation may shed some
light on urban pandemic prevention and control as well as settlement governance:



Sustainability 2022, 14, 4385 12 of 19

1. Lockdowns further reveal the difference between old and new residential communities
in the service supply system.

When analyzing reasons underlying Chinese settlements formation, Zhao Wei [37]
stressed that, when described as old, a settlement is not only built a long time ago but also
lags far behind new residential communities in residential functionality and design criteria.
By comparing different versions of the Chinese Code of Urban Residential Areas Planning
& Design, we may find that version 1993 implemented before 2000 specifies 1 m2 per capita
public green area in residential public resource allocation and offers no standard public
parking space size or underground parking design requirements, which makes it different
from versions 2002 and 2016. It is highlighted by Liu Bing [38] and Wu Tianyan [39] that old
communities largely rely on neighboring subdistricts to gain access to service facilities and
they have developed a sort of co-existence with urban functions. By contrast, newly built
settlements are more complete in matching services, which can independently maintain the
fundamental public life of their residents. As revealed by data from the research report on
residential satisfaction of green and pleasant settlement quality and architectural quality
published by the ministry of housing and urban–rural development in 2021, 42.1% and
26.8% of residents’ outdoor activities are carried out outside settlements for old and newly
built communities, respectively, in first tier cities such as Beijing, Shanghai, Guangzhou,
and Changchun. In old communities, 63.7% of residents have no fixed parking space and
have to park their cars outside on the street. By comparison, only 21.6% of residents living
in newly built settlements are faced with this problem. Old and newly built communities
are mostly supported by two distinct service supply systems in sustaining their residents’
public life.

However, with the implementation of a lockdown pattern in response to the pandemic
outbreak, old communities are denied access to service functions in their neighboring
street blocks, which intensifies the effect of their deficient settlement resources on the
residents therein.

From the questionnaire question “Is there any demand for outdoor activities (non-
collecting express delivery and shopping, etc.) during the lockdown?”, it can be seen that
62.9% of residents did engage in outdoor activities (as shown in Figure 6). In analyzing
the data with regard to the item “Do you still maintain outdoor activities?”, it was found
that only 32.5% of the residents in need still maintained regular outdoor activities. Based
on this observation, it can be concluded that although residents have a relatively high
willingness to participate in outdoor activities during the lockdown period, most activities
are restricted by external factors and are hard to carry out. On the other hand, as many as
72.6% of residents live in old residential communities.

Moreover, a random interview with residents living in old residential communities
disclosed that such residents largely believe their public activity space to be narrow in
area, centralized in layout, at risk of spreading the pandemic, and unable to meet their
exercise demands. In the meantime, though featuring richer public resources than older
communities, newly built settlements are expected by their residents to provide better
management services. It is noteworthy that as declared by many residents, newly built
settlements should have more clearly defined property ownership and jurisdictions and
should be equipped with specific management and control plans for public facilities and
activity spaces therein. According to the above information, the differences between old
and newly built communities in terms of service supply systems was amplified during lock-
down, causing residents to face distinct public resource issues due to settlement patterns.
This is finally reflected in factors influencing their satisfaction evaluation.
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2. Lockdown in residential areas brings in a change to residents’ satisfaction evaluation
decision-making mechanism.

As suggested by the research findings of Zhan Dongsheng [40] regarding the satisfac-
tion of residential public resources, overall satisfaction is greatly impacted by residents’
socioeconomic properties such as identity, age, academic background, and family struc-
ture. A distinct result is obtained here regarding the lockdown. According to the data
listed in Table 4, correlation indexes between residents’ socioeconomic properties and
overall satisfaction during the pandemic are rather low, as is the number of influencing
factors. On the other hand, it is testified by Lv Fei [41], who found that the public resources
satisfaction index is more affected by spatial material properties when residents are not
perplexed by the pandemic. For example, in a pandemic-free period, residents are more
concerned about public facilities’ quality (61.7%) and parking space sufficiency (23.3%) but
paid least attention to public resources management measures (23.3%) when offering their
satisfaction evaluation. This conclusion is distinct from the satisfaction evaluation in the
lockdown period. The sorting of regression coefficients in Figure 4 indicates that when
the lockdown was implemented, management measures had a great impact on residents’
satisfaction in both old and new residential communities. Thus, it can be inferred that the
lockdown pattern for the anti-epidemic purpose has changed residents’ logic in evaluating
intra-settlement public resource satisfaction. Residents’ attention is diverted from spatial
material factors in the past to settlement management service ability now. Additionally,
those settlement governance factors such as anti-epidemic measures and traffic control
intensity would generate a more significant effect on residents’ overall satisfaction during
the anti-epidemic period.

3. Factors influencing satisfaction may guide settlement updating.

In light of the regression coefficients in the SEM-logit model, while we have calculated
the importance of various factor attributes on residents’ satisfaction with public resources, it
does not necessarily mean that the most important factor is the top priority for improvement.
When a factor’s regression coefficient and satisfaction score are both high, improving the
attribute factor would not be of much help to elevating the overall satisfaction level. To
find out which attribute factor is most effective for improving overall satisfaction, this
chapter uses the importance–satisfaction (I–S) rating [42,43] to quantify the priority levels
of the improvement and transformation of various residential public resource factors. As
one of the cluster analysis methods derived from the KANO model [44], the I–S rating
distinguishes the information value of satisfaction-related factors. The calculation formula
is as follows:

ISi = Ii × Di = Ii × (1 − Si) (5)
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where ISi is the I–S score of factor i. The higher the I–S score of factor i, the more it
needs to be improved. Ii is the importance score of factor i, reflecting the impact of the
residents’ satisfaction with factor I on their overall satisfaction with public resources. Di is
the dissatisfaction score of factor i. Si is the average satisfaction after normalization.

The I–S index and ranking identify the priority order of various public resource
factors. That is, the higher the ranking of a factor attribute, the greater the benefits and
the greater the increase in overall satisfaction for residents. According to the results
(Table 5), the residential environmental comfort level ranks first in the I–S index (old
residential communities), demonstrating that the old residential communities should focus
on enhancing the environmental quality of the residential communities, which can increase
residents’ satisfaction more effectively over time. Accordingly, the I–S ratings of indicators
such as travel convenience and medical security capabilities are relatively low, indicating
that these factor attributes currently meet the needs of residents and that the transformation
is not urgently needed. In contrast to the I–S rating of old residential communities, in
the newly built residential communities, anti-epidemic measures rank first while service
supply (ranked 8th in the old residential communities) ranks second, so they develop key
factors for transformation. In different types of residential communities, the transformation
priority of public resources varies.

Table 5. I–S index analysis results.

Index

Importance Satisfaction I–S Index Priority Promotion Level

Old
Residential
Community

New
Residential
Community

Old
Residential
Community

New
Residential
Community

Old
Residential
Community

New
Residential
Community

Old
Residential
Community

New
Residential
Community

Residential environmental
comfort level 0.209 0.082 0.27 0.20 0.1526 0.0656 1 5

Traffic and travel control 0.107 0.089 0.22 0.20 0.0835 0.0712 2 4
Anti-epidemic measures 0.107 0.163 0.24 0.21 0.0813 0.1287 3 1
Activity space suitability 0.099 0.045 0.38 0.34 0.0613 0.0297 4 7

Road patency 0.067 0.022 0.35 0.30 0.0435 0.0154 5 9
Feedback mechanism 0.045 0.113 0.31 0.25 0.0310 0.0847 6 3

Access rationality 0.042 0.013 0.34 0.23 0.0277 0.0100 7 10
Service supply level 0.020 0.139 0.18 0.20 0.0164 0.1112 8 2

Facility scale 0.019 0.083 0.29 0.34 0.0135 0.0547 9 6
Travel convenience 0.013 0.010 0.49 0.55 0.0066 0.0045 10 11

Medical security capacity 0.005 0.053 0.47 0.46 0.0026 0.0286 11 8

To optimize public resource factors, the study builds performance evaluation matrices
based on importance and satisfaction scores and discusses how to improve these factors
optimally. Figures 7 and 8 show the results, in which the horizontal and vertical axes
represent satisfaction and importance, respectively, and each matrix is divided into nine
equal regions. Among them, the red zone includes low satisfaction and high importance
factors that need to be transformed first; on the other hand, the purple zone includes high
satisfaction and low importance factors that can temporarily remain unchanged and be
monitored. The factors in the diagonal white zone need improvement, which can be made
as appropriate depending on the residential communities. According to the performance
evaluation matrix, the areas that need to be improved most are the environmental comfort
level, anti-epidemic measures, and traffic control in old residential communities. Several
key indicators, including road patency, medical security capacity, and facility size, are
located in the purple zone, indicating that residential traffic and service facility resources
can still secure residents’ lives during the closed-off period, so service standards should be
maintained and improved as needed. In the performance evaluation matrix of the new resi-
dential communities, the resource factors in the red zone that need to be improved urgently
are significantly more than those in the old residential communities. The environmental
comfort level, service supply level, anti-epidemic measures, and feedback mechanisms of
the residential communities should be prioritized in the planning process.
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5. Conclusions

Settlement is both the front line and last line of defense in curbing pandemic outbreaks.
It is also a critical carrier of socioeconomic resurrection. It is crucial to determine the match-
ing relation between intra-settlement public resources and residents’ life demands during
the lockdown period, as well as factors influencing residents’ satisfaction in enhancing
settlement resilience and improving settlement governance capacity. Based on SEM-logit
model analysis, the present study discussed both the impact mechanisms and improve-
ment strategies of intra-settlement public resource elements on residents’ satisfaction. Our
primary findings are as follows:

1. Based on empirical analysis, this study has proven that residents’ satisfaction in
old and new residential communities differed significantly in terms of influencing
factor composition, inter-factor interaction, and influence level. As revealed by the
statistical model, residents’ overall satisfaction in old residential communities is
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more susceptible to spatial environmental resource, whereas that in new residential
communities focuses more on public resource management measures;

2. By taking into account the element features of intra-settlement public resources, this
study discussed the action mechanism of unmeasurable (latent) variables in the process
of “objective environment–subjective evaluation” with a theoretical framework from
cognitive psychology and proposed and verified an influence path model of public
resource elements on satisfaction evaluation;

3. A comparative analysis of residential satisfaction degree findings during the pandemic-
free period reveals that the lockdown policy adopted during the anti-epidemic period
intensifies problems arising from differentiated service supply systems between old
and new residential communities and displays them with factors influencing residents’
satisfaction evaluation. The policy also transforms the decision-making logic of
residents’ satisfaction evaluation. Attention to settlement management capacity is one
of the salient characteristics highlighted during the anti-epidemic period;

4. We also discussed how to guide settlement updating based on satisfaction evalua-
tion outcomes. By referring to the I–S performance evaluation matrix, the present
study quantitatively determined the priority of various public resources amid the
transformation and upgrading of both old and new residential communities.

It is true that resilient community creation involves almost all aspects of a city, includ-
ing its society, economy, production, life, and ecology. Such factors as the government’s
modern governance level and public policy execution capacity have an impact on the im-
plementation of settlement management patterns during pandemic prevention and control.
Starting from residents’ satisfaction, this study discusses public resources allocation and
utilization in settlements under a lockdown pattern. In subsequent studies, settlement
planning and design theories in the post-pandemic period may be further enriched based
on the improvement of various resources within settlements (e.g., ecology and architecture),
as well as settlement management patterns, so as to offer data support for evaluation
implementation.
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Appendix A

Table A1. Spatial environment characteristics of the study residential area under study.

Settlement ID
Greening

Rate
Per capita

Green Area
Road Area

Ratio

Average Parking
Space Ratio Per

Household

Residential
Area (ha)

Whether the Facilities Are Complete

Commercial
Facilities

Medical
Facilities

Cultural
and Sports
Facilities

Old Res-
idential
community

1 27 1.2 14.4 0.7 25 O O ×
2 25 1.7 15.3 0.8 31 × O O
3 26 2.1 14.8 0.7 21 O O O
4 31 1.3 13.7 0.6 19 × O ×
5 33 1.7 15.9 0.8 33 O O O
6 28 1.5 15.6 1 18 O O O

New
Residen-

tial
community

7 31 2.3 17.6 1.2 24 O O O
8 30 3.1 18.4 1.8 26 O O O
9 33 2.1 16.7 1.3 19 O O O
10 31 2.1 18.9 1.6 21 O O O
11 32 2.6 17.7 1.5 22 O O O
12 31 2.8 19.1 1.5 28 O O O
13 32 2.2 17.1 1.2 30 O O O

Appendix B

Spatial environment refers to the characteristics of the physical environment presented
by a community’s public space, including features such as space scale, facility conditions,
landscape greening, and physical environment. Accessibility of space to individuals,
landscape greening, and environmental sanitation have been shown to have a positive
impact on residents’ satisfaction [45].

Space layout consists of the structural characteristics of the public space in the com-
munity, including the transportation system and facility system, and is related to factors
such as the rationality of entrances and exits, the suitability of the road environment, the
adequacy of parking, and the size of service facilities [46].

In terms of public space management, studies have shown that community manage-
ment and maintenance play a major role in residents’ satisfaction with public spaces [47].
This paper divides the management measures taken by the communities for the external
public space during the pandemic into three major categories: pandemic prevention, facility
services, and transportation and travel management.

Appendix C

We present here the samples collected during the formal investigation phase, not the
pre-survey. In the pre-survey, 289 questionnaires were returned, with a valid response rate
of 92.7%.

Appendix D

There are four steps involved in the data processing:

1. Calculate the score variance and average and remove highly repetitive data samples
with a variance of 0 or an average close to one;

2. Eliminate questionnaire data samples with abnormal values (more than twice the
deviation of the average response time of other questionnaires) such as excessively
short response times;

3. Remove data samples with incomplete information;
4. Discard samples that do not match the answer logic (such as a mismatch between age

and income).

Appendix E

Because these are scale questionnaires, the number of returned questionnaires exceeds
ten times the scale items. Meanwhile, within the 95% confidence interval, with a population
of about 5 million in the downtown area of Changchun and a maximum coefficient of
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variation of 0.5, the sample size in this survey is 453, which surpasses the necessary number
(approximately 385) and is thus statistically significant. The formula for calculating the
sample size is:

n = P(1 − P)/
e2

Z2 +
P(1 − P)

N
(A1)

where e is the precision value percentage of the known survey results; Z is the coefficient of
the confidence interval; P is the precision of the proportion estimation, that is, the sample
coefficient of variation; and N is the total number of samples.
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