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Abstract: Urban resilience, which has emerged as an important concept in cities since sustainability
became a 21st-century urban paradigm, reflects the needs of the times to change and bring about
a shift in existing national landscape architecture and social policies. To explore the characteristics
of recognition of college students majoring in landscape architecture towards the concept of urban
resilience before and after the beginning of COVID-19, this study aims to answer three research
questions: to analyzes recognitions of landscape architecture majoring students on urban resilience
(research question 1); to compare the differences that emerge from before and after the beginning
of the COVID-19 pandemic (research question 2); and to explore latent classes according to the
education pattern (research question 3). The results of this study are as follows: First, before the
beginning of COVID-19, four latent classes were drawn up in relation to awareness of the concept of
urban resilience, while three latent classes were examined after the start of the pandemic. Before the
beginning of COVID-19, students of landscape architecture accepted the concept of urban resilience
as a physical and environmental approach to overcome risk factors by creating landscape architecture
and infrastructure or applying the concept of resilience in urban development and redevelopment.
However, after the beginning of COVID-19, they mostly have been recognized urban resilience as
a concept related to technological ability. Thirdly, the grades and educational experiences of the
students were found to have a significant effect on the probability of their belonging to a specific
latent class.

Keywords: urban resilience; sustainability; landscape architecture; recognition; COVID-19

1. Introduction

As the media and scholars have already pointed out, there has been widespread
recognition that COVID-19 pandemic would demand a “New Normal” lifestyle and will
completely change the flow of global civilization. During the ongoing COVID-19 outbreak,
many measures or practices helped to make cities and communities more resilient [1].
In this context, promoting urban resilience in relation to environmental, socioeconomic
and political domains has increasingly attracted the attention of researchers and local
authorities [1–3].

The term ‘resilience’, which traces its etymology back to the Latin word ‘resilio’,
carries the meaning of ‘to jump back’, ‘to rebound’, and ‘to recoil’, so its meaning as found
in the dictionary can be defined as a system’s ability to respond to change. The idea of
resilience was first discussed in the field of physics, whereby the concept of elasticity and
material against external shock was considered [4], but it was in the field of ecology that
the academically systematic concept of resilience emerged.

The definition of resilience is a very abstract and complex concept and has been
defined in various ways in various studies. Holling [5], an ecologist, argued that the social
ecosystem had an ‘adaptive Renewal Cycle’ consisting of four levels of systems: R-Phase,
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K-Phase, Ω-Phase, and A-Phase. Since then, it has been defined in various manners by
different fields and researchers. In education, psychology and medicine, the concept
of resilience is used to mean an individual level of resilience [6–8], i.e., the individual’s
ability to overcome crises and adversity and return to their previous state. In the field
of management, the concept of resilience is defined as the ability to anticipate and adapt
to environmental trends that could seriously harm companies beyond overcoming crises
and failures [9]. In the field of disaster prevention, resilience is usually characterized
as the ability to absorb and recover from disasters [10]. Walker and Salt [11] defined
resilience as the ability of a system to absorb confusion and maintain basic functions and
structures. Folke [12] defined resilience in the fields of engineering, ecology and social
ecology. Engineering resilience means restoring a construction to its previous growth path
in pursuit of a stable balance, while ecological resilience is a phenomenon that deviates from
the path of all stages after the impact and has a low level of long-term balance or improved
growth path. The concept of social–ecological resilience refers to a composite adaptation
by feedback and interaction with an integrated system of people, society and nature.

Before the concept of urban resilience gained attention among scholars, since the 1970s,
the concept of sustainability had been focused mainly on the extent to which environmental
pollution concerns require changes in landscape and policy factors. However, since the
2000s, the level at which environmental destruction threatens the global risk limit has
reached a point where systemwide change is required [13]. In the process of discussing
specific ways to pursue sustainability, researchers began to study the concept of urban
resilience, which has mainly been used in the fields of ecology and medicine, economics
and urban areas. The urban-related resilience research was conducted in the fields of
urban ecology [5,14], disaster prevention and policy areas [15–18], regional development
areas [19–22], and urban regeneration [23–25]. On the other hand, new urban theories such
as Urban Metabolism, Agropolis, City for Adaptation to Climate Change, Transition Town
and Biophilic City are emerging. Although the term ‘regional and urban resilience’ began
to be used in the early 2000s, it is still undergoing changes in its application and stages of
adaptation, as the research fields to which it relates are still expanding [26].

In particular, in the field of landscape architecture, the concept of urban resilience has
not received much attention compared to in other related fields, such as urban planning and
environmental planning. The field of landscape architecture is closely related to improving
the health and welfare of the people, revitalizing the city and improving the urban living
environment. Despite the fact that discussions of landscape architecture academia require
education on urban resilience, related research has not been actively carried out. Moreover,
in the landscape architecture field, the definition of urban resilience, as well as specific
educational goals and pedagogies are unclear.

At this point in time, when the concept of urban resilience is being emphasized due to
the COVID-19 pandemic, it is time to prepare a clear urban resilience education policy for
each field. In the case of education for sustainable development (ESD), there are precise
guidelines. ESD started in earnest after the definition of sustainable development was
established by the United Nations in 1987 as an education to improve problem-solving
ability on various topics of sustainable development, to form a positive attitude, and to
lead eco-friendly actions. In 1992, ‘Agenda 21’, which emphasized the implementation of
sustainable development at the global level, emphasized the need for ESD, and in 2002,
the ‘World Summit for Sustainable Development (WSSD)’ held the ‘ESD Decade’ (Decade
of ESD, 2005–2014) was declared and the practice of sustainable development through
education was specified. Countries around the world have developed and implemented
educational courses related to the subject of sustainable development for students and
the general public. ESD emphasizes practical actions along with improvement of related
knowledge and changes in attitude, viewing human beings as being the key actors in
achieving sustainable development. In order to achieve this educational purpose, a study
was conducted on the knowledge level, attitude, and behavior of students and teachers of
various majors on various topics related to sustainable development. Based on this, a plan to
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effectively implement education for sustainable development was proposed [27–29]. Thus,
to grasp the current pedagogical situation and the directions that might be taken in future,
research on students’ attitudes and awareness is most significant. However, no research
related to the attitudes towards the concept of the urban resilience has been conducted.

How do college students who major in landscape architecture understand the concept
of urban resilience? How has it changed since the start of the COVID-19 pandemic? How
are the characteristics of latent classes different according to educational patterns? These
questions are of great social significance in that they can serve as a basis for predicting the
direction of decision making and policy decisions related to the environmental industry, as
well as academic needs, to address educational curiosity after the beginning of COVID-
19 pandemic.

To answer this question, this study used a Latent Class Analysis (LCA) method. This
is an analytical method of discovering potential classes based on individuals’ response
types to a series of observations. The awareness and attitudes of a group is related to
successful collaboration [30]. Awareness and attitudes include cognitive, emotional, and
behavioral factors, and are acquired through the repetition of direct experiences or learning.
By comparing results from before and after the beginning of the COVID-19 pandemic, this
study aims to explore how the pandemic has influenced the recognition of the concept of
urban resilience by students majoring in landscape architecture.

2. Urban Sustainability and Resilience

The concept of resilience is closely related to sustainability, but it does not have an
exact meaning and is often used as an additional label attached to existing research [31,32].
It is often said that the city is comparable to an organism, as each element has its own
functions and roles, and changes by adapting to internal and external changes in the
course of its creation, development and extinction. In terms of urban ecology, the city’s
survival lies moving, responding to change and adapting, and in order for the city to last,
there must be resilience. Recently, the U.N. Sustainable Development Goals [33], the UN
Human Settlements Conference (Habitat III) [34], and the UN Disaster Relief International
Strategic Organization [35] have also adopted the concept of the city’s resilience. OECD [36]
defined resilience as “the ability to absorb, recover and adapt to the effects of economic,
environmental, social shock or chronic pressure for sustainable development and welfare
and comprehensive growth”. It disproves the need for resilience as part of its guiding
role and efforts regarding what the city should continue to maintain and provide on its
current basis. In order to understand and respond to various environments and variables
surrounding modern cities, various measures are needed to introduce internal and external
changes and crises, along with various concepts that used to make up existing cities and to
link these to the concept of resilience [37–40].

Sievers [41] understood resilience at the characteristic level and said, “resilience is
considered part of sustainability, but even so, sustainability is not necessarily on the
premise of resilience”. This is because the needs of current and future generations cannot
be guaranteed unless there is a productive balance between the goals of each component
of sustainability, with the basic condition that the core of sustainability exists within a
limited space or resource. The term “resilience” first appeared in urban-related research
when the city’s sustainability was discussed is Vale and Campanella [42]’s presentation
of a colloquium held in MIT. Since then, related research has continued in Australia and
Germany, drawing attention as a future urban model, and follow-up research is now
underway. Already used in the engineering, medical and disaster prevention fields, the
concept of resilience is being applied to cities to understand how they expand and develop.
The purpose of research aiming to apply the concept of resilience to cities is to find ways
to protect the urban ecology system according to urbanization, link the ecological system
with the urban system, and restore resilience.

The concept of urban resilience, due to frequent and extended weather and disasters
worldwide, should comprehensively consider regional capabilities, including not only
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physical but also social and economic factors [17,43], and the concept of urban resilience
in consideration of prevention and response recovery capabilities should be applied to
landscape architecture [44]. The study on studies of resilience began with Holling [5] and
attempts that were made by Walker and Salt [11] to specify how to apply it to real cities,
while Kegler (2014) developed the resilience theory in the spatial domain. In addition,
research on the concepts of resilience, development and the evaluation of indicators is
being conducted at ARUP [45], UNISDR [44], ADB [46], and the Stockholm Resilience
Center [47].

Resilience research is conducted on a wide range of subjects within the fields of
urban, landscape and ecology. Among them, most of the research is being conducted in
the fields of disaster, ecology, and crisis management [48–51]. Research related to urban
resilience has been actively conducted in recent years on a range of subjects including
urban sustainability and resilience studies [52–54], urban regeneration projects and urban
resilience diagnosis [55,56], regional resilience diagnosis studies applying the concept
of resilience [49,57], studies on the resilience of communities through the application of
theory [58,59], development of evaluation criteria for the introduction of the resilient city
model, and analysis of applicability [60–62]. The existing research mainly focuses on
diagnosing the resilience construction process of urban regeneration projects, regional
resilience, and low-rise residential communities through the concept of resilience.

Urban resilience during the COVID-19 pandemic has been primarily impacted by
five factors: (1) medical services and essential facilities; (2) mobility and transportation
networks, which have greatly contributed to the spread of diseases between communities
and cities; (3) immediate and continuous health and socioeconomic impacts; (4) social
services to maintain welfare of poor and low-income families; (5) lack of preparedness
and late attempts to control the outbreak [1]. Moglia et al. [63] identified seven lessons
for accelerating a green recovery of cites from the COVID-19 pandemic: (1) the need to
transform urban mobility; (2) the need to provide an urban form that promotes public ben-
efits; (3) the provision of more green commons/public land; (4) the need to build resilient
supply chains and greater resource efficiency; (5) the need for improved ICT infrastructure;
(6) the need for multilevel and coordinated governance; and (7) considerations of equity
and vulnerabilities.

In case of the concept of sustainability, to achieve educational goals, studies on the
level of knowledge, attitudes, and behaviors on various topics of sustainable develop-
ment were conducted to assess various groups’ recognitions of the concept of sustainable
development [64,65]; in addition, studies on attitudes to the relationship between the
environment and the economy [65–67], and research on the awareness of sustainable devel-
opment [23] are continuously being conducted. Comparing the study of Choi et al. [65]
who surveyed the attitudes of prospective teachers on sustainable development and a study
of Jaegal et al. [66], who studied the attitudes of citizens to sustainable development, these
two studies used different methods, but they similarly examined sustainable development
through the relationship of ‘economic’ and ‘environment’ variables. On the other hand,
there has been no research on students’ attitudes or perceptions of education relating to
urban resilience. Education about urban resilience regards human beings as the key actors
in achieving sustainable development, and emphasizes practical action along with the
improvement of related knowledge and attitudinal change.

3. Methods
3.1. Latent Class Analysis (LCA)

Decision-making related to the planning process should be viewed as part of a larger
socio-economic system and the resulting economic, social and environmental impacts
should be analyzed in an integrated manner. Therefore, when it is necessary to make
a decision to select an optimal alternative, there are many studies that have adopted a
Multiple-Criteria Decision Analysis method (MCDA) [68–70]. This is a method of selecting
an alternative through a compromise between the conflicting criteria when a plurality of
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conflicting criteria exists. Among them, Analytic Hierarchy Process (AHP) is the most
widely applied method among MCDA. This is because the analysis process is simple and it
is easy to obtain the preference information of the decision maker by making a pairwise
comparison in the process of evaluating the importance of factors or alternatives [71–73].
However, this method has difficulty in categorizing the types of recognition for a specific
concept, as there are limitations to the understanding that can be gained about the overall
recognition type through the analysis of an individual questionnaire. LCA can be used
as an alternative method to compensate for these limitations. The latent group analysis
method is an analysis method that discovers latent classes based on individual response
types to a set of observation variables.

LCA is a type of potential variable model that assumes that the observed distribution
consists of a mixture of two or more underlying distributions, and is a method of discover-
ing potential classes based on individuals’ response types to a series of observations [74].
Although subclasses, types, and categories exist within the group to be studied, the latent
class distinguished by the latent variable unique to each individual is not revealed because
it cannot be directly observed. In this context, the analysis method designed to discover and
classify the potential group is the latent class analysis [75–77]. LCA has the advantage of
being an observational-centric method of analysis that does not simply verify relationships
between observations, but rather identifies combinations of relationships found within
individuals or classes based on similar patterns between characteristics that people have.

LCA estimates the class membership probability of the class and the conditional
question-specific response probability according to the class membership. The membership
probability of a potential class means the probability of belonging to a latent class, and the
probability of a conditional question-by-question response by class membership indicates
the degree of agreement between the observed item and the potential type. Uncertain
estimates of potential collective analysis use a maximum likelihood verification method
using EM (extraction-maximization), during which missing values are assumed to be MAR
(missing at random) [75].

3.2. Participant

In order to analyze the latent class of landscape architecture college students on the
concept of the urban resilience, students from seven universities located in Seoul, Korea,
were selected for the survey. In South Korea, most of major universities are located in Seoul.
Among them, students from the universities which have landscape architecture department
were chosen. Table 1 illustrates the distribution of gender, grade, contact experience with
urban resilience terms, and whether or not resilience education has been experienced in
the universities.

In the case of before the beginning of COVID-19 pandemic, of the 523 questionnaires,
only 511 copies were selected for analysis, excluding those that responded insincerely.
The survey was conducted for four weeks from October to November 2018. The study
included 300 male and 211 female students. By age, 19 people were under 19 years of
age, 459 between 20 and 24 years of age, 30 between 25 and 29 years of age and three
over 30 years of age, with the largest proportion being those aged between 20 and 24. By
university grade, the first grade participated the most, with 168 in the first grade, 115 in the
second grade, 121 in the third grade and 107 in the fourth grade. Comparing experiences
encountered with the term “Urban Resilience”, 38.6 percent said they had “experience”,
while 61.4 percent said they had “no experience”. A survey of respondents who responded
that they had been in contact with terminology on the contact path was also conducted. As
a result, there was a high rate of contact during regular classes, such as middle and high
school class (7.1%) and university lectures (48.2%), and 40.1% of experienced respondents
had encountered the term through media such as newspapers, broadcasting, the internet,
and books. In addition, about 29.5% of all respondents had experience in EUR (Education
for Urban Resilience) at universities.
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Table 1. Distributions of participants.

Before the Beginning of COVID-19 After the Beginning of COVID-19

Sortation Frequency (Number) Percentage (%) Frequency (Number) Percentage (%)

Gender
Male 300 58.7 384 66.3

Female 211 41.3 177 33.7

Age

~19 19 3.7 50 9.5

20~24 459 89.8 467 89.0

25~29 30 5.8 50 9.5

Over 30 3 0.6 4 0.8

Grade

1 (Freshman) 168 32.9 123 23.4

2 (Sophomore) 115 22.5 128 24.4

3 (Junior) 121 23.7 176 33.5

4 (Senior) 107 21 98 18.7

Learning about
Resilience

Terminology

Exist 197 38.6 424 80.8

None 314 61.4 95 19.1

Route to Learning
Resilience

Terminology

Middle and High
School Class 14 7.1 17 4.0

University lecture 95 48.2 323 76.1

Media
(newspapers and

broadcasting)
30 15.2 22 5.2

Internet 41 21.3 31 7.1

Books 7 3.6 20 4.7

Etc. 10 5.1 11

Experience of EUR
Exist 151 29.5 350 66.7

None 360 70.5 175 33.3

In the case of students’ attitudes after the beginning of the COVID-19 pandemic, the
survey was conducted over two weeks from 14 September to 28 September 2020, and a
total of 640 sheets were distributed for each grade level, and a total of 532 sheets (83.1%)
were collected. Excluding seven questionnaires which did not provide complete answers
to each question, a total of 525 copies were used for analysis.

3.3. Variables

This study analyzes the types of latent class on the concept of urban resilience for
sustainable cities of college students majoring in landscape architecture, and reveals the
differences in the probability of a student belonging to potential class types depending on
their grade and experience in urban resilience education. This study analyzes the influence
of types of potential classes on the concept of resilience for sustainable cities of college
students majoring in landscape architecture, and reveals the differences in the probability
of belonging to potential class types depending on grade and experience of sustainable
development education. Accordingly, a framework for urban resilience was established as
a dependent variable for this study.

If we consider urban areas to function as organisms that operate through their own
metabolism, we must then consider that all of the elements within the system are strongly
connected. These characteristics are complex, adaptive and emergent ecosystem systems
with governance networks, networked material and energy flows, urban infrastructure and
form, and socio-economic dynamics as subsystems [14,26]. First, a governance network is
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responsible for problem solving, adaptation and re-organization of various activity entities
and institutions, including governments, NGOs, industries, universities and research cen-
ters, and a city where good governance is formed by their smooth network can improve its
resiliency. Second, networked materials and energy flows relate the processes of production
and consumption taking place in cities to urban metabolism, and the flow of resources and
consumption needed for urban residents to lead their lives is associated with the functions
of cities and the quality of life of citizens. Third, urban infrastructure and forms include
green areas, parks and dry environments such as buildings, transportation networks, and
water grids [78]. Fourth, social dynamics consisting of definitions and equality, such as
financial capital, demographics and inequality, play a role in determining the livelihood
and status of urbanites [14].

This complex and multidimensional urban resilience requires the sharing and inter-
action of functions and roles between each component and system. As a condition for
implementing urban resilience with complex spatiotemporal systems, ARUP [45] illustrated
conditions that could provide ways to meet the health, environment, social harmony and
wealth requirements of urban citizens, and they presented 4 categories, 12 requirements
and 52 resilience indicators. O’Rourke [79] presented the R4 Framework for resilience
components and systems, while Jung et al., ref. [80] outlined four categories of redundancy,
durability, resourcefulness, and rapidity, considering the redundancy of the concept of
urban resilience and the suitability of the landscape architecture. Based on the study of
O’Rourke [79], this study summarizes concepts related to urban resilience components and
systems and uses them as a dependent variable (Table 2). We formulated 16 questions to
measure the dependent variables, and the reliability of the measuring tool was high with a
Cronbach’s α value of 0.802.

Table 2. Dependent variables.

Variables Measurement Variables

Redundancy

A variety of
infrastructure and

resource networks for
functional execution

Urban resilience is related to capacity for technical substitutions and “workarounds”.

Urban resilience is related to ability to substitute and conserve needed inputs.

Urban resilience is related to availability of housing options for disaster victims.

Urban resilience is related to alternate sites for managing disaster operations.

Robustness
Strength and buffering
of the external impact

Urban resilience is related to building codes and construction procedures for new and
retrofitted structures.

Urban resilience is related to extent of regional economic diversification.

Urban resilience is related to social vulnerability and degree of
community preparedness.

Urban resilience is related to emergency operations planning and
private–public cooperation.

Resourcefulness
Ability to mobilize

resources and efficient
management

Urban resilience is related to availability of equipment and materials for restoration
and repair.

Urban resilience is related to business and industry capacity to improvise and to
converge with knowledge-based industries.

Urban resilience is related to capacity to address human needs and social
trust relationship.

Urban resilience is related to capacity to improvise, innovate, and expand operations.

Rapidity Ability to recover in
quick time

Urban resilience is related to system downtime, restoration time.

Urban resilience is related to time to regain capacity, lost revenue.

Urban resilience is related to time to restore lifeline services.

Urban resilience is related to time between impact and early recovery.
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The independent variables selected in this study are academic year and experience
of EUR. In order to identify the differences between the class variables corresponding to
the categorical variables and the latent class, the multi-logistic regression analysis was
conducted, and the grade variables were converted to variable numbers Y1, Y2, Y3. In
addition, a class with educational experience was set at 1, and a class with no educational
experience was set at 0. The variables selected in this study are summarized in Table 3.

Table 3. Independent variables.

Variables Measurement Variables

Grade
(Variable number of grades,

Y1, Y2, Y3 set)

Freshman (1st grade) 1: Y1 = 0, Y2 = 0, Y3 = 0

Sophomore (2nd grade) 2: Y1 = 1, Y2 = 0, Y3 = 0

Junior (3rd grade) 3: Y1 = 0, Y2 = 1, Y3 = 0

Senior (4th grade) 4: Y1 = 0, Y2 = 0, Y3 = 1

Experience of Education for
Urban Resilience (EUR)

Exist Exist: 0

None None: 1

3.4. Research Models and Analysis

Latent Class Analysis (LCA) was used as an analysis method to identify the hierar-
chical type of the class according to the response of the target variables. Potential layer
analysis is a non-variable, human-centered approach analysis that classifies homogeneous
subclasses based on the response patterns of categorical variables and uses them to analyze
differences between classes. The four variables, Redundancy, Robustness, Resourcefulness,
and Rapidity, among the urban resilience composition requirements were classified and
analyzed by classifying them according to the mean. Using the Archike Information Index
(AIC), the Bayesian Information Index (BIC), and the Modified Bayesian Information Index
(ABIC), bootstrap likelihood ratio verification (BLRT) and the Ro-Mendel-Ruby likelihood
ratio verification (LMR-LRT), the appropriate model fit was determined.

The characteristics of each class, such as post-affiliated probability and response
probability, were analyzed and named for the latent class selected through the above
process. In addition, in order to identify whether there are differences in the types of
perceptions of urban resilience based on educational experience, multi-logistic regression
analysis was performed after converting them to a variable number.

Technical statistics to determine the optimal model were used by Likelihood-Ratio G2,
Akaike’s Information Criticism (AIC), ABIC (Adjusted Bayesian Information Criticism),
Entropy, etc. AIC and ABIC are suitable models for lower numbers [75] and are good
classifications if the entropy value is close to or exceeds 0.8 [81]. Rather than judging
the model fit only for technical statistics, the overall assessment should consider whether
the characteristics can be clearly distinguished between the proportions of the classes
belonging to each model [75].

4. Results
4.1. Before the Beginning of COVID-19 Pandemic

In case of the prior to the beginning of the COVID-19 pandemic, in order to classify
students’ attitudes towards the concept of urban resilience, starting from an independent
model (one class), the class number was increased one by one, and estimated through the
fit of the model. The goodness-of-fit index of each group analyzed is shown in Table 4
below. AIC, BIC, SSA AIC tended to decrease by more than a certain index as the number
of classes increased, leading to the three-class model, and the BIC index slightly increased
in the four-class model. On the other hand, in the case of the Entropy index, which reflects
the accuracy of group classification, the fit of the four-class model is high as it is the closest
to 0.8 in the four-class model.
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Table 4. Goodness-of-fit analysis of latent class model.

Number of Classes 1 Class Model 2 Class Model 3 Class Model 4 Class Model 5 Class Model

Log-likelihood −1811.88 −1771.25 −1736.53 −1713.52 −1699.19

AIC 3643.76 3584.51 3537.07 3513.05 3506.38

BIC 3683.11 3667.14 3662.99 3672.25 3718.87

SSA BIC 3651.38 3600.51 3561.46 3545.82 3547.54

Entropy - 0.55 0.65 0.83 0.72

BLRT (p) - −1811.88(.00) −1771.25(.00) −1736.53(.00) −1715.53(.01)

saBIC: sample size adjusted Bayesian information criterion, LRT: Lo–Mendell–Rubin test; BLRT.

The probability of class membership and the probability of response by question are
shown in Table 5. The names are given by type, considering the characteristics of the
probability of response by question according to each class membership.

Table 5. Probability of class membership and item-response for four-classes model.

Class I Class II Class III Class IV

Probability of latent class membership within class 0.35 0.24 0.22 0.19

Item–response probabilities within each class

Redundancy

Urban resilience is related to capacity for technical substitutions
and “workarounds”. 0.96 0.49 0.04 0.54

Urban resilience is related to ability to substitute and conserve
needed inputs. 0.17 0.91 0.68 0.2

Urban resilience is related to availability of housing options for
disaster victims. 0.31 0.25 1.00 0.83

Urban resilience is related to alternate sites for managing
disaster operations. 0.23 0.31 0.88 0.97

Robustness

Urban resilience is related to building codes and construction
procedures for new and retrofitted structures. 0.97 1.00 0.76 0.25

Urban resilience is related to extent of regional
economic diversification. 0.35 0.58 0.32 0.02

Urban resilience is related to social vulnerability and degree of
community preparedness. 0.48 0.88 0.76 0.70

Urban resilience is related to emergency operations planning and
private–public cooperation. 0.78 0.66 0.34 0.84

Resourcefulness

Urban resilience is related to availability of equipment and
materials for restoration and repair. 1.00 0.94 0.15 0.67

Urban resilience is related to business and industry capacity to
improvise and to converge with knowledge-based industries. 0.73 0.83 0.28 0.59

Urban resilience is related to capacity to address human needs
and social trust relationship. 0.32 0.06 0.35 0.02

Urban resilience is related to capacity to improvise, innovate, and
expand operations. 0.19 0.25 0.10 0.82

Rapidity

Urban resilience is related to system downtime, restoration time. 0.98 0.89 0.18 0.80

Urban resilience is related to time to regain capacity, lost revenue. 0.83 1.00 0.09 0.58

Urban resilience is related to time to restore lifeline services. 0.01 0.20 0.23 0.17

Urban resilience is related to time between impact and
early recovery. 0.14 0.25 0.62 1.00
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‘Class I’ had a 100% chance of responding positively to the statement “Urban resilience
is related to availability of equipment and materials for restoration and repair”. Addition-
ally, ‘Class I’ showed a higher probability of responding that the concepts of urban resilience
were embraced by definitions related to the ability of the physical system, the system’s
own capabilities, and the linkages and interactions between system components (more
than 0.90). Reflecting these characteristics, the type of perception of class I towards the
concept of urban resilience was named ‘physical and environmental approach-centered’.

‘Class II’ showed high response rates to questions related to economic capabilities that
could mitigate and prevent direct or indirect losses. It is similar to class I in that it has a
positive view of landscape architecture and architectural resiliency, with a 100% positive
response rate to the item “Urban resilience is dependent to building codes and construction
structures”. However, it is distinct from class I in that it has a high response rate to
questions related to financial support for risk factors and resource allocation. Reflecting
this characteristic, Class II was named ‘economic perspective-centered’.

‘Class III’ is interested in questionnaires related to the ability of governments and commu-
nities to recover, mitigate and prevent damages. This class has a 100% chance of responding
positively to the statement “Urban resiliency is relative to availability of housing options for
disaster”. Reflecting these characteristics, it was named ‘social perspective-centered’.

‘Class IV’, unlike the previous three classes, accept the concept of urban resilience
as functional performance-related systems and organizations, such as key facility man-
agement, decision-making and measures. This class has a 100% chance of responding
positively to the item of “Urban resilience is relative to time between impact and early
recovery” and has an active positive attitude toward items related to the improvement of
damage and recovery systems. Although the response rate was low on items related to
improvement of local economic vulnerabilities and capacity building, Class III has a distinct
characteristic in that it shows interest in improving damage and recovery-related systems.
Reflecting these characteristics, Class IV was named as a group with an ‘institutional and
organizational perspective-centered’.

Comparing the ratios belonging to four types of classes, Class I showed a 35% prob-
ability of belonging, Class II showed a 24% probability of belonging. On the other hand,
Class III and Class IV were likely to belong to 22% and 19%, respectively (Table 5).

In order to analyze the characteristics of each latent class according to the grade and
urban resilience education experience, multiple logistic regression analysis was performed
using the grade and sustainable development education experiences as independent vari-
ables. Table 6 shows the results of performing multilogistic regression analysis by setting
Class IV (system/organization-oriented) as the reference class for analysis. Y1, Y3, and
educational experiences corresponding to grade variable were found to have a significant
effect on the probability of belonging to a potential class at the p < 0.001 level, respectively.

Table 6. Logistic regression coefficient (β) and odds ratio (OR) by variable.

Class I Class II Class III Class IV

Variables β OR β OR β OR β OR

Y1 **
(Second graders) −0.41 0.91 1.29 3.64 0.42 1.52 - OR

Y2 *
(Third graders) 1.19 3.29 −0.22 0.81 −3.32 0.04 - 1.00

Y3 **
(Forth Graders) 0.94 2.57 1.78 5.93 6.13 457.50 - 1.00

Experience of EUR ** 1.36 4.82 0.47 1.92 3.23 72.49 - 1.00
OR: Odds Ratio, -: reference class * p < 0.001 ** p < 0.0001.

Comparing the differences between grades, the probability of second graders (Y1 = 1,
Y2 = 0, Y3 = 0 and Y3 = 0) belonging to class I is 0.91 times higher than that of first graders
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(Y1 = 0, Y2 = 0, Y3 = 0); they are 3.64 times more likely to belong to class II, and 1.52 times
more likely to belong to class III. Fourth graders (Y1 = 0, Y2 = 0, Y3 = 1) were more likely
to belong to each class than first and second graders. Compared to the first grade, the
probability of belonging to class I is 2.57 times higher, class II 5.93 times higher, and class
III is 457.50 times higher. Compared to the second grade, class I is 2.82 times higher, class II
is 1.63 times higher, and class III is 300.99 times higher.

4.2. After the Beginning of COVID-19 Pandemic

Table 7 shows the goodness-of-fit indices from the independent model to the five-class
model. First, the AIC, BIC, and SSA BIC values decreased to the three-class model, and
then the BIC value increased in the four-class model, and other goodness-of-fit values
also decreased.

Table 7. Goodness-of-fit analysis of latent class model.

Number of Classes 1 Class Model 2 Class Model 3 Class Model 4 Class Model 5 Class Model

Log-likelihood −1977.19 −1878.59 −1835.34 −1809.42 −1785.96

AIC 3974.39 3799.18 3734.69 3704.84 3679.92

BIC 4013.73 3881.81 3860.61 3874.04 3892.41

SSA BIC 3982.01 3815.18 3759.08 3737.61 3721.080

Entropy - 0.69 0.75 0.76 0.76

BLRT (p) - −1977.19(.00) −1878.59(.00) −1835.35(.00) −1804.14(.00)

AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; SSA BIC: adjusted BIC; BLRT: bootstrapped parametric likelihood
ratio test.

The entropy value was 0.76 in the four-class model, closer to 0.8 than in the three-class
model, so the classification accuracy of the four classes was higher. The tendency of BIC,
which is a goodness-of-fit index, shows a tendency to rise again from the four-class model
in a pattern that decreases to the three-class model, so it can be judged that the suitability
of the three class model is higher on the fitness index.

The probability of class membership and the probability of response by question are
shown in Table 8. Comparing the ratios belonging to three types of classes, Class I showed
a 49% probability of belonging, Class II showed a 27% probability of belonging. On the
other hand, Class III were likely to belong to 22% (Table 8).

‘Class I’ shows a high response rate for recovery capability, technology, industry, and
system readiness. The difference from ‘Class I’ of before the pandemic started, ‘physical and
environmental approach-centered’, is that this has a high response chance of 92% to ‘Urban
resilience is related to capacity to address human needs and social trust relationship’. In
other words, it can be seen as a class that values social trust as well as technological prowess
in the concept of urban resilience. Therefore, this class was named ‘Techno-centrism based
on social bond’, and the proportion was the highest at 49% of the total.

‘Class II’ is also focused on resourcefulness aspects of the concept of urban resilience
overall, while this class recognizes that ‘urban resilience is related to emergency operations
planning and private–public cooperation’, with 98% positive response rate. Reflecting
these characteristics, ‘Class II’ was named ‘Techno-centrism based on institutional system’.

‘Class III’ emphasizes the rapid capability of urban resilience. Members of this class
also show high response rates to questionnaire related to readiness such as ‘Urban resilience
is related to capacity for technical substitutions and ‘workarounds’ and ‘Urban resilience is
related to time to restore lifeline services’. In order to reflect these characteristics, ‘Class III’
was named as ‘Techno-centrism based on readiness’.
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Table 8. Probability of class membership and item-response for three-class model.

Class I Class II Class III

Probability of latent class membership within class 0.49 0.27 0.22

Item–response probabilities within each class

Redundancy

Urban resilience is related to capacity for technical substitutions
and “workarounds”. 0.26 0.18 0.88

Urban resilience is related to ability to substitute and conserve needed inputs. 0.30 0.08 0.40

Urban resilience is related to availability of housing options for
disaster victims. 0.23 0.27 0.33

Urban resilience is related to alternate sites for managing disaster operations. 0.26 0.29 0.36

Robustness

Urban resilience is related to building codes and construction procedures for
new and retrofitted structures. 0.19 0.28 0.28

Urban resilience is related to extent of regional economic diversification. 0.18 0.29 0.32

Urban resilience is related to social vulnerability and degree of
community preparedness. 0.73 0.63 0.54

Urban resilience is related to emergency operations planning and
private–public cooperation. 0.35 0.98 0.45

Resourcefulness

Urban resilience is related to availability of equipment and materials for
restoration and repair. 0.93 0.94 0.73

Urban resilience is related to business and industry capacity to improvise and
to converge with knowledge-based industries. 0.98 0.86 0.88

Urban resilience is related to capacity to address human needs and social
trust relationship. 0.92 0.06 0.35

Urban resilience is related to capacity to improvise, innovate, and
expand operations. 0.51 0.39 0.45

Rapidity

Urban resilience is related to system downtime, restoration time. 0.91 0.45 0.16

Urban resilience is related to time to regain capacity, lost revenue. 0.42 0.41 0.89

Urban resilience is related to time to restore lifeline services. 0.83 0.61 0.95

Urban resilience is related to time between impact and early recovery. 0.42 0.77 0.54

In case of characteristics by type of class according to grade and EUR, ‘Class III’ was set
as a reference group for the analysis. Comparing the differences by grade, the probability
that the second grade (Y1 = 1, Y2 = 0, Y3 = 0) belonged to Class I was 2.72 times higher
than that of the first grade (Y1 = 0, Y2 = 0, Y3 = 0). The probability of belonging to Class II
was 2.15 times higher (Table 9).

Table 9. Logistic regression coefficient (β) and odds ratio (OR) by variable.

Class I Class II Class III

Variables β OR β OR β OR

Y1 **
(Second graders) 0.99 2.72 0.77 2.151.7 - OR

Y2 *
(Third graders) −0.65 0.52 0.58 1.78 - 1.00

Y3 **
(Fourth Graders) 5.78 324.05 1.45 5.91 - 1.00

Experience of EUR ** 1.60 4.97 0.53 1.70 - 1.00
OR: Odds Ratio, -: reference class * p < 001 ** p < 0001.
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5. Discussion

Urban resilience and sustainability have different starting points from the background
of the emergence of concepts. Sustainability originally meant continuity that could be
replenished and continued on its own without artificial input, which originated from the
concept of the balance and continuity of nature. Sustainability is intended to improve
the continuation of a system and the functioning of the components from the emergence
of the operating system until it is discarded. On the other hand, urban resilience means
the ability to recover from natural and artificial shocks, pursuing disaster prevention and
minimizing negative impacts and ultimately pursuing sustainability, but it may not finally
realize sustainability.

The overall results show that both before and after the onset of COVID-19, students’
attitudes to the concept of urban resilience were similar to those toward sustainable de-
velopment [82]. Urban resilience is at the heart of sustainability [11], and if there is a high
level of urban resilience in the face of unpredictable changes, the system can be said to be
sustainable [83]; otherwise, the sustainability of the system cannot be guaranteed. There-
fore, it is necessary to solidify the concept of urban resilience in the landscape architecture
field and educate students’ about how it differs from sustainable development.

Before beginning of the COVID-19 pandemic, comparing the overall characteristics of
the four classes shown in Table 4, it was possible to distinguish between short-term and
long-term measures in relation to the priority countermeasures. On the concept of urban
resilience, class I and class II tended to mostly recognize short-term response strategies
such as physical and economic responses. The probability of belonging to a class with this
view was around 59%. Class III and class IV tended to accept the concept of resilience as
a long-term countermeasure as part of a social response system, and the probability of
belonging to a class taking this view was around 41%. After the beginning of the pandemic,
all three classes showed mostly high response rates for the resourcefulness and rapidity
sections of the questionnaire compared to the redundancy and robustness factors. It seems
that even though the respondents are landscape students, they accepted the urban resilience
concept as medical resilience rather than related to the physical infrastructure of buildings
and cities throughout the pandemic.

Before the beginning of the COVID-19 pandemic, all four classes related to the common
perceptions held by landscape architecture students about the concept of sustainable
development [82]. Class I and II are classes that view sustainable development in three
dimensions: ‘environmental’, ‘technical’ and ‘economy’, which can be seen as the view
of ecological environmentalism and technical environmentalism in prior research. After
the beginning of the pandemic, all three classes considered technological capability as
an important factor in the concept of urban resilience. This seems to be because most
of them shared the need for medical supplies and the development of vaccines during
the pandemic.

In case of EUR, grade and educational experience were found to be variables that
had a significant effect on the probability of belonging to a latent class for the concept of
urban resilience. Based on the results of this study, our suggestions in terms of EUR are
as follows. First of all, it was found that all classes with educational experience related to
the concept of urban resilience were more likely to belong to classes (social perspective
centered) that viewed urban resilience from a “social system” perspective than those with
no educational experience. This presupposes that there is a possibility of a change in
perception through education. Comparing the differences between grades shows that
students in their fourth year of university are more likely to belong to class III than first-
and second-grade students.

It is also assumed that the landscape architecture curriculum is emphasizing urban
resilience as a ‘physical solution through engineering access’ given that the ‘physical
and advanced’ class accounts for the largest proportion. Given the academic nature of
‘engineering’, which values changes through technology and engineering, such a result
may be a natural phenomenon. However, if the urban resilience concept is pursued



Land 2021, 10, 1099 14 of 17

without consideration for the socially disadvantaged or for human rights, it can lead
to a sense of incompatibility between classes. Krasny and Tidball [84] pointed out that
civic ecology and related environmental education practices contribute to attributes of
resilient social–ecological system. As part of environmental education, the EUR should be
a model that integrates social and ecological problems, including behavioral factors such as
problem identification, analysis and practice [85]. Therefore, we suggest a plan to organize
interdisciplinary courses to provide comprehensive access to the ‘environment, society,
and system’ areas in the curriculum from the lower grades. Additionally, it is important to
develop pedagogy for students about the in-depth concept of urban resilience not in relation
to the COVID-19 pandemic but also in relation to aspects of urban physical infrastructure.

6. Conclusions

So far, research on sustainability education has been conducted in various ways
at different stages, but there has been no research on urban resilience education. In
this context, studies on attitudes toward the concepts of sustainability and sustainable
development have been steadily conducted for various groups, such as preservice teachers,
college students, and citizens, but this has not been studied in the specific context of urban
resilience either [82]. With the outbreak of the COVID-19, research on urban resilience is
growing in most urban related fields; however, in the case of landscape architecture, an
important field of environmental design and planning, research on this area is not active
compared to other adjacent fields.

Thus, this study aimed to grasp and examine how students majoring in landscape
architecture perceive the concept of urban resilience and how their views have changed
throughout the COVID-19 pandemic. In addition, to explore the role of EUR in landscape
architecture departments, we analyzed whether there were differences in the types of
perception of urban resilience depending on the educational experience and grade of
the students.

Overall, the results are as follows: First, before the beginning of COVID-19, four latent
classes were extracted on the concept of urban resilience; ‘physical and environmental
approach-centered’, ‘economic perspective-centered’, ‘social perspective-centered’, and
‘institutional and organizational perspective-centered’. These classes tended to overlap
with the perceived types of sustainable development at the level of ‘environment, econ-
omy, and social development’, and among them, there were also types of attitudes that
approached them from institutional and organizational perspectives. In case of after the
beginning of COVID-19, three latent classes were examined; ‘Techno-centrism based on
social bond’, ‘Techno-centrism based on institutional system’, and ‘Techno-centrism based
on institutional system’.

Second, before the beginning of COVID-19, students accepted the concept of urban
resilience as a physical and environmental approach to overcome risk factors by creating
landscape architecture and infrastructure or applying the resilience concept in urban
development and redevelopment. However, after the beginning of COVID-19, they have
mostly recognized urban resilience as a concept related to technological ability. Third,
grade and educational experience have been shown as variables that significantly affect
the probability of belonging to a latent class of urban resilience concept.

This study has limitations in generalizing the results of this study in that our data were
collected through convenience sampling. Another limitation is that we used an already-
developed framework to measure the knowledge, attitudes and behaviors of students
in the specific field of landscape architecture on urban resilience. If a questionnaire tool
is developed focusing on the topic of urban resilience as applied to each field in the
future, it will be possible to derive more implications for our situation along with a more
accurate diagnosis.

Nevertheless, this study may provide us with an opportunity to understand the
perception patterns of college students majoring in landscape architecture before and
after COVID-19 outbreak in relation to the concept of urban resilience. In addition, it is
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important to carry out the concept education of urban resilience, but it is significant that it
has revealed that the contents of education should also be discussed in depth.

On the other hand, in future studies, it will be necessary to find concrete ways to
strengthen EUR through the current curriculum. There is a need to study ways to in-
troduce new subjects, internships, group projects, and ways to implement EUR through
comparative subjects, such as field training.
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