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Abstract: Cities around the world have been hit by the COVID-19 crisis. The worst consequences of
the pandemic are closely related to urban areas. Many studies investigated the impact of COVID-
19 on people but there are few studies that have investigated the satisfaction level of university
students during the COVID-19 lockdown at the neighborhood level. Therefore, the aim of this
study is to investigate the satisfaction of university students at the neighborhood level during the
COVID-19 lockdown and investigate the experience of online education during that period—if
they received any. An online survey was conducted involving university students of different
countries, and a total of 427 responses (n = 427) were received and analyzed using the CHAID
model. Results show that comfort at residences during the COVID-19 lockdown was affected by the
neighborhood environment (viz., greenery, pleasant views, independent housing with gardening
facilities), transportation (i.e., saving 1–2 commuting hours on a daily basis and safety from traffic
hazards), and the provision of online education (i.e., effectiveness, such as traditional methods
of education and the opportunity to connect with field experts). Thus, it can be concluded that
providing green neighborhoods, detached or terraced houses (townhouses) with visual connection,
and gardening facilities for the residents should be encouraged in the future because these types
of neighborhoods are not only comfortable in ordinary situations but also provide comfort during
critical periods such as COVID-19 lockdowns. It can also be concluded that a hybrid style of education
should be encouraged for universities, as it can save travel time, provide safety from traffic, and
provide more opportunities to become connected with international experts through online guest
lectures, seminars, and workshops.

Keywords: COVID-19 lockdown; neighborhood environment; housing type; online education;
travel time

1. Introduction

Cities around the world have been affected by the global-scale series of crises caused
by the COVID-19 pandemic. The urban areas have been on the receiving end of the worst
of the consequences, where mortality rates appear to be higher due to a complex mix of
causes, including population growth, higher national and international movement, and
varying degrees of public health response.

Modern cities were not planned and built with highly communicable diseases such as
coronavirus infections in mind. Many modern cities are too busy and do not have enough
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open space. Most of the advantages of living in a thriving metropolis—fast public transport,
busy bars and restaurants, and the seemingly infinite abundance of entertainment and
music, to name a few—are characterized by frequent and close social contact. In turn, these
metropolises provide fertile breeding grounds for viral infections.

COVID-19 is now considered a global pandemic, as declared by the WHO on 11 March
2020. Initially it was categorized as an epidemic, which is the rapid spread of a virus/disease
across a particular region or regions. Once the epidemic gets out of control and starts to
spread to multiple countries/regions, it is listed as a pandemic. A pandemic can affect
events on a global scale and cause pressure on healthcare systems with increased demand of
certain treatments. It also contributes to the disruption of the social, political, and economic
sectors. Over the years, different kinds of diseases and illnesses have caused suffering to hu-
manity. The widespread interaction of humans and animals has accelerated epidemics such
as malaria, tuberculosis, leprosy, influenza, smallpox, and several other earlier diseases.
As the development of cities took place by converting smaller towns into larger urban
environments, expanding trade routes, increased contact with animals, mixed ecosystems,
and large population growth instigated changes into the behavior of pandemics.

More recently, the outbreaks of diseases have been dramatically perceived to be the
harbingers of the end of human civilization. Some of the worst pandemics dating from early
periods include the Plague of Justinian which occurred during 541–542, the Black Death
from 1346–1350, the Sixth Cholera Pandemic from 1899–1923, Spanish Flu from 1918–1920,
Asian Flu from 1957–1958, Hong Kong Flu from 1968–1969, Swine Flu from 2009–2010, and
the recent and prevalent COVID-19, which started in 2020 [1–3]. Coronavirus being the
current pandemic adds to the long list of rapidly spreading infectious diseases. Earlier
in the 20th century, tuberculosis affected South Africa in 2006 and Ebola affected West
Africa in 2014. These pandemics brought new challenges for cities and highlighted the
need to reshape the city into a healthy environment. History informs us concerning the
inter-relationships between the features of a city and critical diseases. The pandemics
have always left a mark on the cities in which they emerged, as well as the societies
and the individuals of the period. For example, it has been reported that COVID-19 had
psychological and psychosocial affects [4] and drastically changed people’s lifestyles and
forced them to adopt new behaviors [5]. This also highlights the idea of moving forward
and planning, as things will never revert to what they were in the past [6].

1.1. The Relationship of Neighborhood Environment Indicators with Neighborhood Satisfaction
during the COVID-19 Lockdown

There are different indicators which are important to be considered in neighborhoods
in order to provide comfort to residents not only in ordinary times but also during difficult
times such as the COVID-19 lockdown. Neighborhood satisfaction is also associated with
mental health [7]. Neighborhood satisfaction is measured through the built environment
and social environment of the areas. The built environment is again divided into sub-
categories: the land use of the area and housing density and connectivity. Transportation
facility is mainly measured through the accessibility of the neighborhood from adjoining
areas, and the design features of the neighborhood are measured through its street scape
and building designs. The details of neighborhood indicators [8] are given in Figure 1 [8].
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Figure 1. Neighborhood environment indicators [8].

Built Environment Indicators: Indicators of the built environment at the neighbor-
hood level are classified into three categories, the land-use patterns, transportation, and
design features, which can be the measure for the satisfaction level of any neighborhood.
The land-use patterns are mainly the land-use mix and housing density. These have been
investigated through many studies and it is claimed that a measure of land-use mix is
associated with the satisfaction level [9–13]. Housing density is the second important
indicator for land-use patterns, and many researchers have claimed in their studies that
there exist co-relations between residential density and neighborhood satisfaction. It has
been claimed that residential density has an association with the satisfaction level of people
who are residing there [9,11,14]. The residential density is associated with residential
satisfaction because in high-rise buildings there is the fear of crime that has been found
to inhibit mothers from sending their children to play outside [15]. High-rise buildings
were found less satisfactory for the residents in another study stating that mental stress is
associated with high-rise buildings [16]. On the other hand, in another study, it was stated
that the dissatisfaction in compact cities is not just because of high density and high-rise
buildings, but there are other factors which affect the satisfaction level of residents, such as
environmental quality, noise, lack of community involvement, traffic, and lack of services
and facilities [17].The third important indicator of land-use patterns is connectivity, which
is considered important for neighborhood satisfaction. Connectivity is calculated through
counting the number of intersections in different buffers (i.e., 500 m, 1 km, etc.) and cul-de-
sacs. [9] claimed that street connectivity is associated with satisfaction. In another study, it
was claimed that neighborhood features alone (i.e., sidewalks, front porches, small setbacks)
are not enough for walking or for residents to be physically active but street patterns such
as fewer cul-de-sacs can play a role in walking and satisfaction [18]. In another study, it was
claimed that the neighborhood designs that follow the guidelines for livable neighborhoods
are more connected and walkable and residents are more physically active and feel more
satisfied than those in neighborhoods which do not follow these guidelines [19,20].

Transportation: In transportation, accessibility is the most important indicator which
is measured through the presence, proximity, and variety of destinations as well as the
availability and condition of infrastructure [8]. Connectivity and traffic-related character-
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istics are important to encourage active travel at the neighborhood level. Accessibility is
important for active travel to some destinations (i.e., public transport, school, and work).
Destination access is associated with transport-related physical activity. Increasing the di-
versity of destinations appears to be strongly associated with walking and satisfaction [21].
Ref. [12] found out that quality of sidewalks for transportation and shopping is positively
associated with satisfaction. According to [22], unavailability of sidewalk cafes is negatively
associated with physical activity and neighborhood satisfaction. Because of the availability
of sidewalks/bike lanes, low-income individuals living in high-scoring counties are more
physically active regarding transportation than those living in low-scoring counties [11].
Community infrastructure is associated with physical activity and satisfaction [11]. At
the same time, new research about transportation during pandemics describes an effort
to support potential shifts in practice by documenting and cataloging over a thousand
COVID-19-related mobility responses into a publicly available database. They provide de-
tailed guidance on using the database, along with preliminary summaries of key variables
in the database. They also put forth a research agenda intended to build understanding
about the processes that led to these actions, their implications for future efforts to design
and implement pedestrian and bicycle infrastructure, and ways in which the transport
professions might evolve in response to lessons learned during and after the pandemic [22].

Design Features: The design features of a neighborhood which promote satisfaction
are the aesthetics at the building level and at the street level. Aesthetics is positively associ-
ated with satisfaction [10]. Poor neighborhoods having fewer, dirty landmark buildings,
non-availability of sidewalks, and high crime rates have residents that are less physically
active than affluent areas which have better aesthetics and that are safer. Some social indica-
tors such as perception of crime are also important for neighborhood satisfaction [23]. The
perception of crime is the same even in gated communities [24]. Sense of community is also
related to neighborhood satisfaction. If there is sense of security and sense of community,
the residents feel comfortable at the neighborhood level [25]. The green space inside a
neighborhood plays a vital role in the neighborhood satisfaction. For example, in one
study it was stated that greater access to green space is associated with higher levels of
life satisfaction in New Zealand [26]. At the same time, another study in the Netherlands
also agreed that the residents of the neighborhood with a higher availability of accessible
and usable green spaces were more satisfied with their neighborhood. This difference
was statistically mediated by the higher level of perceived green space quality. Neighbor-
hood satisfaction was significantly positively related to well-being [27]. Another study
from the USA stated that there is an association between neighborhood environment and
neighborhood satisfaction. The study stated that participants of the study reported greater
satisfaction when they perceived their neighborhood as having greater pedestrian/traffic
safety, crime safety, attractive aesthetics, access to destinations, diversity of destinations,
park access, and lower residential density as compared to the neighborhoods which lacked
these facilities [28,29]. In another study out of Chicago, it was stated that neighborhood
satisfaction and the use of outdoor green spaces play a significant role in life satisfaction
and well-being of urban residents. The study contained 434 respondents from 4 Chicago
communities and the results highlighted that the quality of public spaces, the number of
facilities provided by them, and the neighborhood comfort are strongly influenced by the
physical attributes [30]. Socio-demographics are also important, as different gender and/or
age groups have different experiences of satisfaction inside their neighborhoods [31].

1.2. Online Education

The second important measure for this study was to calculate the satisfaction level of
respondents if they had taken advantage of online education during COVID-19 lockdown.
In a study, a total of 372 responses from students who had completed at least one online
course at a university in the Midwestern United States were used to examine the structural
model. Findings indicate that instructor–student dialogue, student–student dialogue, in-
structor, and course design significantly affect students’ satisfaction and learning outcomes.
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The findings suggest that course design, instructor, and dialogue are the strongest predic-
tors of user satisfaction and learning outcomes [32]. In another study of 397 responses from
students who had completed at least one online course at a university in the Midwest, the
structural model was examined. The results indicated that not all the antecedent variables
significantly affect students’ satisfaction. Of the six antecedent variables hypothesized to
affect the perceived learning outcomes, only instructor feedback and learning style were
significant [33]. In another study, the effects of student background variables on predictors
were explored. The results showed that learner–instructor interaction, learner–content
interaction, and internet self-efficacy were good predictors of student satisfaction, while
interactions among students and self-regulated learning did not contribute to student
satisfaction. Learner–content interaction explained the largest unique variance in student
satisfaction. Additionally, gender, class level, and time spent online per week seemed to
have influence on learner–learner interaction, internet self-efficacy, and self-regulation [34].
At the same time, the faculty satisfaction has also been measured for online education, and
in the online faculty satisfaction survey (OFSS) this was developed and administered to all
instructors who had taught an online course in the fall of 2007 or spring of 2008 at a small
research university in the USA. One hundred and two individuals completed the web-based
questionnaire. Results confirm that three criteria affect satisfaction of faculty in the online
environment: student-related, instructor-related, and institution-related factors [35]. One
study analyzed COVID-19 risk perception among university students in Ghana [36].

While the above-mentioned studies have investigated the student as well as faculty
satisfaction with online teaching, the research has been limited to investigating the factors
associated with the actual teaching and learning process. None of the studies have ad-
dressed the effects of neighborhood environment on online education. In addition, there has
been no study on the positive or negative effects of the removal of travel time due to online
education. The aim of the present study, therefore, is to investigate the satisfaction level
of university students at the neighborhood level and residential level during COVID-19
lockdown. This study also aims to measure the travel time they formerly took to commute
to their universities before COVID-19 lockdown and the effects of the daily commute or
lack thereof on the satisfaction levels. Finally, the study aims to measure the experience
and satisfaction of distance learning during the COVID-19 lockdown.

2. Methodology
2.1. Study Instruments and Tools

This study used an online survey. The study instrument consisted of a questionnaire
with 24 number of questions. The first 5 questions collected demographic data. The
remaining questions focused on the neighborhood characteristics, satisfaction levels, online
education, and commutes. The questionnaire was translated into three languages—English,
Persian, and Arabic—and data were collected by using online Google Forms sent out using
different social media groups as well as personal contacts of the research team with faculty
members in different parts of the world.

2.2. Study Areas and Study Samples

The target group for this study was university students at both the undergraduate
and postgraduate levels. The results were drawn from five regions of the world after
receiving enough responses from each of those regions. The regions which were included
in this study are Australia, Europe (Germany, England), the Middle East (United Arab
Emirates, Bahrain, Iran), Southeast Asia (Malaysia, Indonesia, China), and South Asia
(India, Pakistan, Bangladesh). The major subjects which the respondents in this study were
studying included Architecture, Engineering, Environmental Sciences, Social Sciences, and
Information Technology.
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2.3. Study Variables

The study variables were three types; firstly, neighborhood satisfaction, which con-
tained neighborhood type, facilities, and satisfaction. In that section the students were
asked about the types of housing in their neighborhood, the availability of facilities in
and around their neighborhood, and their perception of their neighborhood, particularly
in terms of satisfaction. To measure the types of neighborhoods where they were living,
they were given the options of neighborhoods consisting of detached single-family houses,
townhouses or row houses 1–2 stories, and apartments or condos 1–3 stories, 4–5 stories,
6–12 stories, or more than 12 stories. Then, they were asked about the availability of
facilities in their neighborhood such as easiness of designated walking pathways, pleasant
cycling lanes, sports facilities, options of public transport, shops and grocery, entertainment
centers, online food order timing, availability of quality restaurants, safety from traffic and
crime, and availability of walkways. They were asked if they thought their neighborhood
was overall a good place for social interaction and if they felt comfortable while living in
their neighborhood during COVID-19 lockdown.

The second important indicator was their satisfaction with their own residence mea-
sured through housing type, size, occupancy, and satisfaction perception. The respondents
were asked if they lived in an independent house/villa, a town- or a row house, or an
apartment. Then, they were asked how many rooms were in their houses, where the options
ranged from one to four or more bedrooms. They were then asked about the number of
people who lived in their houses, and the options ranged from 1 to 6 or more persons.
They also answered questions on the characteristics of their houses, such as whether their
houses had aesthetically attractive (i.e., greenery, coastal, pools, lakes, street vistas, etc.)
views. Then, they were also asked if they had the option of opening their windows and/or
balconies to enjoy the views. They were also asked if they had gardening options at their
houses. Finally, they were asked whether they felt comfortable at their houses during the
COVID-19 lockdown.

The third important indicator was transportation, measured through the travel time,
travel mode, and choice before the COVID-19 lockdown. They were asked about the daily
time commuting (2-way) to their university. The option given was less than 30 min up to 2
h. They were asked for the mode of transportation they used, such as public, university,
personal, cycling, or walking.

The fourth measure of this study concerned the effectiveness of distance learning,
innovation, and preferences. Participants were asked whether they received any online
education during the COVID-19 lockdown. They were asked how effective they found
the online classes. Different questions were asked of them such as: Were the classes
reliably the same as regular class teaching? Was enough software used for teaching? Was
that time saving? Was that learning effective for questions, answers, and assessments?
They were also asked if they had a chance to receive guest lectures, or if their work was
examined by field experts. They were asked if that was a good experience for them. In
addition, they were asked if the distance learning method has potential to provide greater
options for guest lectures/workshops, to easily connect with experts in the field, to enable
work/assignments to be examined online by field experts, and to provide platforms for
online conferences. Finally, they were asked if in the future they should obtain an option to
choose any method of education, what would they prefer from online, blended, or regular
university education, and why. If they chose the blended option, then they were asked how
many days they would prefer to come to the campus. Some socio-demographics were also
added to this study such as gender, country of origin, and major study areas.

Consent was obtained from the participants in order to collect their personal data to
be used for research purposes after anonymizing.

2.4. Statistical Analysis

Two types of methods were used in this study: descriptive statistics and different
parametric and non-parametric modelling techniques. The parametric and non-parametric
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modelling techniques were applied and the most adequate one was selected based on the
accuracy rates (proportion of the correct predictions) to identify the factors that can affect
being comfortable at a residence during lockdown. Since parametric methods (e.g., logistic
regression) are highly affected by their underlying assumptions such as the normal distri-
bution, non-parametric models that are assumption-free are more suitable choices for this
study. Multicollinearity is another issue for parametric methods because of potential corre-
lations among independent variables, and non-parametric models are better at handling
multicollinearity. Among the common non-parametric techniques such as C5.0, C and R
Tree, CHAID, QUEST, Bayesian networks, neural networks, etc., CHAID has the highest
total and breakdown accuracy. Therefore, CHAID was selected as the suitable modelling
technique. CHAID (Chi-squared Automatic Interaction Detection) uses chi-square to find
optimal splits in decision trees for classification. It tests the correlation between each
independent variable and the dependent variable by applying a chi-square test and selects
the independent variables with the smallest p values. For an independent variable that has
more than two categories, the categories with fewer effects on the dependent variable are
collapsed together. Cross-validation was used to estimate the accuracy mainly because of
the relatively small dataset. Instead of using training and test dataset splitting, random
subsets of the data were used to develop a set of models to examine the overall accuracy.

3. Results

The results are reported in two parts: first, the descriptive analysis of indicators which
was used in this study, and secondly, the relationship of all indicators investigated with the
COVID-19 lockdown satisfaction. That relationship, which shows what the actual factors
were that kept people satisfied during this difficult time, was investigated through the
CHAID model. Descriptive statistics describe the indicators for which participants were
given different options to select. There were four major divisions in descriptive analysis.
The first part explains the socio-demographics percentages of participants. The second part
describes the housing size, facilities, and number of people who live in one house. The third
part of descriptive analysis explains the travel time and mode of transportation that the
participants used to take to commute to their universities before the COVID-19 lockdown.
The final descriptive analysis consists of the students’ future preference for education.

3.1. Descriptive Analysis

The descriptive results show that there were 52% male, 47% female, and 1% who
preferred not to say their gender in this study out of the total 427 participants. Of all of
the participants, 28% were from South Asia, 24% from Southeast Asia, 23% from Australia,
10% from Middle Eastern countries, 9.4% from Europe, and America and Africa remained
with 5% and 2% of the participants, respectively. The study level was categorized into
undergraduate, postgraduate, PhD, and others. The results show that the study participants
were 44% postgraduate students, 38% undergraduate, 17% PhD, and 2% students from
other study levels. The subject areas were again divided into Engineering, Architecture,
Environmental Sciences, Social Sciences, IT, and others, such as Medical, etc. The highest
number of students were from Environmental Sciences at 32%; 26% of participants were
Architecture students. The third major group of participants were IT students, at 21%; 8.2%
and 7% were from Engineering and Social Sciences respectively; and 6.3% students studied
other subjects. The descriptive statistics for socio-demographics are given in Table 1. The
results show that there was no distinctive difference between the two genders, while most
students were from three main regions, which were Australia, South Asia, and Southeast
Asia. That is probably since more personal contacts were available/used in these areas.
Most students were at the postgraduate level while the undergraduate students were the
second highest percentage; 32% of the participants were from Environmental Sciences and
the second highest percentage was the students of Architecture departments, which was
26% of the total number.
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Table 1. Descriptive analysis of socio-demographics.

Socio-Demographics Frequency Percent Valid Percent Cumulative Percent

Gender
Male 223 52.2 52.2 52.2

Female 200 46.8 46.8 99.1
Other 4 0.9 0.9 100.0

Country

Africa 8 1.9 1.9 1.9
America 19 4.4 4.4 6.3
Australia 98 23.0 23.0 29.3

Middle East 42 9.8 9.8 39.1
Europe 40 9.4 9.4 48.5

Southeast Asia 102 23.9 23.9 72.4
South Asia 118 27.6 27.6 100.0

Study Level

Undergraduate 161 37.7 37.7 37.7
Postgraduate 187 43.8 43.8 81.5

PhD 71 16.6 16.6 98.1
Other 8 1.9 1.9 100.0

Major Subject

Architecture 110 25.8 25.8 25.8
Engineering 35 8.2 8.2 34.0

Environmental Sciences 135 31.6 31.6 65.6
Social Sciences 30 7.0 7.0 72.6

Information Technology 90 21.1 21.1 93.7
Others 27 6.3 6.3 100.0

The residential types, number of occupants per house, and the sizes of houses were
also considered important to investigate, as it was hypothesized that during the COVID-19
lockdown it became significant which type of housing the person lived in. This study
therefore investigated which housing type provided comfort to its residents and why. The
descriptive results show that 33% of the participants were living in independent villas,
24.4% of the participants were in townhouses/terraced houses, 16% of the participants were
from apartments that contained 1–3 floors, 15.5% of the participants were from apartments
that had 3–5 floors, 5% of the participants were from apartments that had 6–12 stories, and
4.4% of the participants were living in high-rise buildings of 13+ stories, while 2.6% of them
mentioned other types of houses. The details of housing type, occupancy, and sizes are
given in Table 2. The descriptive statistics of residential details show that most participants
were either in detached housing or in townhouses, the number of occupants per house was
four, and most of them had three bedrooms in their houses. People who lived in villas or
townhouses mostly had gardens and open decks to enjoy the views; on the other hand, it is
also true that in houses that had more than four persons in a three-bedroom house it was
difficult to be satisfied with online education.

The third important set of attributes included the use of transportation mode and
travel time before the COVID-19 lockdown. Different options were given to the participants
to choose from. Of all of the participants, 51.3% said that they used public transport, 28%
were using their personal vehicles, 14.8% used to walk to reach their universities, and 4%
of the participants were using bicycles, while 1.2% used other modes of transportation to
commute to their university before the COVID-19 lockdown. The second important factor
for traveling investigation was the travel time. Of all of the participants, 37% said that it
took them 30 min to reach their universities, 24% of the participants said that it took them
less than 30 min, 21% of the participants said it took them 1–2 h, 9% of the participants
said it took them more than 2 h, and 2% of the participants mentioned ‘other’ as their
answer. The travelling results show that 50% of the participants used public transport for
commuting to their universities and it took 61% of the participants 30 min or less to reach
their universities on a daily basis. The descriptive statistics of mode of transportation and
travel time are given in Table 3.
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Table 2. Descriptive Analysis of Residences.

Residential Options Frequency Percent Valid Percent Cumulative Percent

Residential Type

Apt 1–3 floors 67 15.7 15.7 15.7
Apt 3–5 66 15.5 15.5 31.1
Apt 6–12 21 4.9 4.9 36.1
Apt 13+ 19 4.4 4.4 40.5

Detached/Villa 139 32.6 32.6 73.1
Townhouse 104 24.4 24.4 97.4

Other 11 2.6 2.6 100.0

No. of Occupants

1 19 4.4 4.4 4.4
2 10 2.3 2.3 6.8
3 2 0.5 0.5 7.3
4 210 49.2 49.2 56.4
5 64 15.0 15.0 71.4
6 54 12.6 12.6 84.1

6+ 68 15.9 15.9 100.0

Size of Residence

One bedroom 57 13.3 13.3 13.3
Two bedrooms 134 31.4 31.4 44.7

Three bedrooms 137 32.1 32.1 76.8
4+ Bed 99 23.2 23.2 100.0

Table 3. Descriptive statistics of mode of transportation and travel time.

Transportation Frequency Percent Valid Percent Cumulative Percent

Mode of
transportation

Walking 63 14.8 14.8 14.8
Cycling 17 4.0 4.0 18.8

Personal vehicle 122 28.6 28.6 47.4
Public transport 219 51.3 51.4 98.8

Other 5 1.2 1.2 100.0

Travel Time

Less than 30 min. 103 24.1 25.8 25.8
30 min 158 37.0 39.6 65.4
1–2 h 89 20.8 22.3 87.7

2+ hours 37 8.7 9.3 97.0
Other 12 2.8 3.0 100.0

The fourth significant question of this study was to investigate the future preferences
of education after experiencing online education during the COVID-19 lockdown. The
results of this question were used to show if the participants had good experience, as then
they would prefer to continue with online education; otherwise, they would prefer going
back to the campus. There were three options given to the participants to choose from.
The results show that 58% of the participants preferred a blended mode of education as a
future option, while 23.4% of them liked to continue online and only 17.6% wanted to have
a traditional method for their future education. The details of future mode of education
preference are given in Table 4.

Table 4. Future preference for mode of education.

Mode of Education in Future Frequency Percent Valid Percent Cumulative Percent

Future preference for
education

Traditional 75 17.6 17.8 17.8
Blended 246 57.6 58.4 76.2
Online 100 23.4 23.8 100.0

Total 427 100.0 100.0
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3.2. CHAID Model

The overall accuracy for the proposed CHAID model is 94.61%, which is higher than
the accuracy for other possible parametric and non-parametric techniques. The breakdown
accuracy is also high for the proposed CHAID model. Figure 2 shows the proposed CHAID
model and Table 5 shows the most important features in this model. As expected, most
of the people were not comfortable at their place of residence during lockdown, while
around 11% were comfortable at their residence place during lockdown (refer to node 0 in
Figure 2). Figure 2 shows that being comfortable in one’s neighborhood during lockdown
is a very important factor for being comfortable in one’s residence place during lockdown.
The results show that more than 92% (refer to node 1 in Figure 2) of the people who
are not comfortable in their neighborhood during lockdown are also not comfortable at
their residence place during lockdown. This percentage is around 52% (refer to node 2 in
Figure 2) for people who are comfortable in their neighborhood during lockdown. Having
a good experience with online classes is the other important factor, especially for the people
who were comfortable in their neighborhood during lockdown, and most of the people
who had a good experience with online classes and were comfortable in their neighborhood
during lockdown (more than 92%) were also comfortable in their residence place during
lockdown (refer to node 6 in Figure 2).

Figure 2. The proposed CHAID model.
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Table 5. Nodes and importance.

Q. N Question Answer? Importance

Q-9 During the recent COVID-19 lockdown, I mostly felt comfortable in my neighborhood 0.2231

Q-14.2 I can open my windows to enjoy the weather 0.1893

Q-8.2 I feel safe from traffic accidents while walking in my neighborhood because of plenty
designated pedestrian walkways 0.1507

Q-7.7 Online-ordered food, home delivered, normally does not take more than half an hour in
my neighborhood 0.1361

Q-13 How many people are there in your house? (occupancy) 0.0949
The number of people in my residency is

Q-20.5 Online teaching was effective as a method of time-saving 0.0704

Q-18 What mode of transportation do you usually use? 0.0605
The transport mode I usually use is

Q-14.5 I have plants/garden at my residence 0.0460

Q-14.4 I have a balcony/terrace to enjoy at my residence 0.0257

Q-20.10 Overall, receiving online classes during the lockdown period was a good experience 0.0019

Q21.3 Distance learning method has potential for my work/assignment to be examined online
by many experts in my field 0.0014

Q3 Study level 8.39 × 10−10

For the people who are not comfortable in their neighborhood during lockdown,
having a window is an important factor (refer to nodes 7 and 8 in Figure 2). For these
people, the percentage who are comfortable at their residence during lockdown and have
a window (more than 18%) is considerably higher than the percentage of people who are
comfortable at their residence during lockdown and have no window (more than 4%). The
number of people who are living in the house is another important factor affecting comfort
at the residence during lockdown for these people (refer to nodes 9 and 10 in Figure 2).
Four and five are the numbers that are related to a higher percentage (around 44%) for
being comfortable at the residence during lockdown in comparison with numbers three
and six (6%).

The model prediction is being comfortable at the residence place during lockdown if
the level of agreement for an overall good experience with online classes is more than 2
and the person is comfortable in their neighborhood during lockdown (refer to node 6 in
Figure 2). For the people with a 2 or lower level of agreement for overall good experience
with online classes, the model prediction is not being comfortable at the residence place
during lockdown if they do not have plants or gardens in their residence places—even if
they are comfortable in their neighborhood during lockdown (refer node 11 in Figure 2).
For the people who have plants or gardens in their residence places, the model prediction
is being comfortable at the residence place during lockdown only if online-ordered and
home-delivered food does not take more than half an hour. The level of agreement with a
distance learning method that has potential for work or assignments online to be examined
by many experts in the field will be 1 or lower, and a 2 or lower level of agreement for
overall good experience with online classes and being comfortable in the neighborhood
during lockdown (refer to node 30 in Figure 2).

For the people who are not comfortable in their neighborhood during lockdown (refer
to node 1 in Figure 2), there are also some possibilities to be comfortable at their residence
places during lockdown. The model prediction is being comfortable at the residence place
during lockdown for these people if the study level is undergraduate, the main transport
is public transport or cycling, and they cannot open windows to enjoy the weather (refer
to node 16 in Figure 2). The same prediction is also estimated for people who can open
windows to enjoy the weather if they do not have a balcony or terrace to enjoy but there
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are four or five people in their houses (refer to node 19 in Figure 2). The same prediction
is estimated for people who have a balcony or terrace if online-ordered food and home
delivery does not take more than half an hour (refer to node 28 in Figure 2).

The overall CHAID model result shows that there were two main factors keeping
university students satisfied during COVID-19 lockdown, which were the neighborhood
satisfaction and online education satisfaction. The students who had pleasant views, win-
dows and balconies, and who used to take 1–2 h to travel on daily basis were comfortable at
home because they were feeling safe from traffic hazards. At the same time the number of
occupants at home was important; any students who had more than five family members
in a three-bedroom apartment were not satisfied at home. There were also some differences
in different regions of the world.

The second most important factor for satisfaction was the online education systems.
Students who had experiences of good-quality education such as the effectiveness and
exposure to different experts in the fields felt satisfied during the COVID-19 lockdown and
they considered online education just as effective as the traditional type of education.

4. Discussion and Conclusions

The review of available literature shows that there is a need to design cities that not
only provide comfort to the residents during normal times and are sustainable, but also a
need to be ready to cater for situations arising out of challenging times such as a global
pandemic. The different aspects that are considered vital for future cities’ readiness for
pandemics and sustainability are the built environment indicators, which were divided
into three main parts: the land-use patterns, transportation, and the design features of
the buildings.

Several studies as reported in the literature have reported that neighborhood environ-
ment indicators such as the mix of different land uses and the variety of housing types can
affect the satisfaction of people. The findings of this study are in line with the study of
Frank et al. [9], which reports that the neighborhoods with less variety of land uses were
found more comfortable for people. A variety of housing types is an important indicator
for land-use patterns, and many researchers have concluded that there exist co-relations be-
tween residential types and neighborhood satisfaction. Frank et al. [9] and Aytur et al. [11]
concluded that residential types have association with the satisfaction level of people. This
study agrees with both the studies in that townhouses and villas in suburban areas were
considered more comfortable among the university students of different regions during
the COVID-19 lockdown. This study also agrees with Weir et al. [15] that students were
more comfortable in low-rise townhouses as compared to high-rise apartments in city
centers. The study of Giles-Corti et al. [19] concluded that neighborhoods which followed
the guidelines of livable cities are considered more comfortable for the residents. This study
also agrees with Giles-Corti et al. [19], who claimed that the neighborhoods with more
visual access to green spaces were considered more comfortable. The same conclusion has
been drawn for the neighborhoods with more visual access to green spaces as being more
comfortable during COVID-19 lockdown.

This study also investigated the mode of transportation use prior to the lockdown and
any positive or negative effects of the removal of the commuting need during the lockdown.
Traffic-related characteristics are important and affect neighborhood satisfaction. This study
agrees with [12] who said that if a neighborhood were far away and connected through
highways or if it takes a lot of time to reach from place to place in those neighborhoods, the
neighborhood attains reduced resident satisfaction. In the present study as well, students
were comfortable not to travel to their universities on a daily basis and stay at home and
avoid traffic hazards.

The building designs were also an important factor for the comfort of people at
their homes during the COVID-19 lockdown. The results of this study are in line with
Strath et al. [10], who concluded that the aesthetic features, proper ventilation, and good
views were positively associated with neighborhood satisfaction. The respondents who
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were living in houses where there were three–four family members in a three-bedroom
house, with nice views, proper ventilation, and visual connection to its surroundings, were
more comfortable at home during the COVID-19 lockdown.

The results of the investigation into the online education experience during COVID-19
lockdown show that it is equally effective and beneficial for the students to receive their
education online instead of going to their universities. This study concluded that students
who were receiving online education and were in contact with other professionals in their
field through online lectures and had the opportunity to be evaluated by other professionals
remained satisfied during this COVID-19 lockdown. Therefore, their preference for future
education systems is either hybrid or fully online.

Finally, this study concluded that the quality of a neighborhood environment is an
important factor for considering the satisfaction level of people who are living there.
The neighborhood which was green enough and had buildings which provided proper
ventilation, visual connection to its vicinity, and gardening facilities remained comfortable
during the COVID-19 lockdown. Therefore, for future neighborhood environment design,
it can be argued that green neighborhoods, properly ventilated whether independent or
townhouses, with visual connection to the vicinity and providing gardening facilities,
deserve consideration. This type of neighborhood will not only be comfortable in the
case of pandemics such as COVID-19 but also can be a sustainable neighborhood. The
second important conclusion from this study is that for avoiding traffic hazards and making
cities comfortable, the education systems for university students can be hybrid. Higher
satisfaction in the neighborhood leads to higher satisfaction in online education. Through
online education the students not only save time but can remain safe from daily traffic
hazards. The third important conclusion from this study is that an online education system
is equally efficient and reliable, if it is managed properly. This type of education also
helps students by providing the opportunity to connect with the other experts in their field
through guest lectures, online presentations, conferences, and so forth.

This was a cross-sectional study conducted in the first year of the pandemic. It does not
encompass any seasonal effects or the effects of sustained lockdowns over longer periods.
Future studies may focus on those aspects. The findings of this research will contribute
to the body of knowledge in the fields of neighborhood planning as well as educational
planning. It is hoped that ongoing research in these areas, including the present study, will
make humanity progressively better prepared for future pandemics such as COVID-19.
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