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Introduction

During the COVID-19 pandemic, many countries and regions implemented home isola-
tion policies and people had to stay in their homes for longer periods of time. In differ-
ent countries a few surveys and studies have described changes in people’s values, habits
(Gtr, 2022; Wang et al. 2020; Richards et al. 2022), mental health (Peters & Halleran
2021), social activities(Giir, 2022); Zou et al. 2020), etc. These changes may lead to new
expectations of where and how people live.

One year after the outbreak of the COVID-19 epidemic, in February 2021, CLV.
DESIGN (a Chinese housing research institution) released the "Report on Helping the
Family to Fight the COVID-19 Epidemic”, which confirmed the above, collected a total
of 5,266 samples. The survey found that only 20% of households were very satisfied with
their current housing, and 56% felt the need to improve residential quality by replacing
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them (CLV.DESIGN 2020). In China, multi-unit residential buildings (MURBsS) is the
most common type of housing industry, accounting for about 90% of the total housing
stock (Xu & Juan 2021). In other words, the housing referred to in the survey results
are multi-unit residential. We noticed that often in building science or engineering jour-
nals MURBs were used to describe this housing type, while often in social sciences and
humanities journals, apartment housing, multi-storey apartment buildings or high-rise
residential towers also were terms used. In this paper we refer to it as housing or a resi-
dential or MURBs.

The layout of residential interiors can be used to represent people’s expectations
of housing in the simplest of images and to help people understand residential space
in a more intuitive way. The characteristics of the spatial layout of residences include
sunlight, room size, shape of space, and organization of space, etc. These features are
decisive for the life of the home and the use of the room. Resident satisfaction is largely
determined by design of residence aspects such as proximity to windows, spatial layout
or the psychological impact of the controlled environment (Altomonte et al. 2017). In
terms of color, furniture and appliances, residents can easily change or upgrade at any
time according to their personal preferences. However, most spatial layout of residences
are determined by the building structure or technical infrastructure, which is difficult
to change after a building is built. Therefore, the spatial layout of residences will have a
long-term impact on the residents (Manum 2006).

In general, homes play an important role in enhancing relationships among fam-
ily members(Li & Wu 2019), quality of life(Wang et al. 2020), mental and physical
health(Peters & Halleran 2021), and well-being(Morales-Bravo & Navarrete-Hernandez
2022). People’s new expectations for the spatial layout of housing may be a key factor
affecting the health and well-being of occupants. To date, 186 articles on housing space
and resident health or well-being during the epidemic were retrieved for this review.
including changes in residential activity, inadequate housing space, and the impact of
environmental factors in housing on health. Therefore, This study summarises these
aspects based on a search of the literature: (1) Examine activities and housing behaviors
change during the pandemic, (2) Which housing indicators affect people’s mental health.
(3) Exploring ways to reassess and redesign the spatial layout of homes to accommodate
changing housing needs. (4) Based on existing research, a design strategy for the spatial
layout of housing is proposed that applies to the current situation in Chinese society.

Review methods

The literature search strategy involved querying the Web of Science, Google Scholar, and
ScienceDirect databases to retrieve articles within the research categories of architec-
ture, environmental science, public environmental occupational health, and green sus-
tainable science and technology.

(1) Define the range of years of publication of the literature as 2020 to 2022.

(2) The title contains terms related to dwelling and housing.

(3) The description in the theme contains three areas [residential interior space, new
crown events, health].

(4) The article is written in English.
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In order to conduct a comprehensive literature search, synonyms of the keywords were
utilized to expand the search scope. The search string yielded relevant results, which are
presented in Table 1, comprising a total of 186 articles. After excluding articles unrelated
to the research topic, this study identified 37 articles specifically focused on the COVID-
19 pandemic period. Furthermore, to address the research topic effectively, this study
supplemented the analysis with 30 research reports, including survey reports and pre-
pandemic articles.

The number of published articles was 15 in 2022, 16 in 2021, 6 in 2020. The mainly
published journals were International Journal of Environmental Research and Public
Health, Sustainability, Frontiers in Psychology, Archnet-IJAR international Journal of
Architectural Research. It indicated the indoor spaces had received the certain attention
during the COVID-19 epidemic in terms of the built environment, mental health, public
health, and sustainability.

Articles related to housing and health during the COVID-19 outbreak were grouped
into three categories: spatial, environmental factors, and functions and activity, based
on the research area and research questions (Table 2). Similar studies were removed and
a total of 37 representative articles were selected. 30 articles have been added based on
this classification.

Changes in residential unit space demands during the pandemic

Changes in residential behavior during isolation

As the COVID-19 pandemic has spread globally, significant changes have occurred in
people’s residential behaviors and lifestyle habits. This area has become an important
focus of numerous studies aiming to explore the changes in residential behaviors and
habits during the COVID-19 outbreak. The theories of environmental behavior and
Kurt Lewin provide valuable perspectives to help us understand the changes in residen-
tial behaviors and habits during the COVID-19 pandemic. According to these theories,
individual behavior is formed through the interaction between environmental character-
istics and individual needs and preferences. During home confinement periods, individ-
uals’ rearrangement of home spaces and functional requirements can be seen as positive
adaptations to the living environment and manifestations of the interaction between
individual behavior and the environment.

Table 1 Search strings

Domains Keywords

Title keywords Housing OR Home OR Residen* OR Apartment OR Flat OR (Muti-unit Resi-
dential) OR Housing Quality OR House Type OR Dwelling
AND

Subject keywords  Indoor Living Space OR Indoor Spac* OR Spac* OR Latout OR Floor Plan OR Interior
Design
AND

New Stressors  COVID-19 OR Pandemic
AND

Health Well-being OR Health OR Paychology OR Mental
AND

Time limit 2020-2022
Language limit English
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Table 2 Research areas and questions

Scope Research Areas Research Questions

Activities  -Working from home/Online What are the major changes in hygiene and healthy living
class-Exercise(Indoor) behaviors in the home as a result of home isolation? Which
-Cultivation an maintenance of  activities are restricted by residential space? What are the impli-
plans cations of the new activities for people’s health?
-Social interaction

Space -Flexible and variable space COVID-19 pandemic has re-raised questions about the negative
-Overcrowding and lack of space  effects of housing space issues on the mental health of resi-
-Privacy of the space dents? What spatial design principles contribute to the quality of

residential space and the well-being of residents?

Environ- View quality Does the WHO LARES report indicate that mental health

mental -Daylight quality symptoms are common in housing problems such as lack of

Factors -Air quality daylight, unfavorable layout, poor views of buildings, noise, and
-Acoustic quality lack of privacy? What spatial design principles are conducive to
-Green Space improving the interior environment of residential spaces? As

people reevaluate housing layouts, space utilization, overcrowd-
ing, shelter, safety, and indoor air quality, could this serve as a
catalyst for promoting healthy housing and sustainable building
practices?

The changes in lifestyle habits during the COVID-19 pandemic are crucial for improv-
ing residential spaces. Extensive research findings demonstrate significant alterations in
household hygiene and behavioral practices due to home confinement (Navas-Martin
et al. 2021), These changes encompass various aspects such as working and studying
from home (Macciotta et al. 2022), exercise and leisure activities (Marianme Clark. Deb-
orah Lupton 2021), social interaction (Gtiir, 2022), and rest patterns (Wang et al. 2020),
among others. Similar challenges are faced by households worldwide. K

Numerous companies and educational institutions have adopted flexible work and
learning arrangements during periods of home isolation, utilizing residential spaces
as alternatives to traditional offices and schools. This shift towards telecommuting
and online education aims to mitigate the spread of disease and minimize the loss of
life. The work at home (WFH) model is rapidly developing (Zou et al. 2020). In China,
most houses do not have a separate room for office. Sometimes people have to work
in the bedroom or the kitchen instead of a separate office. During the pandemic, home
office and online education are often carried out at the same time, making it difficult
to draw a clear boundary between the office and learning environments (Manzi et al.
2022). Such issues have garnered increasing complaints within residential settings (Beno
2021). Furthermore, there exists a certain level of permeability between family mem-
bers and their respective social roles, as well as between office spaces and areas desig-
nated for rest, and between leisure and work times (J. Gao et al. 2022). These dynamics
underscore the complex interplay between the physical and functional aspects of resi-
dential spaces during the pandemic. Experts have emphasized that failure to detach and
mentally disconnect from work can have detrimental effects on individuals, including
reduced productivity, decreased motivation, heightened stress levels, and compromised
mental well-being(American Psychiatric Association., n.d.; March 2020). Furthermore, it
is worth noting that the burden of working from home (WFH) and studying from home
(SES) predominantly falls on working women, who face the challenging task of juggling
both professional and educational responsibilities (Beno 2021), Women report higher
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levels of stress and experience more neck and shoulder pain compared to men, while
men tend to encounter increased levels of conflict between their family and work obliga-
tions (Guo, Xingzhou 2022; Oakman et al. 2022). These gendered dynamics are increas-
ingly observed on a global scale.

Recognizing the importance of maintaining proper hygiene practices, the World
Health Organization (WHO), governments, and scientific advisory committees (SAC)
have issued warnings and guidelines. Studies conducted worldwide indicate a signifi-
cant shift in people’s awareness regarding the necessity of improving hygiene practices,
such as maintaining social distance, frequent handwashing, disinfecting their homes,
and wearing masks (Giir, 2022). During the pandemic, there has been a nearly threefold
increase in handwashing frequency in Poland. Additionally, research on social distanc-
ing and hand hygiene has revealed that younger individuals, those with higher levels of
education, and women exhibit greater attention to hygiene practices (Wise et al. 2020).

During periods of home isolation, individuals are compelled to stay at home and spend
the majority of their time indoors. Research conducted in the UK has indicated that lim-
ited indoor space restricts children’s engagement in sports activities and contributes to
an increase in sedentary behavior (Richards et al. 2022). To counteract the sudden rise
in sedentary behavior, many individuals have adopted new exercise routines within their
residential interiors. The availability of digital fitness and wellness devices and media has
been gradually expanding, facilitating the integration of these technologies into home
environments (Marianme Clark. Deborah Lupton 2021). Research relating to residen-
tial space also suggests that more adaptable domestic spaces are more conducive to the
use of these devices and technologies. Fitness exercises during the epidemic occurred in
any space in the house, the living room, the balcony, the kitchen, the bedroom and even
the stairwell. Most families are unable to exercise adequately due to housing space con-
straints. The decline in public activities and the increase in sedentary behavior have led
to a rethinking of the spatial layout of residential to allow for physical activities (Richards
et al. 2022).

The COVID-19 pandemic has also brought the global food supply system under scru-
tiny, leading to concerns about potential food shortages and subsequent panic buying
and hoarding by consumers. A Canadian study explores the current surge in home food
gardening and its association with the COVID-19 pandemic. Among long-term gar-
deners, a significant proportion (70.6%) expressed that gardening served as a means of
relaxation, while 57.6% considered it an excellent form of physical exercise (Mullins et al.
2021).

The impact of home isolation on residential health

MURBs have become the most common type of housing in the Chinese residential
industry, accounting for approximately 90% of the total residential stock in China(Xu
& Juan 2021). Compared to single-family dwellings, MURBs have some disadvantages,
such as having more floors, smaller living spaces, and fewer rooms. Multiple studies
have indicated that MURBs units face several issues in terms of space, including over-
crowding, inadequate space allocation, lack of privacy, ventilation, noise, and insufficient
natural lighting (Astolfi & Pellerey 2008; Cuerdo-Vilches et al. 2021; Kearns et al. 2000;
Mullins et al. 2021).
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A survey conducted during the COVID-19 lockdown in China revealed that indi-
viduals residing in smaller living spaces engage in lower-intensity physical exercise
(Wang et al. 2020). Living in more crowded housing also exacerbates the associa-
tion between life stress and depression (Macciotta et al. 2022; Shih et al. 2022). This
sense of housing congestion also diminishes people’s ability to cope with life stress.
The COVID-19 pandemic has sparked a strong demand for private living spaces.

In addition, indoor environmental conditions are an important factor in the health
of the occupants (Andargie et al. 2019). Any interference from external environment
or stressors can threaten family health and, consequently, diminish the psychologi-
cal and social functioning of households (Kearns et al. 2000). Unlike single-family
residences, residents of MURBs may be exposed to various sources of noise, includ-
ing airborne and impact noise from neighboring units, shared spaces, and other
service systems. Apart from causing annoyance and discomfort, exposure to such
noise can result in severe long-term health issues, including cardiovascular diseases,
dementia, and mental health problems (Cantuaria et al. 2021). Prolonged isolation at
home makes it challenging for individuals to connect with nature, and people gen-
erally desire the integration of natural and living elements, such as plants and sun-
light, through windows, balconies, or terraces (Mullins et al. 2021; Pouya Molaei,
Parisa Hashempour 2021). Some studies indicate gender differences in respondents’
residential preferences for indicators such as "landscape quality,” "daylight quality,"
"acoustic quality,” and "air quality." All these factors are deemed more important
to women than to men (Mullins et al. 2021). A study based on survey findings has
identified the most crucial indoor environmental quality factors that impact over-
all comfort and health of residents in MURBs. The conclusions drawn from other
types of residential constructions align with the findings, highlighting thermal con-
ditions and air quality as the two most significant factors influencing the comfort of
MURBs(Astolfi & Pellerey 2008; Humphreys 2005; Wong et al. 2008).

During the pandemic, numerous studies have explored the impact of home iso-
lation on residential health, drawing attention to the importance of healthy living
environments and adaptable indoor spaces. Akbari et a l., categorized housing indi-
cators related to psychological well-being into four categories: housing type, space,
environmental factors, and functionality and activities. A preference survey revealed
that environmental factors were more significant than space and activities, with
air quality, daylight quality, and landscape quality identified as the highest priority
(Akbari et al. 2021). In another study, Zarrabi M et al., conducted a questionnaire
survey to assess indicators related to physical health, psychological well-being, and
socio-economic lifestyle changes in apartment interiors. The study not only estab-
lished the priorities within these indicators but also highlighted the significance
of natural light, landscape, acoustics, and open or semi-open spaces for residential
health (Zarrabi et al. 2021). MURBs typically consist of multiple floors, and numer-
ous studies have shown that floor levels significantly impact the comfort and health
of occupants. In comparison to lower floors, residents on higher floors report higher
levels of comfort and acceptability regarding indoor conditions (Kang S J, 2000; Lee
et al. 2012).
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Changes in demand for indoor environmental factors
The long-term home quarantine under the epidemic has inspired many housing issue
such as "disturbance", "sense of depression”, "insufficient storage space”, and "unreason-
able indoor traffic flow". A few housing research institutions in China have conducted
research on housing demand during the epidemic.

From 2020 to June 2022, regardless of the city level, 3LDK (three bedrooms, living
room, dining room, and kitchen) has become the most sought-after type of housing,
with the highest proportion of transactions in the 110-140 square meter range (CRIC
Product Research 2022). Prior to this period, people tended to choose housing products
below 90 square meters in size (X. Gao et al. 2013).

A survey from CLV.DESIGN shows how dissatisfied people are with residential spaces.
Sort according to the degree of dissatisfaction is (1) Single function of living room. (2)
Dinner room is too small. (3) The kitchen is missing function. (4) Insufficient storage
in master bedroom. (5) No separate room for study. (6) Children’s room is too small.
(7) Having a bathroom is not enough. (8) Entrance is too small. (9) No separate room
for clean. (10) No south-facing balcony (CLV.DESIGN 2020).According to the "Survey
Report on the Demands of Chinese Residents under the Epidemic" formed by CRIC,
China’s largest real estate information integrated service provider, on the data of 194
cities under key monitoring in 2022, 35% of potential buyers said that the upgrade of
household type was attractive for buying houses (CRIC Research Institute 2022). The
survey report reflects the residential indoor space expectations of Chinese households
during the outbreak, which residential indoor space needs to meet the requirements of
spatial adaptation, redistribution of tasks, and organization due to changes in residence
behaviors and habits.

The "2022 Report on the Intention to Improve Home Environment during the Pan-
demic," jointly released by QiJia Research Institute and Sina Home, reveals that 58.7% of
respondents expressed a desire to enhance their living environment after the pandemic.
Due to constraints such as renovation costs and time, 50.5% of participants indicated a
preference for low-cost, short-duration partial renovations that do not disrupt normal
living. The survey findings also highlight the balcony, living room, and kitchen-bathroom
area as the top three spaces that respondents wish to renovate. Among them, those who
wished to renovate their balconies mainly aimed to cultivate vegetables and flowers.
Furthermore, there is a heightened demand for the functional versatility of living room
spaces, with expectations for them to be transformed into coffee areas, fitness zones, tea
rooms, and more. Achieving these functionalities primarily involves flexible adjustments
to furniture layout or the addition of more practical furniture. Additionally, there is an
increased demand for rooms that can adapt to multiple functions, such as storage for
cleaning supplies, home gyms, study rooms, walk-in closets, and pet areas (2022 Report
on the Intention to Improve Home Environment during the Pandemic 2022). The report
highlights a strong intention among respondents to improve their home environment
after the pandemic, with a focus on low-cost, partial renovations and a preference for
transforming spaces such as balconies and living rooms into functional areas like gar-
dening and multipurpose zones.

A survey report on home-based learning and work during the COVID-19 pandemic
reveals that there has been a widespread trend of home renovations to accommodate
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changes in domestic activities and habits(]. Gao et al. 2022). People have been trans-
forming their living rooms into family activity centers, using furniture to create seg-
mented spaces and minimize disturbances among household members, and relocating
work desks to the master bedroom (J. Gao et al. 2022).

Numerous survey reports indicate that an increasing number of people are inclined
to purchase larger residential properties with more rooms. Moreover, homebuyers’
expectations for housing have shifted from single and low-level to a focus on quality,
complexity, and healthy living, marking a prevailing trend of comprehensive upgrades
in residential products. Although several Chinese real estate companies have initiated
research on housing products in alignment with the current social, economic, and cul-
tural development processes, these studies predominantly rely on sales experience and
lack comprehensive data and theoretical support in analyzing factors influencing peo-
ple’s housing demands and purchase intentions. Significant disparities still exist between
existing residential products and residents’ actual living needs. Considering the pro-
longed duration of home isolation and its impact on the course of the pandemic, other
features of housing will also influence its progression. Therefore, the need for new design
concepts to improve spatial layouts is imperative. A household survey conducted dur-
ing the pandemic revealed that residents’ primary concerns regarding indoor spaces are
focused on environmental quality, spatial functionality, spatial relationships, and indoor
equipment and facilities. Urban residents in areas with higher severity of the pandemic
have higher quality expectations for spaces such as corridors, bathrooms, living rooms,

and master bedrooms.

Design recommendations for spatial layout

Studies conducted during the pandemic have shed light on the impact of home isola-
tion on people’s habits and activities, as well as the negative effects of residential spaces
and environmental factors on people’s health. However, existing spatial layout design
methods often lack qualitative and quantitative studies, and recommendations are often
based on anecdotal evidence. Therefore, this study aims to address these gaps by exam-
ining past research on space to identify potential solutions.

The spatial layout of residential areas needs to consider three key aspects: function
and activity, space utilization, and the environment. By reviewing the existing literature,
we have identified three major trends in residential space layout that have emerged in
response to the COVID-19 pandemic, taking into account nine different perspectives

(Fig. 1).

Improve efficiency in the use of space

A flexible house refers to a residential layout that can adapt to changing needs and usage
patterns, encompassing both technical and social aspects (Raviz S R H, Eteghad A N,
Guardiola E U, 2015). Flexible space layouts have the potential to enhance the function-
ality of a residence, particularly in situations where space is limited, by improving space
utilization (Abdulpader et al. 2014). Additionally, such layouts can accommodate the
evolving roles of family members. The following are trends in residential space planning
for different rooms.
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Fig. 1 Changes in spatial layouts during the COVID-19 pandemic

(1) Functional flexibility

Several authors have classified flexibility into functional and structural types (Bet-
taieb & Alsabban 2021). Functional flexibility refers to the ability to modify conditions
without professional intervention by assigning new functions. However, there has
been limited discussion on how residents in MURBs can self-segregate within separate
rooms. Designing flexible housing that supports self-segregation within residential units
becomes crucial for containing the spread of COVID-19 or future pandemics. Designing
flexible housing that can support self-segregation within residential units is essential to
contain the spread of COVID-19 or future pandemics (Peters & Halleran 2021). In situa-
tions where a family member needs to undergo home quarantine, having an independent
room in the house becomes necessary to ensure their separation from other household
members. Such a room should cater to not only sleeping but also living, bathroom, and
workspace needs. Similarly, changes in the family life cycle may necessitate additional
independent bedrooms for adult children living with their parents, fulfilling their pri-
vacy requirements. Additionally, each room’s size should allow for user substitution. For
instance, a children’s bedroom can serve as an adult bedroom if required, provided the
space is appropriately arranged.

Consider incorporating a dedicated multifunctional room within the residential unit,
designed to adapt its functions based on the evolving needs of different families. This
room can serve as an undisturbed office space and a private lounge, offering versatility
and privacy. Another strategy is to expand the size of the bedroom and enhance its func-
tionality to accommodate the demands of a home office, study, and living space, effec-
tively mitigating any conflicts that may arise.

Page 9 of 19



Bao et al. City and Built Environment (2023) 1:12 Page 10 of 19

In many residential units, the presence of only one bathroom poses challenges dur-
ing home quarantine as family members are unable to use the bathroom individually,
thus hindering optimal isolation (Sehgal et al. 2021). To address this issue, it is advisable
to incorporate both a full bathroom and a half bath during the design stage, allowing
for more efficient usage and ensuring the highest level of isolation (Steidl & Hoffmann
1979).

The porch serves as a transitional space connecting the indoor and outdoor areas of
the residence. In light of the current health and hygiene requirements, it becomes essen-
tial to integrate new disinfection and sterilization functions within the porch storage
cabinet (Liu 2022). This adaptation aligns with the demands of the new era and ensures a
safe and hygienic living environment.

In the Chinese housing market, enhancing the spatial layout of MURBs often involves
considering the renovation of existing units. The interior transformation of old residen-
tial spaces is typically achieved through modifications of non-load-bearing walls. Flex-
ible furniture arrangement can help optimize space utilization and functional zoning
to meet residents’ diverse needs. By selecting and arranging furniture thoughtfully, it is
possible to create additional storage areas, workspaces, and leisure zones, maximizing
the potential of the space. For instance, the use of movable partitions, folding tables and
chairs, and adjustable furniture allows for changing the spatial layout as needed, enhanc-
ing flexibility and multifunctionality. By selecting and arranging furniture thoughtfully, it
is possible to create additional storage areas, workspaces, and leisure zones, maximizing
the potential of the space. For instance, the use of movable partitions, folding tables and
chairs, and adjustable furniture allows for changing the spatial layout as needed, enhanc-
ing flexibility and multifunctionality.

(2) Structural flexibility

Structural flexibility extends beyond mere structural cha nges to encompass physi-
cal alterations within the interior space of a house. Residents have the ability to modify
their homes according to their specific needs, often with the assistance of profession-
als. During the epidemic, studies conducted on residents revealed that partition walls
within apartments could be removed or repositioned to create more flexible spaces.
This is achieved by establishing new areas with varying spatial relationships through
the sequencing and interconnection of spaces, utilizing sliding doors, walls, and flexible
elements. These adaptable spaces effectively cater to the residents’ requirements, which
stem from the activities of family members throughout the day and night (Seyed Reza
Hosseini Raviz, Ali Nik Eteghad, Ezequiel Uson Guardiola, 2015).

The concept of an open living room design can be advocated, where the living room
serves as a transitional area connecting the dining room, kitchen, and balcony, collec-
tively forming an open space. This home space is commonly referred to as LDKB (Fig. 3).
The absence of fixed building structures allows for easier alterations in space function
based on actual needs. In situations where the number of occupants feels overwhelming,
the distribution of shared space is carefully planned according to the individual needs
and number of people. For instance, a foldable dining table can be extended into the
kitchen and living room area to accommodate larger dining gatherings. Beyond work,
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studying, and dining, the furniture in the open space can be moved to transform it into a
family fitness area. Moreover, the living room seamlessly connects to the balcony, creat-
ing a new functional zone within the living space. During such times, the living room,
dining room, kitchen, and balcony can all serve as complementary expansion areas for
each other, accommodating a wide range of family activities (Fig. 2).

(3) Expand Function

In addition to enhancing space versatility and flexibility, expanding the function-
alities of residential areas can also optimize the utilization of space. For instance, the
balcony can be effectively utilized as an extension of the living room, where a small cof-
fee table and comfortable cushions can be placed, creating a sunlit tearoom or a well-
lit study space. Furthermore, maximizing the utilization of compact spaces is essential.
For instance, meticulous design of the entrance storage space can incorporate dedicated
cabinets for storing emergency food supplies and personal protective equipment (Sehgal
et al. 2021).

Distinguish between private and public of spatial organization

The COVID-19 pandemic has had a profound impact on living spaces as people began to
prioritize hygiene and sanitation. The experience of entering a home has changed drasti-
cally, with the familiar sense of intimacy and warmth being replaced by a more detached
and distant atmosphere. However, to adapt to this new reality, family members have had
to adjust their activities and the use of indoor spaces. The entrance area, or foyer, has

Fig. 2 Flexibility of LDKB space
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become a critical zone that needs to be divided into different functional areas, such as
a housekeeping zone, laundry area, and handwashing area. The process of entering the
house has also changed, with people following a new sequence of actions: first, changing
shoes; then, removing coats; next, placing dirty clothes in a basket; and finally, washing
hands. Such arrangements help maintain cleanliness and hygiene indoors while reducing
the risk of virus transmission (Juran interior decoration, n.d.; Sehgal et al. 2021). Fur-
thermore, when a household member needs to undergo home isolation, a separate room
is required that serves not only as a sleeping space but also as a living area, bathroom,
and workspace. This design ensures the separation of isolated individuals from other
family members while meeting their various needs during the isolation period. It is nec-
essary to have at least one multifunctional bedroom in the residential layout and ensure
a convenient path from the entrance to this room to facilitate the daily lives of residents
(Sehgal et al. 2021).

During the COVID-19 pandemic, there has been an increased focus on research
regarding housing size and spatial organization (Ferreira et al. 2022).One study suggests
that improving the quality of indoor communal spaces to provide safe environments
for passive and active family interactions has become a way to address the psychologi-
cal issues people face during home isolation (Peters & Halleran 2021). Providing open
spaces for family activities, such as adopting an open-plan living, dining, kitchen (LDKB)
design that offers unobstructed sightlines and improved communication, is one solution.
Additionally, incorporating balconies integrated with the living room expands the visual
scope indoors, making it easier for residents to appreciate outdoor views and reducing
mental fatigue (Pouya Molaei, Parisa Hashempour, 2021). Such spatial layouts help alle-
viate stress, provide more opportunities for socialization and relaxation, and increase
awareness of the natural environment (Ribeiro et al. 2021).

In China, multigenerational households are quite common, making the clear deline-
ation of public and private spaces particularly important (Li & Wu 2019) (Fig. 3). Stud-
ies have shown that designing bedroom spaces to resemble independent houses can
enhance privacy within rooms (Ishikawa et al. 2011). To meet the need for independent
isolation, residential units can be arranged with separate areas, including independent
bedrooms, living rooms, and bathrooms (Sehgal et al. 2021). This design is especially
useful when family members require isolation or independent living. Additionally, there
is a solution called "dual-key home" suitable for multigenerational households (Fig. 4).
This layout connects a larger unit with a smaller one, allowing different generations of
family members to live separately and improving privacy concerns (Han 2010; Yang et al.
2022).

In summary, the COVID-19 pandemic has brought significant changes to living
spaces as people prioritize hygiene and sanitation. Family members have had to adhere
to a series of protective measures, resulting in a different experience when entering the
home. To adapt to this new reality, individuals have adjusted their activity sequences
and the layout of indoor spaces. Researchers have also proposed solutions, including
improving the quality of indoor communal spaces, providing open space designs, and
clearly delineating public and private areas, to meet people’s residential needs during the

pandemic.
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Fig. 3 Regional division of residence
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Fig. 4 The "dual key" spatial layout of residence
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Consideration of environmental comfort

A substandard indoor environment in residential settings has been linked to an
increased risk of depressive symptoms during lockdown (Amerio et al. 2020). Within the
realm of healthy housing research, various factors such as views (Kaplan R, 2001), noise
(Jensen et al. 2019), and natural light (Kang et al. 2013; Garrido-Cumbrera et al. 2022),
access to green spaces (Sima 2015), and connection to the outdoor environment (Foster
et al. 2020) have been utilized as indicators of mental well-being within housing.

(1) Increase ventilation and lighting

Creating an efficient living, working, or studying environment is an essential require-
ment for occupants to maintain their well-being and productivity. Therefore, it is crucial
to improve indoor air quality to enhance productivity and prevent the spread of viruses
(Sun & Zhai 2020). Natural ventilation is widely acknowledged as the optimal approach
to ensure occupant comfort (Su et al. 2009). The orientation of building is an impor-
tant property of a residence. One notable advantage is that south-facing houses receive
extended hours of natural light and improved ventilation. The LDKB spatial organiza-
tion, characterized by large bays and compact layouts, facilitates the optimal utilization
of sunlight and natural airflow, creating a comfortable residential environment (C. M.
Tam, 1 Tony Y. N. Tso 2015; X. Gao et al. 2013). Bright kitchens and bathrooms have
gained increasing popularity in residential units. These areas, prone to dampness,
require sufficient ventilation and lighting to prevent the accumulation of dirt and ensure
fresh air quality (Fig. 5).

Porch Kitchen

Bathroom Bedroo Bathroom

Dining room

Corridor

Living room Bedroom droom

Fig. 5 The window opening position is diagonal to the door to increase ventilation
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(2) Connect with Natural Environment

During the quarantine period, balconies, windows, and private outdoor spaces have
emerged as crucial components of residential settings. They not only provide access to
sunlight and fresh air but also establish a connection between occupants and the exter-
nal environment by offering panoramic views. This connection to the outdoors has
assumed paramount importance during the ongoing COVID-19 pandemic, as it not
only fosters mental well-being but also contributes to the management of the persistent
endemic nature of the disease (Pouya Molaei, Parisa Hashempour, 2021; Dzhambov et al.
2021; Pouya Molaei, Parisa Hashempour 2021; Olszewska-Guizzo et al. 2021).

Research has demonstrated that pleasant views and ample natural light from the
outside enhance visual comfort, while the incorporation of natural sounds like animal
calls, breezes, and fountains contributes to auditory comfort (Garrido-Cumbrera et al.
2022). Moreover, individuals residing in proximity to green natural environments exhibit
higher overall levels of health compared to those living in less verdant surroundings
(Ribeiro et al. 2021).

Furthermore, personal green spaces have proven to have a significant impact on res-
idents’ levels of depression and anxiety during the COVID-19 pandemic, serving as a
viable alternative during periods of home isolation (Garrido-Cumbrera et al. 2022). The
dimensions, proximity to the surrounding landscape, and orientation of balconies, win-
dows, or private outdoor spaces play crucial roles in determining the visual and auditory
comfort experienced within these personal green areas.

(3)Incorporating Green Plants

During the COVID-19 pandemic, there has been a noticeable surge in the popularity
of home gardening, particularly in the cultivation of foliage plants in containers, which
have become a prevalent feature in living rooms. This trend has prompted a growing
interest in small-scale planting gardens on balconies, offering individuals an enhanced
connection with nature (Cerda et al. 2022), Notably, the integration of foliage plants on
balconies, seamlessly connecting public and functional spaces, has emerged as a highly
favored approach. Foliage plants are preferred due to their adaptability to higher tem-
peratures and lower levels of light (Kim & Lee 2022). Compared to the pre-pandemic
period, there is a growing awareness among individuals regarding the significance of bal-
conies. Consequently, there is a strong desire to optimize the location and size of balco-
nies, with the concept of "double balconies" becoming an ideal configuration for homes.
Balconies are now assigned additional roles, such as serving as pet parks, family farms,
gardens, sunrooms, and even home gyms, among other functionalities.

Discussion and conclusion

In recent years, there has been a sustained increase in income among Chinese residents,
resulting in a strong desire to improve living environments and conditions. Addition-
ally, the prolonged pandemic has significantly altered residents’ housing preferences and
accelerated changes in the residential sector. Urban housing is the predominant residen-
tial type in Chinese cities and directly impacts residents’ living experiences and quality
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of life. This study analyzed 67 research papers and journal articles related to residential
space layout and examined the influence of COVID-19 on housing from the perspectives
of architectural design, environmental psychology, sociology, and health. Through this
analysis, three design trends were identified that contribute to improving people’s qual-
ity of life.

Firstly, a high-quality residential spatial layout requires more effective space planning
to enhance versatility and flexibility, meeting diverse housing needs. During the design
process, considerations should be given to the proper division of different functional
areas, enabling clear delineation between communal and private spaces, thus enhanc-
ing the quality of different functional spaces. Additionally, in terms of renovating older
houses, flexible furniture arrangements are commonly used to improve spatial layouts
by strategically placing furniture to delineate different functional zones and meet resi-
dents’ needs.

Secondly, by increasing the openness of public spaces and allocating a reasonable
physical distance between private and public spaces, residents’ desired privacy can be
enhanced. Adequate storage space should also be provided to enhance the overall resi-
dential experience. In the design of mixed-use residential buildings (MURBs), emphasis
is placed on creating spacious and transparent public spaces to facilitate social interac-
tion among residents, thereby enhancing the residential experience. Special attention
should be given to the spatial needs of multi-generational households and activities
involving children, providing appropriate spaces for communication and activities to
meet the requirements of different age groups. Considerations may include the incorpo-
ration of open kitchens conducive to communication, shared leisure areas, indoor activ-
ity spaces, or children’s play facilities to promote interaction among residents.

Thirdly, good natural lighting and indoor ventilation are crucial for residential spa-
tial layouts. In housing design, obtaining sufficient natural light is important, achieved
through strategic window placement and lighting design to allow ample sunlight to illu-
minate indoor spaces. Simultaneously, optimizing the design of indoor ventilation sys-
tems ensures the circulation of fresh air and improves indoor air quality. Additionally,
incorporating green plants as interior decorative elements not only provides aesthetic
enjoyment but also helps improve indoor air quality, enhancing the comfort of the living
environment.

China’s residential spatial layouts need significant reform to achieve sustainability.
Through the utilization of advanced technologies such as Building Information Mode-
ling (BIM) and virtual reality, designers and residents can better visualize and experience
residential spaces, facilitating more accurate planning and decision-making to improve
housing efficiency and sustainability. Future research can further explore customer pref-
erences regarding MURBs spatial layouts by employing survey methods to gain in-depth
understanding of customer preferences at the current stage of MURBs unit spatial lay-
outs. By comparing differences among regions and population groups, a better under-
standing of residents’ preferences for MURBs unit spatial layouts can be achieved.

Continued research and practice will drive continuous improvements in housing
design, providing people with better living environments, improving their quality of life
and well-being. By focusing on the needs and expectations of residents and integrating
the latest technologies and design concepts, housing units that cater to diverse needs can
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be created. Only by doing so can we truly achieve the goal of enhancing the residential
experience, improving residents’ lives, and aligning with the development demands of
modern society. Through the study of MURBs spatial layouts from different approaches
and perspectives, we can continuously refine and optimize designs, providing residents
with more comfortable, healthy, and satisfactory living spaces.
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