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The surge in COVID-19 cases in mid-2021 across several cities in Indonesia
saw a rapid increase, with research confirming that the virus spreads primarily
through direct contact, including respiratory droplets from coughing and
sneezing. In the context of residential settings, the virus exhibits a high rate of
transmission, particularly within family units, making family clusters a
significant concern, especially in urban areas. This study examines a family in
Tangerang living in a small residential space, focusing on understanding their
behavior, the organization of their living spaces, and the home's lighting and
ventilation systems. Using a phenomenological approach rooted in qualitative
research, this study identifies key factors contributing to the potential spread
of COVID-19, including: 1) poor ventilation; 2) inadequate natural lighting;
3) frequent use of shared spaces; and 4) the absence of dedicated isolation
areas for infected individuals. These findings provide insight into the
typologies of homes that may contribute to family clusters. Based on these

9(2):273-284. case study results, this research proposes recommendations for sustainable

housing designs that are better equipped to manage pandemic situations. These
recommendations include: 1) incorporating isolated rooms; 2) providing
access to private outdoor spaces for sunbathing; and 3) relocating public
spaces such as living rooms to areas with better air circulation and natural
lighting.

This work is licensed under a Creative Commons
Attribution-ShareAlike 4.0 International.
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1. Introduction

The surge in COVID-19 cases in Indonesia during mid-2021 revealed that family clusters were among the
primary contributors to the virus’s transmission. According to data from the Emergency Hospital at Wisma
Atlet, Central Jakarta, approximately 6% of the weekly increase in confirmed cases was linked to intra-family
transmission, as reported by Kompas Daily on May 24, 2021. Similar trends were observed in other countries,
including the United States and China, where rapid transmission within household clusters has been widely
documented [1][2]. SARS-CoV-2 spreads through direct, indirect, or close contact with infected individuals,
often via respiratory secretions expelled during coughing, sneezing, or speaking [3]. Household environments,
where individuals live and interact closely, present a significant risk for such transmission, particularly in
indoor settings with limited ventilation [4][5].

Medical research has identified several contributing factors to intra-family spread, notably prolonged close
contact among household members [6]. Qian et al. reported multiple secondary infections within households
where shared indoor spaces were used over extended periods. Furthermore, residential conditions that fall
below health standards—such as insufficient natural lighting and inadequate ventilation—have been associated
with an increased likelihood of airborne transmission [7]. From an architectural perspective, recent studies


https://talenta.usu.ac.id/ijau
https://talenta.usu.ac.id
mailto:bsaragih@binus.edu
https://issn.brin.go.id/terbit/detail/1528357513
https://issn.brin.go.id/terbit/detail/1528356774
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
http://doi.org/
https://orcid.org/0000-0001-5424-9280
https://creativecommons.org/licenses/by-sa/4.0/

International Journal of Architecture and Urbanism Vol. 09, No. 02 (2025) 273 —284 274

have underscored the importance of designing adaptive living environments in response to the pandemic.
Proposals include rethinking spatial typologies to prioritize open green spaces, low-rise building
configurations, natural lighting, and improved indoor air quality [8][9].

2. Method

A house is ideally a safe and healthy space, capable of protecting its occupants from environmental exposures
that may lead to illness [10]. However, the COVID-19 pandemic brought significant changes in human
behavior—people began staying at home, working from home, and participating in online learning from within
their residences. These behavioral shifts have intensified the importance of understanding virus transmission
in domestic settings, particularly the role of household behavior and spatial configuration in facilitating or
mitigating intra-family infections. The central research question addressed in this study is: How do the
behaviors of family members and the organization of domestic space contribute to the formation of COVID-
19 family clusters? This study aims to explore the phenomenon of family cluster transmission in relation to
both behavioral patterns and architectural space organization. The findings build upon and confirm previous
studies by Leclerc (2020) and Walker (2021), which identified indoor environments as critical in the spread of
COVID-19.

To investigate this phenomenon, a qualitative research methodology was adopted, employing a grounded
theory approach. Data collection was conducted through field visits to households previously infected with
COVID-19 (after recovery was confirmed). In-depth interviews were carried out with all family members to
explore both their behavioral routines and the spatial characteristics of their homes. The analytical process
involved transcribing the interview data, followed by thematic coding. These emerging themes were then
compared and validated with existing theories and prior research. The phenomenological approach, as
emphasized by Haddad [10], provides a valuable framework for interpreting the lived experience of occupants
and how their interaction with spatial settings may influence health outcomes during a pandemic.

3. Results and Discussion

Living Space

The World Health Organization (WHO) defines living spaces as environments that must (1) meet the needs of
the occupants, (2) be accessible and usable, and (3) be sufficiently spacious to accommodate people of varying
ages [11]. Capolongo et al. (2020) further refine this by emphasizing that living spaces should offer (1)
protected privacy, and (2) comfort and confidentiality for the occupants [12]. However, creating comfortable
living spaces that provide privacy in urban areas is not an easy task, particularly when considering the
fundamental aspects of well-being and health. This challenge is compounded by the rapid urbanization in
Indonesia, where city growth is accompanied by a rising number of urban dwellers. Meeting the demand for
sufficient living space becomes a significant burden for city governments, as they attempt to balance the need
for housing with limited land availability and high land prices. As a result, affordable housing strategies often
focus on minimizing land use and constructing houses with minimum optimum sizes. In peri-urban areas, new
housing developments are common, with many vertical houses following the Transit-Oriented Development
(TOD) concept; however, landed houses are still in higher demand.

In the context of Indonesian social housing, typical house sizes range from a land area of 60 to 90 m2 and a
building area of 36 to 45 m2. These houses usually feature compact spaces, such as small terraces, two tiny
bedrooms, a bathroom, a modest living room, and a kitchen. Given the limited space, many families find it
necessary to renovate, often either horizontally (when land permits) or vertically (when land is scarce). The
latter, especially in densely populated areas, can lead to poorly organized spaces that compromise health and
comfort, often resulting in a loss of cross-ventilation and natural lighting. Figure 1 illustrates the layout of such
typical social housing, with a building area of 36 m? and a land area of 90 m?, reflecting the limited space
available for renovation and adaptation. Research indicates that housing renovations driven by increased
occupancy and changing family dynamics can contribute to the deterioration of indoor air quality and space
functionality [13].
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Figure 1 Plan : building area : 36 m?, land area : 90 m?

The need for additional space in these homes is driven by growing family sizes, changes in living patterns, and
increased social status. While horizontal renovations are often undertaken when sufficient land area is
available, vertical renovations—though necessary—tend to lead to poorly planned spaces, which can
compromise the health of the household. Studies have shown that the lack of adequate space and exposure to
poor environmental conditions such as insufficient lighting and ventilation can negatively affect residents'
quality of life. During the COVID-19 pandemic, these issues became even more pronounced, as the need for
living spaces that support activities like work from home and learning from home grew, highlighting the need
for better space organization and environmental quality [14].

Research in Housing Design At Pandemic Era

Research has shown that the rapid transmission of COVID-19, primarily through respiratory droplets, has made
staying at home one of the most effective ways to avoid exposure. A home becomes the safest refuge from the
potential spread of this disease. The ongoing pandemic has underscored the importance of various design
elements, such as garden spaces, food production areas, social distancing measures, and the therapeutic effects
of natural elements like sunlight, air, and views. The focus now is on adjusting architectural design to mitigate
transmission risks and foster better living conditions. This can be achieved by incorporating: 1) larger outdoor
spaces, such as balconies and terraces; 2) a robust ventilation system and clean air circulation, facilitated by
indoor gardens, courtyards, and open-plan designs; and 3) the strategic use of daylight in interiors
[15][16][17][18].

Several studies confirm that the virus spreads via aerosols and droplets, emphasizing the importance of
effective ventilation. Research indicates that a well-designed ventilation system, particularly the cross-
ventilation concept (i.e., openings on opposite sides of a room), can help reduce transmission [4][11]. While
active ventilation systems using advanced technologies are beneficial, they may not always be feasible in social
or small housing units. Therefore, passive ventilation methods, achieved through thoughtful space
organization, represent a practical solution. Architects need to apply their expertise to design spaces that
promote healthy airflow and minimize viral transmission risks [4][11][15].

Case Description

LS’s family has resided in Tangerang, Indonesia, since 1997, in a house with a building area of 36 m2 and a
land area of 90 m2. In 2002, as the family grew, they undertook a renovation project aimed at adding a bedroom,
kitchen, and dining room to accommodate their expanding needs. The renovation was carried out horizontally,
utilizing the rear part of the land. However, interviews revealed that the renovation was not designed with
optimal space organization. The resulting layout significantly impacted the house's functionality, particularly
the guest room, which previously benefitted from ample natural light but now lacked adequate illumination.
The middle and rear bedrooms also suffered from insufficient natural lighting. Consequently, the lighting
within the house now heavily relies on artificial sources, with the only natural light entering through a small
opening in the dining room. This setup also restricts airflow, exacerbating concerns over air circulation. The
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lack of proper ventilation and exit paths increases the potential for recirculation, and as such, the house became
increasingly dependent on artificial lighting.

Regarding the COVID-19 pandemic, which began to affect Tangerang in 2021, LS’s family, living in a red
zone, became one of the first family clusters in the area. In June 2021, four members of LS’s family—C1
(male, 55 years), C2 (female, 55 years), C3 (female, 24 years), and C4 (male, 21 years)—were diagnosed with
COVID-19. The timeline of events revealed a progressive transmission pattern. C1 first experienced symptoms
on June 13, 2021, followed by self-isolation with C2 and C3. A few days later, C1’s condition worsened, and
after a confirmed diagnosis, C1 was hospitalized on June 15, 2021. The antigen tests for C2, C3, and C4
returned negative results. However, within a few days, C2 exhibited symptoms, including anosmia, fever,
headache, and cough, leading to a laboratory-confirmed diagnosis and hospitalization. Subsequently, C3 and
C4 also developed symptoms, and their tests confirmed the diagnosis. They both self-isolated at home. This
case illustrates the ease of transmission within households, particularly when individuals share common spaces
for prolonged periods. The spread from C1 to other family members occurred within 4-7 days after C1°s
confirmed diagnosis.

Figures 2 and 3 below illustrate the layout of LS's home before and after the 2002 renovation and the
subsequent virus transmission mapping within the family. As indicated in Figure 2, the original design of LS’s
house in 1997 allowed for more open space and natural lighting. However, the 2002 renovation, particularly
the horizontal expansion, obstructed airflow and natural light, which were critical in reducing the risk of viral
transmission. In Figure 3, the transmission mapping shows how the virus spread through close contact and the
shared use of spaces. It is evident that despite the family members’ efforts to limit interaction, the confined
space and inadequate ventilation facilitated the virus's rapid spread.

The physical configuration of LS’s house, as depicted in Figure 2, played a pivotal role in the transmission
dynamics observed within the family. The absence of cross-ventilation and natural light, coupled with shared
spaces such as the living room, kitchen, and bathroom, created an environment conducive to viral spread. The
small openings in the kitchen and limited access to natural light in the rear areas of the house restricted air
circulation, thus elevating the likelihood of airborne transmission. In Figure 3, the transmission mapping shows
how the virus spread through close contact and the shared use of spaces. It is evident that despite the family
members’ efforts to limit interaction, the confined space and inadequate ventilation facilitated the virus's rapid
spread.
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Figure 2 (a) LS house plan in 1997, (b) LS house plan in 2002
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Figure 3 Mapping of transmission of virus in LS family

LS’s behavior during the incubation period of the virus also contributed to the high risk of transmission. As a
professional musician, LS frequently interacted with others, and even while experiencing symptoms, LS
continued engaging in activities such as singing, playing music, and receiving calls. These actions likely
increased the production of respiratory droplets, further escalating the risk of transmission within the
household. The communal nature of the spaces—such as the family room, kitchen, and bathroom—meant that
multiple family members were in close proximity to each other for extended periods, enhancing the likelihood
of exposure. Additionally, interviews revealed that even before a confirmed diagnosis, C1 and C2 shared the
same bedroom, where they engaged in routine activities such as resting, talking, and watching TV. This close
contact, combined with poor ventilation, created a high-risk environment for the spread of the virus.

LS’s family case underscores the critical role of space organization and environmental factors in the
transmission of COVID-19. Poor ventilation, inadequate natural lighting, and the frequent sharing of spaces
were key factors that contributed to the family cluster. These findings align with existing research that
emphasizes the importance of spatial configurations that support adequate ventilation, natural lighting, and the
possibility of isolation when needed. The LS family's experience offers valuable lessons in housing design,
particularly the need for isolated rooms, access to outdoor spaces, and flexible space layouts that can adapt to
the challenges posed by pandemics. The findings from the LS family case highlight the significant impact of
space organization and environmental factors on the transmission of COVID-19 within households. Moving
forward, residential designs must prioritize ventilation, natural lighting, and space flexibility to mitigate the
risk of virus transmission. As the pandemic continues to shape the way we live, the lessons from this case will
guide the development of more resilient and adaptable housing solutions in the future.

Behaiour, Space Organization and Family Cluster : Learning from LS Family

The World Health Organization's report on July 9, 2020, affirms that COVID-19 transmission occurs via direct
or indirect contact, as well as close proximity interactions. These include the exchange of bodily fluids such
as saliva or respiratory droplets expelled through activities like coughing, sneezing, speaking, or singing by an
infected individual. In understanding LS’s daily routine, an interview revealed that LS, a musician, frequently
engages with a large number of people, which LS believes could have contributed to the infection, particularly
when health protocols were not strictly followed during these interactions. Additionally, LS enjoys singing, a
hobby that continued even during the incubation period of the illness, often shared with family members.
Activities such as watching television in the living room, which also serves as a family area, are common
habits in LS's household. Notably, LS, a community leader, is also accustomed to speaking loudly on the phone
during calls, which could further exacerbate the risk of virus transmission due to the increase in respiratory
droplets released.

This behavior, especially the loud conversations and singing, likely contributed to the spread of droplets within
the household, increasing the risk of contamination of shared surfaces such as remote controls and furniture.
The close proximity of family members, particularly in a shared living space during the incubation period,
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significantly heightened the likelihood of transmission. Furthermore, the design of LS's home, with poor
ventilation and limited natural light, created an environment conducive to the virus spreading.

Q: What actions do you take when experiencing symptoms of fever and cough, and which rooms do you use
during this period?

A: "l rest in the bedroom with my wife and continue my daily activities as usual. This includes receiving phone
calls, playing music, and singing. | also spend time sitting in the living room while watching TV, and |
move around the house to use the kitchen, bathroom, and dining room for meals."

(LS, resident of Tangerang)

LS's behavior during the incubation period at home increased the likelihood of virus transmission. Activities
such as singing and receiving phone calls with high intonation produced a substantial number of droplets,
which, along with coughing and sneezing, further exacerbated the risk of transmission. Several studies have
demonstrated that a range of activities—including coughing, sneezing, breathing, and speaking—can release
large quantities of respiratory droplets that can remain in the air or settle on surfaces such as tables, TV remotes,
and other commonly touched items [19][20]. During the incubation period, C1 and C2 shared the same
bedroom for several days. Despite C1’s subsequent hospitalization, transmission from C1 to C2 occurred,
followed by transmission to C3 and C4. This likely happened because C1 and C2 used the same equipment
and stayed in close proximity before C1 was PCR-confirmed positive. Prolonged cohabitation in a confined
space with an infected person significantly amplifies the risk of transmission [3].

The renovation undertaken in 2002 at LS's residence converted the previously open space at the rear of the
house into built-up areas. This expansion had adverse effects on both the ventilation and lighting systems.
Specifically, it resulted in poor airflow and restricted natural light from entering the rooms.

Q: How would you describe your home?

A: "It's quite closed off. The door is only located at the front, and natural light is limited, primarily coming
through the glass windows at the front. There is a small opening in the kitchen for ventilation, but both the
middle and master bedrooms lack natural light. All the spaces are shared by the entire family."

(LS, live in Tangerang)
Q: Is there any natural lighting in the house?

A: "Only the front bedroom and part of the living room receive natural light. The openings are few, and only
limited light enters those rooms. Some rooms depend entirely on artificial lighting."

(LS, live in Tangerang)

The layout of LS's house reveals that the only available opening for fresh air to enter is through the main door
at the front of the house, with limited airflow in the middle and rear sections of the house. Additionally, a small
opening in the kitchen space is one of the few areas allowing for air circulation. These limitations in ventilation,
combined with poor natural lighting, compromise the indoor air quality, which could contribute to viral
transmission. Research has found that a cough can produce approximately 3,000 droplets, and a sneeze can
release up to 40,000 droplets [21]. In such enclosed spaces, these droplets can remain suspended for extended
periods. Transmission between individuals in indoor settings has been described, with an incubation period
ranging from 2 to 10 days at room temperature [22]. Certain coronaviruses, including SARS-CoV-2, can
survive on surfaces for up to 28 days, especially in cooler temperatures [23]. Smaller droplets may linger in
the air, potentially contaminating surfaces or floating in the atmosphere. Studies also show that SARS-CoV-2
can survive in aerosol form for up to three hours after being expelled into the air, with survival duration
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decreasing at temperatures above 30°C [24]. The persistence of these particles on surfaces is influenced by
various factors such as aerosol properties, airflow, and specific virus characteristics [25].

This figure 4 highlights the limitations in the house's ventilation and lighting systems. LS’s home, particularly
the bedrooms and other interior spaces, suffers from poor natural ventilation and insufficient light penetration.
With limited openings for fresh air to enter and a lack of cross-ventilation, the air quality inside the house is
compromised, which could contribute to viral transmission. Additionally, the reliance on artificial lighting
indicates a lack of natural light sources, further exacerbating the indoor environmental conditions. These
conditions are significant in explaining the increased risk of transmission of airborne viruses such as SARS-
CoV-2.

Lighting Ventilation

Space Natural  Artificial  Natural  Artificial

Guest and Family Room
Bedroom (Front)
Bedroom (Middle)
Bedroom (Back)

Dining Room

Kitchen

Toilet

Figure 4 Room, lighting and ventilation

Q: How would you describe the condition of your bedroom?

A: "Our bedroom is located at the back of the house with a small window leading into the dining
room. It lacks natural lighting, has poor ventilation, and relies on an air conditioner for cooling.”

(LS, resident of Tangerang)

C1's behavior during the incubation period—such as coughing, breathing, and speaking loudly on the phone—
likely contributed to the transmission of the virus, as droplets and aerosols could adhere to nearby surfaces,
including shared equipment and household items. The relatively confined living conditions may have worsened
this risk. Transmission risk is heightened by factors such as high occupancy, long exposure durations, loud
vocalizations, and poor ventilation [26]. According to the interview, several rooms, such as the back bedroom,
bathroom, and dining room, were shared by C1 and C2 on a daily basis, which, combined with long durations
of use, increases the likelihood of viral transmission. Research supports this, showing that toilets—often used
frequently during the pandemic—may contribute to aerosol transmission if not used correctly [27]. Moreover,
C1’s movement through the home likely contributed to particle transmission across surfaces, with viruses
documented on items such as sink faucets and shower handles [28].

This figure 5 illustrates how various spaces in LS's home are frequently shared by multiple family members.
During the pandemic, the family spent considerable time in close proximity within the same rooms, such as
the bedroom, dining room, and bathroom. These shared spaces, coupled with long durations of use and poor
ventilation, created an environment conducive to the transmission of SARS-CoV-2 among family members.
The lack of isolation spaces further contributed to the spread of the virus within the household.

Use of Space Together

Space
pa Never Rarerly Regularly Frequently

Guest and Family Room
Bedroom (Front)
Bedroom (Middle)
Bedroom (Back)

Dining Room

Kitchen

Toilet

Figure 5 Use of space together
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During the incubation period, prior to the PCR test, C1 still had interactions with neighbors in the open space
in front of the house.

Q: Did C1 continue activities outside the home?
A: "Yes, | spent time outside in front of the house with some neighbors, wearing a mask."

(LS, resident of Tangerang)
Q: What can be concluded from this?

A: "After | (C1) was diagnosed, a few days later all my family members (C2, C3, and C4) tested positive,
while the neighbors who met me outdoors did not get diagnosed in the laboratory."

(LS, resident of Tangerang)

The meeting that took place in an open space with good air circulation and natural light during the day did not
result in transmission. This suggests that the open-air environment with natural ventilation may have reduced
the likelihood of transmission, in contrast to the confined indoor spaces where the family members spent much
of their time.

Sustainable Housing : Lesson Learn From Case

As COVID-19 continues to circulate, the pandemic has forced many individuals to adapt by conducting daily
activities at home, including work and learning. Research underscores that a healthy indoor environment plays
a critical role in minimizing the spread of the virus, with airflow being one of the most significant factors
impacting air quality. The home, once solely a place of comfort, is now also expected to act as a space that
provides both safety and adaptability to the ongoing pandemic. The future family home will need to be more
resilient and better equipped to meet evolving needs in response to public health challenges [29][30].
Residential spaces and their design transformations need further exploration to provide updated guidelines for
future architectural practices, enhancing overall quality of life.

From the case of the LS family, which became the first documented family cluster in their area, we see that
certain behaviors and space organizations can significantly impact viral transmission. Aerosols and droplets
generated by speaking, singing, and sharing equipment, all within confined spaces such as the master bedroom,
dining room, kitchen, and toilet, facilitated rapid virus transmission. These conditions were compounded by
poor natural lighting, inadequate ventilation, and frequent use of shared spaces, further exacerbating the risk
of infection [31][32]. Figure 6. Lighting, Ventilation, and Use of Space highlights the critical role that lighting,
ventilation, and effective space organization play in reducing the spread of airborne pathogens. Inadequate
ventilation and lighting systems, common in many urban homes, can create environments conducive to viral
transmission. The case study of LS demonstrates how these environmental factors, coupled with frequent
sharing of spaces by multiple family members, increased the likelihood of widespread infection.

Lighting Ventilation Use of Space

s
pce Artificial | Artificial | Frequently

Guest and Family Room
Bedroom [Front)
chdn:u:-m [Back) i
iDining Room i
Kitchen
E{:ilet

Figure 6 Lighting, ventilation and use of space

The pandemic has created new challenges and led to innovations in how residential spaces are conceived.
Human behavior has adapted to these new conditions, with a growing focus on health and well-being as integral
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elements of the built environment [33][34]. As remote work and learning become the norm, new adaptations
in space design have emerged, such as the addition of hand-washing stations outside homes [33]. When
conventional methods fail, technology plays a crucial role, and residential spaces must incorporate health and
safety features, including touchless technologies and systems that prevent overcrowding and air recirculation
[34][35]. Research indicates that well-designed ventilation systems can reduce the risk of airborne
transmission, and housing designs should prioritize access to green spaces and flexible layouts that promote
both physical distancing and enhanced air circulation [36]. Architectural design must also address several key
considerations, including optimal window placement, lighting levels, the design of bedrooms to improve air
quality, living rooms with a focus on natural ventilation, access to nature, and space layouts that allow for
physical distancing and prevent overcrowding [37][38]. In this context, architects must consider the spatial
configuration of homes, emphasizing the importance of balconies and open spaces that promote better air
quality and physical distancing [39].

To further adapt residential spaces to pandemic conditions, several recommendations emerge. First, every
home should include at least one bedroom designated for self-isolation purposes. Ideally, this room should be
equipped with its own bathroom and have direct access to outdoor space to prevent contamination of common
areas. Research shows that isolation spaces are crucial for reducing transmission risks [40]. Additionally,
providing access to private sunbathing areas can support the healing process, as sunbathing has been shown to
boost immune function [41]. The LS family adapted by relocating their living room to an area with better air
circulation and natural light, which helped minimize transmission risks by improving environmental quality.
Research also highlights the importance of shared spaces, such as bathrooms and toilets, which can be high-
risk areas for viral transmission. Improper use of toilets, particularly in poorly ventilated areas, can promote
aerosol transmission [42].

4, Conclusion

The findings of this research align with previous studies that have explored the dynamics of virus transmission
in residential settings. This research highlights that transmission is most prevalent in indoor environments,
particularly when individuals share living spaces for extended periods. In the case of the LS family, the design
of the home played a significant role in facilitating transmission. Key factors that contributed to this include
inadequate ventilation, which poses a high risk for the spread of airborne pathogens; insufficient natural
lighting, which can exacerbate poor air quality; and the frequent use of shared spaces such as bathrooms, which
are essential but can increase the likelihood of aerosol transmission. Additionally, the absence of designated
isolation rooms meant that infected family members were unable to separate from others, increasing the
potential for virus transmission within the household. These findings underscore the need for improved housing
designs that prioritize ventilation, natural lighting, and the ability to self-isolate to better prevent the spread of
infectious diseases in the future.
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