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Preventing the spread of
COVID-19 through
environmental design in Thai
community hospitals

Tanut Waroonkun and Supuck Prugsiganont*

Faculty of Architecture, Chiang Mai University, Chiang Mai, Thailand

The unprecedented outbreak of COVID-19 has had a tremendous negative
impact on healthcare facilities, especially public hospitals. Thai community
hospitals serve as primary care for COVID-19 patients. However, many
hospital buildings were constructed in the 1990s and are now becoming
outdated. Community hospitals faced many difficulties during the Thailand
COVID-19 outbreak. To identify these difficulties this study focused on the
physical settings of the community hospital's outpatient departments (OPD)
between 2020 and 2021. Furthermore, the study provided design suggestions
for preventing the spread of respiratory infectious diseases. The study used a
three-step process of data collection. The first was to observe the physical
settings of the OPD buildings of the three hospitals. Secondly, interviews were
conducted with thirty healthcare employees: 11 from the first hospital, 11 from
the second hospital and 8 from the third hospital. Interviews were transcribed
and analyzed using content analysis. Subsequently, the architectural design was
produced based on observation and interview analysis. In the third step, the
same thirty participants evaluated the architectural design through a focus
group. Findings from the interviews led to four themes: 1) factors leading to the
accumulation of pathogens, 2) measures for preventing the spread of
respiratory diseases, 3) the effect of patient numbers on virus transmission,
and 4) suggestions for improving the physical setting of OPDs. The analysis of
the four themes led to the preliminary design recommendation, which was
evaluated through a focus group, leading to suggestions for the improvement
of thirteen areas. The analysis results showed that the participants were satisfied
with the architectural design with additional minor recommendations. This
study provided originality for the implementation and future development of
hospital layout designs that can prevent the spread of COVID-19 throughout
Thai community hospitals.
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1 Introduction

The outbreak of the unprecedented COVID-19 pandemic led
to a large influx of hospital patients (Soria et al., 2021). According
to the Center for Disease Control and Prevention (CDC)
statistics, the COVID-19 virus has affected more than five
hundred million people worldwide, causing almost six million
deaths (Centers for Disease Control and Prevention, 2022a).
Analogous to the world COVID-19 situation, Thailand reports
that there were more than five million COVID-19 cases with
thirty thousand deaths (Thailand Ministry of Public Health,
2022). These the
healthcare facilities, especially government-owned hospitals.

figures have overwhelmed country’s
Community hospitals, which are located in every district of
Thailand, including the rural areas, act as gatekeepers
providing outpatient medical treatments. During the COVID

outbreak, the whole community hospital infrastructure was

10.3389/fbuil.2022.947211

overwhelmed with a high number of patients, causing hygiene
and safety standards to become a priority in every hospital.
However, the current hygiene standards are outdated and the
hospitals were not prepared for the spread of unprecedented
respiratory infectious diseases, leading to low-efficiency services
in the hospitals (Waroonkun, 2018).

Community hospital (OPD)
buildings were constructed following the Thai Ministry of
Public Health building standard no. 3130 (Figure 1); most of

the buildings were built in the 1990s. A recent study conducted

outpatient department

by Waroonkun (2018) revealed that most community hospital
OPD buildings are obsolete and require rebuilding or renovation.
The study also demonstrated that most of the buildings have been
through multiple renovations without considering the hygiene
standards that would have helped in preventing the spread of
COVID-19 (Thailand Ministry of Public Health, 2017; Thailand
Ministry of Public Health, 2020). However, it is not possible to
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Overall layout of no. 3130 standard.
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demolish and rebuild a new OPD building due to the limited
budget of the community hospitals.

Based on building standard no. 3130 (Figure 1) we divided
the architectural plan into four zones as follows:

Zone 1

Support area: General storage area of sub sterile equipment, film
storage, dark room, clean corridor, control room for X-ray.
Clinical area: Operation, X-ray, delivery room.

Staff area: Doctor and nurse lounge.

Zone 2

Support area: Cashier, dispensary, medicine storage room, health
promotion room, waiting area.

Clinical area: Laboratory, examination room

Zone 3

Support area: Waiting room for the dental clinic, wheelchair
storage, restroom.

Clinical area: Dental clinic, first aid

Zone 4

Support area: Hall entrance, waiting area, registration, storage,
information, restroom.

Clinical area: Examination room

This paper focuses on answering the following research
questions: 1) What are the physical problems affecting the
community OPD building’s environment? 2) How can a user-
focused design approach improve the physical environment of
OPD buildings to prevent the spread of COVID-19? Furthermore,
the outcome of the user-focused design was developed into
the
prevention and spread of respiratory infectious diseases. The

hospital design recommendations concentrating on
study was conducted in three community hospitals: Mae Wang,
Doi Saket and Saraphi hospitals. All three OPD buildings share
the 3130 building standard and have been through many
renovations. Observation of the OPD buildings, in-depth
interviews and focus groups with medical staff were used as

the main source of data collection.

2 Literature review

2.1 Evidence-based design of hospital
facilities

Research conducted in recent years related to the planning
and design of healthcare facilities has evolved, emphasising
hospital user needs and experiences (Page, 2020; Singh and
Lillrank, 2022). Singh and Lillrank (2022) stated that the
design of hospital facilities used to stress the function of
healthcare provision but neglected patient needs and
experiences. However, with the rise of evidence-based hospital
design, the design process has shifted from hospital function to

patient and medical staff needs.
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The term Evidence-based design (EBD) refers to “the
deliberate attempt to base building decisions on the best
available research evidence to improve outcomes and monitor
the success or failure of subsequent decision-making” (Malkin,
2008). In terms of hospital facilities design, the EBD concept can
be defined as “the design process, which is guided by an empirical
understanding of the effect of the healthcare’s physical
environments on safety, efficiency and clinical outcomes”
(Hamilton and Watkin, 2009; Ulrich et al., 2008). Therefore,
the term EBD can be simplified as implementing the research
findings, from the study of a hospital’s built environment, to
develop hospital designs that can improve patients’ and users’
health outcomes. (Hamilton, 2003; Ulrich et al., 2008). Malkin
(2008) described that in some respects, it can be said that the
concept of a healing environment has evolved into EBD, but it is
mainly in the area of reduction of stress in patients and staff.
Therefore, the term healing environment refers to creating/
designing a hospital’s physical environment to reduce patients’
stress levels and improve their clinical health outcomes and well-
being (Huisman et al., 2012; Ulrich et al.,, 2004).

In the past 20 years, the EBD research into hospital facilities has
developed, where the concept focuses mainly on safety enhancement,
visual environment, audio environment, staff and doctor space
features, patient room features, wayfinding and navigation (Fay
et al, 2016; Prugsiganont and Waroonkun, 2021). However, with
the outbreak of the COVID-19 pandemic, infection prevention and
hygiene have become some of the most concerning aspects affecting
hospital facilities (World Health Organization, 2022b).

Recently, a user-focused design approach has been adopted
as a crucial tool to collect empirical data for EBD studies (Bate
and Robert, 2006; Fronczek-Munter, 2016). Fronczek-Munter
(2016) explained that a user-focused design approach prioritizes
user needs and brings user experience to hospital designers,
optimising the design outcome.

2.2 Review of OPD building’s
environmental design

Studies conducted in past years emphasizing hospital
buildings and OPD areas are described in the research of
Pilosof (2021), Miedema et al. (2019), and Gulwadi et al.
(2009). In their research on hospital buildings and healthcare
promotion in outpatient buildings, they identified the following
design features:

o Meet the international hospital standards, which include
improving accessibility and navigation, providing air
ventilation systems, maintaining an appropriate level of
noise, controlling infection and increasing patient privacy.

o Prioritize a patient-centred approach, which includes
improving communication between medical staff and
patients, and offering access to greenery and arts.
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 Provide building flexibility, where the building can be
expanded and developed due to changes in medical
technology.

Based on studies that focus on hospital buildings and OPD
areas, we can conclude that the factors influencing the hospital’s
environment services, the built

physical are operation

environment and hospital design standards.

2.3 Hospital evaluation approach

This study emphasized user-focus design, where building
observation, in-depth interviews with medical staff and focus
groups were used as the main source of data collection. For the
OPD buildings observations, we implemented post-occupancy
evaluation (POE) as a tool for data collection. POE has been
defined as the process of obtaining feedback on a building’s
performance in use (Center of Health Design, 2015; Preiser et al.,,
2015; Van der Voordt and Van Wegen, 2005). A user-focused
approach was employed for data collection related to medical staff
opinions. A user-focused approach is equivalent to POE in as much
as they both aim to improve future building design using some form
of input from intended users (Waroonkun, 2020). To further
analyze the study, a focus group was used to evaluate the
preliminary design recommendation, which was created based on
the medical staff’s in-depth interview analysis. A focus group refers
to an interview with a small selection of people, chosen from
predefined demographic traits and experiences (Edmunds, 1999).
In this study medical staff were recruited for the focus group.

2.4 Hospital design preventing respiratory
infection

Current evidence suggests that COVID-19 is an infectious
respiratory disease, where the virus can be transmitted through
the air and droplets. Airborne viruses can transmit to patients
through dust (smaller than 5 Micron), in which some viruses can
merge with small particulate matter. Airborne viruses can linger
in the air for long periods and travel considerable distances.
Viruses can also spread through droplets larger than 5 microns.
However, the droplet will only last in the air for a short period
and can only travel a short distance (in the range of 1 m). Actions
causing droplet diffusion include sneezing, talking and coughing
(World Health Organization, 2022).

In the case of a respiratory tract infection epidemic or
pandemic, the Centers for Disease Control and Prevention
(2022b) and the Thailand Ministry of Public Health (2020)
have provided the following guidelines:

« Building management approach: this includes, a separate area
for the respiratory clinic from the general clinics; an online

Frontiers in Built Environment
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application service for patient intake, registration, queueing
system and appointments; the installation of handwashing
basins and alcohol gel in every waiting area; the provision of a
zero-touch medicine prescription and payment system.

Respiratory patient screening: this includes providing a
screening point for patients with respiratory symptoms; the
separation of operating rooms from general operating rooms
for high-risk patients, who can generate aerosols; the
separation of hospital staff workspaces from patients.
Moreover, open-source web-based software can also be
used in the COVID-19 screening process. The studies by
Parajuli et al. (2020) and Ghimire et al. (2021) provided a tool
for COVID-19 risk management, where the tool (www.covira.
info) is designed to collect personal risk assessment (address,
age, existing health condition, any current symptoms,
exposure to infected persons). The collected data is later
processed to provide COVID-19 risk and mitigation
measures for end-users in the form of a map and risk card.

Infection control mandate: medical masks are mandatory
for patients and medical staff. A social distance of 1 m is
enforced in every area. A combination of natural and
mechanical ventilation systems need to be utilised to
create high-efficiency ventilation. A HEPA filter (High-
Efficiency Particulate Air) is recommended as the
mechanical ventilation system (Tang and Li, 2021).
service surface (doorknobs,

Clean hospital areas

staircases and chairs) at least twice a day.

3 Methodology

The study employed a qualitative design with three steps of
data collection.

Step 1: This first step was a physical setting observation (we
employed walk-through observation) where data was collected
through photographs and architectural building plans
(Fronczek-Munter and Prugsiganont, 2018; Geng et al., 2021;

Pilosof, 2021).

Step 2: In this step in-depth interviews were conducted with medical
staff in the three community hospitals (Denham et al., 2018).

Step 3: In the final step a focus group was convened with the
same medical staff from the in-depth interviews (Kvande et al.,
2017; Telhede et al., 2022). Figure 2 illustrates the overall research
design in this study.

3.1 Case descriptive

Building observation was conducted as the first step of
empirical data collection through POE and walk-through

frontiersin.org
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STEP 1 STEP2

Medicall staff interview
11 Mae wang Hospital
11 Doi Saket Hospital
8 Saraphi Hospital

OPD building observation
the three hospitals
Mae wang Hospital
Doi Saket Hospital
Saraphi Hospital

FIGURE 2
Diagram illustrates the overall research design in this study.

observation methods. This section provides a general overview of
the three community hospitals, which illustrated in Table 1
(general overview of the three case description).

3.2 Participants

The second and third steps of the study included 30 participants
who worked as medical staff in the three community hospitals in
Northern Thailand: 11 from Mae Wang hospital, 11 from Doi Saket
hospital and 8 from Saraphi hospital. The term medical staff used in
this study refers to six medical doctors, thirteen nurses and thirteen
supportive medical staff.

The participant ranged in age from 22 to 60 years, and
professional experience as medical staff varied between 5 months
and 30 years. The participants were identified and recruited by the
head nurse of each hospital. The head nurses selected the
participants who worked day shifts during the outbreak of
COVID-19 in 2021. A preliminary request for participation was
distributed together with written information about the aim of the
study including interview questions and the consequences of being
included. Interested participants left their name and contact
information with the head nurse, who in turn provided the
information to the researcher. All participants who received
information through text messages or e-mail from the researcher
agreed to participate in the interview and focus group.

3.3 Data collection

The three-step procedure of data collection was conducted as
follows:

3.3 1 Data collection step 1: OPD building
observation

The observation of the three OPD hospital buildings was
conducted between July and August 2021. Data were collected
regarding the current physical setting of the OPD hospital
buildings by implementing a walk-through observation as a
data collection tool, focusing on building function and layout

Frontiers in Built Environment
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STEP 3

Focus group of the
same participants
evaluating preliminary
of design
recommendation

Design recommendation
Preventing spread of
Covid-19

(Hansen et al., 2011; Prugsiganont and Jensen, 2019). In this step
of data collection, the researcher walked around the three OPD
buildings with medical staff due to hospital safety rules. Data
were also collected through photographs and architectural plans.

3.3.2 Data collection step 2: Medical staff
interviews

Data from semi-structured interviews were collected
between September and October 2021. The term “semi-
structured interview” refers to “a context in which the
interviewer has a series of questions that are in the general
form of an interview schedule but is able to vary the sequence
of the questions” (Bryman and Bell, 2011). The researcher and
the participants planned a meeting for an interview during the
participants’ working hours. Before the interview, the
researcher confirmed that the participant had received
written information about the study and understood what
it meant to participate, that the study was voluntary and that
they could drop out at any time without consequences. At the
physical meeting prior to the interview, a written consent form
was obtained from the participant. An interview guide with
semi-structured open-ended questions was used to ensure the
reliability of the short interviews (Blouin et al., 2011). The
interview questions were asked consecutively. The interview
questions were: Can you express your opinion on the OPD
building, which includes the exterior and interior physical
environment? Can you also express your opinion about the
protocols or guidelines on the preventive measures taken for
respiratory diseases and how the protocol or guidelines affect
the hospital layout or physical environment? Can you express
your opinions on the relationship between OPD layout and
medical services? Can you express your opinions on the current
layout and design of outpatient clinics? Lastly, can you express
your opinions on the current protocol for preventing the
the OPD areas? The
interviews lasted between 20 and 50 min. All interviews

accumulation of pathogens in
were conducted on premises near the workplace and were
digitally then ethical
consideration. Chiang Mai University Research Ethics
Committee, CMUREC 64/138, approved the study.

recorded and transcribed for
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3.3.3 Data collection step 3: Focus group

Step 3: consisted of three focus groups. Bryman and Bell (2011)
described the focus group technique as ‘a method of interviewing
that involves more than one, usually at least four, interviewees’.
However, there is a distinction between a focus group and group
interview techniques. In other words, with a focus group, the
researcher will be interested in such things as how people
respond to each other’s views and build up a view outside of
the interaction that takes place within the group.

Participants recruited for Step 3 were the same participants
from the medical staff interviews as they were expected to be
especially informative to the study (Saunders et al,, 2016). The
focus group was conducted to further develop the design
recommendation (Kevern and Webb, 2001; Rasmussen and
Jensen, 2020). The preliminary design recommendation was
created through the analysis of OPD buildings observation
and interviews with medical staff. The focus group convened
in January 2022, and the duration of the focus group meeting was
between 20 and 60 min. The three focus group interviews were
audio-recorded. The preliminary design recommendation was
presented to the three focus groups, after which participants
discussed and evaluated it, suggested changes, or pointed out the
need for clarifications of the design recommendations based on
their practical experiences. Based on the feedback, the
preliminary design recommendation was further developed.

3.4 Data analysis

Empirical data were analysed in three steps. Data obtained
through Step 1, OPD building observation, were analysed using
architectural planning, where photographs taken of each area
were used to emphasize the details of the plans. Data were
collected regarding the current physical setting of the three
OPD hospital buildings.

Furthermore, data obtained in Step 2, medical staff
interviews, were analyzed with qualitative content analysis
(Anaker 2019; Corbin and Strauss, 2015). The
researcher listened to the audio recording and re-read the

et al,

transcript several times. Then the transcribed interviews were
discussed in the research group. The text was then divided into
meaning units and abbreviated into condensed meaning units.
The condensed meaning units were abstracted and labelled with a
code. The units of meaning were coded by searching for the
that indicated OPD building
The codes
reviewed, discussed in the research group and then condensed

important

key phrases

environmental problems. were revised and
into categories and sub-categories. Examples of meaning units,
condensed meaning units, codes, subcategories, and categories

are shown in Table 2. Data obtained from the Step 3 focus group,
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were transcribed, and the process of analysis was similar to
Step 2.

4 Findings
4.1 Building observation

Overall planning of the three hospitals was based on the “no.
3130 planning standards” provided by the Thai Ministry of
Public Health. Figures 3-5 provide details of Mae Wang
hospital, Doi Saket hospital and Saraphi hospital. Yellow
highlighted areas are the renovated areas where the function
has been changed. White highlighted areas are the areas where
the function remained the same as the original planning. Red
highlighted areas are the extension areas of the hospitals.

When considering each building layout, we can see that the
first hospital (Mae Wang hospital) has retained most of its
original 3130 planning, whereas the third hospital (Saraphi
hospital) has undergone considerable changes and expansion
from its original planning. Table 3 provides an evaluation of each
zone of the three hospitals:

The results of the observation indicated that the three
hospital buildings lacked building flexibility. The OPD
buildings were built based on the 3130 standard, which
neither supports future development nor change in medical
services and patient needs. The observation also showed that
each hospital room does not provide building flexibility
components for any expansion or reduction. The flexibility
component is achieved by modifying the physical form of the
building; by joining, splitting, extending, and merging spaces
(Estaji, 2017). For example, the original planning does not
provide a blood-sampling area, which is a requirement for
primary medical processes. The hospital solved the problem
by an ad-hoc use of plastic partitions in front of the
laboratory due to the difficulty of building modification
(traditional construction). Moreover, the laboratory does not
provide a restroom with an emergency shower. These
observation results aligned with the study conducted by
Pilosof (2021) (provided in Section 2.2 review on OPD
building physical environment design), where the study
pinpointed the necessity of hospital building expansion and
development due to changes in medical technology.

4.2 Interviews

Four themes were derived from the medical staff’s interviews
regarding their experiences of the physical setting of the OPD
buildings during the outbreak of the COVID-19 pandemic.

The themes were
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TABLE 1 General overview of the three case description

Doi Saket Hospital

10.3389/fbuil.2022.947211

Saraphi Hospital

General Mae Wang Hospital

information

Location Mae Wang district, Chiang Mai Thailand

Founded 1992 1996
Provided service for Mae Wang, Mae Chaem and Doi Lo districts  Doi Saket
people

Patient bed 30 60
Employee 127 150
Serving population 40,000 50,000

Hospital webpage https://www.maewanghospital.go.th/

TABLE 2 Example of the interviews content analysis used in this study.

Meaning units

Several entrances lack screening areas. Patients with respiratory disease
infections can enter the hospital building

Factors leading to accumulation of pathogens, (medical staff
ascertained that physical settings can lead to accumulation
of pathogens, especially COVID-19),

o Measures to prevent respiratory disease (medical staff
described protocol measures before and during the
pandemic outbreak),

Effects of patient number on virus transmission (medical
staff believed that patient number has an impact on the
transmission of COVID-19),

Guidelines for improving the physical setting of outpatient

clinics (medical staff expressed suggestions for building
design to improve the physical setting of OPD building).

4.2.1 Theme 1: Factors leading to the
accumulation of pathogens

The medical staff maintained that the physical setting of the
OPD building can influence the transmission and accumulation
of respiratory infectious diseases, with the building’s interior and
exterior playing the most important roles.

For the building exterior, the medical staff added that the
three hospital OPD buildings have several entrances without

Frontiers in Built Environment

Doi Saket district, Chiang Mai Thailand

https://www.doisakethospital.go.th/

Condensed meaning Codes
units

Several entrances

07

Saraphi district, Chiang Mai Thailand
1967

Saraphi Chaing Mai and Umong Lamphun

60
222
55,000

http://www.sarapeehospi-tal.go.th/

Subcategories Category

Entrances  Opening of doors, windows and  Building

entrance exterior

screening areas. The doors and windows are unsuitable (they
mostly have wooden frames and louvre windows) and dust can
access the building easily, with a high chance of accumulating
pathogens.

For the building interior, the medical staff described the
three hospitals as having poor ventilation systems, especially
in restroom areas. The hospital installed fans at the main
entrance, which is not suitable for hospital ventilation as
germs can spread easily. Moreover, there are too many
pieces of furniture close to each other, especially the
waiting area seats, which makes them difficult to clean. The
medical staff added that the hospitals used terrazzo-flooring
material, which accumulates dust easily and is difficult to
clean.

4.2.2 Theme 2: Measures to prevent respiratory
disease

The medical staff said that the three hospitals had different
protocols, which can be divided into pre-pandemic and during-
pandemic protocols. In the pre-pandemic protocol, none of the
three hospitals took any preventative measures. During the

frontiersin.org
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Plan of Mae Wang hospital

outbreak of the COVID-19 pandemic, all three hospitals issued
five mandates for disease prevention.

Daily meetings. The hospitals have to arrange daily
meetings with infection control teams as a prevention
protocol.

Mouth masks. The staff at the three hospitals are required
to use mouth masks in all areas.

Social distancing. One meter of social distance is
mandatory.

Partitioning with clear plastic shields. Partitions should be
installed at screening areas, nurse stations and blood
sampling areas.

Cleaning. Every area should be cleaned with disinfectant
twice a day. There is an intense cleaning day once a month,
provided by a cleaning company.

4.2.3 Theme 3: The effect of patient numbers on
virus transmission

The medical staff explained that a high number of patients
has a negative impact on respiratory infection prevention. They
added that respiratory infectious diseases can transmit easily in
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crowded areas through the air and airborne droplets. The
medical staff reported that the daily average number of
150 and
300 people. The service time that each patient usually spends

patients in the three hospitals was between

was around 60-90 min (from registration to leaving the hospital).
However, the time would be longer if there is a complicated
medical procedure (X-ray, lab test).

4.2.4 Theme 4: Suggestions for improving
the physical setting of OPDs

The medical staff also made suggestions for improving the
physical setting of the OPD buildings, which can be categorized
into four main areas.

o Overall building. Staff strongly suggested that the hospitals
should improve ventilation systems by reducing the use of
fans and installing negative pressure, high-efficiency
particulate filter systems (HEPA). The medical staff also
added that the hospitals should increase incoming natural
light and provide screening areas at every entrance and exit.
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FIGURE 4
Plan of Doi Saket hospital

o Support area. The medical staff expressed that the
should
examination area. Moreover, the hospital should add

hospital remove the restroom from the
a medical staff corridor at the back of the examination
rooms. Changing rooms should be located in every OR,
delivery room, and X-ray area with a negative pressure
system.

Clinical area. The medical staff suggested that the hospitals

should build a permanent acute respiratory infection clinic
(ARI clinic) outside. They added that the hospitals should
install sliding doors and windows. The medical staff in Doi
Saket hospital added that the hospital should remove the
dental clinic from the OPD building. The staff also
suggested that the hospitals should install negative
pressure and an emergency shower in the laboratory.
The hospitals should also create privacy by providing
separate rooms in the blood sampling area.

o Staff area. The medical staff also suggested that the
hospitals should provide a washbasin in every staff
room and provide a separate staff restroom.

Frontiers in Built Environment

The interviews with the medical staff indicated that there was
a lack of user involvement during the expansion and renovation of
the three hospitals. Analysis of the medical staff interviews
especially in theme 1 (factors leading to accumulation of
pathogens) and theme 4 (suggestions for improvement of the
physical setting of the OPDs) signified that there are many
physical setting problems. Furthermore, details in theme
1 and theme 4 are also aligned with the OPD buildings
observation. Based on the interview analysis, the participants
pinpointed many physical problems (in almost every area). These
problems resulted from a lack of implementation of the users’
opinions during the design process, including the renovation and
expansion process.

4.3 Focus group

The third part of data collection, the focus group,
evaluated the preliminary design recommendations created

through building observation and the medical staff
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Plan of Saraphi hospital

interviews. Three focus groups, formed from the same
participants, the
recommendations. They also shared their opinions to

interview evaluated design
further develop the design. Analysis data obtained from
the focus group were briefly described in the “13 areas”,
where Figure 6 provides a new layout of no. 3130 standard.
The design recommendations consist of three aspects which
are management, building design and space management.
Management referes to hospital management concerning
patients safety in relation to respiratory infection control.
Building design represents indoor and outdoor environment
includes air ventilation, lighting and building material. Space
management refers to functional flexibility that can improve
clinical efficacy. Details of the new layout plan and each area
are described as follows:

Area 1 is the overall building interior and air conditioning
systems.

Furniture and covering material should not contain narrow
a warm tone colour is

openings and

recommended. Sliding doors and windows should be installed

sharp corners,

for better maintenance and ventilation. Variable Refrigerant
Flow (VRF) or central air system is mandatory for the OPD
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D Original Function

building. Positive pressure with an air purifler is also
recommended.

4.3.1 Support area

Area 2 is the entrance and exit. Separate entrance and exit
areas are needed, the entrance should be located at the front of
the building while the exit should be located at the back - barriers
should be installed at the exit with specific opening hours.
Screening areas should be located at every entrance, and an
entrance air curtain is advised.

Area 3 is the registration area. The social security office and
registration area should be located close to each other. The area
should be open and easy to clean, and online registration is
suggested.

Area 4 is the patient restroom. The side exit to the outside
patient restrooms should be closed. The restroom needs
improvement with ventilation and the provision of a handicap
restroom.

Area 5 is the waiting area and nurse station. A single seat is
recommended to be placed in the waiting area in place of row
seats, providing distance between patients. Wheelchair and
stretcher access needs to increase. Air extraction should be
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TABLE 3 OPD building observation of the three hospitals.
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Zone Hospital 1: Mae Wang Hospital 2: Doi Saket Hospital 3: Saraphi
1 Support area: storage room, restroom, social security ~ Support area: waiting area, nurse station, storage Support area: restroom, changing room, storage
office, x-ray film storage clinical area: delivery room,  room, restroom clinical area: operating room, area of ~ room clinical area: operating room, gynaecology
x-ray, x-ray staff office, ultrasound staff area: ER support operating theatre, ultrasound, obstetrics clinic, delivery room, x-ray, and x-ray staff office staff
nurse room clinic, Thai traditional medicine clinic staff area: staff ~ area: ER nurse brake room, doctor brake room
break room
OB Poor ventilation because the storage areas, located on  Poor ventilation because the area has been renovated ~ The overall area lacks natural daylight and
the edge of the building, block the ventilation of all ~ and divided into small rooms. The area includes a  ventilation, especially the staff area and restroom
the rooms located in the middle areas (x-ray, staff ~ Thai traditional medicine clinic, operating room, that are located almost in the middle of the building.
office, ultrasound, ER nurse room, social security and obstetrics clinic. The waiting area, located in the ~ Lack of ventilation and daylight can cause the
office) corridor, connects the old OPD building to the new  accumulation of pathogens
one. People using the waiting area are prone to dust
and can be infected with pathogens
2 Support area: cashier, waiting area. Clinical area: Support area: cashier, waiting area, restroom Clinical ~ Support area: cashier, waiting area Clinical area:
examination room, blood-sampling area, laboratory, ~ area: examination room, blood-sampling area, blood sampling area, laboratory, pharmacy. Staff
pharmacy. Staff area: pharmacist break room laboratory, pharmacy. Staff area: pharmacist break  area: pharmacist break room, laboratory staff break
room room
OB Overcrowded especially in the waiting area. The The waiting area is overcrowded. Lack of privacy in ~ The waiting area is small and the seats are placed
blood sampling area has a tremendous lack of the blood sampling area. The laboratory and close to each other (less than 1 m). Lack of privacy in
privacy as the area is located in front of the pharmacy sections are small and loaded with a the blood sampling area as the area is located near
laboratory. There is a large clutter of tools and clutter of equipment. The hospital provides seven  the waiting space. The laboratory is cramped with
equipment inside the laboratory and pharmacy examination rooms, causing a high number of equipment and located close to the hospital parking
section. The entrance lacks a screening area patients in the waiting area lot, where car exhaust fumes can penetrate the
laboratory
3 Clinical area: postpartum room, emergency room, Clinical area: examination room and dental clinic.  Clinical area: emergency room, postpartum room
gynaecology clinic Staff area: dental staff breakroom
OB The postpartum room is located too close to the front ~ The zone requires space relocation. The dental clinic =~ The ER lacks privacy as the room is located close to
entrance, the room is exposed to dust and public needs to be removed from the OPD building due to  the main entrance, windows of the ER have to stay
areas the poor air conditioning system of the current clinic ~ closed. The postpartum clinic is located near the
entrance, the area is exposed to dust
4 Clinical area: examination room, consultation Clinical area: examination room. Support area: a Clinical area: examination room Support area:
section. Support area: registration area, medical registration area, medical record room, restroom, registration area, nurse station, waiting area,
record room, handicap restroom, restroom, waiting  and waiting area. Staff area: head nurse office restroom, and handicap restroom
area, and exit to the patient restroom
OB The exit to the patient restroom has no patient The waiting area is overcrowded and the medical The waiting area is overcrowded. The restroom is
screening process. The medical record storage room  record storage room is a cluttered area. Restrooms, unhygienic due to lack of ventilation, medical staff
is a potential source of germs due to the clutter of  which are located near the head nurse’s office are  and patients share the same restroom. The nurse
documents unhygienic station and registration area also provide a screening
process for respiratory infected patients, which can
lead to a high chance of infection among patients and
staff
EA Patients restroom, respiratory restroom, and medical ~ The front of the building has expanded into a dental ~ The front part of the building has expanded into a

record storage room were extended

*OB- observation; EA - extension area.

clinic, an examination room, a medical record room,
a head nurse’s office, and restrooms. The rear of the
building has expanded into a shop, a medicine
storage room, a medical staff panty, and a specialized
haematology clinic, ARI clinic

screening area, a wheelchair storage area, an
information centre, and a registration room. The
rear of the building has expanded into an acute
respiratory infection (ARI) clinic

installed in the ceiling windows together with insect screens. The
nurse station should also install plastic screens.

4.3.2 Clinical area

Area 6 is the examination room. All three hospitals should
provide 4 examination rooms, where one room provides
equipment for the gynaecology clinic. Restrooms should be
removed from the examination

rooms, except for the

Frontiers in Built Environment

gynaecology clinic. A corridor should be provided at the back
of examination rooms.

Area 7 is the laboratory and blood sampling area. Separate
areas for the laboratory and office zone are needed and the
laboratory should provide a small pass box. The laboratory zone
should have two exits in case of emergency with UV lights also
restrooms should be provided with an emergency shower and
ventilation system. A separate room needs to be provided at the
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FIGURE 6
New layout of no. 3130 standard.

blood sampling area for privacy, with space for wheelchair and
stretcher access.

Area 8 is the pharmacy and cashier. To provide more working
space for staff the pharmacy needs to reduce the amount of
medicine and merge the area with the cashier section.

Area 9 is X-ray and ultrasound. More space should be created
in the X-ray area by removing the developing room and restroom
and replacing them with a changing room. In Doi Saket hospital,
dental radiographs should be installed in the x-ray area and the
ultrasound should be located next to the ER to increase medical
flow efficiency.

Area 10 is the OR, delivery room, antenatal and postpartum
room, these three areas should be connected due to function and
air conditioning system. Clean and dirty zones need to be created,
where the clean zone is semi-sterile. The OR needs to be moved
closer to the ER. The size of the delivery room, antenatal and
postpartum rooms need to be decreased, due to low case
numbers. Also, the antenatal and postpartum rooms need to
be relocated to the back of the building.

Frontiers in Built Environment
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Area 11 is the emergency room. This room needs to increase
in size due to the high number of cases. Also, a separate entrance
to the ER from the OPD building needs to be installed. Specific
access for respiratory infected patients needs to be created at the
ER entrance. Patient beds should be moved closer to the nurse
station, so nurses have a clear vision of patients. Provide a clear
zone of observation and cardiopulmonary resuscitation (CPR)
area. Increase storage area and clean zone and provide handicap
restroom.

4.3.3 Staff area

Area 12 is the medical staff break room. Break rooms should
be provided for all medical staff including medical doctors,
nurses, pharmacists and supporting staff. Rooms should
connect to the clinical area.

Area 13 is the staff restroom. X-ray film and document
storage rooms need replacing with a staff restroom.

The focus group provided useful information and insights
that supported the design recommendations. Data obtained from

frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2022.947211

Waroonkun and Prugsiganont

TABLE 4 Comparison between 3130 standard and each community hospital plan.

Plan 3130 (Figure 1)

Zone 1

Poor layout design blocks airflow and
access to natural daylight. For example, a
room that requires sunlight (doctor and
nurse lounge) is located in the middle of
the area while storage areas that do not
require daylight are located on the edge
of the building

Zone 2

Overall layout design suitable for
function use. Most of the rooms support
the clinical area

Hospital 1:Mae Wang
hospital (Figure 3)

The layout has slightly changed, and poor
ventilation is still a major concern. Our
findings from observation and interview
theme 1 (factors leading to accumulation
of pathogens) are aligned and pinpoint
that poor layout design can lead to
accumulation of pathogens

Although the layout design was suitable,
the area does not support long-term use
and lacks flexibility (PilosofEstaji, 2017;,
2021). The area had expanded due to a
high number of patients and changes in
medical technology and treatments.
Observation results are supported by
interview findings theme 2 (preventive
measurement for respiratory disease) and
theme 3 (the effect of patient number on
virus transmission) due to the high
number of patients in the waiting area

Zone 3

Overall layout design is suitable for
use except for the dental clinic and its
waiting area which are unrelated to
outpatient treatments

Zone 4

Overall layout design is suitable.
However, the information centre can be
combined with the registration area.
Lack of handicap restroom

The hospital removed the dental clinic
and replaced it with gynaecology and
postpartum clinics, which are more
suitable for OPD treatments. The
observation results are supported by
interview findings presented in theme 4
(suggestions for improvement of the
physical setting of the OPD)

Overall layout design is adjusted for
suitable function. A handicap restroom is
added. Observation results are supported
by interview findings presented in
theme 4

Hospital 2: Doi
Saket hospital (Figure 4)

The layout has changed to match new
medical treatments and the high demand
of patients, thus poor ventilation is a
major concern. The hospital removed the
medical staff lounge and replaced it with
an extra waiting area. An obstetrics clinic
was added next to the ultrasound room.
Our observation findings are aligned with
interviews theme 1 (factors leading to
accumulation of pathogens) and theme 3
(the effect of patient number on virus
transmission)

The overall layout has not changed;

however, the back part of the hospital has
been extended to support medical staff.
The waiting area also expanded. A major
concern is the overcrowded waiting area,
which is supported by theme 3 (the effect
of patient number on virus transmission)

Overall layout design does not change.
The hospital keeps expanding the dental
clinic and adding more examination
rooms. A major concern is still poor air-
conditioning system, which aligned with
interview theme 1 (factors leading to
accumulation of pathogens)

The layout of the area has not changed
except for more waiting seats in the area

10.3389/fbuil.2022.947211

Hospital 3: Saraphi
hospital (Figure 5)

The layout has not changed, where lack of
airflow and daylight is a major concern,
which is supported by theme 1 (factors
leading to accumulation of pathogens)

The layout has not changed. The
laboratory has been expanded and the
back part of the building has been
extended to the ARI clinic. A major
concern is overcrowding, which is
supported by theme 3 (the effect of
patient number on virus transmission)
and theme 4 (suggestions for
improvement of the physical setting of
the OPD)

The original layout has slightly changed,
only the postpartum room replaced the
dental clinic. However, this zone of the
hospital has tremendously expanded into
to support area because of a high number
of patients, which aligned with theme 3
(the effect of patient number on virus
transmission) and theme 4 suggestions
for improvement of the physical setting of
the OPD)

The hospital split waiting areas into two
zones and place part of the area at the
main entrance because of the high
number of patients. The registration area
moved to the centre of the OPD building,
which aligned with theme 3 (the effect of
patient number on virus transmission)
and theme 4 (suggestions for
improvement of the physical setting of
the OPD)

instance, Bate and Robert (2006) and Fronczek-Munter (2016),

the focus group was aligned with the preliminary design
guideline; no significant changes nor suggestions were added
during the focus group discussion. Opinions exchanged among
the medical staff provided insight and useful recommendations
for the overall planning of the three hospitals as well as for each
hospital. For example, the medical staff from Doi Saket hospital
recommended moving the dental clinic closer to the ER.

The results from the interview and focus group aligned with
the user-focused, design approach literature (presented in
Section 2.1 Evidenced-based design for hospital facilities). For
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stated in their studies that a user-focused design approach can

help to optimize the design outcome and improve building

quality.

5 Discussion

The analysis of the building’s observation and the interviews

aided in creating preliminary design guidelines, which were
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evaluated by the three focus groups. The discussion section
provided answers to the research questions as well as
reflections on the OPD no. 3130 building standard.

(1) What are the physical problems of community OPD
buildings?

Findings analysis pinpointed the underlying problems in the
community hospital OPD buildings. The major problem is a lack of
management and space management leading to physical problems.
Moreover, findings were compared with layout no. 3130 standard,
which highlighted specific problems presented in Table 4. The
analysis of both the observations and interviews indicated a lack
of efficient management, which can lead to a high number of
patients, as presented in “Theme 2” (preventive measurement for
respiratory disease) and theme 3 (the effect of patient number on
virus transmission). The observation and the interview analysis of
“themes 2 and 3” are supported by the literature in Section 2.4
(hospital design preventing respiratory infection), which states that
the implementation of an IT service can help improve hospital space
as well as reduce the number of patients (the Thai Ministry of Public
Health, 2017). The IT service includes a risk management tool. This
means the hospital can use web-based or mobile phone applications
to manage a large number of patients and thus decrease the chance
of COVID-19 infection (Chatterjee et al., 2020; Parajuli et al., 20205
Ghimire et al., 2021). Moreover, implementing an IT service can
help manage the space of particular areas (e.g., patient record room)
and help distribute the number of patients in the waiting areas. The
analysis of the interviews also revealed poor hospital space
management, where certain areas are no longer in use (e.g.,
X-ray film storage room, delivery room) while several areas are
needed (e.g., handicap restroom, blood sampling area). However,
interviews concerning “theme 4” (suggestions for improving the
physical setting of OPDs) provided useful information for
rearranging hospital space based on medical staff opinions.

From the information provided in “Table 4”, specific building
problems can be identified. In zone 1, the main concern is poor
layout design, where small rooms located at the edge of the building
block air ventilation and daylight. In zones 2 and 3, the major
concern is a lack of area flexibility and the spacial arrangement of the
clinic making it unsuitable for OPD treatments. In zone 4, the
problem is the lack of implementation of user needs in the building
layout. Overall, specific problems might occur due to the lack of user
involvement during the no. 3130 design process. When considering
interview findings, ‘theme 3’ (effect of patient number on virus
transmission) has the most decisive effect on the physical problem of
the buildings.

(2) How can a user-focused design approach improve the OPD
building with the aim of preventing the spread of COVID-19?

The user-focused design approach is an effective and
successful technique, but needs to be used with a critical
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mindset - the literature in Section 2.1 (Evidence-based design
for hospital facilities) and 2.3 (Hospital evaluation approach)
covered the topic of user-focused design. The approach is used as
a tool to collect data from users to improve building design. The
user-focused approach in the design process provides the
designers with an opportunity to create a design based on
2008; 2016).
However, the approach should be used with consideration,

user needs (Alexander, Fronczek-munter,
which means the approach should not be used with inflated
expectations. Furthermore, all involved parties (medical staff and
hospital designers) should share the same understanding and
expectations (Prugsiganont and Waroonkun, 2021). This
the

involvement in the three community hospitals, which resulted

“discussion” began by referencing lack of user
in several physical environment problems. However, after data
collection analysis the study demonstrated the importance of
user involvement in design implementation, an approach which
needs careful deliberation. Based on the study’s findings, positive
design recommendations have been formulated. From the
medical staff interviews and focus group analysis, it was found
that the result align with the literature that emphasises user-
focused design (Prugsiganont and Waroonkun, 2021; Fronczek-
Munter, 2016). Positive design can be delivered successfully
when the involvement of designers and users is managed
effectively (Fronczek-Munter, 2016). The study showed that
the collaboration of the medical staff contributes to the
hospital design process by providing insights that lead to
positive design outcomes. User involvement is important and
it is a core principle for a user-focused design approach but
different users need to be involved in the various stages (Fogarty
and Cronin, 2008). Findings from this study yield that the
medical staff can pinpoint specific OPD building problems
(Fogarty and Cronin, 2008), which are mentioned in Section
4.2 (interviews) and 4.3 (focus group), providing safety and
comfort for the patient and COVID-19 prevention.

Preventing the spread of COVID-19 through the experience of
medical staff. The interview data showed that before the
pandemic outbreak none of the hospitals applied respiratory
virus prevention protocol, which is presented in theme 2
(measures to prevent respiratory disease). Even though during
the outbreak the hospitals had implemented the Thai Public
Health protocol, the protocol was not effective due to the poor
physical condition of the buildings. A major concern is poor
ventilation and lack of natural daylight, presented in the no.
3130 standard layout. Observation and interview findings
showed that currently the hospitals use fans to ventilate the
rooms. The study by Huang et al. (2021) revealed that fan-
assisted natural ventilation may increase respiratory infection
risks because a viral plume can spread upward and downward,
driven by buoyancy forces and natural wind. Moreover, too many
room panels lead to poor airflow. When comparing the hospitals’
current ventilation to CDC quality standards (Centers for
Disease Control and Prevention, 2022b; Tang and Li, 2021) it
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was found that the hospital should increase its natural airflow
and install a mechanical ventilation (HEPA filter) system. The
findings were supported by the literature in Section 2.4 (hospital
design preventing respiratory infection).

Design suggestions from the observation and interview
analysis were evaluated through the focus group. The
recommendations from the focus group were subsequently
incorporated into the 13 areas for development (presented in
Section 4.3 focus group). It was found that recommendations
from the medical staff were not only aimed at preventing the
spread of COVID-19 but also focused on holistically improving
the whole OPD building physical environment. The suggestions
can be categorized into management, space management and
design recommendations. The obtained information can be used
to optimize hospital design, especially for community hospitals.
The findings are aligned with the literature on EBD (Section 2.1)
and hospital evaluation (Section 2.3).

The findings of this study shared similarities with previous
studies that focused on infection prevention of COVID-19 in
healthcare facilities. The studies conducted by Emmanuel et al.
(2020) and Shepley et al. (2021) recommended several significant
factors that can help prevent the spread of viruses. These
recommendations include: 1) social distancing, 2) enhancing
natural ventilation, 3) improving airflow and use of HEPA filters,
4) enhancing sunlight, 5) minimising multiple entrances into public
additional
infrastructure or garages for emergency use, 7) implementing a

areas, 6) implementing flexible areas such as
thorough cleaning protocol, 8) implementing online patient
registration and 9) implementing the use of sensors to reduce
contact of frequently touched surfaces, such as a door handle.

Although there are similarities in findings between this study
and previous studies, the researchers believe that this study
provided more insightful design recommendations that can be
specifically used in Thai community hospitals. The designs can
be adopted or modified for more specific healthcare facilities
including centres of excellence, oncology centres etc.

6 Conclusion

The conclusions are discussed related to the two main study
objectives. The first objective of this study was to identify the
difficulties faced by the community hospitals during the Thailand
COVID-19 outbreak between 2020 and 2021 by focusing on the
physical settings of outpatient departments (OPD). It was found
that the major cause of the difficulties was the lack of
management and space management.

The lack of management created a high number of patients.
This issue can be improved by implementing an IT service, which
can help reduce the number of patients. Moreover, using a web-
based or mobile phone application risk management tool can
help manage patient numbers. The problem of inadequate space
management stemmed from the lack of building flexibility and
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poor layout. The hospitals had expanded without considering the
users’ needs. A combination of these factors led to building
inefficiency; therefore, the hospital could not properly prevent
the spread of COVID-19. To solve the building problem and
prevent the spread of COVID-19 the hospital can implement a
user involvement approach during the design process.

The second objective was to provide design suggestions for
preventing the spread of respiratory infectious diseases. The
suggestions  for  design improvements are split in
recommendations for each area in the no. 3130 layout (13 areas).
This study showed that medical staff are greatly concerned about the
physical environment of hospital buildings. Suggestions to improve
the physical environment of the 13 areas came through user
involvement and evidence-based design that is covered by
literature. The recommendations were categorized into three
aspects, which are equally important and intertwined. The first
This
implementing thorough cleaning protocols, implementing IT

category is management. includes social distancing,
service and implementing sensors on frequently touched surfaces.
The second category, building design, includes enhancing natural
ventilation and daylight, especially in waiting areas and restrooms,
minimizing entrances into public areas, improving airflow and using
HEPA filters. Finally providing area flexibility would facilitate space
management.

However, the study also yielded recommendations that are
specific to Thai community hospitals. Such recommendations
include the installation of gynaecology and obstetric clinics, a
large laboratory, a large ER, a blood-sampling area and a
handicap restroom. Moreover, the ARI clinic should be
located outside the OPD building. Lastly, a dental clinic is not
suitable for an OPD building.

Hospital policymakers should ensure the ambition to
integrate building flexibility, user involvement, management
and space management during the design process. At present,
most Thai community hospitals go through a renovation process
without any specific research. This study indicated there is a need
to pay more attention to user involvement rather than individual
bureaucratic decisions.

7 Limitations and implications

The study provides insights for design recommendations for
Thai community hospitals. However, it also demonstrates the
limitations. First, the study was qualitative, whereas a
quantitative approach should be integrated to increase the
study’s validity. The study was conducted only in the
Northern part of Thailand; other developing countries from
South East Asia should be considered for further study.
Second, the number of medical staff recruited for this study
was limited to only 30 participants. Although there were three
building observations and three focus groups (providing
opportunities for triangulation), it is difficult to generalize the
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findings as this is the nature of a qualitative study (Creswell and
Poth, 2015). It is advised to recruit a higher number of
participants, including operational staff or facility managers,
for more insightful recommendations.

The study contributes to five literature topics, including
hospital facilities design, evidence-based design for hospital
facilities, OPD building physical environments, hospital design
evaluation approach and hospital design preventing respiratory
infection. Furthermore, this study provides additional practical
tools and propositions. First, user involvement for improving the
hospital’s physical environment. Second, the future development
of hospital physical environmental design that can prevent the
spread of COVID-19 in Thai community hospitals. The study
also contributes to the future development of community
hospital design where the renovation can be adjusted based
on the allocated budget and the context of the specific hospital.
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