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This research aims to explore the factors related to the physical environment in outpatient departments (OPD) that influence the hospital design process in public hospitals in Thailand after the COVID-19 pandemic. Additionally, it seeks to establish design guidelines for preventing respiratory diseases. This is a qualitative study involving 50 participants, including 20 medical personnel and 30 patients and their relatives, based on the Clinic Design Post-Occupancy Evaluation Toolkit. Data collection was conducted in three stages: (1) observing the physical environment using a checklist derived from the Clinic Design Post-Occupancy Evaluation Toolkit, (2) conducting surveys using the Analytic Hierarchy Process (AHP) questionnaire, and (3) interviews to assess impacts on mental health and the prevention of airborne respiratory diseases. The AHP ranking results indicated that issues concerning space screening, furniture arrangement, ventilation, recreational reception areas, lighting, and space layout are concerns expressed by medical personnel, patients, and their relatives in the outpatient departments of both buildings. Thematic analysis of focus group discussions among medical personnel, patients, and their relatives identified three main factors and two design recommendations to help prevent the spread of COVID-19 and respiratory disease: (1) Improving the outpatient waiting area environment to reduce the spread of infectious diseases. (2) Enhancing space management and screening processes.
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1 INTRODUCTION
The COVID-19 pandemic, which began in 2020, has severely impacted healthcare systems worldwide, with a total of 4.7 million reported cases and approximately 34,000 deaths in Thailand (Soria et al., 2021; Cheung, 2020; World Health Organization, 2022a; World Health Organization, 2022b). This crisis has forced hospitals to urgently adapt their building designs to prevent the spread of the virus and create environments that promote the wellbeing of hospital users (Thai Health Coding Center, 2021; Waroonkun and Prugsiganont, 2022; Mhalla, 2020). Hospitals are high-risk environments for the accumulation and transmission of infectious diseases, particularly respiratory illnesses (Health-care administration, 2021). In response, hospitals in Thailand must comply with the Thai Healthcare Accreditation Standard (Thai Health Coding Center, 2021) to prevent the spread of infectious diseases while ensuring safety and wellbeing for all users. As COVID-19 has now become an endemic disease, hospital design must effectively address this reality, incorporating adaptability for future outbreaks (Health-care administration, 2021).
According to the data, the COVID-19 outbreak situation in Nakhon Si Thammarat province still requires continuous monitoring and control (Thai Health Coding Center, 2021; Waroonkun and Prugsiganont, 2022; Mhalla, 2020; Health-care administration, 2021; Amos et al., 2020). During 2023–2024, the number of infected individuals increased by 468, which is considered high for this province. The infected patients are spread across 19 districts, with Mueang District reporting the highest number of cases at 278, followed by Tha Sala District with 37 cases and Pak Phanang District with 21 cases. Notably, Tha Sala District has shown a continuous increase in infections. The latest data from September 2023 indicates that the number of cases in this district continues to rise, with up to 19 new cases recorded in a single day. As a result, public health authorities are closely monitoring the situation while preparing tertiary hospitals in the district to accommodate the increasing number of patients (Thailand Ministry of Public Health, 2020).
Walailak University Medical Center Hospital serves as a central hub for providing highly complex medical services and accommodates a large number of users. As a result, the study and development of design approaches for this hospital are crucial for improving the quality of medical services and preventing future disease outbreaks, in line with the preparedness policies of public health authorities (Thai Health Coding Center, 2021; Waroonkun and Prugsiganont, 2022; Mhalla, 2020; Health-care administration, 2021; Amos et al., 2020; Thailand Ministry of Public Health, 2020). However, a review of the relevant literature and previous studies reveals that most research has focused on the design and renovation of hospitals in major urban areas or tertiary-level hospitals located in resource-rich provinces such as Bangkok or other provinces with large medical centers. In contrast, Nakhon Si Thammarat Province, despite experiencing a continuous increase in COVID-19 cases and playing a crucial role in providing medical services to the upper southern region of Thailand, still lacks in-depth studies that address the specific local context. This includes both the physical challenges faced by hospitals and the design approaches that respond to the post-COVID-19 situation. This gap is particularly evident in tertiary-level institutions such as Walailak University Medical Center Hospital, which possesses unique characteristics as a provider of medical services as well as a hub for health-related research and education (Thai Health Coding Center, 2021). The aforementioned knowledge gap, combined with the ongoing need for vigilance regarding disease outbreaks in Nakhon Si Thammarat Province, underscores the importance of systematically developing hospital spaces—particularly in outpatient departments (OPDs), which serve as high-traffic areas and potential hotspots for disease transmission. These spaces must be carefully examined to identify physical environmental challenges that may hinder effective infection control and the promotion of wellbeing. Accordingly, this study aims to:
	1. To examine the physical environmental issues of the outpatient department (OPD) at Walailak University Medical Center Hospital in the post-COVID-19 period.
	2. To establish guidelines for designing respiratory disease prevention measures.

The case study focuses on the outpatient building of Walailak University Medical Center Hospital. These objectives lead to the following research questions.
	RQ1: Does hospital building design contribute to reducing the spread of COVID-19?
	RQ2: What are the design guidelines to prevent the spread of COVID-19 and promote wellbeing in public tertiary hospitals?

This study aims to address the challenges of the healthcare system after the COVID-19 outbreak by balancing infection control measures with the enhancement of user experience in hospitals in a sustainable manner.
2 LITERATURE REVIEW
2.1 Space design
2.1.1 Concepts on the healthcare service system
The healthcare service system encompasses medical and public health services aiming at health promotion, disease prevention, diagnosis, and treatment (West, 2020) In Thailand, healthcare facilities are categorized into three levels: primary, secondary, and tertiary care. As of now, there are a total of 38,512 healthcare facilities in the country, comprising 13,364 public healthcare facilities (34.7%) and 25,148 private healthcare facilities (65.3%) (Thai Health Coding Center, 2021). When considering the size and capacity of medical services, it is found that primary healthcare facilities account for a total of 37,857 establishments, representing 98.3% of all healthcare facilities. The remaining 664 facilities (1.7%) fall under secondary and tertiary care. Among these, 294 facilities (0.7%) are public hospitals under the Ministry of Public Health, local administrative organizations, state enterprises, and the Bangkok Metropolitan Administration. The other 370 facilities (0.9%) are private hospitals (Ministry of Public Health, 2016). The number of public healthcare facilities has proven insufficient to meet the demand for patient care in certain regions, particularly during the COVID-19 pandemic. When compared to Thailand’s population of over 66 million, the availability of only 13,364 public healthcare facilities equates to approximately one facility per 5,000 people. This disparity becomes even more pronounced when considering secondary and tertiary hospitals, of which there are only 294 across the country. Such figures underscore the strain placed on the healthcare system during public health emergencies. The rapid increase in patient numbers, inversely proportional to the limited availability of healthcare facilities, significantly impeded efforts to control the spread of COVID-19 (Thai Health Coding Center, 2021). This highlights the lack of adequate facilities to handle patient surges. The inverse relationship between the high number of patients and the limited number of healthcare facilities has made it challenging to control the spread of COVID-19 (World Health Organization, 2022a; World Health Organization, 2022b; Waroonkun and Prugsiganont, 2022).
2.1.2 The outbreak of respiratory infectious diseases including COVID-19
Over the past 5 years (2020–2024), respiratory infectious diseases—particularly COVID-19—have had a profound impact on global public health. According to the World Health Organization (WHO), more than 7 million deaths worldwide have been attributed to COVID-19 during this period. Notably, over the past two decades, there has been a rise in the number of viral outbreaks capable of spreading through airborne droplets or contact with bodily fluids from infected individuals (Centers for Disease Control and Prevention (CDC), 2014; 2023). The spread of respiratory infectious diseases, such as COVID-19, influenza, and severe acute respiratory syndrome (SARS), has demonstrated the ability of viruses to cause widespread outbreaks. This highlights the necessity of coordinated efforts among various sectors to control the disease effectively (Thai Health Coding Center, 2021; Waroonkun and Prugsiganont, 2022). In order to control the spread of the virus and reduce the potential impacts on society as a whole, patients within hospitals and healthcare personnel are considered high-risk groups for exposure to respiratory infectious diseases, including COVID-19, due to their close proximity to infected patients (Amos et al., 2020).
2.1.3 Hospital waiting area
The waiting area in hospitals is a crucial component of the healthcare system, especially in outpatient departments. It serves as the first point of contact for patients with infectious diseases such as COVID-19 and respiratory illnesses, necessitating screening procedures to separate these patients from those with general conditions (Thailand Ministry of Public Health, 2020; West, 2020; Ministry of Public Health of Thailand, 2016; Centers for Disease Control and Prevention (CDC), 2023). The environment of such areas can significantly impact patient satisfaction and their emotional wellbeing. Previous research has shown that appropriate waiting area design helps reduce stress, creates positive experiences, and prevents the spread of infections (Akanbi et al., 2017). A well-designed environment in waiting areas, such as space screening, furniture arrangement, lighting, color, sound, and efficient space utilization, can reduce patient anxiety and decrease the risk of infections within hospitals (Ulrich et al., 2004; Ulrich et al., 2008; Beauchemin and Hays, 1996). It also helps reduce the likelihood of patient dissatisfaction regarding waiting times (Douglas and Douglas, 2004).
2.2 Space management
2.2.1 Evidence-based design
Evidence-Based Design is a design approach based on the use of data and scientific evidence in planning, developing, and evaluating the impact of design on users. Especially in the context of healthcare settings, Evidence-Based Design is widely recognized as playing a significant role in promoting healthcare quality and improving the environment to suit both patients and medical staff (Hamilton and Watkins, 2009).
The concept of Evidence-Based Design can be defined as a ‘design process’ that guides empirical understanding of the impact of the physical healthcare environment on safety, efficiency, and clinical outcomes (Hamilton and Watkins, 2009; Beauchemin and Hays, 1996; Blomkvist et al., 2005; Malkin, 2008). The application of EBD not only improves the quality of life for patients but also supports medical staff in performing their duties more effectively. Additionally, evidence-based design helps reduce long-term costs by lowering accident rates and health issues in healthcare settings (Ulrich et al., 2008; Beauchemin and Hays, 1996; Douglas and Douglas, 2004; Hamilton and Watkins, 2009).
2.2.2 Post occupancy evaluation and clinic design
2.2.2.1 Post-Occupancy Evaluation toolkit
Post-Occupancy Evaluation (POE) is a crucial process for analyzing and assessing the use of a building after construction and occupancy, especially in the context of clinic design. POE plays an important role in determining whether the building environment meets the needs of users appropriately, in terms of actual use, work efficiency, and user satisfaction (Ulrich et al., 2008; Preiser and Vischer, 2005; Verderber and Refuerzo, 2006; Zimring et al., 2010). The Post-Occupancy Evaluation Toolkit is designed to support data collection and analysis. The POE process consists of three stages: Indicative POEs, which are preliminary assessments to identify problems; Diagnostic POEs, which involve detailed analysis of issues and causes; and Investigative POEs, which are in-depth evaluations to find solutions and recommendations that can be used to improve design or management (Zimring et al., 2010; Turpin-Brooks and Viccars, 2006). The POE process covers various dimensions: 1. Data collection, both quantitative and qualitative, such as surveys, user feedback, and observations. 2. Design and space utilization analysis, such as the flexibility of space and management of personal areas. 3. Resource management, such as evaluating energy use and building materials (Gifford, 2007; Gilby et al., 2006; Preiser, 2001; Preiser, 1995).
2.2.3 Analytic hierarchy process
The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making (MCDM) method used to prioritize and select the best alternatives in complex situations. This concept was developed by Thomas L. Saaty in 1980. The AHP calculation relies on pairwise comparisons to assess the relative importance of criteria and alternatives. This process helps make decision-making more structured and transparent (Saaty, 1980) The AHP calculation process can be summarized as follows:
	1. Hierarchy Construction: Establishing a hierarchy to reflect the structure of the problem.
	2. Pairwise Comparison: The decision-maker compares criteria or alternatives in pairs using a relative scale of 1-9 defined by Saaty (e.g., 1 = equally important, 9 = most important). The resulting data is organized into a matrix.

Example matrix for three criteria:
A=1a12a131a121a231a131a231
	3. Calculation of Relative Weights
	4. Consistency Check: AHP uses the Consistency Ratio (CR) to check whether the comparisons are consistent. It is calculated by:

CR=CI / RI
where CI = (λ_max - n)/(n - 1) and RI is the Random Index.
CR ≤ 0.10 indicates consistent comparisons.
	5. Synthesis of Option Scores:

The relative weights of the criteria and the scores of the options are multiplied together to find the total score for each option (Saaty, 1980; Ramanathan, 2001).
3 METHODOLOGY
3.1 Research design
This study was conducted using a qualitative research methodology, incorporating a three-step Post-Occupancy Evaluation (POE) process for data collection. The three steps include observation, questionnaires, and focus group discussions, as illustrated in Figure 1 of this article. The details of each step are as follows:
	• Step 1: Walk-through observation This process is widely recognized in architectural and design research (Waroonkun and Prugsiganont, 2022; Geng et al., 2021; Pilosof, 2021; Fronczek-Munter and Prugsiganont, 2018). Observation allows researchers to directly understand the context of the study area. Data were collected through photography to document architectural elements in detail and architectural plans to analyze spatial structure and functional layout. This process provides clear physical data, serving as a crucial foundation for analyzing the impact of building design on users.
	• Step 2: AHP base-survey Based on the Analytic Hierarchy Process (AHP) theory, this step is designed to efficiently collect data for identifying decision-making criteria and prioritizing factors in complex research studies. It also enhances the effectiveness of designing and developing spaces (Saaty, 1980; Guilemany et al., 2011; Gulwadi et al., 2009).
	• Step 3: Focus Group Discussion This step involved focus group discussions with medical personnel, patients, and their relatives in the outpatient department. It was designed to provide participants with the opportunity to exchange opinions and discuss potential solutions. Specifically, the discussion focused on the suitability of space design for preventing the spread of respiratory diseases, including COVID-19. This method enhances in-depth understanding through collaborative discussions, particularly on issues that remained unclear from the survey in Step 2 (Kevern and Webb, 2001; Kvande et al., 2017).

[image: Flowchart illustrating three steps of Post-Occupancy Evaluation (POE). Step 1: Indicative POEs with walk-through observation. Step 2: Indicative POEs with in-depth interviews following the Analytic Hierarchy Process. Step 3: Investigative POEs with focus group discussion. Final output is design guidelines for environments to reduce the spread of disease.]FIGURE 1 | Diagram illustrates the overall research design in this study.3.2 Case description
The first step of this study involved observing the indoor environment, with data collected through walk-through observation. This process was conducted in two outpatient department buildings: Building B: Orthopedic Clinic, Surgery and Aesthetic Clinic, and Rehabilitation Medicine Clinic. Building D: General Medicine Clinic, Internal Medicine Clinic, Otolaryngology (ENT) Clinic, Obstetrics and Gynecology Clinic, and Pediatrics Clinic. Both buildings are located at Walailak University Medical Center Hospital, a tertiary hospital that serves as a medical hub for the upper southern region, offering highly specialized services and accommodating a large number of users. It has the capacity to support up to 426 patient beds. The design of the outpatient departments in both buildings can be divided into three main functional areas as follows. Figure 2 illustrates the overall layout of both buildings:
	1. Waiting Area (Blue) includes the history-taking areas, the waiting areas and the nurses’ stations.
	2. Clinical Area (Purple) including the examination rooms.
	3. Support Areas (Light Orange) including the hospital corridors, restrooms, elevators, stairs, and emergency exits.

[image: Floor plan of a medical facility showing two floors with designated areas. The first floor includes a general clinic, internal medicine clinic, ENT clinic, and orthopedic clinic. The second floor houses obstetrics and gynecology clinic, pediatric clinic, surgical clinic, and rehabilitation medicine clinic. Colored areas indicate waiting, clinical, and support sections, with boundaries marked for Building B and D. A key plan and scale bar are provided.]FIGURE 2 | Floor plans of the outpatient building.3.3 Participants
This study aims to examine the physical environment of the outpatient department (OPD) at Walailak University Medical Center Hospital in the post-pandemic period of respiratory infectious diseases, including COVID-19. The focus is on the differences in the usage and context of all outpatient departments to identify design strategies that can help prevent the spread of diseases.
The second and third data collection phases included questionnaires and interviews with medical personnel, patients, and patients’ relatives. This part of the study involved 50 participants, consisting of 29 users from Building D and 21 users from Building B. Participants were between 18 and 70 years old and had direct experience using the studied facilities. In the initial phase, participants were provided with information about the study’s objectives. Subsequently, questionnaires were distributed, followed by interviews to gather additional data on various environmental factors. This study received ethical approval from the Human Research Ethics Committee of the Institute of Research and Innovation Promotion for Excellence, Walailak University (Approval Code: WU-EC-AR-1-313-67).
3.4 Data collection
The data collection process was conducted in three phases as follows:
3.4.1 Phase 1: Walk-through observation
Observation of the outpatient department (OPD) across eight clinics was carried out between September and October 2024. Data on the current physical environment of the outpatient department was collected through walk-through observation, including photographic documentation and time-stamped records of space usage. The focus was on building layout and functionality (Prugsiganont and Jensen, 2019). In this phase, researchers conducted walk-through observations across all eight clinics in the outpatient department, accompanied by medical personnel, following the hospital’s safety regulations.
3.4.2 Phase 2: AHP-based survey
The questionnaire was designed to record the prioritization of various physical environmental factors. The survey items were adapted from the checklist factors identified in Phase 1, allowing for a comparative analysis of their importance. The questionnaire consisted of 21 items. The questionnaire was designed to compare factors in pairs. Respondents took approximately 10–15 min to complete the survey, rating each pair on a scale from 1 to 9: Score 1: Both factors are equally important. Score 9: The evaluated factor is significantly more important than the other. The factors were categorized into three main groups, with each group containing sub-factors that were paired for comparison, as shown in Table 1.
TABLE 1 | Comparison of each factor pair.	Primary factor	The weight of importance in comparison	Subsequent factor
	Exceeds		Less than
	Surrounding Environment	Very important		important		Significantly greater		Moderate		Equal		Moderate		Significantly greater		important		Very important	Surrounding Environment
	1. Lighting	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Air quality
	2. Lighting	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Acoustics
	3. Lighting	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Ambient air
	4.Air quality	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Acoustics
	5. Air quality	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Ambient air
	6.Acoustics	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Ambient air


	Building Factors	Very important		important		Significantly greater		Moderate		Equal		Moderate		Significantly greater		important		Very important	Building Factors
	7. Space Management	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Toilet
	8. Space Management	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Area Screening
	9. Space Management	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Waste Management
	10. Toilet	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Area Screening
	11. Toilet	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Waste Management
	12. Area Screening	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Waste Management
	13. Recreational Area	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Nature
	14. Recreational Area	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Directional Sign
	15. Recreational Area	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Furniture Layout
	16. Nature	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Directional Sign
	17. Nature	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Furniture Layout
	18. Directional Sign	9	8	7	6	5	4	3	2	1	2	3	4	5	6	7	8	9	Furniture Layout


3.4.3 Step 3: Focus group
Bryman and Bell (2011) describe this technique as “an interview method involving more than one participant, typically at least four.” The emphasis is on interaction and responses to others’ viewpoints. Participants in this stage are the same individuals from the questionnaire phase, as they possess valuable information for the study (Bryman and Bell, 2011; Saunders et al., 2016). The focus group discussions were held between October and December 2024, lasting between 20 and 30 min. The discussions consisted of 12 questions, as shown in Table 2. The sessions were conducted with audio recordings of the conversation. Preliminary design suggestions derived from the analysis of the OPD building observations and questionnaires from medical personnel, patients, and their relatives were presented during the focus group discussions. Participants were able to debate and evaluate these suggestions, offering recommendations for adjustments or providing additional clarifications based on their real-life experiences.
TABLE 2 | Set of questions regarding environmental factors influencing the prevention of disease outbreaks.	Category 1 surrounding environment
	Question number	Question
	1	Do you think the ventilation and air circulation in the waiting area are adequate? If so, in what way?


3.5 Data analysis
Empirical data was analyzed in three steps as follows:
	Step 1: Physical Environment Observation

The data were analyzed using a checklist, architectural floor plans, and photographs taken during the walk-through observations of each area to highlight specific details of the layout. Information was gathered about the current physical environment of the hospital’s OPD, covering all eight clinics, along with additional notes on various areas of the outpatient department (OPD).
	Step 2: AHP based-survey. The questionnaire was analyzed using the analytic hierarchy process (AHP). The results were compared in tables.
	Step 3: Focus Group The interviews were analyzed using content analysis (Waroonkun and Prugsiganont, 2022; Corbin and Strauss, 2015). The researcher transcribed the interviews from the audio recordings and divided the transcript text into meaning units. These units were then abbreviated into condensed meaning units and coded by searching for key phrases related to the physical problems of the OPD buildings. The condensed meaning units were grouped into categories, sub-categories and themes (Erlingsson and Brysiewicz, 2017). Examples of semantic units, concise semantic units, codes, subcategories, and categories presented in Table 3.

TABLE 3 | Example of the interviews content analysis used in this study.	Meaning units	Codes	Subcategories	Category
	Area Screening	Building aspects	Suitability Assessment	Building exterior


4 RESULT
4.1 Building observation
Walk-through observations combined with photography reflect the current physical environment of both outpatient department (OPD) buildings.
Figures 3, 4 illustrate the physical layout of the interior environment within the buildings. The waiting areas, highlighted in blue, include the history-taking zones, general waiting areas, and nurse stations in both buildings, which were arranged after the COVID-19 outbreak. An evaluation of hospital layouts showed that the hospital has set up waiting areas, including its circulation in the middle of the clinic (Figures 3, 4). The circulation connects to the examination rooms of various clinics. However, the waiting area arrangement leads to crowding within the clinics, clinic entrances, and corridors, especially during the morning (8:00 a.m. to 12:00 p.m.). This is due to the insufficient waiting space to accommodate many patients and their relatives. On average, there are about 120–180 patients per day in each clinic, and there is not enough seating available for patients. As a result, most patients have to stand while waiting inside the clinics. The primary issues with the waiting areas include inadequate space allocation, poor furniture arrangement, absence of recreational areas, improper space layout, and insufficient ventilation. Furthermore, several damp corners were identified within the hospital, such as in front of restrooms and elevators, which may serve as potential breeding grounds for pathogens. The lack of queue management has also contributed to congestion in these areas.
[image: Layout shows physical environment inside Building B, with images of waiting areas and clinical spaces on the first and second floors. Right side features a floor plan indicating waiting, clinical, and support areas. Floors include seating arrangements and reception desks, with a scale bar for reference.]FIGURE 3 | Physical environment inside Building B.[image: Interior photographs and floor plans of Building D show various areas on the first and second floors, including labeled waiting, clinical, and support areas. Each photograph corresponds to numbered sections on the floor plan, providing a visual representation of the physical environment inside the building.]FIGURE 4 | Physical environment inside Building D.4.2 AHP ranking findings
This study utilized a pairwise comparison questionnaire to evaluate the relative importance of different factors in all eight clinics. The results were then analyzed using the Analytic Hierarchy Process (AHP), which allowed for the ranking of these factors. The Consistency Ratio (CR) and Consistency Index (CI) were calculated, where the CR must be less than 0.1 to be considered consistent (Saaty, 1980) (Table 4). The results are as follows: Surrounding Environment of Building D. Surrounding environment (SE) CR = 0.02; CI = 0.05 Building Environment (BE) CR = 0.01; CI = 0.08 Interior Environment (IE) CR = 0.02; CI = 0.04 Surrounding environment of Building B (SE) CR = 0.02; CI = 0.04 Building Environment (BE) CR = 0.01; CI = 0.08 Interior Environment (IE) CR = 0.02; CI = 0.06.
TABLE 4 | Comparison of factors in the two buildings.	Environmental factors influencing satisfaction and mitigating the spread of diseases
	Building B	Building D
	Main Factor	Secondary Factor	Eigenvector	Weight	Secondary Factor	Eigenvector	Weight
	SE	Lighting	0.21	5	Lighting	0.34	3
	Air quality	0.29	2	Air quality	0.16	6
	Acoustics	0.06	11	Acoustics	0.07	11
	Ambient air	0.09	8	Ambient air	0.10	9
	BE	Space Management	0.22	4	Space Management	0.25	5
	Toilet	0.07	10	Toilet	0.09	10
	Area Screening	0.45	1	Area Screening	0.43	1
	Waste Management	0.08	9	Waste Management	0.13	7
	IE	Recreational Area	0.25	3	Recreational Area	0.29	4
	Nature	0.04	12	Nature	0.02	12
	Directional Sign	0.18	7	Directional Sign	0.12	8
	Furniture Layout	0.20	6	Furniture Layout	0.39	2


The study found that space screening was the most important factor for patients, their relatives, and medical staff in both clinic groups, with scores of 0.45 for Building D and 0.43 for Building B. The next most important factors for Building B were air quality (0.29) and wayfinding signs (0.25). For Building D, the next factors were furniture arrangement (0.39) and lighting (0.34). This highlights that the physical environment of the building, particularly space screening, is a factor that should be improved to enhance the satisfaction of both users and service recipients. Additionally, this improvement is crucial for preventing the spread of respiratory diseases, including COVID-19.
4.3 Result from focus group
The focus group discussions on physical environmental factors were conducted with two groups: one comprising patients and their relatives, and the other consisting of medical personnel. Each session lasted approximately 20–30 min. Data analysis and categorization led to the identification of one main theme: factors influencing satisfaction and the prevention of respiratory infectious disease transmission, including COVID-19. This main theme was further divided into three subcategories: ambient environmental factors, building-related factors, and interior design factors. From the interviews, factors contributing to the accumulation and spread of pathogens were identified and categorized into three key themes as follows:
4.3.1 Theme 1: Factors leading to the accumulation and spread of pathogens
4.3.1.1 Interior design factors
These include: Recreational waiting areas, natural elements (real), simulated natural elements, signage and wayfinding and furniture arrangement.
	1. Recreational Area–Most users expressed that having designated waiting areas for patients and their relatives outside each department within the OPD building helps reduce congestion in the main waiting area. This, in turn, minimizes the risk of disease transmission in overcrowded spaces, which is a critical factor in the spread of airborne diseases such as COVID-19.
	2. Nature–Most users noted that both real and simulated natural elements have both benefits and drawbacks when it comes to promoting health and preventing the accumulation and spread of pathogens. Proper management and maintenance are essential, such as regular cleaning of simulated natural elements and controlling insect vectors in real natural areas, in order to reduce the risk of infection.
	3. Directional Sign–Most users agreed that directional signs within the hospital help service users and staff navigate quickly and safely. This reduces the gathering of patients in the same area and helps alleviate congestion. This has a positive effect on preventing the spread of pathogens. However, if the directional signs are not designed for easy cleaning or are placed in areas that are frequently touched, they could become hotspots for pathogen accumulation. This increases the risk of transmission through frequent contact with the signs.
	4. Furniture Layout–Everyone agreed that the layout of furniture within the hospital affects the accumulation and spread of pathogens. Properly spaced furniture can help reduce congestion and promote physical distancing.

4.3.2 Theme 2: Space management factors
4.3.2.1 Building factors include
Space Management, Toilet, Area Screening, and Waste Management.
	1. Space Management–Everyone agreed that the layout of the space significantly affects the accumulation and spread of pathogens. A well-planned layout that clearly separates different usage areas, such as designating spaces for patients with respiratory symptoms or ensuring sufficiently wide walkways for social distancing, can help reduce congestion, improve ventilation, and minimize the likelihood of disease transmission.
	2. Toilet–Most users agreed that the toilets are designed with good ventilation and materials that are easy to clean. However, they suggested that an efficient cleaning system and touchless operation would further reduce the accumulation of pathogens and the risk of disease transmission. For example, implementing sensor-based systems for opening and closing water taps or doors can help minimize contact with potentially contaminated surfaces.
	3. Area Screening–Everyone agreed that both OPD buildings have multiple entry points but lack designated screening areas for individuals who may be at risk or showing symptoms of infectious diseases. Suggested measures include temperature checks, ensuring a distance of at least 1 m between patients in waiting or screening areas, the use of face masks, and conducting health assessments and symptom inquiries.
	4. Waste Management–Everyone agreed that, currently, infectious waste is not being separated or stored properly, which could lead to the spread of pathogens from the waste to other areas through contact or airborne transmission.

4.3.2.2 Surrounding environment includes lighting, air quality, Acoustics and Ambient air
	1. Lighting–Both OPD clinic buildings agreed that the lighting is insufficient, which affects work efficiency and functionality. Additionally, incorporating natural light into the buildings can help kill pathogens.
	2. Air quality - Regarding ventilation and cleanliness, both medical staff, patients, and their relatives all agreed that the hospital should have proper air circulation. This includes using both passive ventilation and active ventilation in areas such as corridors, with designs that include openings for airflow. However, within the OPDs, the ventilation system is still inadequate. For example, there is no installation of HEPA (High Efficiency Particulate Air) filters. It is also important to maintain regular cleanliness according to HA (Hospital and Healthcare Standards).
	2. Acoustics and Ambient air–Most users noted that excessive noise and a lack of sound control in the hospital environment can cause stress for both patients and staff. Additionally, high humidity levels in the air can promote the growth of mold and bacteria, leading to the accumulation of pathogens in the air, which increases the risk of respiratory infections.

4.4 Theme 3: Respiratory disease prevention measures
Patients, their relatives, and medical personnel indicated that the hospital has different protocols for during and after the COVID-19 pandemic. During the pandemic, the hospital has implemented five prevention measures as follows: (1) Daily Meetings–Regular meetings are held with the infection control team. (2) Use of Face Masks–All patients, their relatives, and medical personnel are required to wear face masks in all areas. (3) Social Distancing–A minimum distance of two m is enforced. (4) Installation of Clear Plastic Dividers–Clear plastic dividers are installed in screening areas, nursing counters, and waiting areas. (5) Cleaning–All areas are cleaned with disinfectants twice a day, and a thorough cleaning is conducted once a month by a professional cleaning company.
The results from the survey and focus group discussions provided in-depth insights into the building’s issues and led to the creation of an initial design draft for the OPD building. The information from the focus group aligned with the preliminary design guidelines, and the suggestions exchanged during the discussion led to a revised layout plan for the hospital. Figure 5 shows the updated layout that has been improved based on this input.
[image: Architectural floor plan of a medical facility showing three floors with color-coded areas. The first floor includes clinics for general, internal medicine, and ENT. The second floor houses orthopedic, obstetrics, and pediatric clinics. The third floor features surgical and rehabilitation medicine clinics. A key indicates area functions: screening, recreational, waiting, clinical, and support, with distinct building boundaries.]FIGURE 5 | Renovated floor plans of the outpatient building.The design of the outpatient departments in both buildings can be divided into five main functional areas as follows.
	1. The Waiting Area (Blue) includes the history-taking areas, the waiting areas, and the nurses’ stations.
	2. Clinical Area (Purple), including the examination rooms.
	3. Support Areas (Light Orange), including the hospital corridors, restrooms, elevators, stairs, and emergency exits.
	4. Recreational Area (Yellow), including designated spaces to accommodate patients and their relatives while waiting their turn.
	5. Area Screening (Pink), including Entry checkpoints for temperature and symptom screening, Registration and history-taking stations, and Waiting zones designated for screened patients before examination

5 DISCUSSION
This study aimed to examine the physical structure of tertiary hospitals in Thailand in the post-COVID-19 era and to develop design guidelines for improving OPD (Outpatient Department) buildings to help reduce the spread of the COVID-19 virus. In this section, the researcher addresses the research questions as follows:
5.1 Does hospital building design help reduce the spread of COVID-19? Based on site surveys, interviews, and focus group discussions with patients, their relatives, and medical personnel, two main issues related to the physical environment were identified
	1. Design Issues: The hospital buildings were not originally designed in accordance with respiratory disease prevention guidelines. Observations revealed a lack of flexibility in building usage, such as multiple entry and exit points without designated screening areas, poor ventilation systems, and improper furniture arrangements. This has had a negative impact on users in the post-COVID-19 period. The OPD building could not be modified or adapted to comply with the guidelines issued by the U.S. Centers for Disease Control and Prevention (CDCP) and the Thai Ministry of Public Health (Ministry of Public Health, 2016; Centers for Disease Control and Prevention (CDC), 2023).
	2. Space Management Issues: It was found that the hospital lacked cleanliness standards aligned with infection control measures. Although there was a dedicated team responsible for infection control standards, proper cleaning protocols for COVID-19 prevention were not established. It is crucial to adhere to the guidelines from the Centers for Disease Control and Prevention (CDC) (2023) and the World Health Organization (2022b), which state that hospital spaces should be cleaned regularly at least 2 to 3 times per day, and hand washing stations should be provided at various locations. Additionally, medical personnel, patients, and their relatives expressed that the main issue with hospital visits was the long waiting time and the high number of patients. This contributed to overcrowding within the facility, increasing the risk of disease transmission. This observation aligns with the findings of Atkinson et al. (2021), who reported that hospitals with inadequate cleaning standards had nosocomial infection rates up to 30% higher than the average. Furthermore, patient overcrowding and prolonged waiting times were identified as key risk factors contributing to disease transmission, consistent with the conclusions drawn by (Sng et al., 2021).

5.2 What are the design guidelines for preventing the spread of COVID-19 and promoting wellbeing in tertiary public hospitals?
Interview results indicated that the involvement of key users—patients, their relatives, and medical personnel—in the design process plays a crucial role in developing design that truly meet the needs and is effective in reducing the risk of COVID-19 transmission. Preliminary design recommendations, derived from observations of OPD building spaces and focus group discussions, have been developed into design guidelines for three key areas: OPD waiting areas, clinic spaces, and support areas.
The data collected from this study led to the development of policy recommendations for preventing the spread of respiratory diseases in OPD buildings. These recommendations are categorized into two main areas: hospital management and hospital space design.
	(1) Hospital Management	• Implementing technology to manage patient queues, such as an online patient registration system, can significantly benefit medical personnel. It saves time, reduces the number of patients waiting in the area, decreases the risk of infection, and shortens wait times for medical care. Additionally, online patient registration enhances patient data management, allowing for early identification and screening of patients with respiratory infections. Furthermore, it supports the establishment of a contactless check-in system. This recommendation aligns with the findings of Zhang et al. (2020), which indicated that hospitals in China that adopted technology-based queue management systems were able to reduce patient waiting times by over 40% and significantly minimize the risk of person-to-person contact.
	• Promoting physical or social distancing of at least two m is a key strategy for enhancing patient and staff safety. Research by Page (2020) and Beggs et al. (2021) supports this concept, emphasizing that maintaining a physical distance of at least 2 m in waiting areas can reduce airborne transmission risk by up to 80%. For hospital design, additional recreational spaces should be provided for patients and their relatives to promote physical distancing in clinic areas and reduce overcrowding in waiting areas. Implementing this will help create a safer environment for everyone in the hospital, instilling confidence in the proposed changes.


	(2) Hospital Space Design	• Establish Screening Areas: There should be designated screening areas for patients with respiratory infections at all entry and exit points of the hospital (Centers for Disease Control and Prevention (CDC), 2023; World Health Organization, 2022a).
	• Separate Zones: Separate different areas, such as the waiting areas in the OPD building (especially the nurse stations and information desks), to provide efficient patient services and ensure patients can access information quickly. Additionally, distinct areas should be created for clinics and support spaces; the study by Page (2020) and Beggs et al. (2021) found that hospitals that segregated clinic areas from support spaces could reduce staff infection rates by up to 50%. With strict adherence to cleaning protocols.
	• Reduce Surface Contact: Use sensors to minimize contact with frequently touched surfaces, such as sensor-controlled lights, automatic doors, and touchless faucets at various points, including hand washing stations. According to The Center for Health Design (2020), touchless devices significantly reduce infection transmission via surfaces.
	• Adjust Furniture Layout and Arrangement: Arrange furniture with at least 1.5–2 m Page (2020) and Beggs et al. (2021) highlighted that spaced seating arrangements in waiting areas can reduce the risk of infection by up to 60%. of the distance between each piece. Use symbols or signage to designate safe seating areas. Choose furniture made from materials that are easy to clean and durable against disinfectants, such as metal, plastic, or water-resistant coated materials. Also, clearly define walkways and functional areas with directional signs to minimize the likelihood of people crossing paths.
	• Develop Ventilation Systems: This recommendation aligns with the work of Allen and Ibrahim (2020), who emphasized that improving ventilation systems is one of the key factors in reducing the risk of airborne transmission within buildings. Heating, ventilation, air conditioning (HVAC) systems, and Ultraviolet Germicidal Irradiation (UVGI) should be implemented in all OPD clinic areas to enhance airflow in high-traffic spaces. This will also improve the efficiency of the air filtration system (Centers for Disease Control and Prevention (CDC), 2014; 2023).



6 CONCLUSION
This study provides a clearer understanding of the physical environmental challenges in waiting areas following the COVID-19 pandemic. This section summarizes the findings in response to the study’s objective, which focuses on identifying physical environmental issues within the outpatient department (OPD) at Walailak University Medical Center Hospital. Based on an assessment of the hospital’s physical environment, two fundamental problems were identified as key obstacles that hindered the hospital’s ability to adapt effectively to COVID-19 prevention guidelines.
The first issue is the lack of flexibility in building design. The structure and layout of the hospital do not support the ability to adapt or reconfigure spaces in response to urgent needs or changing circumstances. As a result, the hospital could not modify its facilities to comply effectively with the prevention guidelines issued by the U.S. Centers for Disease Control and Prevention and Thailand’s Ministry of Public Health. This inflexibility also limited space management efforts to control the spread of infectious diseases during high-risk periods.
The second issue is the lack of a systematic approach to space management that supports infection control measures. This is particularly evident in clinic waiting areas, which often experience overcrowding and poorly organized layouts. Such conditions significantly increase the risk of airborne disease transmission. In addition, the ventilation systems in most hospitals were not designed initially to prevent the spread of respiratory infections effectively.
The design guidelines for preventing respiratory infections were developed by systematically analyzing data collected from surveys, questionnaires, and focus group discussions. The findings reveal that user participation in the design process is critical in providing valuable insights that support the development of appropriate and practical solutions. Based on the results, the design recommendations can be categorized into two main approaches as follows:
	(1) Improving Hospital Management: This approach focuses on enhancing the efficiency of management systems for preventing respiratory diseases, especially in the post-COVID-19 context. Hospitals need to reduce crowding among patients and visitors by implementing online service systems, enforcing social distancing measures in waiting areas, clearly controlling the number of people allowed in each time slot, and organizing the flow of people entering and exiting the facility. These measures aim to prevent the gathering of individuals in enclosed spaces.
	(2) Improving Hospital Interior Design: The physical design should focus on creating an environment that helps reduce the spread of infections. Key recommendations, which we can achieve through our collective efforts, include establishing designated areas for patient screening before service, zoning spaces according to risk levels, minimizing high-touch surfaces that pose infection risks, and designing furniture and ventilation systems to promote proper air circulation and ease of cleaning. All of these factors are essential to enhancing the efficiency and suitability of the hospital’s physical environment.

7 IMPLICATIONS
This research enhances the understanding of designing outpatient department (OPD) buildings that can effectively prevent the spread of respiratory infections. Furthermore, the findings can be applied to the design of hospitals on an international scale. This research emphasizes the importance of user involvement in promoting improvements to the environment. The practical design guidelines summarized from the study to help reduce the spread of respiratory infections are as follows:
	• Healthcare Facility Management: Healthcare facilities should prioritize reducing the number of users in the building. On an international level, this can be achieved by using an online patient registration system to promote physical distancing. It is recommended to maintain a distance of at least two meters between individuals.
	• Space Design: The design process should consider and adhere to guidelines for respiratory infections, including elevating hygiene standards. Additionally, hospitals should ensure that there is an effective ventilation system for both indoor and outdoor air within the building.
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