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Exploring Indoor Environmental Design Factors in Healthcare Settings Towards Users’ Well-being




ABSTRACT
 
This study explores environmental design factors that foster a healing and supportive healthcare indoor environment for staff and patients. In this comprehensive review, architectural as environmental design solutions are highlighted as a solution to improving patient outcomes, staff well-being and healthcare experiences. A thorough literature review highlights indoor design aspects that provide comfortable and healing healthcare environments. This finding can explore new architectural design notions for healthcare settings. This study's systematic methodology provides an in-depth analysis, offering a comprehending the connection between healthcare design factors and how it affects health outcomes. The original selection for this study included 360 peer-reviewed publications from different publishers. Out of these, 115 publications or articles that matched the topic of the study were vetted. 38 papers, book chapters and journals were finally selected for assessment and classification following a rigorous screening process. The review involves research questions, database searches, inclusion and exclusion criteria, data extraction, quality assessment, data synthesis and structured reporting. Key findings show that single-bed rooms minimise hospital-acquired infections and improve patient comfort. Acuity-adaptable room setups and ergonomic designs improve staff efficiency and patient care. Natural ventilation and daylight enhance interior air quality, minimise airborne contaminants and speed recovery. Biophilic design components like plants and views improve mental health and resilience. Visual arts and sensory aspects make patients feel welcome and less stressed. Evidence-based healthcare design creates environments that prioritise human health and well-being. Healthcare facilities may create healing and comfortable settings by prioritising environmental attributes.
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INTRODUCTION	Comment by user: Include a paragraph on the significance of indoor environment 
 Research gab not highlighted example: While previous studies have examined ….., limited research has explored ……..
The discourse on healthcare design has advanced significantly, revealing its profound impact on patient outcomes, staff well-being and overall healthcare experiences. Several evidence-based design interventions, including single-bed rooms, adequate ventilation and natural lighting, have been shown to improve patient safety, outcomes and staff well-being according to Ulrich et al., (2008); Ulrich et al., (2010). Additionally, Ulrich et al. found that healthcare design interventions such as patient-centered designs, access to natural light and the presence of green spaces can lead to reduced stress levels, improved users' satisfaction and better outcomes for patients and staff. Later research has built upon these foundations, advocating for theory-based approaches to healthcare design and exploring the ethical implications of design decisions. According to Chi et al., (2020) and van Oel et al., (2021) integrating natural elements has multiple benefits, including improving patient experiences and enhancing healthcare workers' emotional resilience. Natural elements can help to reduce stress and anxiety, create a sense of comfort and wellbeing and provide a sense of connection to nature. Additionally, they can create a more aesthetically pleasing environment which can help reduce feelings of alienation and disconnection. These approaches are based on the idea that healthcare design should be focused on creating environments that are not only aesthetically pleasing but also promote positive health outcomes. Recent studies have also underscored the importance of biophilic design and the positive effects of incorporating visual and sensory elements into healthcare environments. According to studies, biophilic design can help reduce stress and anxiety, improve focus and increase job satisfaction. It can also create a sense of community and connection among healthcare workers. This comprehensive analysis reveals that evidence-based, theory-driven and stakeholder-engaged approaches are essential for creating healthcare environments that prioritise human health and well-being. Healthcare design has evolved a lot in recent years, with a growing body of research showing its impact on patient outcomes, staff well-being and overall healthcare experiences. Notable studies have revealed the importance of evidence-based design interventions in reducing hospital-acquired infections and improving patient safety and staff well-being. Subsequent research has built upon these findings, advocating for the integration of natural elements, ergonomic designs and biophilic principles to create healing environments that support both physical and psychological well-being. An increase in the number of such interventions has been linked to improvements in patient outcomes as well as reduced stress levels among healthcare workers in relation to the indoor environment. Thus, to improve the quality of indoor environment, healthcare setting should prioritise evidence-based design interventions. Identifying key factors in indoor environmental design that contribute to creating a supportive and healing healthcare environment for staff and patients is the primary objective of this research. This research aims to propose architectural design recommendations for healthcare settings that prioritise patient and staff well-being through a systematic literature review.	Comment by user: Provide citation	Comment by user: Provide citation 	Comment by user: Citation 	Comment by user: Citation 	Comment by user: Review instead of research 

PROCESS FOR SYSTEMATIC LITERATURE REVIEWS	Comment by user: Headings and subheadings should be numbered for easy identification
[bookmark: _GoBack]PRISMA framework has been used in this systematic literature review. It comprises four fundamental steps: identification, screening, eligibility, and inclusion. The systematic literature review for this research involved several key steps: Defining Research Questions: Clearly articulating the research questions to guide the review process. For instance, the primary research question was: What are environmental design factors in healthcare settings or hospital wards to stimulate patients’ well-being? To ensure a focused and relevant search, this first step was essential. Identifying all relevant sources helped ensure a comprehensive literature review. Search strategy: Conducting a comprehensive search of academic databases, including PubMed, Scopus and Google Scholar, using relevant keywords like "healthcare design," "evidence-based design," "biophilic design," "patient outcomes," and "staff well-being." The databases that had the most relevant content allowed for a comprehensive search of academic literature. Furthermore, relevant keywords ensured that the search was focused on the most relevant sources. Inclusion and Exclusion Criteria: Establishing criteria to evaluate studies relevant to the research objectives, focusing on peer-reviewed articles, studies published in the last 15 years, and research conducted in diverse healthcare settings. Inclusion criteria involved selecting studies that specifically addressed the impact of environmental design factors on patient outcomes and staff well-being. Exclusion criteria ruled out non-peer-reviewed articles, studies conducted outside healthcare settings and research that did not directly relate to the specified design factors. Data Extraction: Systematically extracted data from selected studies, including study design, sample size, interventions, outcomes and key findings. This was done to ensure that only the most reliable and valid studies were included. In addition, the data extracted was relevant to the research question. Study designs without controls or inappropriate sample sizes, for example, were excluded. Quality Assessment: Evaluating the quality and rigor of the studies using standardised assessment tools to ensure reliability and validity of the findings. For instance, the quality of a study was judged based on the clarity of the research question, the validity of the methodology, and the reliability and accuracy of the results obtained. Data Synthesis: Synthesising the data to identify common themes, trends and gaps in the literature and to draw meaningful conclusions about the impact of healthcare design on patient and staff outcomes. For example, a synthesis of the literature might reveal that well-designed healthcare environments can reduce stress and anxiety for patients and staff and improve patient outcomes. Reporting Results: Presenting the findings in a structured format, highlighting the implications for healthcare design practice and future research directions. A synthesis might include a list of evidence-based design attributes for creating positive healthcare environments. This systematic approach will ensure a thorough and unbiased review of the existing literature. This will provide a robust foundation for understanding the relationship between healthcare design and health outcomes.
Figure 1 
Process for systematic literature reviews
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For this study, 391 peer-reviewed journals from various publishers were selected. From these, 115 papers or articles aligned with the study's theme were screened. After thorough screening, 38 articles, book chapters and journals were ultimately selected for review and categorization (see Figure 1).

LITERATURE REVIEW AND DISCUSSIONS	Comment by user: Provide a Table Summarizing Findings of previous studies 
Recent years have seen significant attention paid to healthcare design. This is a result of numerous studies exploring how built environments influence the psychological, emotional and physical well-being of patients, healthcare providers and visitors. Healthcare settings are increasingly accepting evidence-based design, which is reflected in the growing body of literature on this topic. This critical review synthesises findings from numerous studies, focusing on design strategies that impact user engagement, safety, well-being and nature integration in healthcare environments. It emphasises the contributions, limitations and potential of each study in terms of their implications for healthcare design.
The impact of a choice-based design approach on family caregivers' use of green spaces at a tertiary care hospital in India is a notable study. Design strategies informed by behavioral economics can enhance well-being by promoting beneficial use of outdoor spaces. According to the results, the use of outdoor balconies has increased significantly. Though this is a positive outcome, stereotypical design elements raise questions about their long-term and cultural relevance. The study's consistent but static satisfaction outcomes suggest that increased engagement with the space may provide immediate psychological benefits. However, it is necessary to explore whether these effects are sustained over time. The reliance on perceived health benefits, even though promising, requires further examination to determine whether they are in line with actual health outcomes. Especially in settings where caregivers are under considerable stress, such investigations could provide valuable insights into the relationship between environmental factors and health outcomes.
Anesthesia workspace design guidelines address critical issues in operating rooms (ORs) to improve safety and efficiency (in a different context). In high-pressure environments, visibility, demarcation and standardisation are essential elements for improving situational awareness. A deeper exploration of the trade-off between ergonomic interventions and spatial constraints would be beneficial in healthcare settings. Due to the complexity and variety of OR layouts, further research is needed to determine how these guidelines can be adapted to different surgical practices. Additionally, the study fails to consider the psychological well-being of healthcare workers, an important issue when promoting a healthy work environment.
As well as lighting design for healthcare facilities, circadian synchronisation and task performance have been examined. As a result of the study on patient room lighting conditions Berglund et al., 2023, tailored lighting strategies improve both healthcare outcomes and staff performance. In order to ensure broader applicability, the findings could benefit from a more comprehensive cross-cultural validation, since lighting preferences and psychological effects may vary between cultures. Furthermore, while the study emphasises the importance of nighttime lighting for staff, it also acknowledges the potential disturbance to patients. This suggests a need for a more balanced approach that takes both patient comfort and staff needs into account.
The study on the moderating effects of individual traits on the association between nature and patient experiences in waiting areas highlights the complexity of cognitive thinking and connectedness to nature (Lee et al., 2024). It has been shown that plants can reduce anxiety and improve service quality, but the study relies on self-reported measures which can be biased. To strengthen the evidence, it would be valuable to include physiological metrics, such as cortisol levels. This could provide more objective insights into the impact of natural elements on patients’ stress levels. It may also be beneficial to examine waiting area design further to see what can be done to enhance patient experiences through nature integration. Architects could create actionable insights into relaxing and well-being spaces.
A more comprehensive approach to healthcare design is offered in the study that proposes a user-centered environmental sociology model, aiming to bridge medical sociology with environmental quality in hospitals (Ransolin et al., 2022). The framework integrates psychosocial and economic factors, reflecting a holistic understanding of health-promoting environments. However, the reliance on a systematic review without empirical validation leaves the framework's practical applicability uncertain. Future research should focus on testing the model across diverse healthcare contexts to establish its robustness and adaptability. This could facilitate the development of patient-centered and health-promoting environments.
In a broader context, the scoping review by Nieberler et al., (2023) on the influence of nature during inpatient hospital stays highlights the positive, although modest, effects nature has on psychological well-being. Despite presenting virtual reality as an innovative solution to extending nature's therapeutic benefits, technology may limit accessibility for certain demographics. This is particularly true in health care systems with limited resources. Additionally, the broad scope of the review dilutes the specificity of actionable design interventions. In the future, research could focus on the direct correlation between specific natural elements and health outcomes. This could include plants, water features and green spaces views. For designers looking to design healing environments in hospitals, this could provide more concrete guidelines.
Healthcare design is based on biophilic design which incorporates natural elements into built environments. Edwards, (2023) explores the connection between biophilic color choices and emotional well-being, specifically yellow which evokes hope. As a result of this finding, patient morale can be enhanced when uplifting spaces are created in healthcare settings. It may, however, be oversimplified to focus solely on color associations when discussing biophilic design. This encompasses sensory and spatial aspects as well. Providing a more nuanced understanding of how colors affect emotional well-being could be enhanced by exploring cultural and individual differences in color perception. Zhong et al., (2021) summaries the benefits of biophilic design for health, well-being and sustainability. Although the review emphasises the benefits of natural light, air quality and plant life, it does not address the specific challenges associated with implementing these elements in healthcare settings. The benefits of nature can be accessed by a wider range of healthcare facilities in the future through adaptive strategies for integrating biophilic design in resource-constrained environments.
Several studies have also explored the role of music in healthcare design to reduce patient anxiety in waiting rooms. Although they acknowledge the inconsistency in the existing evidence, Lai and Amaladoss, (2022) recognize music's therapeutic potential. As a result of their study's narrow scope, which only examines waiting rooms, music therapy does not have a broad application in healthcare. It could be beneficial to expand the research to cover other areas, such as patient rooms and recovery spaces, to gain a deeper understanding of how music affects emotional well-being.
Rossi et al., (2023) explore the role of the built environment in supporting physician well-being, who highlight design elements such as noise control, lighting and furnishings as essential factors. While the study offers a global perspective, it is limited by existing literature. This literature lacks longitudinal studies on the enduring impacts of these design interventions. Future research should address these gaps, particularly in terms of how design influences physician-patient relationships and care outcomes.
The growing body of research on healthcare design underscores the essential connection between the built environment and health outcomes for patients. This includes staff well-being and overall healthcare experience. Healthcare environments impact human health. Carefully selected design choices can enhance patient safety, comfort and healing, while also benefiting healthcare professionals and organizations. Ulrich et al., 2008 investigated design attributes by examining how specific elements, such as single-bed rooms, efficient ventilation and natural lighting can be used to reduce hospital-acquired infections and improve overall patient outcomes. The findings provided a scientific basis for the growing emphasis on evidence-based design (EBD) in healthcare settings, asserting that healthcare experiences are shaped by the environment. It has been shown that the integration of natural elements, such as daylight and greenery, as well as thoughtful considerations of acoustics and ergonomic layouts, improve patient and staff well-being. Ulrich's work paved the way for further healthcare design exploration. An expanded conceptual framework was developed in 2010 that identified nine categories of design variables, such as safety, support spaces and sustainability.
Since then, healthcare design has evolved to include a more holistic understanding of how physical spaces influence psychological and physiological outcomes. A significant shift in focus can be observed in Lundin, (2021). This group called for a more theoretical approach to healthcare design, emphasising the importance of evidence, practice and tacit knowledge. Lundin's framework recognises that healthcare environments are complex systems influenced by multiple factors and that theory-based approaches can help unravel these complexities. In order to transform tacit knowledge into explicit knowledge that guides design decisions, the study stresses dialogue and collaboration among stakeholders. In line with the broader discourse that advocates for a more integrated approach to healthcare design, this view looks at how emotional, ethical and cultural factors can be incorporated into the design process beyond isolated design interventions. Using this approach, healthcare environments are conceptualised and implemented in a multifaceted and iterative manner. This provides a theoretical basis for refining healthcare environments' design and implementation.
Furthermore, recent studies have introduced significant ethical and philosophical dimensions to healthcare design discourse. This is in addition to Ulrich et al's architectural and design principles. Hamilton, (2022) says architects need to consider the societal implications of their design decisions when addressing bioethics issues. A key responsibility of designers, Hamilton stressed, is to create environments that not only improve patient outcomes but also adhere to ethical standards. To ensure the health and safety of all users, it is essential to understand the legal implications of design choices and integrate evidence-based practices. Furthermore, Ransolin et al., (2022) advanced discussion on the dynamic nature of healthcare environments. They advocated for adaptable design strategies that respond to evolving healthcare delivery demands. Healthcare design includes resilience into account as a key attribute, as it can help patients both physically and psychologically recover. An emphasis on adaptable, informed design solutions reflects the shift towards a more integrated, research-driven approach to healthcare design that constantly adapts to the needs of patients, healthcare workers, and the broader community.
In addition to natural elements, healthcare design has also gained significant attention. Chi et al., (2020) outlined key themes such as nature's therapeutic effects and its influence on patient outcomes in a scoping review conducted on the role of natural environments (NE) in healthcare settings. They found that patients’ psychological and physical health can be improved when healthcare environments incorporate nature elements such as plants, outdoor garden spaces or natural materials. Patients and medical professionals prefer patient rooms with ample daylight and window orientation plays a crucial role in enhancing well-being according to van Oel et al., (2021). Creating therapeutic environments requires visual and sensory stimuli such as natural light and nature views. Tseung et al., (2022), examined the impact of outdoor spaces in post-acute care settings to further explore this idea. They concluded that these spaces aid healing by providing a distraction from illness and promoting a sense of connection to the outside world. Nature's role in fostering healing and enhancing overall patient experience is in line with a growing body of research.
Researchers have identified several strategies that bring nature into the built environment as a key concept emerging from their research into natural elements. According to Yan et al., 2024, a holistic healing environment is due to factors like air quality, natural light, plants and landscape views. Biophilic design supports sustainability goals and enhances creativity, spatial organization, and building quality. The authors of Tekin et al., (2023) support this view by identifying key biophilic design parameters for different user groups, including outpatients, inpatients and staff. Considering the unique needs of each group when implementing biophilic design features is critical to their findings. Healthcare environments can better support diverse users by tailoring biophilic design features to their specific needs. For example, fresh air and natural light for outpatients or privacy and security for inpatients.
Untaru et al., (2024) investigated the psychological impact of biophilic design in hospice care centers during the COVID-19 epidemic. In their study, it was found that the presence of natural elements, such as natural light and greenery, enhanced the emotional well-being of healthcare workers. A sense of connection and commitment to the healthcare environment can be enhanced by biophilic design. This not only supports their psychological resilience during a challenging time but also strengthens their attachment to their workplace. In addition, Lee and Yoon, (2024) found that plants in healthcare waiting areas could reduce patient anxiety and improve service quality perceptions. Both patients and healthcare professionals’ benefit from supportive, healing environments created by natural elements.
The integration of sensory stimuli, such as music and colour, has also been identified as a crucial aspect of healthcare design. Ullán and Belver, (2021) stressed the importance of the visual arts in healthcare. By creating a more positive, engaging environment, artistic interventions can improve the well-being of patients, their families and healthcare workers. As well, Lai and Amaladoss, (2022) discussed the importance of music to reduce patient anxiety in waiting rooms. The authors noted, though the evidence is mixed, that music can improve patient care. Edwards, (2023) explored the therapeutic effects of colour, particularly yellow, in healthcare environments. According to his study, yellow, especially at its maximum depth, can increase patients' and staff's emotional well-being by eliciting feelings of hope. As part of biophilic design, sensory interventions complement more traditional elements. In designing healthcare spaces, they stress the importance of considering users' emotional and psychological needs.

Figure 2 
Design factors and spatial correlation
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The studies reviewed here provide valuable insights into how healthcare environments can influence psychological, emotional and physical well-being of patients, staff and visitors. However, many studies face limitations such as reliance on self-reported measures, lack of longitudinal data and insufficient cross-cultural validation. Future research should focus on addressing these gaps, exploring the practical implementation of design guidelines and assessing the long-term impacts of design interventions on health outcomes. By integrating evidence-based design with user-centered approaches, architects and healthcare professionals can create environments that meet functional needs but also promote healing and well-being. Healthcare design research says it is imperative to create environments that support healthcare workers, improve patient outcomes and promote well-being. The research emphasises the multifaceted nature of healthcare environments and the need for a holistic approach to design by combining evidence-based design principles with natural elements and sensory stimuli (see Figure 2). As the field continues to evolve, there is growing recognition of the need for adaptable, evidence-driven design strategies that can respond to the changing demands of healthcare delivery. Healthcare design aims to create spaces that not only support physical health but also foster emotional resilience, healing and well-being for everyone. In light of this growing body of research, it is clear that the built environment can have a profound and lasting impact on healthcare experiences.

DESIGN INTERPRETATIONS
From the above analysis, it has been identified that evidence-based designs and biophilic designs in healthcare environments have a crucial role in enhancing patient well-being, safety and overall healthcare experiences (Ferrante and Villani, 2021, 2022; Hosseini et al., 2024; Cho, 2023) (see Table 1). 

Table 1
Environmental Design factors for healthcare settings
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Evidence-based designs incorporate features that reduce medical errors and enhance infection control such as improved lighting and noise reduction. Biophilic designs introduce natural elements like plants and natural light which lower stress levels and promote faster recovery. Together, these approaches create a safer and healing environment for patients. Effective space articulation and utilisation play a crucial role in healthcare design for patients' safety and well-being (Miao et al., 2024; Shetty et al., 2024). Natural elements such as plants and natural light have been shown to lower stress levels by creating a calming atmosphere. Exposure to natural light helps regulate circadian rhythms, improving sleep quality and boosting mood. Additionally, the presence of plants can enhance air quality and provide a sense of tranquility, contributing to faster recovery times. According to the study above, patient rooms, specifically single-bed rooms, play a vital role in healthcare facility design by significantly reducing hospital-acquired infections and enhancing individual safety, privacy and comfort. Research suggests that single-bed rooms may lead to improved patient outcomes by minimising infection risks and providing a more personalised and relaxed environment. Related to this design factor, ergonomic designs and acuity-adaptable room setups may play a significant role in enhancing staff efficiency and patient care. If improved workspace and floor layouts are designed properly, they may support specific medical tasks, enhance workflow, reduce physical strain and increase safety. These design features suggest that healthcare centers can deliver more effective and comfortable service and care, ultimately benefiting both staff and patients.
The analysis suggests that incorporating natural air ventilation into healthcare facilities and patient rooms is consistently recognised as beneficial for patient health, comfort, well-being and safety. Natural ventilation, through the strategic design of windows, doors and architectural features, enhances indoor air quality by facilitating fresh air circulation. The review of related studies indicates that optimum airflow can help reduce and eliminate airborne pollutants, potentially leading to decreased respiratory problems and infections. In acute hospital settings, there is a relationship between therapeutic tools and natural ventilation through windows. Natural air may lead to physical and spiritual experiences in a healthcare center patient room. So, integrating natural ventilation into building design may make healthcare environments more refreshing and invigorating. This may promote quicker recovery times and improve patient satisfaction. This method offers an environmentally responsible option that reduces dependency on mechanical ventilation systems while fostering a more restorative and healthful interior atmosphere. It is in line with sustainable and biophilic architecture.	Comment by user: Provide citations for the statements

Integrating daylight access by maximising daylight in patient rooms is consistently highlighted in previous studies as beneficial for overall health. Natural light and nature views are associated with reduced anxiety, improved mood and faster recovery times. Proper lighting, particularly in patient rooms, regulates circadian rhythms and creates a soothing atmosphere conducive to healing. In post-occupation evaluations (POEs), vulnerable users' psychological needs may depend on indoor visual comfort. Also, natural light may impact patients' emotions in healthcare zones. Evidence-based design studies show that not only patients' healing but also physicians', family caregivers and staff's well-being depends on the built environment and lighting quality inside. Proper lighting in healthcare settings can significantly enhance staff performance by reducing eye strain and fatigue, leading to increased alertness and concentration. When healthcare professionals work in well-lit environments, they are more likely to maintain high levels of productivity and make fewer errors (Joshi et al., 2023). Additionally, exposure to natural light can improve mood and reduce stress, contributing to a more positive work atmosphere. In this case, window orientation, opening design and architectural features may work as therapeutic tools in healthcare settings. Lighting plays a crucial role in patient recovery by influencing sleep patterns and overall well-being. Exposure to natural light helps regulate melatonin production which is essential for maintaining healthy sleep cycles. Furthermore, well-lit environments promote a sense of comfort and safety, enhancing patients' ability to rest and recover effectively. Biophilic design, which incorporates elements like plants, natural light and landscape views through windows and openings, may contribute to emotional and psychological resilience and overall health outcomes. This is done by creating a soothing and healing healthcare setting.
To create a healing environment in healthcare settings, nature and biophilic design are crucial. By combining natural environments like plants, water and greenery, biophilic design principles establish a strong connection between the built environment and the natural world. The incorporation of plants and living walls into interior spaces directly brings nature into the space. Healthcare facilities that have access to outdoor spaces, such as gardens, courtyards and open terraces, offer patients, caregivers and staff an opportunity to spend time outdoors. As a result, patients can benefit from fresh air, sunlight and nature's therapeutic effects. Creating green spaces in healthcare waiting areas can enhance patients' experiences by connecting them to nature. It reduces boredom, increases visual comfort, and elicits positive psychological responses. The use of calming colors in biophilic design may instill hope in patients. Therefore, incorporating nature into healthcare design can support overall well-being. A hospital's outdoor space should seamlessly integrate access to nature and greenery with environmental design features in post-acute care settings and hospitals. Natural scenes, nature sounds, landscapes, and virtual reality can provide patients with a sense of connection to nature.	Comment by user: Citations 
Effective acoustic conditions play a crucial role in evidence-based healthcare design, directly affecting patient well-being. Proper acoustic conditions can reduce stress and anxiety in patients by minimising noise levels which are often linked to increased heart rates and sleep disturbances. A quieter environment promotes rest and recovery, enabling patients to heal more effectively. Additionally, improved acoustics can enhance communication between healthcare providers and patients, ensuring clearer understanding and better overall care. Providing these conditions can reduce stress and noise-related disturbances, improving patient satisfaction and staff performance. Excessive noise has been shown to negatively affect both patients' physical condition and physicians' well-being. Virtual reality can serve as an effective tool in patient recovery by providing immersive experiences that distract from pain and discomfort. By simulating calming natural environments, it can help reduce stress and anxiety levels, promoting mental relaxation. Additionally, virtual reality therapy can be used in rehabilitation exercises, motivating patients to engage more actively in their recovery process. In healthcare settings, particularly in waiting rooms, music can reduce patients' anxiety. However, music choice should be carefully considered to promote relaxation and reduce mental stress. Indoor and outdoor acoustic environments are highlighted as significant design factors to evaluate and optimise in post-occupation evaluations.	Comment by user:  No single citation in this paragraph 
It has been demonstrated that visual arts and other sensory elements enhance the well-being and experience of patients in healthcare environments. By enhancing patients' emotional states, visual arts can make hospitals more welcoming and less stressful. As an example, artwork depicting nature and landscapes can reduce stress levels by allowing patients to escape into the natural world temporarily. Interactive interventions can promote well-being through participatory, exploratory or diagnostic approaches. Sensory elements such as soothing sounds or calming scents, can create a more relaxing atmosphere that reduces anxiety and discomfort. These elements can also stimulate positive emotional responses which improve mood and promote faster healing. Additionally, engaging multiple senses can distract patients from pain and discomfort, contributing to an overall better recovery experience. Researchers have shown that colours affect human emotions. Specific colours such as yellow, are associated with emotions like hope. Lighting designs can create an uplifting and healing environment. Addressing emotional needs in hospital design is essential to patients' well-being. In addition to improving patient satisfaction, creating environments that offer privacy, versatile communal spaces, and connections to nature can significantly enhance therapeutic outcomes. As a result, a supportive and nurturing environment is created, which promotes both physical and psychological recovery. Healthcare outcomes, staff well-being and overall healthcare experiences can be significantly improved by integrating evidence-based design factors, theoretical approaches and stakeholder engagement. It is possible to create spaces that promote healing, comfort and positive experiences for all users by prioritising these elements.	Comment by user: Please insert citations	Comment by user: 

RESEARCH LIMITATIONS
Despite significant advancements in healthcare design research, several limitations must be acknowledged. Firstly, the generalisability of findings may be constrained by the diversity of healthcare settings, patient populations, and cultural contexts in which the studies were conducted. Many studies focus on specific regions or types of healthcare facilities, which may limit their applicability to other settings. Secondly, while evidence-based design principles are widely advocated, there is a need for more longitudinal studies to assess the long-term effects of these design interventions on patient outcomes, and staff well-being. Short-term studies may not capture the full impact of design changes, and further research is needed to establish sustained benefits over time. Thirdly, the integration of natural elements, and biophilic design, although beneficial, often relies on qualitative measures, and subjective assessments. More quantitative research is needed to establish standardised metrics and objectively measure the impact of these design features on health outcomes (Karanikola et al., 2020; Ismaeil et al., 2022; Sun et al., 2023; Rasmussen et al., 2023). Additionally, the studies reviewed often highlight the importance of stakeholder engagement, and participatory experience design processes (Chowdhury et al., 2020-2023). However, there is limited exploration of the challenges, and barriers to effectively implementing these approaches in practice. Future research should address how to overcome these obstacles to ensure stakeholder perspectives are meaningfully integrated into healthcare design projects. Lastly, while the incorporation of visual arts, and sensory elements (Joseph et al., 2024) has shown promise, the variability in methodologies, and interventions used across studies makes it challenging to draw definitive conclusions. More rigorous, and consistent research designs are needed to validate the effectiveness of these interventions and understand their mechanisms of action. In conclusion, while the current body of research provides valuable insights into the impact of healthcare design on patient, and staff outcomes, further research is needed to address these limitations and enhance our understanding of effective design strategies in diverse healthcare settings.

CONCLUSIONS
According to research, there is a strong correlation between healthcare design and improving patient outcomes, staff well-being and overall healthcare experiences, according to research. Evidence-based design (EBD) interventions include single-bed rooms, efficient ventilation systems, natural light and biophilic elements. In addition to reducing hospital-acquired infections, these design elements also create healing and emotional environments. To enhance patient and staff experiences, it is critical to optimize space utilisation, incorporate ergonomic designs and provide effective acoustics. Natural ventilation and daylight improve indoor air quality and circadian rhythms are regulated. By enhancing psychological resilience and overall health outcomes, biophilic design elements such as plants and scenic views, are even more beneficial. Through the creation of a more welcoming, less stressful environment, visual arts and sensory elements have been shown to significantly improve patient experiences in healthcare settings. A combination of colors that promote hope and thoughtful lighting designs creates uplifting, healing spaces. By providing person-centered care and therapeutic design features such as privacy and flexible communal spaces, it can promote emotional and psychological healing for patients. By integrating nature into patient care, both physically and virtually, it supports patient well-being and complements biomedical healthcare systems. According to the evidence, a holistic approach to healthcare design that considers natural elements, optimal spatial arrangements and psychological and therapeutic needs, can significantly improve healthcare outcomes and health outcomes. Future research should explore these relationships and improve environmental design strategies.
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