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Background: Modern medical research shows that a rationally planned landscape environment helps patients recover. With the growing number of hospital patients and the tightening of per capita medical landscape land, the use of limited landscape resources to serve patients has become challenging.

Methods: This study focused on the landscape environment of 10 hospitals in Guangdong Province, China. Based on the KANO theoretical model, a survey questionnaire was designed and administered to 410 participants. The data were analyzed based on demand attributes, importance, sensitivity, and group differences.

Results: The maintenance requirements were the most important item in the sensitivity ranking. Furthermore, the analysis revealed that the users need a safe, quiet, and private environment, owing to their higher requirements, including visual healing, rehabilitation activities, shading and heat preservation, and medical escort. Moreover, adolescents and older adult patients have common and contradictory environmental needs. For example, the landscape environment should provide both an active space and a quiet rehabilitation environment.

Conclusion: This study evaluates how landscape resources can be better utilized from the perspective of the user and expands the theory of healing landscapes, which has practical implications for hospital renovation and landscape environment strategies.
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1 Introduction

Many studies have shown that a favorable landscape environment in hospitals contributes to patient recovery (1–3). The landscape environment has become one of the most important evaluation criteria for creating modern hospitals, and its role has changed from an “accessory” to hospital buildings to a “necessity” for system planning (4–6). Currently, the landscape environment of Chinese hospitals is undergoing transformations. First, the per capita greenspace rate is decreasing sharply due to the increase in the number of patients. According to statistics, the number of hospital beds in China has increased from 2.4 to 6.7 beds per 1,000 people from 2003 to 2021 and will reach 7.5 beds per 1,000 people in 2030. As of 2022, the average green space rate of the 1,629 grade-A tertiary hospital sites in China is only 22.5%, which is less than the national standard of the “Construction Standards for General Hospitals” in 2021 (the New General Hospitals green space ratio needs to be maintained at more than 35%) (7–9). Second, the expansion of medical facility spaces in hospitals is reducing the land for the landscape environment. The accelerated rate of renewal of the current medical system has led hospitals in high-density cities to sacrifice the landscape environment in exchange for the construction land available for medical facilities. A large amount of landscape environment land has been transformed for medical, ancillary, and transportation functions, which results in shrinking areas of hospital landscape environment, homogeneous space, and a reduction in the number of vegetation and species (10, 11). Third, hospital landscape environment enhancement is caught in the dilemma of unsustainable development. Planners and designers usually adopt a concessionary attitude to confront the current situation of hospital landscape constrictions without a bottom-up renewal design strategy from the perspective of the experience and healing of patients in hospitals (7, 12).

Edward Wilson, in his study Pro-Life, asserts that the human instinct to be close to the natural world, that is, “humans are naturally emotionally attached to natural lifeforms,” is the theoretical origin of the tendency of human beings to have a need for healing (13). Subsequently, researchers found that human preferences for natural colors and biomorphic forms are related to the survival instinct to find food and established a systematic sub-theory for the existence of color and biophilic shape (14). The concept of therapeutic landscapes and gardens has been established in the medical field, giving rise to four major theoretical schools: (1) medical geography, (2) environmental psychology, (3) beneficial environments, and (4) horticultural therapy (5). In addition, the environmental psychology school incorporates two major theories: (1) attention restoration theory (ART), which establishes the four restorative environmental characteristics of distance, range, fascination, and compatibility (5, 15). (2) Aesthetic affect theory (AAT), which draws on the psychoevolutionary theory and establishes relief from physical symptoms, illness, or trauma, as well as relief from coping with stress, as the three characteristics of a healing garden (16). Recently, the wellness theory has been widely recognized in healthcare architecture worldwide and is centered on encouraging the ‘wellness factor’ in hospital design to create a restorative environment for patients (17).

At present, research on the hospital landscape environment focuses on the following three aspects: (1) the influence of the landscape environment on the recovery effect: In the early 19th century, Dr. Nightingale found that increasing the species and area of trees planted in the landscape, improving the ventilation of the environment, and choosing warm and comfortable building materials and colors helped patients’ recovery. With the development and popularization of medical technology, the rate of patients’ recovery and treatment has increased significantly. However, the influence of the landscape environment in medical facilities on long-term inpatients has been neglected, with studies revealing that in hospitals with poor landscape environments, patients are confronted with varying degrees of depression and lower mood during hospitalization and after recovery (6, 18, 19), (2) improvement of the medical model based on the results of psychological studies of the landscape environment: Many scholars, after realizing that the hospital landscape environment affects psychology of patients, conducted empirical studies to gradually confirm the negative impact of the “single biological” medical model in the rehabilitation stage. In the United States, the doctor Engel believes that hospitals and medical programs need to eliminate the negative impact of the medical environment on patients and proposes a new “bio-psycho-social” medical model so that the healing value of the landscape environment is back in public view, and (3) research on the influence of the landscape environment on patient healing (20, 21). Malkin proposed, while designing apartments for the older adult, that a healing environment should have five factors: natural contact, comfortable temperature, positive transfer, social support, free space, and elimination of negative environmental impacts. Empirical research has been conducted based on the five-factor framework and has gradually improved the construction of a multi-dimensional, multi-factor, and multi-level index evaluation system (22–26). Xiaodong Lan conducted virtual reality tests of probiotic indoor environments and found differences in anxiety relief processes and changes in physiological indicators of stress reflection in different age groups (27). Tijsen found that older adult populations face greater challenges in coping with the external environment during the rehabilitation process (28). The above-mentioned studies have demonstrated that extensive landscape plant environments are crucial for patient recovery and that the shaping of healing environments should be incorporated into the health and economic benefits of hospital design. The methodology used in the current study focused on qualitative research, including synthesis reviews, video statistics, participant observation, interviews, scenario mapping exercises, and technical methods using quantitative research (29–32).

Currently, there is a mismatch between the needs of patients and the supply of healing environments in China’s austere hospitals. Such an imbalance between the two is due to the overcrowding of public environments by medical buildings. Studies on healthcare healing environments have mostly used conventional statistical methods, focusing on exploring potential patterns of influence, but have failed to explore the needs that are key for the patients, the priority level of their needs, and specific improvement measures, as well as the relative lack of categorization of the different age groups of the population. Therefore, this study constructs an index model of the demand for hospital landscape from the perspective of users, especially patients, proposing a planning strategy for austere hospitals to make use of the limited landscape environment to better serve users of different ages and groups through qualitative research, which expands the relevant theories and specific technical methods of the healing environment.



2 Study design

This study establishes a two-dimensional cognitive model of the satisfaction status of the demand characteristics of the landscape environment and the degree of satisfaction of the user group using KANO theory. This theory was proposed by the Japanese Professor Noriaki Kano in 1984, inspired by Herzberg’s two-factor theory, and was mainly applied to product development and optimization in the early stages of its birth. The KANO two-dimensional model aims to set up positive and negative questions by the same requirement type, that is, the change in respondents’ satisfaction when having and not having, and to determine the belonging requirement type by quantitative calculation to assist management decisions. Current KANO research is focused on three major areas: (1) theoretical research to optimize the quantitative statistical methods for each quality attribute of the KANO model (33); (2) practical areas that are widely used in various processes such as product development, production, sales, and promotion to improve the satisfaction of the user group (34, 35); (3) interdisciplinary studies combining with environmental behavior, psychology, sociology, and other disciplines to perform multiple types of demand analysis, such as Chen, Yao, and Lee applied the KANO model to conduct service demand classification studies on urban riverbanks, suburban mountainous areas, urban parks, pedestrian streets, and other recreation area environments, to develop types of services to enhance tourist satisfaction (36, 37).

Fernando used the KANO model to evaluate the quality of healthcare services in Peruvian public–private partnerships with health institutions and concluded that patients have a need for service interaction experiences (38). Rodrigues de Vasconcelos synthesized a KANO model with a balanced score card to tap into the tendency of patient satisfaction in a Brazilian public hospital, improving patient adherence indicators for treatment (39). Lujie Deng collected data from 300 users for the hospital signage system at Guangzhou Hospital, which ultimately reflects the functional requirements (40) of digital intelligence and regional culture. The above studies show that the KANO model has a wide range of applications in hospital service quality improvement and is also applicable to the study of healing environments. The strengths of the hospital healing environment need to be studied through the KANO model, including: (1) a two-dimensional assessment of the importance of environmental needs, both positive and negative, for all environmental user groups, especially patients, reducing subjective misjudgments by respondents to a one-way question. (2) When hospital landscape environment modification fails to meet the needs of a variety of users, the prioritization of needs can be quickly identified, with the first priority being to meet core needs (41). (3) The KANO model can be combined with research tools, such as AHP, QFD, and FIE, which can continue to expand the depth of research in hospital healing environments (39, 42).

The technical route of the research first establishes a composite evaluation index system by identifying demand attributes, sets up a KANO model demand questionnaire corresponding to them individually, and determines whether the content of the questionnaire is comprehensive and clear through preliminary research. Second, the results of the data obtained from this research were classified into demand types for the first time. Finally, secondary classification and evaluation of the need types were conducted by calculating the importance, sensitivity, relative weight, and difference in each index demand (Figure 1).

[image: Figure 1]

FIGURE 1
 Study design.



2.1 Study sample

The Fudan edition of the “Top 100 Chinese Hospitals in 2022” is based on the methodology of the American Best Hospitals Ranking Specialist Reputation Assessment, in which the quality of hospitals depends on the authority and dedication of the reviewing experts and is fully recognized by medical units, doctors, and patients. To reduce the differences in the needs of users for healing environments in different geographic and climatic environments, 10 studies selected 10 hospitals as research objects in the Class IV hot summer and cold winter areas of China’s Architectural Climate Zoning. The 10 selected hospitals were all located in an urban center. From the on-site research, it can be seen that seven of the hospitals are still in a state of expansion and reconstruction within the limited land. Their average building density reaches 43% and is higher than the national quartile level of 35%; the average green space rate is only 15%, which is lower than China’s construction standard of 25%; and the average plot ratio of 10 hospitals is 4.07. However, sufficient public space provides conditions for shaping the natural environment, and the greenspace area is one of the most important indicators of the green environment of hospitals. The greenspace ratio is one of the most important indicators of green environments in hospitals. Pakzada, Osmonda, and Corkery’s study of the Green Infrastructure Performance Assessment Framework (GIPAF) model focused on the interactions between human health and urban ecosystems, including the provision of outdoor activities and green space as key indicators (43). Hui Dang and Jing Li evaluated the esthetic value of urban green ecological landscapes by using multi-optical remote sensing to calculate the green space rate index, and the integration of indicators proved that population health and the perception of urban green space landscapes cannot be ignored (44). The 10 samples selected for this study reflect the characteristics of austere hospitals in terms of building density and greenspace ratio, which are representative of the study (Supplementary Table S1).



2.2 Setting of the research questionnaire


2.2.1 Factors

Currently, research on healing landscapes involves many disciplines, such as landscape, psychology, sociology, and management, with a comprehensive set of evaluation indicators not yet established. Eliane and Layla used machine learning techniques and regression analysis to determine the relationship between the physical environment of the ward and patient health and found that spatial comfort, safety, autonomy, and self-happiness had a strong influence (45). Karin conducted a healing environment review study in which only 30 out of more than 500 relevant influences were found to have significant effects that could be included in the evaluation criteria, with positive effects in terms of sunlight, air, and location, and differences in the degree of interventions for multiple stimuli such as sound, nature, and television (46). Jody and Woo-Hwa conducted an evidence-based design of healing landscapes, combining 61 healthcare staff empirical studies to uncover landscape preferences such as private spaces, landscaped paths, garden benches, and stream landscapes that are conducive to soothing healthcare work stress (47). Fouad performed a quantitative analysis of the psychological preferences of 148 patients in a post-use evaluation study in a general hospital and revealed that patient satisfaction was positively correlated with space appearance, comfort control, privacy environment, and pleasant healing environment, while age and education were negatively correlated (48). Morales, J. Van, in a study of 798 studies, tapped the positive factors of the physical environment in the rehabilitation process, where security and privacy, clean and comfortable, controlled space, and humanistic care were positive factors for patients and families, whereas environmental comfort, room functionality, and technical support were important factors for staff (49). Patrick, Timothy, and Mukaddes, in their study of therapeutic environments for patients with Alzheimer’s disease, found that rehabilitation exercises, sensory stimulation, mental mapping, shaded and sheltered spaces, as well as security maintenance, had varying degrees of positive effects on patients (50). Stephen’s quantitative systematic rating of healing environments in suburban London found that visual and auditory experiences were the most dominant landscape environment sensory response pathways, whereas smell, taste, and thermal environmental perception did not have a significant effect on healing health enhancement (51). Healing landscape evaluation studies have focused on safety and privacy, landscape configuration, ancillary functions, environmental comfort, rehabilitation facilities, and social support. In this study, based on the basic research above, a pilot study was conducted on 10 research samples to understand the specific needs and preferences of user groups in hospital landscapes and the rationality of indicator construction.

Synthesizing the research results and literature review, this study establishes a multilevel scale for healing environment needs, which contains 5 primary indicators and 18 secondary indicators (Table 1). Landscape demand aims to understand the differences in demand for visual, auditory, olfactory, tactile, and gustatory sensory stimuli among user groups. Functional demand aims to understand the difference in the user group’s demand on landscape function configuration, including private space, security protection, and landscape walkway; experience demand aims to understand the difference in the user group’s demand on social activities and interactive participation, including rehabilitation activities, gardening, and interactive experience; comfort demand aims to understand the difference in the user group’s demand on natural ventilation, lighting, heat insulation, noise reduction, including shading, insulation, air volume regulation, and noise control. Maintenance needs aim to understand the differences in the needs of user groups for daily maintenance of the landscape environment, including resting seats, cleaning and maintenance, air purification, and medical escorts.



TABLE 1 Hospital compact landscape environment healing needs index.
[image: Table1]



2.2.2 Questionnaire setting

The questionnaire is divided into two parts: the first part is the basic information of the user group, including gender, age, reason for visiting the hospital, frequency of visiting the hospital, visiting department, and length of stay; a total of six items; and the second part is the KANO questionnaire, corresponding to the secondary indicators set at a total of 36 positive and negative questions. Each question has a 5-level scale, and the options on the questionnaire scale correspond to the secondary needs individually (Supplementary Table S2).

The study samples were all located in the type IV seasonal zone, a region with long summers and no winters, high temperatures, and high humidity throughout the year, with mean temperatures above 10°C in January and approximately 25°C in July and a daily difference in mean annual temperatures of 5–12°C. Therefore, the daily and annual temperature differences in the area were small, the results of the study were less affected by the season, and the distribution of the study questionnaire was scheduled for spring. Previous studies have shown that temperature, noise, wind speed, and solar radiation variations have a direct effect on group perception and comfort evaluation, and special attention should be paid to the effects of extreme environmental factors (52–54). To reduce the physical impact of microclimate differences between different samples on the perception of the user group, we conducted a controlled variable study on the perceived microclimate related to comfort and measured the temperature, humidity, light, noise, wind speed, and air quality indicators of each research sample before distributing the questionnaires. The fluctuation of each indicator in the study sample was less than 30%, which enhanced the validity of the questionnaire by controlling for the fluctuation range of the physical environment.

The survey was conducted using a combination of electronic and paper questionnaires and was distributed from February to March 2023, with survey dates selected from Monday to Friday, from 9:00 to 12:00 and 14:00 to 18:00. The survey was conducted through random sampling in the field, and the target population was a user group located in the public landscape of a hospital. The sample size was 10 times the number of items on the KANO scale, and the total number of samples was at least 150. The number of questionnaires distributed to each hospital was 40–50. Therefore, the total number of questionnaires distributed in this study was 410, excluding some missing questionnaires and 22 invalid questionnaires. A total of 388 valid questionnaires were collected, and the statistical values are shown in Table 2.



TABLE 2 Basic information statistics of the research sample.
[image: Table2]

Statistical analysis of the groups using the hospital pocket landscape indicated that 44.85% were male users and 55.15% were female users, with equal proportions and no obvious gender tendencies. The age range of the respondents showed a positive distribution, mainly concentrated in the 21–40 and 41–60 age groups, accounting for a total of 85.56%, reflecting that the frequency of use of the young and middle-aged groups was much higher than that of teenagers and older adult groups, and the demands of the latter two groups were easily ignored in the setting of the medical environment. In the group classification, outpatient and inpatient groups account for 47.94% of the total, indicating the extensive demand of patient personnel for hospital landscape environment settings, and the highest percentage of visiting escorts alone, reflecting the high dependence of this group on public environment places in the process of accompanying medical treatment, and the percentage of medical and nursing workers was only 20.62%. The proportion of those who stayed for less than 1 and 1–3 h was 19.59 and 62.89%, respectively, indicating that the medical environment mainly serves the short-stay group and is less likely to meet the needs of the group staying for a long time.




2.3 Statistical methodology

According to Noriaki Kano’s theory and methodological tools, the KANO model categorical evaluation scale consists of forward and reverse questions with secondary indicators and generates a five-level quality categorical assessment matrix table consisting of satisfactory, deserved, neutral, tolerable, and unsatisfactory (34, 39–42). The KANO model divides the demand quality attributes into five categories, including attractive quality (A), expected quality (O), must-be quality (M), indifferent quality (I), reversal quality (R), and questionable quality (Q), a total of six items (Supplementary Table S3). When the hospital landscape provides sufficient attractive quality, the satisfaction of the user group increases, and when it is lacking, there is no effect, which is an unexpected surprise: when the expected quality is sufficient, the satisfaction of the user group increases, and vice versa; no increase in satisfaction of the user group when the expected quality is sufficient, and vice versa, a decrease, being an unexpected need; indifferent quality has no significant effect on the satisfaction of the user group regardless of whether they are sufficient. When the reversal quality is sufficient, it will cause dissatisfaction in the user group; otherwise, it will increase, and it belongs to the content to be controlled. Questionable quality is a problem that confuses respondents, and the proportion of this demand should be controlled.

Quantitatively classify and analyze the needs of user groups. For a certain need [image: image]), the proportion of the demand for a particular group is[image: image] and the percentage of the demand is[image: image] and[image: image]. The formula used is as follows:

[image: image]

[image: image]

where [image: image]is the rate of satisfaction improvement for the group of users meeting this demand, [image: image] is the mean value of each satisfaction, [image: image] is the rate of decrease in satisfaction for the group of users who do not satisfy the demand, and [image: image] is the average value of dissatisfaction. Based on the better–worse coefficient values as the horizontal and vertical axes, the demand types can be classified into four quadrants (Supplementary Figure S1). The first is the quadrant X, where [image: image] are greater than their mean values [image: image] and [image: image], making it the “expectation demand” quadrant, which is the landscape environment that should be continuously maintained to set items. In the second quadrant, [image: image] is less than [image: image] and [image: image] is greater than [image: image], which is a “necessary demand” quadrant, for the landscape environment must exist in the content. In the third quadrant, [image: image] and [image: image] are less than the average value [image: image] and [image: image], making it the “irrelevant demand” quadrant, which belongs to the landscape environment that cannot consider the setting content. In the fourth quadrant, [image: image] is greater than [image: image] and [image: image] is less than [image: image], which is the “charm demand” quadrant, which belongs to the landscape environment in the selective optimization of the configuration of the content. Through the importance of each quadrant demand, it is known that the importance of demand is “necessary demand > expectation demand > charm demand > irrelevant demand.”




3 Results

The reliability and validity of the questionnaire were tested using the SPSS software. The magnitudes of several test values for the questionnaire are listed in Table 3. The Cronbach’s test values of the overall questionnaire, positive, and negative questions are between 0.8 and 0.9, and the reliability of the questionnaire is at a good level. The Kaiser–Meyer–Olkin measure values of the overall questionnaire for positive and negative questions are between 0.7 and 0.8, and the validity is at a reasonable level. Bartlett’s sphere test has a significance probability of 0.000, which is less than 0.01, with a reasonable correlation.



TABLE 3 Questionnaire validity and reliability tests.
[image: Table3]


3.1 Demand attribute identification

The B–W attribute classification table was obtained using the KANO model 5 × 5 quality classification evaluation matrix (Table 4), in which the questionable demand (Q) accounted for less than 5% of the total, in line with the attribute classification requirements. Among them, the must-be needs (M) are five items in total, including B1 privacy space, B2, security protection, D1 shelter and heat insulation, D3 noise control, and E1 resting seats, which are the environmental configuration that the hospital pocket landscape must have, otherwise it directly affects the satisfaction of the user group; the expected needs (E) are five items in total, including A1 visual perception, A2 landscape walkway, C1 rehabilitation activities, E2 cleaning and maintenance, E3, purified air, and E4 medical escort, which the user group thinks should be available; attractive needs (A) are five in total, including A3 smell perception, A5 taste perception, B3 landscape walkway, C3 gardening planting, and D2 wind control; indifferent needs (I) are three in total, including A2 auditory perception, A4 tactile perception, and C3 interactive experience, for which the user group has no significant demand for such functions.



TABLE 4 Summary of results for B–W attributes of the KANO model (N = 388).
[image: Table4]



3.2 Sensitivity analysis

The contents of Table 4 are divided into four quadrants: the mean value of the better coefficient [image: image] was 0.34, and the average value of the worse coefficient [image: image] was 0.30. The primary evaluation of demand satisfaction is achieved through the four-quadrant diagrams, but it is not possible to realize the demand priority in each demand quadrant, combined with Yang’s research on perceived importance, sensitivity ([image: image]), and weighting ratio ([image: image]). The quantitative index of each demand was calculated using Yang’s perception of importance, and the priority of each demand in the same quadrant was compared horizontally using the score value.

[image: image]

[image: image]

[image: image]is a particular demand and[image: image] is the sensitivity of the demand (the larger the value, the clearer the sensitivity perception of the user group). [image: image] is the relative weight ratio of the demand, which describes the relative importance of each demand of the user group.

According to the quadrant coordinate values (Figure 2), the highest sensitivity in the M-q quadrant is private space (B1), indicating that the lack of relatively independent environmental places in the public landscape to reduce outside interference will significantly reduce the satisfaction of the user group; the highest sensitivity in the E-q quadrant is the medical escort (E4), indicating the importance of having medical personnel present in the public landscape to accompany, which shows a strong correlation with the satisfaction of the user group. The highest sensitivity in the A-q quadrant is gardening (C2), indicating that the provision of certain watering and cultivation experiences has a positive effect on the psychological state of the user group and can be considered for medical landscape systems. The highest sensitivity in quadrants I-q is for auditory perception (A4), indicating that the presence of sound in the landscape environment tends to have a direct effect on user groups, but the demand is not significant.

[image: Figure 2]

FIGURE 2
 Sensitivity analysis.


According to the quadrant classification results (Table 5), we can know that the priority ranking of each attribute requirement is “M-q > E-q > A-q > I-q,” the initial ranking is conducted, and the secondary ranking of each requirement category is achieved through relative weighting. That is, the final result is that the must-be requirements (E1 > B1 > D1 > B2 > D3) are better than the expected requirements (E4 > E3 > E2 > A1 > C1), attractive requirements (D2 > C2 > A5 > B3 > A3), and indifferent requirements (A4 > C3 > A2).



TABLE 5 Demand sensitivity ranking.
[image: Table5]



3.3 Importance analysis

The data for each demand sub-item under primary demand [image: image] were developed (Table 6). According to the ranking of the mean value of the primary needs, we can see that maintenance management (67.06%) > functional planning (47.51%) > comfort enhancement (46.16%) > experience participation (35.77%) > landscape healing (34.58%), reflecting that the importance of maintenance management is much higher than other primary needs in the hospital healing landscape. Among these, the importance of medical escorts (E4) is the most significant, reflecting that the user group needs a certain amount of escort support when they go out during the rehabilitation process. The importance of functional planning (47.51%) and comfort enhancement (46.16%) are similar, and the standard deviation of the importance of each secondary subparagraph is small and fluctuates little, indicating that the user groups have a higher demand for various functional settings and comfort in the medical landscape. The importance of the former private space (B1) is higher, indicating that the user groups also need relatively independent space in the public landscape environment. The latter has a higher importance for shading and heat insulation (D1), indicating that user groups in the public environment have a significantly higher perception of light and heat than of both ventilation and noise. The mean values of landscape healing (34.58%) and experience participation (35.77%) were close to each other and significantly lower than those of the first three, and the standard deviations of the secondary subscripts are larger and fluctuate greatly, indicating that there are some differences in the specific needs of user groups. The former has a higher importance of visual perception (A1), reflecting that the effect of visual stimulation is better than the rest of sensory perception; the latter has a high importance of rehabilitation activities (C1), indicating that the user groups have a higher perception of the medical healing landscape in the public environment than the other two. The higher importance of the latter rehabilitation activity (C1) indicates that user groups have greater demand for rehabilitation facilities to be configured in the public environment of a medical healing landscape.



TABLE 6 Demand importance ranking.
[image: Table6]



3.4 Group variability analysis

The statistical data were divided into three research groups: age, type, and length of stay, and the sensitivity of each secondary index in the top three groups was ranked to analyze their demand preferences (Table 7). The sensitivity rankings of functional planning, experience participation, and comfort enhancement were the same in each group, with the most significant demands for private space B1, rehabilitation activity C1, and sunshade and heat insulation D1.



TABLE 7 Ranking of differential needs of the group.
[image: Table7]

Among the ≤20 years and ≥ 60 years age groups, the sensitivity of auditory perception is high, while the sensitivity of visual perception of 21–40 years old and 41–60 years old groups is better than other sensory perception. In terms of functional planning, the ≤20 years old group values the possibility of touring the garden in healing landscape design, while the rest of the age groups value the creation of private space. Regarding management and maintenance, the 21–40, 41–60, and ≥ 60-year-old groups think that purifying air should be an important demand item after medical care accompaniment. From the age group data and on-site interviews, it can be seen that the sensory organs of the adolescent group are still developing; they are full of curiosity about the outside world, and they are looking forward to exploring fresh and unfamiliar surroundings through their limbs. Young and middle-aged groups rely more on vision to receive external information and form feedback, whereas the older adult group is relatively poor in physical condition, is at a disadvantage in functional and mental recovery, often with stage mental disorders, and shows a higher demand for external healthcare accompaniment.

Among the group types, the difference in needs between the outpatient and inpatient patient groups and the visiting and medical care groups focused on auditory perception, the latter being higher than the former, with the former showing some need for tactile perception, A4, and taste perception. In functional planning, the rankings of experience participation and comfort requirements are the same. In terms of management and maintenance, the outpatient and inpatient groups focused on the adequacy of resting and seating facilities, while the visiting and medical care groups examined whether the degree of tidiness was guaranteed. From the group-type statistics and on-site interviews, it can be seen that the outpatient and inpatient groups often rely on public seating and open space to relieve the fatigue of the recovery process because their bodies are in a state of recovery or discomfort, and their poor mental state also reduces their auditory sensitivity. Visiting and healthcare groups believe that a clean hospital environment is not only conducive to the recovery of the patients but also a hygienic safeguard for the work of the visiting doctors.

In the length of stay group, each group was most sensitive to visual perception, and the main difference was that as the length of stay increased, the sensitivity to the demand for smell and taste perception gradually increased. In terms of management and maintenance indicators, an increase in resting seats and medical escorts was also positively correlated with the length of stay. From the stay time statistics and on-site interviews, it can be seen that the crowd in the hospital public environment with an increase in stay time, anxiety, and boredom will gradually accumulate and need to adjust to bad mood through travel or activities. A long stay increases the knowledge of the crowd about an unfamiliar environment and reduces their precautions regarding the surrounding environment. In addition, there is a need for more resting seats in courtyards to ease the physical exertion of long stays.




4 Discussion

The object of this study is austere general hospitals, and no category study has been conducted on special specialist hospitals and hospices; however, the medical landscape needs are discussed in terms of universal design for different groups of people of all ages and are therefore applicable in the design of healing environments. By introducing the KANO theory, this study establishes four quadrant models of needs, and this technical route is efficient, targeted, and easy to implement. The main differences between research on hospital healing environments and traditional multifactor mathematical statistics methods are as follows: 1. Taking the needs of the user group as the fundamental starting point, it ranks demand priorities quickly, whereas traditional research methods such as multiple logistic regressions, principal component analysis, and AHP are used to conduct data correlation analysis and determine its potential mathematical and physical laws from qualitative to quantitative levels. 2. With the ultimate goal of improving the satisfaction of the user group, this method can assist management decision-makers and provide data support to maximize the rational utilization of resources when facing a balance of limited resource allocation. 3. In terms of implementation difficulty, the method has a clear technical process, is friendly to researchers in non-statistical disciplines, and the research content is demand-driven, allowing for iterative research in response to the needs of specific projects.

This study has certain limitations. First, the evaluation index system in this study was based on the statistics of the existing healing landscape research literature, and there is no unified consensus on the evaluation system of the hospital healing landscape in the academic field. Therefore, this study failed to achieve a comprehensive, objective, and systematic index construction process, and further optimization is required. Second, in the research stage, the KANO questionnaire needs to set positive and negative questions; if there are many indicators of landscape healing needs, it will directly lead to multiple questions, and the final completion rate of the questionnaire will affect the validity of the data. The KANO model only provides a type of demand study and lacks judgment on the difficulty of implementing measures to meet demand, which reduces the operability of optimizing the hospital healing landscape environment. Furthermore, due to the limitation of controlling the influencing factors and research efforts, the scope of this study focused on the IV hot summer and cold winter areas in the “China Building Climate Zoning,” which failed to comprehensively consider the healing needs of the patients under the influence of different climates and can be performed as a series of research studies.

This study only investigated the healing needs of the hospital landscape environment. The evaluation index system could be optimized by introducing AHP with a team of experts, user groups, and administrative personnel to assist in the evaluation and improve the research questionnaire. Simultaneously, to improve the feasibility of the study, future research can form a KANO-QFD composite model through the quality function configuration and build a quantitative method to satisfy the difficulty of a certain demand.



5 Conclusion

In this study, based on the KANO model, a demand questionnaire for the hospital healing landscape environment was developed to analyze positive and negative demand deviations. Four major quality attributes–must-be quality, expected quality, attractive quality, and indifferent quality–were classified by the better–worse coefficient, and sensitivity and relative weight were introduced to derive the demand ranking of each secondary index. The validity and reliability of each questionnaire were statistically significant. The main findings of this study are as follows:

1. The ranking of the mean values of sensitivity to the needs of the user groups (Table 6) showed maintenance management (67.06%) > functional planning (47.51%) > comfort enhancement (46.16%) > experience participation (35.77%) > landscape healing (34.58%). Given the limited resources of the hospital landscape, it is necessary to strengthen maintenance management efforts, maximize functional planning and comfort facilities, and appropriately reduce the items of sensory healing and experimental participation in healing needs.

2. For settings of hospital landscape environment healing, the healing perception level gives priority to setting visual perception landscape elements, followed by olfactory perception, with no obvious demand for preference for auditory perception and tactile perception landscape elements. The functional planning level needs to focus on the balance between the supply and demand of private and open spaces and provide a relatively independent and safe space for the user group. For the hospital landscape with site conditions, consideration can be given to setting up a landscape tour space. At the level of comfort enhancement, special attention should be paid to the configuration of shading and heat insulation facilities, followed by the control of the acoustic environment, and then wind environment control. At the level of maintenance and management, the medical and nursing staff can greatly enhance the satisfaction of all users, while the environment should be kept as neat and clean as possible to reduce the spread of medical odors.

3. For the study of group variability, it can be seen that the needs of different age groups for the healing landscape have particular preferences; juvenile and older adult groups have some commonalities and contradictions, while the needs of young and middle-aged groups are highly overlapping, and the incremental increase in age shows an increase in dependence on medical and nursing accompaniments. In terms of group type, the outpatient and inpatient groups paid more attention to the visual and tactile environmental needs than the visiting and medical groups. In addition, with the increase in time spent in public environments, there is a significant increase in the need to experience the diversity of the environment, resting space, healthcare accompaniment, and olfactory and gustatory senses, and a decrease in the sensitivity of safety and security.

The results of this study can lay the background for the development of healing landscapes in high-density urban spaces, as well as guide the sustainable development of landscapes in hospital ecosystems at a more refined spatial and temporal scale. Moreover, it provides sustainable strategies for progressively tightening the medical landscape. Furthermore, our approach can be extended to similar social ecosystems in small-scale landscape development planning.
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260h 36 9.28% Overall quality evaluation Excellent Good Excellent -
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Firstly Secondary requirements  Specific instructions Number

Requirements

Visual perception Planting of ornamental seasonal plants and composite landscaping Al
Auditory perception Play music that helps to soothe the mood A2
Landscape requirements
@ Olfactory perception Planting landscape plants with natural fragrance A3
“Tactile perception Installation of landscape vignettes that can be touched and felt A1
Taste perception Provide a safe and hygienic source of drinking water As
Private space Provide a hidden space that allows communication and relax Bl
Functional requirements Located in a safe and independent area, provides necessary protection
Security B2
®) measures
Landscape walkway Provide walkable garden paths B3
Rehabilitation activities Provide rehabilitative equipment and devices cl
Experience requirements
© Gardening Provide simple potted plants that can be watered or sown (&3
Interactive experience Provide the possibility of scientific research demonstrations and hand work. c3
Sunshade and heat insulation Provide louvered roofs or wind and rain corridor D1
Comfort requirements
> Air volume regulation Provide wind compensation in the heat and wind shading in high winds D2
Noise control Install natural barriers to reduce noise D3
Resting seats Add seats for rest and conversation E1

Improve the maintenance of the hospital landscape. Keep the faciltis clean
Maintenance requirements | Cleaning and maintenance X B2
and hygienic.
(®)

Purifying the air Control of external emissions of medical gasses and dirt transport gasses B3

Medical escort Medical accompaniment for patients with limited mobilty and the older adult E4





