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1 ABSTRACT  

Hospitals and other healthcare facilities are resource intensive. Facing increasing challenges due 
to global climate change, healthcare facilities have taken the initiatives to design and build their 
campuses using sustainable strategies. Low impact developments (LIDs) and green infrastructures 
have been integrated into medical campuses to support landscape performances. Meanwhile, 
healthcare facilities’ landscapes and gardens have been recognized as contributors to a supportive 
and therapeutic care environment for patients, visitors, and staff. However, in observance of the 
emerging studies and trending practices in the realm of healthcare landscape research and design, 
comprehensive post-occupancy evaluations (POEs) of the built landscape environments regarding 
their performances and users’ experiences have been insufficiently conducted and reported to date. 
This paper examined the environmental and social aspects of landscape performances of a primary 
care clinic following a holistic diagnostic POE approach, including various LID practices and the 
impacts on stormwater management and carbon emissions. A panel of experts evaluated the 
human-perceived restorativeness of the clinic’s various green open spaces using an audit toolkit. 
Users’ behaviors were observed onsite and documented through behavior mapping. A focus group 
interview was also conducted to explore users’ perceptions and attitudes about the built landscape 
environments. This study revealed that various LID practices improved stormwater management, 
reduced carbon dioxide, and conserved landscape irrigation water demand on the clinic site. Nature 
and restorative elements improved users’ satisfaction about the clinic environment. Barriers to the 
effective usage of certain areas were identified and discussed including physical access, seating 
and shading structures, and color plant palette. 
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2 INTRODUCTION 

2.1 Research Background 
 Hospitals and other healthcare facilities are energy-intensive amenities. According to the United 
States Environmental Protection Agency, healthcare organizations spend more than $6.5 billion on energy 
each year, and this amount continues to rise to meet patients’ increasing needs (United States 
Environmental Protection Agency, 2007). Large hospitals account for less than 1% of all commercial 
buildings but usually consume more than 4% of the total delivered energy used by the commercial section 
(U.S. Energy Information Administration, 2012). Healthcare facilities also consume a large portion of 
municipally supplied water each year: Water used in hospitals and other healthcare facilities comprises 7% 
of the total water use in commercial and institutional facilities in the United States (United States 
Environmental Protection Agency, 2017b). The healthcare profession is committed to doing no harm, yet 
the construction and daily operation of many healthcare facilities are among the largest producers of 
greenhouse gases and toxic waste. Facing the increasing challenges of global climate change and the 
environmental links to many public health issues, healthcare facilities have taken the initiative to design and 
build their campuses following sustainable and resilient strategies. As stated by Health Care Without Harm 
(HCWH): 
 

Increasingly it is clear that in order to prevent diseases in the general public, we need to understand 
the environmental links to those diseases and do whatever we can to reduce environmental 
exposures. Of all the sectors of society who should understand this growing science, it should be 
the healthcare sector—they are in the healing business. And they have a responsibility to clean up 
their own house. (Pionner Team Blog, 2008) 
 

 Healthcare institutions are responsible for including and maintaining environmental spaces, 
especially outdoors. In the recent decade, one of the primary goals of the healthcare industry has been 
building and operating facilities with the least amount of environmental impact while providing a high-
performing healing environment. Organizations and programs have emerged that focus on promoting 
sustainable design and the operation of and green care giving at healthcare facilities, including the 
contributions of Health Care Without Harm, Therapeutic Landscapes Network, The Center for Health Design, 
and Practice Greenhealth Program. In addition, an emerging body of literature has contributed to the 
advancement of sustainable healthcare design and research. Verderber (2010) identified six patterns in the 
relationship among the built environment, human health, and sustainability from a historic perspective, 
where people–nature connections take the leading and constructive position, including natural ventilation, 
natural daylight and view, water and sanitation, landscape, building configuration and site planning, 
conservation of historic resources, and local building materials and self-sufficiency (Verderber, 2010). 
Guenther and Vittori (2013) thoroughly discussed key sustainability indicators organized in six categories 
for sustainable healthcare architecture, including site planning, form and façade, water, energy, materials 
and construction practices, and community. These components apply to architecture interiors and the 
external landscapes when planning and designing healthcare facilities. 
 In addition to sustainable site development, material application, and construction procedures, a 
sustainable medical campus should also be defined as a safe and supportive environment that positively 
contributes to the physical, emotional, social, and even spiritual well-being of occupants (Wittmann, 2010). 
For healthcare designs specifically, the restorativeness of the built environment is a domain of performance 
that needs extra highlighting. Restorativeness4 is a concept derived from Stephen and Rachel Kaplan’s 
(1989) psychological theory of the restorative environment. Nature ideally satisfies the Kaplans’ criteria for 
a restorative environment, which must provide a sense of being away, be perceived extensive yet connected 
to a larger context, evoke people’s fascination, and be compatible with the needs of the individual. Therefore, 
nature and gardens are increasingly being incorporated into healthcare facilities as core design components. 
On one hand, accumulating empirical evidence has demonstrated the therapeutic essence and various 
health benefits nature could provide to facility occupants, such as reducing occupants’ stress (Dijkstra, 
Pieterse, & Pruyn, 2008; Ulrich, 1999), enhancing staff’s alertness and reducing medical errors (Pati, Harvey, 
& Barach, 2008), reducing patients’ pain and length of stay (Ulrich, 1984; Vincent, Battisto, Grimes, & 
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McCubbin, 2010), and enhancing patients’ overall satisfaction with the healthcare facility (Verderber, 1986). 
Nature and gardens serving as green infrastructure, as another primary component, could significantly 
improve the site’s resilience through stormwater runoff management, air quality purification and the 
reduction of environmental carbon dioxide, and wildlife habitat restoration. Guenther and Vittori (2013) 
studied 55 sustainable healthcare facilities; 53 of them integrated biophilia principles that enhanced people–
nature connections and 37 projects integrated innovative stormwater management strategies onsite. The 
2014 Guidelines for Design and Construction of Health Care Facilities moved “access to nature” from the 
Appendix to the Environment of Care section as a new key element, further reinforcing the momentous role 
of nature in the physical environment of healthcare settings (Cooper Marcus & Sachs, 2013). 
 Regarding the quantification of sustainable parameters of a healthcare landscape environment, 
Green Guide for Health Care (2007) is an informative source and functional toolkit for examining the design, 
construction, and operation management of healthcare facilities. The Leadership in Energy and 
Environmental Design (LEED) is a more widely recognized tool for measuring and certifying the 
environmental sustainability of building design and constructions. Hospitals are slowly acquiring LEED 
certification: To date, 37 healthcare facilities achieved LEED Building Design and Construction Certification 
as documented on the U.S. Green Building Council’s (2017) project directory. Compared to other building 
categories, healthcare facilities account for a very small portion of the total number of certified buildings, 
equaling 3% of the total LEED certified schools and 9% of the total LEED certified retail projects in the 
United States (U.S. Green Building Council, 2017). LEED BD+C primarily measures performances of the 
building and interiors, and only a few of the criteria, such as sustainable sites and water efficiency, feature 
exterior environments (U.S. Green Building Council, 2017). The SITES rating system, developed by the 
Sustainable Sites Initiative (2014) to quantify sustainable features of landscape design and land 
development, could be a supplementary metric when evaluating the landscape sustainability of a medial 
campus. However, among the 49 SITES certified projects to date, none are healthcare related (Sustainable 
SITES Initiative, 2017). Due to the complex nature of sustainability and conflicting parameters the existing 
metrics are not comprehensive from a holistic standpoint (Peters & Verderber, 2017). For example, LEED 
and SITES only measure certain criteria and do not include spatial quality of the built environment, the 
occupants’ satisfaction with the facility, the design’s relationship to history and culture, and many other 
criteria that designers find essential for analyzing the sustainability and quality of buildings and landscapes 
(Peters & Verderber, 2017). 
 Advocacy has grown for healthcare facilities taking steps to evaluate and certify gardens through 
rigorous post-occupancy evaluations (POEs), a contribution of the field of environmental psychology that is 
commonly used in the field of architecture to evaluate a built work in terms of the design itself and users’ 
needs (Bechtel, 1997; Davis, 2011; Zeisel, 1984). In the last 20 years, gardens in healthcare settings and 
their impact on various users have often been studied through the use of POEs, which has helped 
summarize effective suggestions for the design of future hospital gardens (Davis, 2011). Diagnostic POE is 
the most comprehensive POE strategy that evaluates the utilization of the space compared to the goals of 
the original design and how the design intents were translated into physical forms (Cooper Marcus & Sachs, 
2013, 2014). The use of multiple methods to provide reliable findings is critical to a diagnostic POE, such 
as using behavior traces and activity mapping to record the typical usage pattern of the space, project 
context and site analysis, interviews with the original design team, interviews with facility staff and essential 
users, and observation of plant health and site maintenance (Cooper Marcus & Sachs, 2014). Previous 
scholares have used the diagnostic POE approach (Davis, 2011; Pasha, 2013; Sidenius, Nyed, Lygum, & 
Stigsdotter, 2017), and the Garden Assessment Tool for Evaluators (GATE), an audit toolkit developed to 
quantify healthcare gardens’ restorative benefits and social supports, has attracted continuous research 
interest (Sachs, Cooper Marcus, & Barnes, 2016).  
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2.2 Research Purposes  
This study attempted to develop a holistic approach to evaluate the environmental and social 

performances of the landscape environments of a healthcare facility that claims sustainability. A diagnostic 
POE of the landscape environments of a community 
outpatient clinic was conducted following the holistic 
approach. The purposes of this study were to (1) explore the 
extent to which the design and utilization of various outdoor 
green spaces in a healthcare facility fulfill the original design 
goals; (2) understand the successes and weaknesses of 
these green spaces regarding the functionality in 
maintaining the site sustainability and providing health 
benefits; (3) evaluate the human-perceived levels of 
restorativeness of various green spaces in the clinic 
environment, and (3) summarize design suggestions that 
could promote psychological, emotional, and social support 
for facility users as indications for future practices. 

 
3 RESEARCH METHODS  

 Quantitative methods were most helpful when 
answering questions of “what” the relationship was between 
specific variables wheras qualitative methods addressed 
process-oriented questions to determine the “why” and 
“how” of a phenomenon (Adler, 1996; Leech & 
Onwuegbuzie, 2007). Mixed methods can increase 
research credibility, facilitate data validation, and overcome 
the weaknesses or intrinsic biases that come from a single 
method (Bogdan & Biklen, 2006); therefore, the mixed 
methods approach has become prevalent in healthcare 
design research (Nejati, Shepley, Rodiek, Lee, & Varni, 
2016; Shepley, 2011). This study adopted mixed methods 
following a holistic diagnostic POE model (Figure 1).  

3.1 Environmental Performance Measures 
As Figure 1 indicates, for environmental performances, the reduced stormwater runoff onsite was 

estimated using the National Stormwater Calculator developed by the United States Environmental 
Protection Agency. The calculator is a software application developed based on the the EPA’s Storm Water 
Management Model (SWMM) for computing small-site hydrology for any location within the United States, 
based on local soil conditions, land cover, and historic rainfall records. It can also be used to simulate the 
amount of stormwater runoff generated from a site under different development and control scenarios over 
a long period of historical rainfall (Li, Tung, & Chen, 2017; Rossman & Berner, 2017). In addition, the i-Tree 
Design (v 6.01) software from the USDA Forest Service (2017) was used to estimate the stormwater control 
by individual trees on the facility site as well as the carbon dioxide reduction. The i-Tree Design is an 
adaption of the Street Tree Resource Analysis Tool for Urban Forest Managers (STRATUM) that conducts 
urban and community forestry analyses and evaluates tree benefits (USDA Forest Service, 2017).  

3.2 Social Performance Measures 
 For social performances and benefits, a mixture of quantitative and qualitative methods was 
employed to evaluate the landscape’s social benefits housed within the framework of diagnostic POE. Data 
were collected via various methods as well as from different sources and perspectives. Social performances 
and benefits were evaluated hy the GATE audit tool—a scored checklist of elements and qualities that 
should be considered into the design of an ideal restorative garden (Sachs, 2017). The latest version of 
GATE consistes of 96 items evaluating the human perceived level of restorativeness of garden spaces in 
general acute care hospital environment. The tool requires two or more evaluators to evaluate a garden 
individually, and their rating scores are averaged for each item. The GATE tool has established high validity 

Figure 1. Diagnostic POE approach for 
landscape performances evaluation 



    

100 
 

(e.g., Pearson correlation score r = 0.79, p< .001 for the accumulative item score, indicating strong 
correlation strength) and strong reliability (e.g., Kappa and intra-class correlation coefficient ranging from 
‘good’ to ‘excellent’ for inerrater reliability) (Sachs, 2017, pp. 79—101).  
 In this study, the following tools/methods were used to evaluate social aspects of the site: (1) analysis 
of the archival drawing and documents to evaluate the project’s context and site condition, (2) behavior 
observation and mapping that visualized people’s usage patterns, (3) the GATE audit tool to quantify the 
level of restorativeness of three green open spaces at the clinic property through which five domains of 
design features indicating a restorative and supportive environment were measured using a scoring system 
(Sachs et al., 2016), and (4) semi-structured focus group discussions with user representatives onsite.  

4 DATA COLLECTION AND ANALYSIS  

4.1 Site Analysis and Behavior Mapping 
The study site, Hennepin County Medical Center Whittier Clinic, is located in the Whittier 

neighborhood in an urban center of Minneapolis that provides community medical services while connecting 
local residential neighborhoods to surrounding commercial districts. The property fully occupies one city 
block (3.5 acres), and the site was formerly a brownfield that required intensive site remediation. Three 
green outdoor spaces are integrated into the site design, including the Pocket Park located at the northwest 
corner of the site, the Community Park that connects the south and the east side of the site, and the Native 
Prairie, a rain garden located at the south boundary of the site that utilizes a low-maintenance, native plant 
palette. An underground parking garage is located to the west of the clinic building. Four entrances to the 
clinic building separate the flow of staff and patients/visitors. The main entrance (A) is the most frequently 
used for dropping off/picking up patient and visitors who arrive in a vehicle. The two secondary entrances 
(B and C) along Nicollet Avenue South and West 28th Street are primarily for staff and patients/visitors 
taking public transportation. Entrance (D) is a coded entrance used only for authorized staff. Various LID 
practices have been integrated into the site design, including the rain garden, multiple infiltration islands on 
the parking lot, and vertical greenery panels for screening noise and unpleasant views. A site location map 
and the site plan (Figure 2) indicate the spatial layout and the relationship between the site and the local 
context. 

Figure 2. Site location map and site plan 
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Following similar procedures in previous diagnostic 
POE studies by Davis (2011) and Sidenius et al. (2017), 
the project context and the design solutions addressing the 
original challenges and goals were evaluated using a 
thorough examination of the archival documents and 
original drawings, site analyses, an informal interview with 
the lead designer, and a walk-through indicative of an 
onsite evaluation. The investigators also conducted 3 hour-
long onsite observations on June 14 (3:30–4:40 PM) and 
June 15 (9:00–10:00 AM and noon–1:00 PM). Users’ 
typical behaviors and the site utilization patterns were 
documented through behavior mapping and field notes and 
then further visualized through a heat map (Figure 3). 
Archival studies identified three main principles/goals that 
guided the project, including (1) sustainable and “green” 
design (i.e., achieving LEED certification); (2) community 
connections (i.e., creating an integrated and welcoming 
amenity for the neighborhood); and (3) landscape legacy 
(i.e., the owner needed to be able to easily maintain the 
design aesthetic in the future). Design challenges and 
solutions for each goal were further identified, and the 
success and failure of the design solutions are preliminarily 
summarized in Table 1.  

4.2 Environmental Performance Computing and Estimation 
 Stormwater Runoff Reduction 
 Using the EPA’s National Stormwater Calculator (1.2.0.0 Beta MSI version), two site development 
scenarios were estimated. The current scenario was based on the current site design with various LID 
practices, including a rain garden (Native Prairie), street planters and infiltration islands in the parking lot, 
and permeable paving in the community park area. The conventional scenario was a site design with 
impervious materials with no LID practices, which was very similar to the pre-development site condition. 
As interpreted from the original construction documents, the land cover proportion for the current scenario 
was 38% pervious and planting materials and 62% impervious ground. Roughly 65% of the site’s impervious 
areas were treated by the rain garden, 30% of the site’s impervious areas were treated by infiltration islands, 
and 5% of the site’s impervious areas were directed to permeable pavement. For the conventional scenario, 
100% of the areas were estimated as impervious areas, and all runoff was directed to the civil sewage. This 
scenario was very similar to the site condition before development. Table 2 compares stormwater runoff 
onsite between the current and conventional scenarios; the current design scenario with various LIDs 
integrated could reduce approximately 2,309,540 gallons of stormwater runoff.  
 
 Tree Benefits 

An analysis of the archival planting plan provided by the original designer as well as walk-through site 
survey, identified more than 80 trees representing 10 species, around 500 shrubs representing 15 species, 
4 vine species, and more than 800 perennials formualting the plant palette. These plants included Autumn 
Blaze Maple, Renaissance Reflection Birch, Swamp White Oak, Northern Pin Oak, Ironwood, Serviceberry 
species, Dogwoods, Dwarf Bush Honeysuckle, Grow-low Fragrant Sumac, and various Yew species. The 
i-Tree Design (v6.01) program estimated thatr approximately 14,636 pounds of carbon dioxide (CO2) are 
reduced each year through the newly planted tree and shrub canopies—equal to the CO2 emitted by one 
passenger vehicle travelling 16,153 miles (United States Environmental Protection Agency, 2017a).2 
  

Figure 3. Site utilization heat map 
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Table 1. Project context analysis and evaluation of the design as compared to original goals/ challenges.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Landscape Irrigation Water Conservation 
The landscape planting design for Whittier clinic inlcuded xeriscaping strategies and native, 

drought-tolerant materials for the ground cover palette, which aimed to save irrigation water, reduce 
maintenance, minimize fertilizers or pesticides, and provide wildlife habitat (Sovocool, Morgan, & Bennett, 
2006). Weather-based sensor controllers for the irrigation system were installed onsite and further 
contributed to the conservation of landscape irrigation water. As indicated by the archival documents and 
estimations conducted by the original design team, the reduced landscape irrigation water was estimated 
using Hunter Water Saving Calculator. The Hunter calculator quantified the annual water savings potential 
for a project based on historical weather data as well as user-defined assumptions on irrigation practices, 
plant types, landscaped area, and irrigation methods (Hunter, n.d.). The total irrigated area equaled 54,938 
square feet in this project. Compared with the conventional water requirement (baseline scenario with 
conventional controller that assumes no rain shut-off device), the current scenario (with ET sensor installed 
and xeriscaping strategy) could save a total of 554,566 gallons water, resulting in a 69% savings in 
landscape irrigation water (Table 3). 
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Table 2. Comparison of stormwater runoff onsite between current scenario and conventional scenario.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Comparison of irrigation water conservation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.3 GATE Scores 
 Three expert evaluators conducted GATE evaluations onsite on June 15, 2017, between 8:30 AM 
and 2:30 PM. The weather was sunny and windy on the day of evaluation, and the temperature ranged 
between 71°F and 82°F. The Community Park, Native Prairie, and Pocket Park were systematically 
evaluated following the metrics for five domains of restorative features: (1) access and visibility, (2) sense 
of “being away,” (3) nature engagement, (4) walking and activities, and (5) places to rest (Sachs et al., 2016). 
Mean scores of all evaluators’ ratings were calculated and converted to a 1–10 scale for easier interpretation. 
Table 4 summarizes the GATE scores of each domain for all three green spaces.  
 Visual and physical access scores for Community Park were moderately high while the Native Prairie 
and Pocket Park received lower scores, suggesting that the green spaces were not closely attached to the 
clinic building, and the direct, convenient connection between facility occupants and these spaces was 
inadequate. The focus group discussion, which will be discussed later, supported this finding. According to 
the original goals, the site was intended to be designed as a community public space open to local residents 
and tied into a larger green space system. During the site observation, local residents and non-patients 
were seen frequently bypassing the property and using the three garden areas for short-term relaxing and 
leisure activities. 
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 Landscape designs for the clinic site provided certain levels of sense of “being away,” scoring 6 for 
all three green spaces. As the site is located in an urbanized area along Nicollet Avenue, a main street 
connecting to restaurants and business districts, noise and traffic are inevitable for a majority of the site. 
However, Pocket Park, located along a traffic heavy spot, scored highest for sense of “being away.” Lush 
green panels and a pergola provided a strong sense of enclosure that contributed to this result.  
 All three gardens gained high scores for nature engagement in the plantings subdomain. The majority 
of the ground surfaces were planted and maintained well. The three areas all had a rich variety of plants 
that stimulate the senses. Multiple bird species, beneficial insects, and rabbits were identified in the Native 
Prairie area. As reflected by the original designer, as well as site observations, the growth of trees in 
infiltration islands varied; those in infiltration islands with curbs grew taller and flourish more than those in 
infiltration islands without curbs. Seasonal icy road conditions result in salty roads to minimize slippery roads 
in Minneapolis, and the salty water is directed to uncurbed infiltration islands, thereby affecting the growth 
of plants.  
 The site design integrated a network of pedestrian pathways. However, some paths were not wide or 
smooth enough for easy utilization by handicapped people. For example, during the site observation, a 
wheelchair user accompanied by his/her family could only sit on the lawn near the Native Prairie because 
the path was too narrow and plant debris was on the pathway. The parking lot also became a barrier to 
accessing the clinic from the south edge of the property because of the narrow paths at Native Prairie and 
a lack of direct connections. The path at the Community Park was highly used by various users. During the 
site observation, local residents took shortcuts through that path to nearby commercial districts or to the 
bike share station.  
 Multiple types of seating were available at the site, including a limestone seating wall near the 
entrances of the building and garden benches at various green spaces. Site observations determined that 
the most utilized seats were the entrance’s front seating walls. After discharge, patients usually stayed near 
the main entrance and waited to be picked up. Local residents and passengers utilized the seating walls 
near the entrance along Nicollet Avenue. A lack of picnic tables and insufficient shading resulted in clinic 
staff’s inadequate use of seats in all green spaces. This will be further discussed with the findings from focus 
group discussions.   

4.4 Focus Group  
 One focus group interview was conducted onsite to explore individuals’ use of the three green open 
spaces as well as their perceptions and attitudes. Thirteen user representatives attended the study on June 
15, 2017, from noon to 1:00 PM. Table 5 summarizes participants’ demographic information. The focus 
group discussion was structured according to a list of predetermined questions: (1) Which part of the outdoor 
green spaces on campus and what specific gardens/courtyards do you use the most during your stay in the 
facility, and how do you use them? (2) What are the feelings or emotional states during and after your use 
of the green spaces, using adjectives to describe the feelings? (3) Regarding visibility and accessibility 
aspects, how do you perceive the green spaces compared to major indoor areas such as major corridors, 
waiting areas, dining areas, and exam rooms? (4) How do you usually interact with design features in the 
green spaces, including plantings and seats, and have you found any facilitators/barriers to the use of these 
spaces? (5) For clinic employees: How do you think that having various green spaces on campus could 
impact your work performance and satisfaction about the physical environments of your workplace? (6) Are 
there any design features that you feel are missing on the site? Any additional desired features? 
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Table 4. GATE scores for the three evaluated landscape spaces at Whittier Clinic. 
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  Participants were also invited to review 
the design of each of the three green spaces and 
express their opinions. A content analysis was 
conducted of the focus group discussion’s 
narrative, assisted by MAXQDA, a software 
program designed for computer-aided qualitative 
data analysis. Two investigators coded the 
transcript. Four types of topics were identified: (1) 
general description of the site (e.g., locations 
of the green spaces and typical users); (2) overall 
usage preference and attitude toward the green 
spaces; (3) typical user behaviors and activities at 
the green spaces as well as desired 
activities/programs; and (4) domains of garden 
restorativeness and design features, following the 
theoretical framework described in the GATE 
audit tool. Codes describing the topics and 
frequency of mention in the discussion were 
calculated and visualized through a simple 
frequency analysis (see Figure 4).  

 
 
 
Table 5: Demographic information of focus group participants  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  Generally, primary users of most of the green spaces were clinic staff. Typical activities include 
walking along the property perimeter for daily exercises and looking at nature from within the building. Local  
community residents usually bypass the site, walk through the site to take a shortcut to surrounding  
restaurants, or sit on benches for a short time, relaxing and looking at the greenery. Patients typically wait 
inside the clinic building and look out the window. For outdoor areas, patients only use the building’s front  
areas while they wait for their appointments or to be picked up. Group events and public use were not 
common at the site, and interviewees mentioned that patients rarely use the Native Prairie because of 
limited accessibility and walkability. As described by the focus group participants, “staff use most of the 
space,” and “there are always some patients outside the entrance.” As the clinic parking lot was open to the 
public, there was a shortage of parking spaces for clinic staff as well as some inevitable usage conflict 
between local residents and clinic staff/visitors. 

Figure 4. Content analysis of focus group 
discussion transcript 
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Access and visibility were the most discussed subtopic related to the restorativeness of green 
outdoor spaces and the design features, accounting for 12.9% of the total discussion. People enjoyed the 
views and natural light from multiple spaces within the clinic building, but the accessibility and walkability to 
the Native Prairie was low. The parking lot was a barrier, and a lack of continuous, obvious walking paths 
further contributed to the isolation of Native Prairie from the clinic users. As stated by user representatives: 

 
Patients not being able to walk from the building to the Native Prairie area because there is no 
natural walkway. Like kids, and strollers want to hang out, they wouldn’t go across the parking lot 
to get there. [Participant Narration 1] 
 
There is no natural walkway, meandering…you have to walk in the street, walk along the driveway 
to get there, or walk around the edge. [Participant Narration 2] 

 
Overall, clinic staff as represented by focus group participants appreciated the opportunities to 

engage with nature in the clinic environment. They held positive attitudes of the design of various green 
open spaces on the site. Having abundant daylight and views of nature enhanced staff’s mood and improved 
the perceived quality of thier work environment. Selective participants’ responses are quoted as follows: 
 

I just goanna to say that I love looking at the community garden area, I just feel good. I like all of it 
very much, but there are something very special about the grasses and about the native 
plants…there are so much nature integrated in that space that I really appreciate. [Participant 
Narration 3] 

 
When we build this building, it’s a new building…it has a rain garden to filter the stormwater, it was 
something that everyone is very proud of. So I actually really like it. I know it’s not that flashy, but 
it makes people feel good. [Participant Narration 4] 

 
Compared to our previous clinic, we didn’t have any garden, no green. Compared to that, this is 
much better. [Participant Narration 5] 
 
I used to work with XXX (facility), it was so dark, and we had hardly any natural light. So that’s one 
of the things we asked for: abundant natural light, and a sense of connection with nature. We 
have so much more of that and I feel we are really rich in that way. [Participant Narration 6] 

 
Negative perceptions of the green spaces on the clinic site or desired landscape features focused 

on four aspects: (1) a lack of “inviting” features to make the green space a destination, (2) a lack of picnic 
tables and shading near the seats, (3) a lack of bright colors and flowering species that bloom in different 
seasons in the planting design, and (4) low walkability from the clinic building to the Native Prairie area. 
Participants’ original responses are quoted here: 
 

And it will be interesting to think about what would draw us to the outside in there. I think that’s 
retreating ourselves, because it’s part of mentality and stress management to take a few minutes, 
two minutes, to look outside. But we are often…sitting all day. So I think a piece of it is the 
retreating ourselves, because it’s hard to take a few minutes from ourselves. I don’t know how the 
landscapes could help us in that way. But people said there could be something more attractive to 
overpower that. [Participant Narration 7] 
 
So if there were something like a waterfall, something like them, I would find a reason to go out 
there and just sit, look at the water, whatever. This is almost like if we are walking around the 
building, around the block, I would probably sit down somewhere but probably not since it’s so 
sunny there and there is nowhere to sit and avoid the sun. [Participant Narration 8] 

 
  The investigator also interviewed the staff about their attitudes to various LIDs on the site in order 
to explore the public’s comprehension of sustainable design. Most participants expressed a sense of pride 
about having a rain garden in their clinic. One participant questioned the use of infiltration islands filled with 
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stone materials, and other participants were not aware of the benefits of utilizing drought-tolerant species 
in the Native Prairie. After some explanations about sustainable design, all participants agreed that signage 
or interactive devices on the site to explain the design concepts would help educate the public and spread 
knowledge about sustainability. 

5 DISCUSSIONS AND CONCLUSIONS 
Following the holistic diagnostic POE approach, a systematic evaluation of the landscape environment 

at HCMC Whitter Clinic was conducted in this study. A series of environmental benefits of landscape 
performances were identified, including stormwater runoff reduction, tree benefits, and landscape irrigation 
to conserve water. These results indicated that integrating LIDs in a healthcare design can promote site 
sustainability and resilience. In general, toolkits and metrics adopted in this study demonstrated the 
efficiency of quantifying environmental performances, especially the application of the EPA’s National 
Stormwater Calculator in the estimation of stormwater management performance for a built project. 
However, certain limitations in usign these tools were identified. Given that the required design parameters 
were derived from archival drawings and documents provided by the designer, measurement inaccuracies 
of land cover ratios and plant dimensions can occur in the EPA’s calculator and the i-Tree application. Even 
when considering the measurement of these parameters through site survey, human errors are inevitable. 
Various databases of climate conditions and soil characteristics used as the basis of these tools could not 
provide the most current and accurate data, which may have resulted in system errors. 

The identified social benefits of landscape performances at Whittier Clinic can be summarized as 
follows:  
 

(1) The landscape environments in the clinic property provided restorative natural views and 
daylight as well as sufficient nature engagement for clinic patients and staff, as indicated by 
GATE ratings and site observational studies. 

(2) A network of pathways in the outdoor environments enhanced walking as daily exercises in 
outdoor green spaces for clinic staff. 

(3) The rich source of green spaces improved the staff’s overall satisfaction with their work 
environment. 

(4) Designed as a community open space providing relaxing spaces and easy access to 
surrounding neighborhoods and the commercial distracts for local residents. 
 

Research findings from this study, as well as design principles reflected from the GATE audit tool 
(Sachs et al., 2016) led to the following suggestions for restorative landscape designs in an urban clinic 
environment: 

 
(1) Strategically locate green spaces at various spots onsite to facilitate utilization by staff and 

patients: some close to the clinic building entrance for easy access by facility occupants, while 
some close to the property boundary to invite public use. Direct, noticeable pathways 
connecting the clinic to the green spaces promote the overall usage of those spaces. 

(2) Provide a unique design landmark at certain green spaces, such as a water feature or an 
interactive sculpture, to attract users and increase the livability of that area.  

(3) Design sufficient shadings near seats at certain green spaces as well as picnic tables to attract 
and retain users and increase the livability of that area. 

(4) Design primary walkways to follow Universal Design principals that support users with limited 
mobility/functionality. 

(5) Use colorful plant palettes and floral species to increase the visual pleasure provided by natural 
environments. 
 

Facing increasing challenges of global climate change and an imperative course of ecosystem 
reestablishment, healthcare facilities should take initiatives to design and build their campuses using 
sustainable strategies that reduce energy and water consumption as well as carbon emissions in addition 
to contributing to urban resiliency. As a healthcare landscape project that integrated systematic 
considerations of sustainable designs and thrived for seven years since its completion in 2011, HCMC 
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Whittier Clinic experimented with the cutting-edge design concepts of that time and produced positive 
environmental and social outcomes. Deuring the same seven years, landscape architects have further 
embraced the spirit of sustainable design; however, the general publics and the local communities are still 
catching up on at a slower speed. The continuous sharing of knowledge related to sustainability through 
ememplary practices, as well as improved user experiences and health coutcomes, in those sustainable 
environments will accelerate the recognition of sustainability among clients and end users.  

 
ENDNOTES 
 1: The following formula was used to make an estimation: average reduced annual runoff gallons = 
average reduced annual runoff inches x 0.083 feet/inch × area of the site acres × 43560 square feet/acre × 
7.48 gallon/cubic feet. Therefore, the average reduced annual runoff (gallons) = (28.6 inches – 4.2 inches) 
x 0.083 feet/inch × 3.5 acres x 43,560 square feet/acre × 7.48 gallon/cubic feet = 2,309,539.7 gallons.  
 2: It was estimated by i-Tree Design (v6.01) that approximately 14,636 pounds of carbon dioxide 
(CO2) are eliminated each year through the newly planted tree and shrub canopies. According to the EPA, 
the average passenger vehicle emits about 411 grams of CO2 per mile. 14,636 pounds × 453.6 gram/pound 
÷ 411 grams/mile = 16,153 miles. Therefore, the reduced amount of CO2 equals the CO2 emitted by one 
passenger vehicle that travels 16,153 miles (United States Environmental Protection Agency, 2017a). 
 3: All scores were converted to a 1–10 scale for easier interpretation and comparisons. 
 4: The term “restorativeness” was developed based on Stephen and Rachel Kaplan’s (1989) 
psychological theory of the restorative environment. Nature ideally satisfies the Kaplans’ criteria for a 
restorative environment, which must provide a sense of being away, be perceived extensive yet connected 
to a larger but comprehensible context, evoke people’s fascination, and be compatible with the needs of the 
individual. Following this track of theory, prior scholars have crafted the term “restorativeness” to describe 
the restorative qualities of environments. Examples of the usage of this term can be found in numerous 
studies, such as Bagot, Allen, & Toukhsati (2015), Collado, Staats, & Sorrel (2016), Hartig, Korpela, Evans, 
& Gärling (1997), Pasini, Berto, Brondino, Hall, & Ortner (2014), and so on. 
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