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I. Summary of Literature Review
Abstract

The purpose of the literature review was to create a framework for evaluating key
environmental design features that impact resident safety in various residential care
settings—skilled nursing facilities, assisted living, and memory-care facilities. The
review focused on the existing empirical research studies about the relationships
between environmental design and safety outcomes in residential care settings. After
a process of searching, sorting, and screening over 100 publications, a total of 55
research articles were identified and classified into six major outcome categories. A
framework was then created to present the environmental features impacting each
outcome category, key research findings, strength of evidence, and the relevant
reference information as well as evidence-based design recommendations.
The existing body of research evidence indicates that various environmental features
significantly impact safety outcomes in six categories:
• Resident falls
• Resident elopement/unsafe exiting
• Sleep disorders
• Aggressions/disruptive behaviors
• Medical errors, and
• Healthcare-associated infections
Several environmental features are especially important because each of them
influences multiple resident safety outcomes:
• Room occupancy (single-bed rooms)
• Lighting (high lighting level, sunlight)
• Outdoor nature/wander garden
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• Acoustics (noise reduction, music, nature sounds)
• Ambience (soothing environment, positive distractions).
The literature review also identified several gaps in knowledge base that need more
research. Rigorous research is needed to verify whether evidence from other similar
healthcare settings including other residential care settings is also applicable in specific
residential care settings and to address specific problems found in residential care.
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II. Purpose
The purpose of the literature review was to create a framework/matrix that outlines
the safety issues that should be considered in the design of various long-term care
(LTC) settings (skilled nursing homes, assisted living, and dementia/Alzheimer’s
care facilities). This matrix will help to guide the development of the Resident Safety
Risk Assessment (RSRA) to be submitted as a proposal for the 2014 Guidelines for
Design and Construction of Health Care Facilities.
The objective was that the RSRA matrix would serve as a broad evaluation
framework for the key design areas (e.g., noise, light levels, design of outdoor spaces)
that impact resident safety in various residential care settings—skilled nursing
facilities, assisted living, and memory-care facilities. Serving as the basis for the
RSRA, the literature review was conducted to identify existing research studies that
empirically examined the relationship between design and safety outcomes in LTC
settings. In addition, the literature review was to identify areas in the RSRA where
additional research may be needed to strengthen guidelines language for future
revision cycles.
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III. Methodology
A literature search was conducted on The Center for Health Design (CHD)
database of evidence based design literature, PubMed, EBSCO, and other databases
such as Google Scholar. Additional literature was also obtained from several existing
literature reviews on relevant topics (e.g., Chang et al., 2004; Day, Carreon, &
Stump, 2000; Joseph, 2006) and the reference lists of the identified publications. In
the second step, the more than 100 publications found in the first step were sorted,
screened, and narrowed down to about 55 publications that empirically supported
the connection between the physical environment and resident safety outcomes in
LTC. The vast majority of the identified research was conducted in LTC settings.
However, relevant research conducted in homes of seniors as well as other similar
healthcare settings was also included for certain topics lacking empirical research in
LTC settings.
In the third step, the identified literature was first sorted according to the outcome
categories (e.g., resident falls). Then the environmental features (e.g., wander garden)
impacting each safety outcome category were identified. Information regarding
the relationships between safety outcomes and environmental factors was extracted
from the literature. A RSRA matrix (see attached) was established based on the
literature review. Each row of the matrix presents the relevant information, including
research settings, key research findings, strength of evidence, and literature reference
information, for the relationship between one outcome and one environmental
feature (e.g., resident falls—wander garden).
Design recommendations based on the research evidence were also provided.
The strength of evidence was rated as 1 or 2: 1 meaning that the relationship
was supported by only one or two studies with a weak study design/measurement
tool or only nonsignificant tendencies were found in the research; 2 meaning that
the relationship was supported by multiple studies with a strong study design/
measurement tool and significant results from statistical analyses.
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IV. Results
The review identified six categories of safety outcomes (i.e., resident falls, resident
elopement/unsafe exiting, sleep disorders, aggressions/disruptive behaviors,
medical errors, and healthcare-associated infections) that were impacted by various
environmental features. This section summarizes key findings in these six outcome
categories. (See the RSRA matrix on page 7 for details.)
Resident Falls

Environmental design can effectively reduce resident fall risk by increasing ambient
lighting levels (Creditor, 1993; McMurdo, Millar, & Daly, 2000; Vu, Weintraub, &
Rubenstein, 2004), reducing light glare (Bicket et al., 2010), reducing the use of physical
restraints including bedrails (Capezuti, Strumpf, Evans, Grisso, & Maislin, 1998;
Hoffman, Powell-Cope, MacClellan, & Bero, 2003; Si, Neufeld, & Dunbar, 1999),
positioning beds to prevent resident falling from bed (Hofmann, Bankes, Javed, & Selhat,
2003), selecting low-height beds or chairs (Scandura, 1995), and selecting soft (e.g.,
wooden) subfloor and flooring with small motifs and lowest contrast (Perritt, McCune,
& McCune, 2005; Simpson, Lamb, Roberts, Gardner, & Evans, 2004). In addition,
a wander garden may reduce the frequency and severity of falls of demented residents
(Detweiler, Murphy, Kim, Myers, & Ashai, 2009). Research conducted in homes of
seniors suggests that optimizing configuration of grab bars near bath/toilet may reduce
falls related to the use of bathtubs and toilets (Runyan et al., 2005; Sanford, Arch, &
Megrew, 1995; Sveistrup, Lockett, Edwards, & Aminzadeh, 2006). More research is
needed to examine the effects of bathroom locations and grab bars in LTC settings.

Resident Elopement/Unsafe Exiting

Unsafe exiting is a special problem in LTC, especially for residents with dementia.
Research found that nursing home residents exhibited fewer unsafe exiting behaviors
in an environment that is soothing and provides appropriate sensory stimulation
such as nature scene artwork, plants, nature sounds, music, and aroma (Algase,
Beattie, Antonakos, Beel-Bates, & Yao, 2010; Cohen-Mansfield & Werner, 1998a).
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Another effective environmental measure in reducing unsafe exiting or exit-seeking
behaviors is the use of visual barriers to reduce the visibility of exit doors and
doorknobs. The visual barriers can be cloth panels covering doorknobs, window
blinds blocking views of outside, wall mural painted over exit doors, and full-length
mirrors in front of doors (Dickinson & McLain-Kark, 1996; Dickinson, McLainKark, & Marshall-Baker, 1995; Kincaid & Peacock, 2003; Mayer & Darby, 1991).
Research also shows that wander gardens help to reduce aggressive behavior among
dementia residents (Detweiler, Murphy, Myers, & Kim, 2008). Providing safe exits
and transitions from residential areas to wander gardens might help to reduce exitseeking behavior or provide a safe outlet to do so.

Sleep Disorders

Sleep disorders are a frequently seen problem in LTC settings that may lead to falls,
delirium, morbidity, and mortality. Higher lighting levels during daytime, bright
light exposure, and sunlight exposure can significantly improve nighttime sleep
(decreased awakenings) and reduce daytime sleep (Alessi et al., 2005; Fetveit &
Bjorvatn, 2004; Satlin, Volicer, Ross, Herz, & Campbell, 1992; Shochat, Martin,
Marler, & Ancoli-Israel, 2000; Sloane et al., 2005; Van Someren, Kessler, Mirmiran,
& Swaab, 1997; Wallace-Guy et al., 2002).
Another effective measure is the reduction of environmental disturbances during
nighttime such as noise and variation of lighting levels (Schnelle et al., 1998; Schnelle,
Alessi, al-Samarrai, Fricker, & Ouslander, 1999; Webber, Martin, Alessi, Josephson, &
Harker, 2004). Disruption from roommates is a significant source of sleep disturbance.
Single-bed rooms may lead to better sleep and less need for sleep medications (Koch,
Haesler, Tiziani, & Wilson, 2006; Morgan & Stewart, 1998a). Access to outdoors may
increase the exposure to bright light and natural elements, therefore, can improve sleep of
nursing home residents with dementia (Calkins, Szmerekovsky, & Biddle, 2007).

Aggressive/Disruptive Behaviors

Resident agitation and aggressive behaviors may result in harm to residents
themselves, other residents, and staff members. Bright light exposure, increased
environmental lighting, and heightened color contrast have been found to reduce
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level of agitation and aggression (Koss & Gilmore, 1998; Lovell, Ancoli-Israel,
& Gevirtz, 1995; Sloane et al., 1998). Blocking afternoon sunlight together with
maintaining constant lighting levels may help reduce disruptive behaviors in
individuals with Alzheimer’s disease at senior adult day-care centers (La Garce,
2002; La Garce, 2004).
Agitation and aggression can also be reduced by decreasing spatial and social
density (fewer residents per unit, larger space per resident) and separating
residents by single rooms (Morgan & Stewart, 1998b; Low, Draper, & Brodaty,
2004; Pekkarinen, Sinvervo, Perala, & Elovainio, 2004). Positive distractions
(e.g., visual, audio, and olfactory stimuli of nature or home/people contents,
small-scale homelike environment with features such as residential kitchen
and wander gardens) may help soothe residents, thus reduce psychiatric
difficulties and disruptive behaviors (Burgio, Scilley, Hardin, Hsu, & Yancey,
1996; Cohen-Mansfield & Werner, 1998a; Cohen-Mansfield & Werner,
1998b; Detweiler et al., 2008; Kane, Lum, Cutler, Degenholtz, & Yu, 2007;
McGonagle & Allan, 2002; McMinn & Hinton, 2000; Mooney & Nicell,
1992; Murphy, Miyazaki, Detweiler, & Kim, 2010; Namazi & Johnson, 1992;
Nelson, 1995; Whall et al.,1997).
Medical Errors

The literature search did not find environmental research on medical errors that
was conducted in LTC settings. However, research evidence from acute care settings
may shed some light on how environmental design may impact medical errors in
LTC. Especially relevant environmental measures include the increase of lighting
levels and the reduction of environmental distractions and interruptions (unexpected
sounds, unrelated traffic).
These two measures have been found to significantly reduce medication-dispensing
errors (Buchanan, Barker, Gibson, Jiang, & Pearson, 1991; Flynn, Barker, Gibson,
Pearson, Berger, & Smith, 1999; Westbrook et al., 2010). Rigorous research is
needed to verify whether knowledge from other healthcare settings is also applicable
in LTC and address the specific problems in LTC.
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Healthcare-Associated Infections

Research conducted in nursing homes indicated that residents in single-bed rooms
were less likely to contract infections with urinary bacteria (Fryklund, Haeggman,
& Burman, 1997), influenza A (Drinka, Krause, Nest, Goodman, & Gravenstein,
2003), and nonbacterial gastroenteritis (Pegues & Woernle, 1993). In one study,
ratings of the quality of ambient environment (e.g., cleanliness, homelikeness, odors,
and noise) in nursing homes were related to lower risk of hospitalization for infection
(Zimmerman, Gruber-Baldini, Hebel, Sloane, & Magaziner, 2002). Research is
needed to examine the effects of other design strategies (e.g., air filtration, easy-toclean materials) on infection control in LTC settings.
One finding of the literature review was that most published environmental
research on resident safety in LTC was conducted in nursing homes or on demented
residents; research on relatively healthier residents in assisted living environments
was very limited. This is consistent with the observation of other researchers (Bicket
et al., 2010). Although it is reasonable to assume that most findings from research
in other LTC settings could be similarly applied to assisted living facilities, research
evidence is needed to directly address special safety issues in assisted living settings.
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Key Findings
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was adversely affected by noise and light (Schnelle
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causing sleep disturbance as reported by nursing
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et al., 2006).
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Key Findings
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size was correlated with high level of time pressure among staff
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mirrors, vanity-style sinks, and wood-covered cabinets in bathrooms
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- House-like small unit. Patients in purpose-built bungalows (each of
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lower levels of psychiatric difficulty than patients in traditional longterm psychiatric units (McGonagle & Allan, 2002). Green House (small
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V. Conclusion
The built environment of LTC settings plays a significant role in providing safe
care to residents. Several of the environmental features mentioned in this paper are
especially important since each of them influences multiple resident safety outcomes.
• Room occupancy: Single-bed rooms are related to better sleep, lower levels of
agitation, and reduced risk of healthcare-associated infections.
• Lighting: High lighting level is related to better outcomes—lower fall risk,
lower agitation, and fewer medication errors. Bright light or sunlight exposure
at appropriate times helps reduce sleep disorders and disruptive behaviors.
Blocking afternoon sunlight together with a constant light level can lead to
reduction of disruptive behaviors.
• Outdoor nature/wander garden: An outdoor nature/wander gardens
contributes to the reduction of resident falls, agitation, and aggressive behaviors
and the improvement of sleep.
• Acoustics: Sleep disorders and agitation/aggression can be reduced by
alleviating noise and providing music or nature sounds.
• Ambience: A soothing, homelike, aesthetic interior environment that provides
positive distractions (e.g., nature artworks) may reduce agitation, aggression,
and unsafe exiting.
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