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Abstract

Objective: The purpose of this scoping review is to synthesize and map available evidence on the
design of “housing with care” (HWC) schemes to inform design decisions built on objective data from
previous research, which is key to ensuring such schemes are fit for purpose for older people.
Background: HWC is becoming increasingly recognized as a model for developing housing schemes
for older people and balances independent living with elevated levels of care. However, as this scheme
is still relatively novel, there are currently no established theoretical frameworks to inform design.
Methods: Scoping review, thematic analysis, and mapping methods were used to comprehensively
search for and synthesize evidence that links design with assessments of quality-of-life data for HWC
schemes. Study findings for each included paper were subject to data extraction for inductive analysis,
and the quality of each study was assessed using a modified critical appaisal skills programme (CASP)
checklist. Results: Our searches yielded 821 unique references, of which 18 unique articles met the
inclusion criteria. The outcomes of interest were the design considerations or features in HWC
schemes and their impact on the residents. The main themes identified were related to design element,
accessibility, maneuverability, views, design procedure, and quality of life (QOL). Further subthemes
identified across papers were identified to create a comprehensive map of the key features to consider
in designing HWC schemes. Conclusion: This review provides an initial framework for designers and
architects to (1) understand the effect of each design element of HWC and (2) inform design to
ultimately improve the QOL of aged people.
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housing for older people, housing with care, extra care housing, evidence-based design, conceptual
framework, scoping review
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Social Affairs Population Division, 2019). The
transition from independence to increased reli-
ance on care is an important turning point in the
human life cycle and is likely to accompany a
decrease in physical and mental health. Studies
show that the built environment plays a particu-
larly important role in reducing disability and
improving well-being (Barbara & Barnartt,
2014; Fancourt & Finn, 2019; Roelofsen, 2014)
and underscore the need to broaden studies on
healthcare environments to encompass long-
term care environments (e.g., assisted living
[AL] facilities, retirement homes) within more
rigorous research frameworks (Ulrich et al.,
2010). The terms built environment and physical
environment are often used interchangeably.
Built environment usually refers to land use plan-
ning, street connectivity, and transportation
(Woolf & Aron, 2013) and may include housing,
green spaces, safety, and sanitation (Salgado
et al., 2020). Here, references to the physical
environment include both housing structures and
their immediate surroundings.

Local governments are encouraged to create
settings and enforce standards for newly built
house and home modifications suited to an aging
population. Likewise, as the proportion of older
people increases, so does the need to both provide
care in healthcare facilities and to create homes
that provide care (Mazuch, 2017). Housing with
care (HWC)—a subcategory of AL that is viewed
as an alternative care environment model—is a
housing model geared toward aging populations
in which design is centered on functionality and
aims to integrate housing with the adequate and
accessible spaces and care services offered. HWC
is becoming an increasingly important part of
long-term care systems (Chapin et al., 2001) and
aims to provide an age-friendly physical environ-
ment that is integrated with care service, so resi-
dents benefit from increased independence and
quality of life (QOL). A residential environment
for older people that combines housing with a
range of care services is currently considered to
be the optimum model (Regnier & Denton, 2009).
However, although it has been established that
the design of a given space substantially affects
a person’s behavior in their environment, metho-
dological flaws have obscured attempts to collect

“objective, evaluative, and discrete” data on opti-
mal design features for physical environments in
AL settings (Cutler, 2000, 2007). In stark contrast
to nursing homes, guidelines for designing the
physical environment are not standardized for
AL settings (Cutler, 2007) and are nonexistent for
HWC settings.

The realm of research on housing design for
older people is bound by certain limitations, such
as the difficulty of conducting randomized con-
trol trials and the selection of objective data.
Despite these limitations, primary evidence is
strengthened when research findings are repli-
cated and reproduced using the scientific method,
so they can be acknowledged as credible evidence
(Peavey & Vander, 2017). Hence, a rigorous
review is needed to comprehensively assess how
the literature could support the design and assess-
ment of future HWC approaches and to provide
an initial framework for designers. However,
studies that have assessed the literature to estab-
lish a consensus on the most important principles
to guide HWC design and objective criteria for
designing HWC environments are completely
lacking.

Research Aims and Objectives

Therefore, the present study aims to (1) compre-
hensively review research on residences for older
people and (2) to assess the quality of this evi-
dence. The overall objective of this review is to
investigate and assess the existing evidence on
the housing environment for older people in rel-
evant literature published over the last 15 years to
provide an initial framework for designers of
HWC facilities.

Method

We performed a scoping review of the literature
and synthesis using thematic analysis—a method
of analyzing qualitative data to identify, analyze,
and report patterns contained the data set (Braun
& Clarke, 2006; Thomas & Harden, 2008). A
scoping review determines the extent of the exist-
ing literature in a given field and can be used as a
research tool to map existing literature on a
certain topic. This review follows Preferred
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Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Moher et
al., 2009).

Information Sources and Search Strategy

A search strategy was developed in conjunction
with advice from an information specialist. Key
word searches of article titles and abstracts were
conducted using three conceptual categories
(Online Appendix 1): (1) living environments
(housing, extra care housing, housing with care,
residen*, home, house, dwell*, living environ-
ment), (2) aging (older people, elderly, older
adults, aged 65, ag$ing, senior), and (3) design
(design, cost, quality of life, well$being, stay*,
safety, independen®). As this study focuses on
socio-psychological factors in designing residen-
tial environments for older people, we intention-
ally excluded terms that apply to people with
serious sensory or cognitive impairment and envi-
ronmental factors (e.g., Dementia, Alzheimer,
Hospital*, Ward, Acute, Surgery, Emergen®,
Medic*, Patient*, Air, Cooling, Heating, and
Nursing; Figure 1).

Electronic searches were performed using four
databases from November 5, 2019 to January 8§,
2020, using Scopus, Medline with Web of Sci-
ence, CINAHL, and Social Policy & Practice
with Ovid. Test searches for the sensitivity and
specificity of research terms were conducted with
corresponding adjustments. Medical subject
headings (MeSH) were included, Scopus and
Medline were replaced by Web of Science and
PubMed, and Social Policy & Practice was added
according to the advice of a university informa-
tion specialist. While the aims and theoretical
rationale for HWC is documented in the literature
from around 2001, the evidential literature to
examine such schemes that have already been
built has not appeared until much more recently.
Additionally given that interest in housing for
older populations has grown exponentially over
the last few years, and this review’s focused spe-
cifically on HWC rather than care homes for the
elderly in general, the decision was made to
restrict the literature searches to studies con-
ducted within 15 years prior to the search date
(January 2005 to December 2019). MeSH

searches were conducted to include all the avail-
able studies in the search results.

Eligibility Criteria

Studies were eligible for inclusion if they met the
following criteria: published (1) in English, (2) in
the last 15 years, and (3) in peer-reviewed aca-
demic journals. Research that did not focus on
architectural design was excluded. No limit on
geographical region or participant ethnicity was
imposed to allow a variety of cultures and popu-
lations to be reviewed. Definitions of “older”
vary with context therefore this review focused
on studies of people aged 65 and older, given that
it is at the upper end of the global median retire-
ment age. Inclusion criteria were as follows: age
selection criteria (people aged > 65) and articles
dealing with architectural design items (e.g.,
house modification, housing type, physical bar-
riers). The exclusion criteria were as follows:
social care policy, environmental design (e.g.,
heat, energy, air quality), nursing (>65 and under
medical care), articles regarding potential popu-
lation transfer to the status of receiving care, and
people aged > 65 living in institutional settings.

Study Selection

All retrieved references were imported into the
Mendeley, and duplicates were removed. All
study titles and abstracts were assessed against
the review eligibility criteria by one reviewer
(S.J.) in the first phase of screening. In the next
stage, remaining studies were retrieved for full-
text assessment. A proportion (20%) of all
records generated through searches were inde-
pendently screened by a second reviewer (L.U.).

Data Collection Process and Data ltems

The final selection of articles was parsed to
extract information relating to each study’s aims,
abstracts, sample size and methods, variables, and
dependents and were tabulated in Microsoft
Excel by one reviewer (S.J.). Themes and sub-
themes were derived based on the inclusion of
subordinate concepts and classified as variables
and outcomes to create a second data table for use
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Search strategy

l

Ageing AND Housing AND Design
| I I

. Housing OR Design OR
Ageing OR Housing with care OR Quality of life OR
Older people OR Extra care housing OR Wellbeing OR
Older adults OR Residence OR Cost OR
Elderly OR Home OR Stay OR
Aged 65 OR House OR Safety OR
senior Dwell OR Independence

Living environment

|

NOT
Dementia OR
Alzheimer OR
Hospital* OR
Ward OR
Acute OR
Surgery OR
Emergen* OR
Medic* OR
Patient* OR
Air OR
Cooling OR
Heating OR
Nursing

h 4

Scopus, Medline, CINAHL, Social policy & practice

Figure 1. Study search strategy.

in thematic analysis mapping. A proportion
(30%) of all data extracted were independently
screened for accuracy by a third reviewer (J.H.).

Quality Assessment and Applicability

CASP was used to review the quality of the
research included in the present study, as it allows
for a systematic assessment of trustworthiness

and quality of various study designs. Adopting
tools from this compendium of checklists facili-
tates quality assessments across different study
designs. The quality and applicability of each
study was assessed using modified CASP check-
lists by one reviewer (S.J.). To better adapt the
checklists to this research question, three extra
questions were added: (1) demographical applic-
ability (Online Appendix 2), (2) architectural
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design focus (Online Appendix 3), and (3) design
applicability to HWC (Online Appendix 4). A
proportion (30%) of all quality assessments were
independently screened for accuracy by a third
reviewer (J.H.).

Thematic Synthesis Mapping

A synthesis of studies was conducted using the-
matic analysis to inform a conceptual model of
HWC encompassing all types of study designs
(Thomas & Harden, 2008) using an iterative and
inductive approach to analyzing qualitative
research across a variety of epistemologies and
research questions. A translation table was cre-
ated from all relevant themes extracted from each
paper using Microsoft Excel. First-order struc-
tures were defined by taking concepts and recog-
nizing the same concepts from each study,
although not expressed using identical words.
Relevant themes were classified into variables
and outcomes, grouped by similar topics, and
subgrouped as second-order structures. Concepts
were then mapped using Microsoft Visio to
visualize the relationships between themes.
Cross-comparisons resulted in original third-
order structures (i.e., maps) to inform the new
conceptual framework.

Results

Study Selection, Designs, and Characteristics

Of the 821 citations returned in our initial
searches (167 from Scopus, 247 from Medline,
259 from CINAHL, and 148 from Social Policy
& Practice), 18 articles that focus on the relation-
ship between aging, housing, and QOL were
included in the thematic analysis. The process
of study identification and selection is summar-
ized in the PRISMA diagram in Figure 2.
Details of the characteristics for each study
and sample are provided in Table 1. A total of
3,694 participants (3,686 people aged > 65 and
eight caregivers) were represented in the included
studies, with sample sizes ranging from seven to
1,188. One case study included four different
schemes but did not report the number of individ-
ual participants. The ages of older people

included in the samples ranged from 52 to
98 years. Most studies included mixed genders,
while one study (Chin & Quine, 2012) was 100%
female. The selected studies were conducted in
nine countries (four in the United States, four in
Australia, three in Sweden, two in the United
Kingdom, one in the Netherlands, one in Chile,
one in Finland, one in Belgium, and one in Iran).
One study (Shin, 2018) was conducted in the
United States but targeted a specific ethnicity
within a multiethnicity societal setting.

The 18 included studies were performed in
eight conventional homes (which were modified
at the request of or to meet the requirements of the
residents), eight residential care facilities includ-
ing extra care housing (ECH), two care homes,
and two communal senior housing facilities. The
results of the selected studies and discussions of
evidence found therein were grouped under the
following major themes: A. Design Element; B.
Accessibility; C. Maneuverability; D. View; E.
Design Procedure; and F. Quality of Life.

Quality Assessment

The results of the quality assessment utilizing the
modified CASP checklist are summarized in
Table 2 for qualitative studies, Table 3(a) for
cohort studies, and Table 3(b) for case-control
studies.

While reflexivity was nearly absent, seven of
18 studies included a statement placing the
researcher culturally or theoretically (Burton &
Sheehan, 2010; Gobbens & van Assen, 2018;
Kim & Portillo, 2018; Nakhodaeezadeh et al.,
2017; Orrell et al., 2013; Shin, 2018; Smith
et al., 2016). Only two studies included an
acknowledgment of the influence of the
researcher on the research (Burton & Sheehan,
2010; Rodiek & Fried, 2005). Despite this, all
18 studies were deemed to satisfy the quality
assessment CASP checklists.

Data Extraction and Synthesis

Themes and subthemes were grouped into inter-
ventional design factors and their relevant effects
on users. To address the need for objective data
regarding physical design elements, themes were
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Result identified from
initial database search N= 821
Scopus (n=167)
Medline (n=247)

Cinahl (n=259)

Social policy & practice (n= 148)

Duplicates (118)

Records after duplicates removed
(n=703)

Abstract excluded (631)

Full-text articles assessed for eligibility
(n=72)

18 publications included
in thematic synthesis

Full-text articles excluded (54)

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study selection

and exclusion.

created to help elucidate the objective elements
of the physical environment that contribute to
the subjective dimensions of QOL, as well as
the concept that HWC design can attribute to
well-being in later life. Figure 3 shows the struc-
tures of the relevant main domains, themes, and
subthemes.

Thematic Mapping Variables

Theme A: Design elements. This group represents
thematic areas in the schemes and aspect of build-
ing design (Figure 4). Housing type is one factor
related to the extent of user control (Pirinen,
2016). Some studies argued that room size
(Burton & Sheehan, 2010) and the scheme size
(Orrell et al., 2013; e.g., the number of living
units) are associated with residents’ QOL. Orrell

et al. (2013) stated that the size of a scheme is a
factor in the relationship between building design
and residents” QOL owing to universal needs
such as comfort, control, personal realization,
and dignity; however, the authors admit that there
may also be other variables that are difficult to
measure. Although modification usually applies
to traditional housing, the specific relationships
between factors and outcomes are notable. Envi-
ronmental factors are comprised of noise, heat-
ing, lighting, olfaction, and aesthetics. Shin
(2018) stated that residents’ daily activities were
affected by thermal, olfactory, and auditory com-
fort by the manner, operation, or adjustment of
ventilation. These factors were described as
universal needs across cultural divides and affected
residents’ physical health and well-being, security,
and fall hazard (Burton & Sheehan, 2010;
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Table 2. Quality Appraisal of Retained Qualitative Research Publications.

Overall
Author (Year) I 2 3 45 6 7 8 9 10 I1 12 13  Appraisal
Burton and vV VvV vy VPV V Itprovides a model for further  / x |/ SAT
Sheehan user-centered research on
(2010) design and well-being at all
scale of the built environment
Chinand Quine / ? ? /2 ? / ! / Suggestion of elements of building / / +/ SAT
(2012) design and the makeup of the
social environment potentially
need further exploration to
alter the experiences of the
residents
Kylén et al. vV v v v v v VvV  Finding can be transferred to vV x / SAT
(2014) other Western countries that
favor community-based
healthcare and social services
Carnemollaand / / v/ / +/ x ! ! |/ Basis of an evaluation model that / / +/ SAT
Bridge (2014) recognizes both physical role
and well-being to capture the r
benefits of home modification
to deliver
Van Steenwinkel / +/ / ! /! 1 / |/ Suggesting design strategies for ,/ x ./ SAT
etal. (2017) residential care facilities which
enhances freedom
Shin (2018) vV v vy /! 1 1/ Comprehensive understanding of / x / SAT
general environmental need
and situation of an ethic group.
Lindahl et al. vV vV VvV Applicable to the design of extra / ! |/ SAT
(2018) care housing (ECH) for a sense
of security
Berglund- vV v v vy !V  + Contribution to an uncertainty of / x +/ SAT
Snodgrass and what qualifies for in terms of
Nord (2019) care and social life, and what
residents expect and demand in
ECH
Carnemollaand / v/ v/ vV vV v v ! +/ Demonstrating the role of v X 4/ SAT

Bridge (2019)

physical home design that
contributes independent life

Note. Response options: yes /; no X; and unclear 2. KP = key paper; SAT = satisfactory; FF = fatally flawed.

*This question marked “unclear” if no formal ethical approval

Gobbens & van Assen, 2018; Kim & Portillo,
2018; Shin, 2018).

Aesthetics of buildings and decor may impact
satisfaction (Burton & Sheehan, 2010; Orrell et al.,
2013). Pirinen (2016) cited differences between
housing designed for older adults as prospective
residents and housing designed by older adults
either having a designer or artist background or
who were interested in social living. Space config-
uration is associated with socialization, feelings of

reported but no ethical concerns identified.

happiness, sense of place, and home-likeness via
flexible space, guest room, and layout (Berglund-
Snodgrass & Nord, 2019; Burton & Sheehan,
2010; Chin & Quine, 2012; Kim & Portillo,
2018; Nakhodaeezadeh et al., 2017; Orrell et al.,
2013; Shin, 2018; Van Steenwinkel et al., 2017).
Spatial flexibility was identified in the user-driven
design (Pirinen, 2016). Specifically, several stud-
ies state that spatial flexibility is linked to sociali-
zation and privacy (Berglund-Snodgrass & Nord,
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Figure 4. Thematic conceptual diagram between Group A and dependent groups.

2019; Burton & Sheehan, 2010; Shin, 2018). Unit
entrance configuration was related to several
issues: accessibility, usability, and security (Shin,
2018). Shin (2018) also recommended smooth
transitions from corridor to doors for wheelchairs
and ample storage for outdoor items and easier
cleaning. Size—including both small-scale and
generous spaces—influences feelings of freedom,
social contact, and accessibility (Van Steenwinkel
et al., 2017), while the lack of space triggered
reduced usability owing to mobility and maneu-
verability issues, increased fall risk, and decreased

socialization (Berglund-Snodgrass & Nord, 2019;
Kim & Portillo, 2018; Shin, 2018). For example,
residents in buildings with high fall rates reported
a lack of space for mobility and maneuverability
(Kim & Portillo, 2018). Modification: Currin et al.
(2012) and Carnemolla and Bridge (2014, 2019)
focused on home modification for older adults
receiving care at home, while Pirinen (2016)
emphasizes defining AL in terms of readiness for
modification. Currin et al. (2012) indicates that the
level of performance uptake of home modification
recommendations was dependent on the
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combination of service availability and residents’
personal factors such as comorbidities. Kylén et al.
(2014) found that housing adaptation compensates
for the external control belief that older people can
control their home environment by counterbalan-
cing deteriorating functional capacity. Kim and
Portillo (2018) and Carnemolla and Bridge
(2019) validate the notion that home modification
fosters independence through decreased care need.
Communal space was one of the most frequently
cited themes and presents increased opportunities
for socialization (Berglund-Snodgrass & Nord,
2019; Lindahl et al., 2018; Orrell et al., 2013). The
design features of communal space that affect
variability of use and general satisfaction are flex-
ibility and size.

Theme B: Accessibility. Accessibility was empha-
sized to identify physical and cognitive barriers
in building areas (Figure 5). Ten studies reported
on enablers, walkability, and location (Berglund-
Snodgrass & Nord, 2019; Burton & Sheehan,
2010; Carnemolla & Bridge, 2019; Currin et al.,
2012; Gobbens & Van Assen, 2018; Kim & Por-
tillo, 2018; Kylén et al., 2014; Nakhodaeezadeh
et al., 2017; Pizzi et al., 2013; Shin, 2018; Smith
et al., 2016). The subtheme Enablers consists of
handrails, walk-in shower, widths of doorway,
lifts, and assistive technology/mobility aids,
where the main areas of focus in the literature are
the bathroom and kitchen (Carnemolla & Bridge,
2019; Currin et al., 2012; Kim & Portillo, 2018,;
Kylén et al., 2014; Pizzi et al., 2013; Shin, 2018).
Design features in hygienic areas include
grabrail, handheld shower, shower screen, and
commode area. The kitchen, bedroom, and
entrance were associated with accessibility
issues. Notably, Kim and Portillo (2018) focused
on environmental safety related to fall hazards
involving narrow width and lack of handrails.
Kylén et al. (2014) stated that perceived func-
tional independence can be measured through a
Housing-Related Control Beliefs (HCB) Ques-
tionnaire; however, the data had low internal con-
sistency. Walking surface concerns originate
from surface, door slip, and doorsill unevenness,
which are associated with both accessibility and
safety (Orrell et al., 2013). This theme includes
the quality of the sidewalk and entry barriers of

the immediate exterior environment. Kylén et al.
(2014) found that barriers and irregular walking
surfaces are prevalent in the entrance environ-
ment. Removal of doorsills and nonslip treads
on stairs are recommended (Currin et al., 2012).
Stair unevenness has been found to be one of the
main architectural barriers hindering the perfor-
mance of basic daily activities in Chile’s senior
state housings (Pizzi et al., 2013).

Theme C: Maneuverability. Maneuverability
involves features that could affect ease of use, such
as the weight and height of doors and windows
(Figure 6). Pizzi et al. (2013) identified that inad-
equate heights of essential elements such as
cabinets and electrical outlets affected QOL.
Walkability encouraged older people to go out
independently and offered opportunities to exer-
cise. The context of the scheme influences resi-
dents’ perceived security and connection with
both the wider community the place. Finally, gar-
den was mentioned as providing some small
choices of spaces and activities to the female resi-
dents that were the focus (Chin and Quine, 2012).
In addition, there was attention raised in designing
barrier-free gardens for mobility (Shin, 2018). Shin
(2018) suggested adequate space allocation should
be given to the building site to allow social gather-
ing, parking, and gardening behavior.

Theme D: View. This theme includes the sub-
themes view to outside and view inside. Rodiek
and Fried (2005) verified the hypothetical prefer-
ence of the view for green using a photographic
comparison method. Outdoor view is largely
associated with activity, perceived safety, and
connecting with wider community, while views
inside a building—including visibility of circula-
tion—are associated with sense of control and
community (Figure 7). Smith et al. (2016)
reported that older adults in the care environment
preferred more views, greenery, windows, and
paths. Burton and Sheehan (2010) confirmed that
immediate views from windows are more appre-
ciated than location. Visual openness is highly
correlated with perceived accessibility. Views
inside result in an “open” and “friendly” atmo-
sphere and provide the possibility of seeing more
areas and facilitating movement in the space.
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Figure 5. Thematic conceptual diagram between Group B and dependent groups.

Visual openness indoors can be achieved via an
open floor plan or glass (paneled) walls and
doors. Views of people coming and going in a
communal area is linked to sense of community
and choice of socialization. Burton and Sheehan
(2010) represent it as a lighter, welcoming, less
intimidating environment, where it is possible to
see parts of the home and identify who is there
and what they are doing.

Theme E: Design procedure. There were two differ-
ent subthemes discussed: user involvement and
cultural consideration (Figure 8). Pirinen (2016)
discussed the discrepancies between housing con-
cepts developed by versus housing concepts for
older people. Including older people in the design
process raised elders from subjects to main agents
and design resources. While beyond the scope of
the specific study, differences in the designs



314 Health Environments Research & Design Journal 15(4)
C2.1. Kitchen
€1. Weight | C. ability €2. Height
i & Portillc, 20
g L.
F4.1. Sense of
Home
F1.1. Secialisation F4. sense of
Place
F2. Independance F4.2. Personal
= F1.2. Connecting Realisation
2 with Wider
= Community
E F5.1. Freed:
i . Freedom
Ill
= — ! . F5. Choice &
‘| F3.1. Physical mobility F. Quality of Life Control
P2 Privecy
F3.3. Cognitive health F6.1, Perceived
safety
satisfaction F6. Safety F6.2. Fall

Figure 6. Thematic conceptual diagram between Group C and dependent groups.

produced by the direct users vis-a-vis conventional
design approaches appear meaningful and worthy
of further discussion. Nakhodaeezadeh et al.
(2017) examines the interaction between QOL and
socio-physical environment and local culture in
Iranian elders, in which having a guest room rein-
forces the social support network of older people.

Theme F: Quality of life (QOL). Community is a sub-
theme connected to QOL for older people in
their home environment. Socialization and social

support from their community were frequently
mentioned by users in several studies (Berglund-
Snodgrass & Nord, 2019; Burton & Sheehan,
2010; Gobbens & van Assen, 2018; Lindahl
et al., 2018; Nakhodaeezadeh et al., 2017; Orrell
et al., 2013; Shin, 2018). Connection with the
wider community was found to be low, whereas
socialization within the community was high
(Orrell et al., 2013). Independence autonomy is
supported by the physical environment by high-
lighting that care needs were reduced after house
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Figure 7. Thematic conceptual diagram between Group D and dependent groups.

modification (Carnemolla & Bridge, 2014, 2019).
Independence is a major goal of housing design
for older people (Kneale & Smith, 2013). Health-
related QOL (health and well-being) is linked to
physical mobility, comfort, and cognitive ability
(Carnemolla & Bridge, 2019; Currin et al., 2012;
Kim & Portillo, 2018; Lindahl et al., 2018; Nakho-
daeezadeh et al., 2017; Orrell et al., 2013). Smith
etal. (2016) measured outdoor time and concluded
that community accessibility led to increased
mobility. Sense of place is highly correlated with

location and spatial flexibility (Berglund-
Snodgrass & Nord, 2019; Orrell et al., 2013) and
is interpreted as sense of home and personal rea-
lization, which pertains to a sense of belonging
and adapting to interactions with new context
(Orrell et al., 2013). Sense of home is understood
in relation to size, space configuration, and acces-
sibility (Orrell et al., 2013; Van Steenwinkel et al.,
2017). However, for people with higher depen-
dency, functionality was more appreciated than a
home-like design (Currin et al., 2012), although
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Figure 8. Thematic conceptual diagram between Group E and dependent groups.

accessibility adversely affected home-likeness
(Orrell et al., 2013). Choice and control encom-
pass the concept of privacy and feelings of free-
dom, which are correlated with socialization and a
belief of environmental control. Choice of space is
important owing to the diverse needs of individu-
als (Burton & Sheehan, 2010). Chin and Quine
(2012) suggest that increasing opportunities for
choice and control could result in an improved
sense of self and improved QOL. Control can be
assessed with the HCB Questionnaire (Kylén
et al., 2014). Residents in ECH reported more

objective control than residents in home care set-
tings (Lindahl et al., 2018). Freedom was
described to be associated with walkability in the
immediate environment (Rodiek & Fried, 2005),
visual accessibility, and generous size (Van Steen-
winkel et al., 2017). Feelings of privacy were
supported by spatial flexibility and layout, home-
likeness, variety, and choice of spaces (Burton &
Sheehan, 2010; Chin & Quine, 2012). Satisfaction
represents an endorsement of a positive attitude
toward one’s life and is associated with greenery,
attractiveness of the building, environmental
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Table 4. Examples of Design Features for Each Theme.

Theme Examples of Design Features That Architects Could Consider

A Double sliding partition walls increase spatial flexibility in independent housing schemes. They allow to
extend the living room (or any closed space), for example, if the residents entertain guests or if their
care needs expand to require more space or other similar scenarios.

Architects can minimize obscurity (increase lighting level) of the space through appropriate layout
design or via (architectural elements) such as double-height windows.

B Dedicated storage space for mobile aid near points of transfer (along with handrail) may allow to reduce
the environmental hazard of fall.

In terms of flooring for wet rooms or walk-in showers, matte-finish mosaic tile or cork flooring are
good options for relatively independent older adults as they are nonslippery materials in addition to
being moderately wheelchair friendly.

C Weight and height of windows designed in consideration of users’ capacity, low cabinets, and cupboards
can encourage users’ independent daily activities and perceived safety.

D While the impact of a green view is well known, it would be ideal to also have double-side views, as they
might encourage a sense of connectedness to the world.

E Codesign is an approach to the design process involving the residents’ active participation, which

naturally reflects cultural considerations. Users who participated in building concepts of their
communal residential setting presented a greater sense of community, satisfaction with the facilities,

and autonomy.

comfort, and outlook (Burton & Sheehan, 2010;
Rodiek & Fried, 2005). The subtheme safety is
categorized into perceived safety, fall hazard, and
security. Perceived safety relates to how safe the
residents feel about their physical environment.
Accessibility in a social or material context that
supports aging, and spatiality where a strong cohe-
sion naturally occurs, influenced residents’ per-
ception of safety (Berglund-Snodgrass & Nord,
2019). In addition, building design elements such
as grabrails, which even if not presently used,
affected future functional change (Lindahl et al.,
2018). Environmental fall hazard was affected by
poor accessibility, which increases fall risk (i.e.,
surface height, width, and slippery textures in the
bathroom and kitchen). Insufficient space to man-
euver and pass, inappropriate furniture design,
lack of handrails, and lighting also affected fall
rate (Kim & Portillo, 2018). Security involves
concerns for social context and the surrounding
neighborhood (Carmemolla & Bridge, 2014; Gob-
bens & van Assen, 2018; Lindahl et al., 2018;
Orrell et al., 2013; Shin, 2018). Security is a sub-
theme which positively predicts residents’ QOL in
ECH (Orrell et al., 2013). Clean environment, lim-
ited noise, low-crime areas, and monitored access
are reported to foster a sense of safety and security
(Shin, 2018).

Thematic Framework

Figure 3 represents different subthemes in each
theme. Using evidence from the literature, we
have established a framework via the connec-
tions between themes and subthemes
with Theme F. Quality of Life. Repeated rela-
tionships between physical elements and user
experience are accessibility-independence,
hand-rail-independence, communal space-
socialization, modification-independence, and
walkability-physical activity. Except for these
elements, all other relationships were noted to
be single instances.

Design Features

The next step for designers and architects is to
incorporate these findings into future building
designs and to ensure that the core themes are
considered to inform new HWC plans. We have
identified several examples of design features for
consideration to ensure that HWC schemes meet
the needs of residents under the five overarching
themes (see Table 4). This list is not exhaustive,
and further work may be warranted to ensure that
HWC schemes can be designed with the aid of a
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comprehensive checklist of design features to be
considered by architects.

Discussion

The purpose of this scoping review and thematic
analysis was to synthesize the research on HWC
design to develop a framework for designers to
create a novel ECH typology. To address the need
for objective data regarding physical design ele-
ments, we created thematic maps to elucidate the
elements of the physical environment that con-
tribute to the subjective dimensions of QOL. This
resulted in a framework for the design of HWC
that maps the diverse needs of the older adult onto
the various effects of their physical environment.

There are numerous tools for objectively asses-
sing the living environment. These tools are single
score assessments that link the built environment
and health or attribute a single score to the built
environment. Here, we identified the following
predesigned tools: SCEAM (2004), EVOLVE
(2010), and HOUSING ENABLERS (1979).
However, caution should be used in using these
tools as they may not consider the various levels
and types of care for older people—who clearly
need to be integrated into the physical environ-
ment. To develop scientific evidence, more data
need to be accumulated that encompasses the
interrelationships between building elements and
corresponding improvements to functionality and
QOL. This scoping review creates a road map of
existing evidence in housing design for older peo-
ple, while simultaneously addressing the need to
integrate built environment with care provision.
Research on care programs or regimes also needs
to be studied in qualitative, quantitative, and
mixed methods studies.

To develop scientific evidence, more data
need to be accumulated that encompasses
the interrelationships between building
elements and corresponding
improvements to functionality and QOL.

Methodological concerns arise in studies
involving housing for older people (Cutler,
2007) such as multiplicity of variables in relevant
research and a lack of consensus for which

variables are most important for both users and
service providers. This is compounded by a lack
of consistent definitions or units of measure
across the extant literature. Having no criteria
by which to formally evaluate housing appropri-
ateness and satisfaction hinders the integration of
complex variables to establish a causal link
between environment and QOL. The majority of
evidence is from qualitative studies such as inter-
views and cross-sectional studies with QOL vari-
ables (Cutler, 2007). Tools such as those
developed by Kylén et al. (2014) assess environ-
ment and QOL allow for the conversion of data
and uniting of outcomes of different studies.

This is compounded by a lack of consistent
definitions or units of measure across the
extant literature.

The majority of evidence is from
qualitative studies such as interviews and
cross-sectional studies with QOL
variables

Our review yielded only one longitudinal
study, while three studies used standardized tools.
Ten studies used subjective measures. Addition-
ally, most research targets long-term dwellers,
which could be considered beneficial to establish
the duration of potential interactions between the
housing environment and QOL over time. On the
other hand, it could lead to a reduced ability to
detect issues in cases where subjective variables
are used, as the subjects may become accustomed
to them, thereby skewing the interactions.

Strengths and Limitations

The present study represents the first attempt to
create a framework to inform the design of HWC
based on a comprehensive scoping review that
links specific design elements to QOL outcomes
using thematic analysis mapping. The present
study also overcame common methodological
barriers to assessing the effects of the physical
environment to QOL by integrating subjective
assessment and objective measurement. This
evidence-based approach to assessing HWC was
based on a global selection of studies for which
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quality was assessed and reports data that are
transparent and objective. The results were
synthesized to provide a new and original piece
of work that will be a foundation for future
research. This is an innovative attempt to use
established and scientifically robust methods to
review and link evidence in a discipline that is
new to this type of analysis and will improve the
quality of future studies in this area.

There are several limitations of the present
study. First, owing to the lack of studies on the
topic of HWC, a broader set of papers was col-
lected, including studies focused on living envir-
onments similar to HWC, as HWC is deemed to
cover ECH settings. Second, even though the
quality assessments in the present study were per-
formed by modifying validated quality assess-
ment tools, these tools are typically focused on
healthcare research, and thus their application to
the research question may not be directly applica-
ble. Third, owing to limited resources and time,
the project was not registered as a systematic
review a priori. Fourthly, in designing literature
searches for a novel topic, there are difficulties in
setting the search parameters in order to cover the
full scope of the study and as such there may be
relevant publications that might not be indexed in
databases using conventional terms. Therefore,
defining appropriately specific search parameters
might not ensure the capture of all related studies.
Furthermore, while this review was inclusive with
regard to geographical contexts, the restriction to
English language may have contributed to a pre-
dominance of studies from Western countries. A
future review could establish whether similar
studies published in languages other than English
elucidate further data not covered by our thematic
framework. However, there are likely challenges
for future researchers in comparing HWC-related
parameters between contexts with very different
cultural and contextual prerequisites.

Lastly, establishing absolute causal relation-
ships between the physical environment and
QOL, including clinical health outcomes, is diffi-
cult. More research is needed to both expand on
the initial framework created in the present study
and to establish methods to strengthen the connec-
tions between the physical environment and QOL.
Nevertheless, the present study consulted and

adhered to best practice guidelines and provides
a road map for both researchers interested in
HWC as a model and for designers of HWC
schemes.

Conclusion

The evidence reviewed in this article provides a
conceptual framework for how the physical ele-
ments of housing environment impact QOL,
especially within specific contexts. The original-
ity of the study lies in the knowledge gap at the
intersection of the HWC model, the physical
environment, and QOL for older people. There
is a considerable lack of research on the array
of architectural design elements for this new
housing typology for older people, as well as the
resulting impacts on QOL, and a clear need for
further investigation to elucidate this relationship.
This suggests that when designers and architects
conceptualize and design, they should consider
cross-examining the outcomes of the studies from
this review. The present work could serve as a
basis for the development of a consensus on a
uniform framework for designed schemes. In this
sense, it is hoped that the thematic framework
identified in this review serves not only as a basis
for further research for HWC schemes but can
also be helpful for designers and architects to
implement in practice hereafter. Moreover,
design themes that have not been reported exten-
sively (e.g., design space for assistive technology,
maneuverability, and visibility) could be further
verified with end users so that the validity of the
design themes can be established across different
contexts. This examination should use qualitative
measures such as interviewing residents and sta-
keholders, both before and after moving into
HWC schemes. Additionally, involving the target
population in the design process can raise older
people from subject to main design resources.
Such a design process can be facilitated by devel-
oping reliable and validated tools to accurately
capture QOL in response to the built environment
for older people. Accordingly, a framework that
encompasses several different themes and levels
of evidence should be established via the integra-
tion of subjective assessments from residents and
objective measurement through caregivers and/or
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support workers. An ecological evidence-based
design framework can be established via the rig-
orous design processes of designers and architects
to further optimize the physical environment and
maximize QOL in the aging population.

Implication for Practice

e This review proposed a practical method
using scoping review and thematic analysis
mapping to comprehensively search for
synthesized evidence that links the design
of the physical environment with assess-
ment of QOL.

e This research established a framework that
provides a useful, comprehensive, and
evidence-based summary for designers and
architects and pinpoints the key design areas
that contribute to older people’s QOL.

e This review highlights that architecture for
older—which are likely to impact quality of
life—people should consider multiple fac-
tors that may not have previously been con-
sidered by designers—beyond accessibility.
In addition, designers can make decisions
from own assessing the validity of evidence
from research.

e A design method that involves end users,
such as codesign, warrants more attention
in designing housing with care. In a modern
society—especially where diversity and
inclusiveness are required—design for
culture-specific cohort is noteworthy, most
notably how design can help integration of
different cohorts in a community.

Declaration of Conflicting Interests

The author(s) declare no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

Funding

The author(s) received no financial support for
the research, authorship, and/or publication of
this article.

ORCID iDs

Su Jung, MArch
1561-2045

Lesley Uttley, PhD
0003-4603-9069
Junjie Huang, PhD
0003-4484-2296

https://orcid.org/0000-0003-
https://orcid.org/0000-

https://orcid.org/0000-

Supplemental Material

The supplemental material for this article is avail-
able online.

References

Barbara, A., & Barnartt, S. N. (2014). Environmental
contexts and disability (First). Emerald Group.
Berglund-Snodgrass, L., & Nord, C. (2019). The con-
tinuation of dwelling: Safety as a situated effect of
multi-actor interactions within extra-care housing
in Sweden. Journal of Housing for the Elderly,
33(2), 173-188. https://doi.org/10.1080/02763893.

2018.1534181

Braun, V., & Clarke, V. (2006). Using thematic analysis
in psychology. Qualitative Research in Psychology,
3(2), 77-101.

Burton, E., & Sheehan, B. (2010). Care-home environ-
ments and well-being: Identifying the design features
that most affect older residents. Journal of Architec-
tural and Planning Research, 27(3), 237-256.
https://www jstor.org/stable/43030908

Carnemolla, P., & Bridge, C. (2014). The potential of a
home modification strategy—A universal design
approach to existing housing. Assistive Technology
Research Series. https://doi.org/10.3233/978-1-
61499-403-9-259

Carnemolla, P., & Bridge, C. (2019). Housing design
and community care: How home modifications
reduce care needs of older people and people with
disability. International Journal of Environmental
Research and Public Health, 16(11), 1951. https://
doi.org/10.3390/ijerph16111951

Chapin, R., Dobbs-Kepper, D., & Oslund, P. (2001).
Factors that influence residents’ length of stay in
assisted living: A longitudinal analysis. Senior
Housing & Care Journal, 9(1), 86—100.

Chin, L., & Quine, S. (2012). Common factors that
enhance the quality of life for women living in their
own homes or in aged care facilities. Journal of


https://orcid.org/0000-0003-1561-2045
https://orcid.org/0000-0003-1561-2045
https://orcid.org/0000-0003-1561-2045
https://orcid.org/0000-0003-1561-2045
https://orcid.org/0000-0003-4603-9069
https://orcid.org/0000-0003-4603-9069
https://orcid.org/0000-0003-4603-9069
https://orcid.org/0000-0003-4603-9069
https://orcid.org/0000-0003-4484-2296
https://orcid.org/0000-0003-4484-2296
https://orcid.org/0000-0003-4484-2296
https://orcid.org/0000-0003-4484-2296
https://doi.org/10.1080/02763893.2018.1534181
https://doi.org/10.1080/02763893.2018.1534181
https://www.jstor.org/stable/43030908
https://doi.org/10.3233/978-1-61499-403-9-259
https://doi.org/10.3233/978-1-61499-403-9-259
https://doi.org/10.3390/ijerph16111951
https://doi.org/10.3390/ijerph16111951

Jung et al.

321

Women & Aging, 24(4), 269-279. https://doi.org/
10.1080/08952841.2012.650605

Currin, M. L., Comans, T. A., Heathcote, K., & Haines,
T. P. (2012). Staying safe at home. Home environ-
mental audit recommendations and uptake in an
older population at high risk of falling. Australasian
Journal on Ageing, 31(2), 90-95. https://doi.org/10.
1111/5.1741-6612.2011.00545.x

Cutler, L. J. (2000). Assessment of physical environ-
ments of older adults. In M. Eells, R. L. Kane, & R.
A. Kane (Eds.), Assessing older persons: Measures,
meaning, and practical applications (pp. 360-379).
Oxford University Press.

Cutler, L. J. (2007). Physical environments of assisted
living: Research needs and challenges. The Geron-
tologist, 47(suppl_1), 68—82. https://doi.org/10.
1093/geront/47.Supplement_1.68

Fancourt, D., & Finn, S. (2019). What is the evidence
on the role of the arts in improving health and well-
being? A scoping review. WHO Regional Office for
Europe.

Gobbens, R., & van Assen, M. (2018). Associations of
environmental factors with quality of life in older
adults. The Gerontologist, 58(1), 101-110. https://
doi.org/10.1093/geront/gnx051

Kim, D., & Portillo, M. (2018). Fall hazards within
senior independent living: A case-control study.
Health Environments Research & Design, 11(4),
65-81. https://doi.org/10.1177/1937586717754185

Kneale, D., & Smith, L. (2013). Extra care housing in
the UK: Can it be a home for life? Journal of Hous-
ing for the Elderly, 27(3), 276-298. https://doi.org/
10.1080/02763893.2013.813423

Kylén, M., Ekstrom, H., Haak, M., Elmstahl, S., &
Iwarsson, S. (2014). Home and health in the third
age—Methodological background and descriptive
findings. International Journal of Environmental
Research and Public Health, 11(7), 7060-7080.
https://doi.org/10.3390/ijerph110707060

Lindahl, L., Andersson, M., & Paulsson, J. (2018).
Perceived safety in extra-care housing for senior
residents. Journal of Housing for the Elderly,
32(1), 58-72. https://doi.org/10.1080/02763893.
2017.1393487

Mazuch, R. (2017). Salutogenic and biophilic design as
therapeutic approaches to sustainable architecture.
Architectural Design, 87(2), 42-47.

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G.,
& PRISMA Group (2009). Preferred reporting

items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Medicine, 6(7),
e1000097. https://doi.org/10.1371/journal.pmed.
1000097.

Nakhodaeezadeh, M., Jafarabadi, M. A., Allahverdi-
pour, H., Matlabi, H., & Dehkordi, F. R. (2017).
Home environment and its relation with quality of
life of older people. Journal of Housing for the
Elderly, 31(3), 272-285. https://doi.org/10.1080/
02763893.2017.1280583

Orrell, A., McKee, K., Torrington, J., Barnes, S., Dar-
ton, R., Netten, A., & Lewis, A. (2013). The rela-
tionship between building design and residents’
quality of life in extra care housing schemes. Health
& Place, 21, 52—64. https://doi.org/10.1016/j.health
place.2012.12.004

Peavey, E., & Vander Wyst, K. B. (2017). Evidence-
based design and research-informed design: What’s
the difference? Conceptual definitions and com-
parative analysis. Health Environments Research
& Design Journal, 10(5), 143—156. https://doi.org/
10.1177/1937586717697683

Pirinen, A. (2016). Housing concepts for and by the
elderly: From subjects of design to a design
resource. Journal of Housing for the Elderly,
30(4), 412-429. https://doi.org/10.1080/02763893.
2016.1224792

Pizzi, M., Chalmers, J., Bunout, D., Osorio, P., Fernan-
dez, V., Cusato, M., Avendaio, V., & Rivera, K.
(2013). Physical barriers and risks in basic activities
of daily living performance evaluation in state
housing for older people in Chile. Housing, Care
and Support, 16(1), 23-31. https://doi.org/10.1108/
14608791311310519

Regnier, V., & Denton, A. (2009). Ten new and emer-
ging trends in residential group living environ-
ments. NeuroRehabilitation, 25(3), 169—188.
https://doi.org/10.3233/NRE-2009-0514

Rodiek, S. D., & Fried, J. T. (2005). Access to the
outdoors: Using photographic comparison to assess
preferences of assisted living residents. Landscape
and Urban Planning, 73(2-3), 184—199. https://doi.
org/10.1016/j.1andurbplan.2004.11.006

Roelofsen, P. (2014). Healthy ageing and the built
environment. Intelligent Buildings International,
6(1), 3-10. https://doi.org/10.1080/17508975.
2013.775097

Salgado, M., Madureira, J., Mendes, A. S., Torres, A.,
Teixeira, J. P., & Oliveira, M. D. (2020).


https://doi.org/10.1080/08952841.2012.650605
https://doi.org/10.1080/08952841.2012.650605
https://doi.org/10.1111/j.1741-6612.2011.00545.x
https://doi.org/10.1111/j.1741-6612.2011.00545.x
https://doi.org/10.1093/geront/47.Supplement_1.68
https://doi.org/10.1093/geront/47.Supplement_1.68
https://doi.org/10.1093/geront/gnx051
https://doi.org/10.1093/geront/gnx051
https://doi.org/10.1177/1937586717754185
https://doi.org/10.1080/02763893.2013.813423
https://doi.org/10.1080/02763893.2013.813423
https://doi.org/10.3390/ijerph110707060
https://doi.org/10.1080/02763893.2017.1393487
https://doi.org/10.1080/02763893.2017.1393487
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1080/02763893.2017.1280583
https://doi.org/10.1080/02763893.2017.1280583
https://doi.org/10.1016/j.healthplace.2012.12.004
https://doi.org/10.1016/j.healthplace.2012.12.004
https://doi.org/10.1177/1937586717697683
https://doi.org/10.1177/1937586717697683
https://doi.org/10.1080/02763893.2016.1224792
https://doi.org/10.1080/02763893.2016.1224792
https://doi.org/10.1108/14608791311310519
https://doi.org/10.1108/14608791311310519
https://doi.org/10.3233/NRE-2009-0514
https://doi.org/10.1016/j.landurbplan.2004.11.006
https://doi.org/10.1016/j.landurbplan.2004.11.006
https://doi.org/10.1080/17508975.2013.775097
https://doi.org/10.1080/17508975.2013.775097

322

Health Environments Research & Design Journal 15(4)

Environmental determinants of population health
in urban settings. A systematic review. BMC
Public Health. https://doi.org/10.1186/s12889-
020-08905-0

Shin, J. H. (2018). Listen to the elders: Design guide-
lines for affordable multifamily housing for the
elderly based on their experiences. Journal of Hous-
ing for the Elderly, 32(2), 211-240. https://doi.org/
10.1080/02763893.2018.1431585

Smith, A. R., Chen, C., Clarke, P., & Gallagher, N. A.
(2016). Trajectories of outdoor mobility in vulner-
able community-dwelling elderly: The role of indi-
vidual and environmental factors. Journal of Aging
and Health, 28(5), 796—811. https://doi.org/10.
1177/0898264315611665

Thomas, J., & Harden, A. (2008). Methods for the the-
matic synthesis of qualitative research in systematic
reviews. BMC Medical Research Methodology,
8(1), 45. https://doi.org/10.1186/1471-2288-8-45

Ulrich, R. S., Berry, L. L., Quan, X., & Parish, J. T.
(2010). A conceptual framework for the domain of
evidence-based design. Health Environments
Research & Design Journal, 4(1), 95-114. https://
doi.org/10.1177/193758671000400107

United Nations Department of Economic and Social
Affairs Populations Division. (2019). World popu-
lation prospects 2019: Highlights. http://popula
tion.un.org/wpp/Publications/Files/WPP2019_High
lights.pdf

Van Steenwinkel, I., Dierckx de Casterlé, B., & Hey-
lighen, A. (2017). How architectural design affords
experiences of freedom in residential care for older
people. Journal of Aging Studies, 41, 84-92. https://
doi.org/10.1016/j.jaging.2017.05.001

Woolf, S. H., & Aron, L. (2013). Physical and social
environmental factors. In L. Aron & S. H. Woolf
(Eds.), U.S. health in international perspective: Shorter
lives, poorer health. National Academies Press.


https://doi.org/10.1186/s12889-020-08905-0
https://doi.org/10.1186/s12889-020-08905-0
https://doi.org/10.1080/02763893.2018.1431585
https://doi.org/10.1080/02763893.2018.1431585
https://doi.org/10.1177/0898264315611665
https://doi.org/10.1177/0898264315611665
https://doi.org/10.1186/1471-2288-8-45
https://doi.org/10.1177/193758671000400107
https://doi.org/10.1177/193758671000400107
http://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf
http://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf
http://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf
https://doi.org/10.1016/j.jaging.2017.05.001
https://doi.org/10.1016/j.jaging.2017.05.001

	Housing With Care for Older People: A Scoping Review Using the CASP Assessment Tool to Inform Optimal Design
	Introduction
	Research Aims and Objectives

	Method
	Information Sources and Search Strategy
	Eligibility Criteria
	Study Selection
	Data Collection Process and Data Items
	Quality Assessment and Applicability
	Thematic Synthesis Mapping

	Results
	Study Selection, Designs, and Characteristics
	Quality Assessment
	Data Extraction and Synthesis
	Thematic Mapping Variables
	Theme A: Design elements
	Theme B: Accessibility
	Theme C: Maneuverability
	Theme D: View
	Theme E: Design procedure
	Theme F: Quality of life (QOL)

	Thematic Framework
	Design Features

	Discussion
	Strengths and Limitations

	Conclusion
	Implication for Practice
	Declaration of Conflicting Interests
	Funding
	ORCID iDs
	Supplemental Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


