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Abstract Promoting active and healthy aging in urban
spaces requires environments with diverse, age-friendly
characteristics. This scoping review investigated the
associations between urban characteristics and active
and healthy aging as identified by citizen science (CS)
and other participatory approaches. Using a system-
atic scoping review procedure, 23 articles employing
a CS or participatory approach (participant age range:
54-98 years) were reviewed. An inductive and deduc-
tive thematic analysis was completed to (a) identify
local urban barriers and facilitators and (b) map them
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against the World Health Organization (WHO) Check-
list of Essential Features of Age-Friendly Cities. A new
Citizen Science Appraisal Tool (CSAT) was developed
to evaluate the quality of CS and other participatory
approaches included in the reviewed articles. A range of
interconnected urban barriers and facilitators was gen-
erated by residents across the personal (e.g. perceived
safety), environmental (e.g. unmaintained infrastruc-
ture), socio-cultural (e.g. cross-cultural activities), eco-
nomic (e.g. affordable housing) and political (e.g. gov-
ernmental support to migrant communities) domains.
Mapping the barriers and facilitators to the WHO age-
friendly checklist underscored the checklist’s relevance
and elucidated the need to explore barriers for migrant
and cross-cultural communities and neighborhood
development and alterations. The CSAT demonstrated
strengths related to active engagement of residents and
study outcomes leading to real-world implications. To
advance the potential of CS to enrich our understanding
of age-friendly environments, employing co-production
to enhance relevance and sustainability of outcomes is
an important strategy. Overall, employing CS high-
lighted the value of systematically capturing the experi-
ences of older adults within studies aimed at promoting
active and healthy aging.

Introduction

The combination of increasing levels of urbani-
sation and an aging population worldwide has
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highlighted the importance of city-level public
health initiatives targeting older adults [1, 2]. Urban
environments and their physical and socio-ecolog-
ical characteristics can significantly impact a resi-
dent’s ability to age healthily [3, 4]. To operation-
alize this knowledge globally, the World Health
Organization (WHO) launched guidance in 2007
for developing age-friendly environments based
on the concept of active aging [5], targeting eight
urban domains: outdoor spaces and buildings, hous-
ing, transportation, respect and social inclusion,
social participation, communication and informa-
tion, community support and health services, and
civic participation and employment. The WHO
guidelines have been influential in directing the
global urban planning agenda towards developing
age-friendly environments. However, successful
implementation of this agenda requires a compre-
hensive understanding of the uniqueness and com-
plexity of urban environments and their competing
social, economic and political forces [6-8].

There is a large public health literature and policy
drive towards ‘age-friendliness’ and ‘aging in place’,
which refers to aging at home rather than in insti-
tutional care [9]. Despite this, the concept of active
aging still lacks sufficient attention to the diverse
range of contextual urban socio-ecological elements
required to support older adults’ health and well-
being [10]. Person-specific influences, inaccessible
physical environments, migration behaviors, multi-
ple forms of deprivation and local community cohe-
sion are just a few urban socio-ecological elements
that influence a healthy and active lifestyle [11-14].
As these factors vary across communities and popu-
lations, identifying and prioritising urban charac-
teristics that contribute to developing age-friendly
environments thus remains a challenge for research
and policy [15], particularly in relation to character-
istics that are influential at the local level [16]. In
turn, the unique pathways between urban features
and healthy aging and the intersections between
older people and their communities need to be more
fully articulated. Understanding these at a local con-
textual level is important to effectively shape the
opportunities to live and age in health-enhancing
ways.

To address local-level variations and deliver
more meaningfully on the age-friendly agenda, an
increasing number of age-friendly strategies have
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focused on the need to foster effective engagement
of older adults [17, 18]. There are multiple partici-
patory practices for engaging members of the pub-
lic in research, which overlap in their processes
but differ in the level of ‘power’ given to residents
[19, 20]. Across a variety of applications, citizen
science (CS) can effectively engage laypeople in
all stages of the research to co-produce its pro-
cesses and outcomes [21, 22]. Through its system-
atic application in the health and urban domains,
the local expertise of residents has been success-
fully incorporated into multi-level outcomes for
altering local urban communities to promote
health and well-being [23-25], which has effec-
tively advanced the development of age-friendly
environments [17].

Notwithstanding these promising studies on the
potential for CS, a rigorous assessment and evalu-
ation of CS approaches is required to understand
its potential for effectively engaging individuals in
shaping outcomes for their local spaces [26-28].
Previous studies advancing CS have produced
tools evaluating elements of CS methods, pub-
lic participation and outputs [28-31]. However,
greater attention to evaluation processes needs to
be paid to the diversity of approaches within such
research methodologies, including the degree to
which they are contributory (for the people), col-
laborative (with the people) or co-productive (by
the people) [21, 32], as well as how sustainable
and significant the outcomes are from the per-
spective of older adult community members them-
selves [33, 34].

Emphasising collective forms of CS to enhance
age-friendly urban initiatives is especially per-
tinent, given what is already known about the
mutually beneficial importance of social connec-
tion, walkability and physical activity in older age
groups [35, 36]. This systematic scoping review
aimed to investigate the urban barriers and facilita-
tors identified through CS and other participatory
approaches to be associated with active and healthy
aging. The objectives of this review were to:

1. systematically review the outcomes of CS studies
in which community members identify the char-
acteristics influencing active and healthy aging in
urban environments;
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2. map the outcomes of the scoping review against
the WHO Checklist of Essential Features of Age-
Friendly Cities [37] and explore similarities and
differences; and

3. develop and apply a new Citizen Science
Appraisal Tool to evaluate the quality of the CS
methods included in the scoping review.

Methods

A systematic scoping review was chosen as a suit-
able approach to identify and map the key urban
characteristics presented by CS studies and highlight
knowledge gaps [38]. The protocol was guided by the
PRISMA systematic review guidance [39] and scop-
ing review extension checklists [40] and reviewed by
academic experts in the fields of CS, healthy aging
and political geography.

Table 1 Inclusion criteria and guidance

Study Eligibility, Information Sources and Search
Strategy

Studies were eligible if they met the criteria in
Table 1. CS can take various forms and employ vary-
ing degrees of public participation and is an evolving
approach with continuously changing terminology
[41, 42]. This review aimed to be inclusive of any
studies that have directly engaged older adults in one
or more stages of the research process using CS or
other participatory approaches [19, 43].

An iterative approach [10, 46] allowed the search
strategy and keywords to be reviewed and revised
based on the relevant literature identified through-
out the review process. A preliminary trial search of
databases was completed (GW) and discussed with
2 reviewers (AS, JP) to produce a refined set of key-
words. The keywords combined all possible combina-
tions, English and American spelling, Boolean opera-
tors and truncation (see Supplementary Material 1).

Criteria

Guidance

Studies engage residents aged 60 years or above

Studies are completed in an urban setting

Residents must be aged 60 or above, or if other age groups are

engaged, then residents must have an average age of 60 years

Studies include any of the following keywords to represent urban

settings: (1) urban (environment, area, setting), (2) built (envi-
ronment, area, setting), (3) age-friendly (city, cities, environ-
ments), (4) city/cities, (5) physical (environment, area, setting),
(6) outdoor (environment, area, setting), (7) inclusive com-
munity/ies and (8) neighborhood/s. Studies that also undertake
a comparison between urban and rural settings are included

if there is a clear separation of results and outcomes for both
settings

Studies must employ a citizen science or participatory approach  Citizen science is defined as resident-engaged citizen science [17]

in any or all stages

Studies aim to investigate the relationship between urban
environments and active and healthy aging (or a component of
active aging)

in which laypersons, in particular older adults, engage or partici-
pate in research with the intention of scientific advancement [21,
43]. Studies that use the term ‘citizen science’ or directly engage
older adults in any or all stages of the research using a participa-
tory approach can be included

Active aging is defined as "the process of optimizing opportuni-

ties for health, participation and security in order to enhance the
quality of life as people age" [44]. Studies include any of the
following keywords: (1) active aging, (2) healthy aging, (3) suc-
cessful aging, (4) aging well, (5) positive aging, (6) productive
aging, (7) meaningful aging, (8) active lifestyle and (9) healthy
lifestyle. Studies that have used any of active aging keywords
above and explored the following domains will also be included
to incorporate the ‘active’ element [46]: (1) physical activities,
(2) social activities, (3) economic activities, (4) cultural activi-
ties, (5) spiritual activities, (6) civic affairs and (7) labour force
activities
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Searches were completed on MEDLINE, Embase,
PsycINFO, Social Policy and Practice, CINAHL,
PubMed, Scopus and Cochrane Library between
01/03/2020 and 01/06/2020, with an updated search
completed between 01/06/2020 and 19/06/2021. Arti-
cles were recorded using EndNote (X9, 2019) refer-
ence management software, and duplicates, non-Eng-
lish language and grey literature were excluded.

Screening and Data Extraction

Titles and abstracts were screened by the lead
reviewer (GW), with a randomly selected 20% of arti-
cles independently screened by two reviewers (PD,
SA). Articles that did not meet inclusion criteria were
excluded. The same process was completed for full-
text screening, with a fourth reviewer (AS) present
to discuss discrepancies (Fig. 1). Data were extracted
from the final set of included studies (GW) and inde-
pendently checked (PD). The data extracted included
(1) study aims, setting, design and method; (2) focus
of the study (e.g. active aging focus, urban focus); (3)
participant characteristics; (4) details of CS or other
participatory approaches; (4) urban environment

Identification of studies via databases

c
(<]
B Records identified from: Records removed before
2 Databases (n =20,267) |—»| screening:
z Other sources (n = 0) Duplicates (n = 8,956)
3 ]
1
T v
Records screened based
] on abstract and title > Recor_ds1 g;ilgded
(n=11,311) (n=10942)
Records excluded
= (n = 345)
c . « No citizen science or
= Full-text articles Hicipat h (n = 198)
o assessed for eligibility participatory approach (n [
[ _ « No element of active ageing (n =
5 (n =369) 66)
@ * Review of studies (n = 52)
« Age groups not separated or not
a mean age of 60 (n = 16)
« No separation of urban and rural
outcomes (n = 6)
* No urban element (n = 3)
— « Grey Literature (n = 3)
* Notin English (n=1)
o
[o)
= Studies included in review
g (n=22)

Fig.1 Flow diagram of article selection. Adapted from
PRISMA flow diagram 2021 [39]
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characteristics or methodology outcomes; and (5)
conclusions and recommendations.

Citizen Science Appraisal Tool

The Citizen Science Appraisal Tool (CSAT) (Table 3)
was developed to evaluate the quality of CS and other
participatory approaches. Quality is defined here in
relation to the levels of active engagement and part-
nerships utilised by CS studies [47]. These two fac-
tors of engagement and partnerships are evaluated
through a lifecycle approach [48] starting with the
aims of a study through to its outcomes and future
impacts and consider the scientific standards, par-
ticipation, data quality and dissemination, which are
elements of good quality CS [22, 49]. The tool devel-
opment was guided by the European Citizen Science
Association (ECSA) 10 principles [22] and Critical
Appraisal Skills Programme (CASP) tools [50, 51]
and encompassed three levels of engagement: con-
tributory (for the people), collaborative (with the peo-
ple) and co-productive (by the people) [21] (see Sup-
plementary Material 1).

The tool gives equal weight to all questions to
encompass both CS engagement and scientific stand-
ards. Active engagement and developing real-world
outcomes are crucial elements of CS [47, 52] along-
side demonstrating validity, transparency and appro-
priateness of methods and data [53-55]. Providing
equal weight enables the tool to assess the quality of
CS engagement and scientific standards, which are
elements of good quality CS [22, 49]. All included
studies were evaluated using the CSAT (GW), with
20% of evaluations independently checked (AS, JP).

Data Charting and Analysis

A descriptive summary of the 23 included studies
was completed, followed by a thematic analysis and
narrative synthesis. This was deemed suitable to sys-
tematically identify, map and synthesise the qualita-
tive nature of the methods and outcomes. An induc-
tive thematic analysis [56, 57] was completed to
generate community-identified local urban barriers
and facilitators of active and healthy aging. The lead
author (GW) completed initial coding, with codes,
subthemes and main themes discussed with two
reviewers (PD, SA). A second stage of coding was
completed (GW) and discussed with three reviewers
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(PD, AS, JP). The final themes were confirmed by all
reviewers. Following this process, two articles [58,
59] were excluded from this analysis as their out-
comes focused on an overview of their methodology
rather than urban characteristics.

A deductive thematic analysis [56, 57] was
completed to map the barrier and facilitator themes
against the WHO Checklist of Essential Features of
Age-Friendly Cities [37]. This checklist presents 8
age-friendly features that encompass 84 relevant urban
descriptors  (https://www.who.int/ageing/publications/
Age_friendly_cities_checklist.pdf). The lead author
(GW) completed initial coding which was discussed
with two reviewers (PD, SA). A second stage of
coding was completed (GW) and discussed with three
reviewers (PD, AS, JP) in which themes mapped against
the WHO descriptors were finalised. Lastly, a narrative
synthesis [60, 61] was completed to provide a summary
of evidence on the CS methods and their quality and
potential capacity to strengthen age-friendly urban
initiatives.

Results

Twenty-three studies were reviewed (Table 2), with
the quality of CS approaches evaluated using the
CSAT (Table 3). Most studies were published between
2015 and 2020 (n=19) and took place in the UK
(n=6), Canada (n=6) and/or USA (n=4), Australia
(n=2), Hong Kong (n=2), Netherlands (n=1), Swe-
den (n=1), New Zealand (n=1) and Finland (n=1).
Data collection duration ranged from 2 weeks (n=2),
1 to 12 months (n=12), 3 years (n=1) and during
spring or fall (n=2). Duration was not reported by 7
studies. The studies included observational (n=20)
and cross-sectional (n=3) research designs. Resi-
dents were aged between 54 and 98, with one study
not reporting the age of participants [62]. Ethnicity,
sex and other demographic variables are presented in
Table 2.

Quality of Citizen Science and Other Participatory
Approaches

The development and use of the CSAT (Table 3)
highlighted the capacity for CS to further the age-
friendly agenda by effectively engaging older adults
to identify local urban barriers and facilitators. The

CSAT also demonstrated elements of CS approaches
employed in the studies that could be further strength-
ened to advance the level of active engagement and
long-term sustainability of a study and its outcomes.

Overview of Critical Appraisal Outcomes

The evaluative outcomes were categorised according
to each study’s score from the 4 sections of the CSAT.
Fourteen studies were categorised as medium-high
(presented below in detail), 8 studies were categorised
as medium and 1 study was categorised as low-medium
for quality (Table 4) (see Supplementary Material 2 for
CSAT outcomes and medium- and low-medium-quality
studies).

Medium—High Quality Studies

Studies in this category (n=14) scored highly in the
first 3 sections of the tool (Fig. 2), suggesting key
aspects to inform best practice. These studies provided
a clear overview of their CS or participatory approach,
the degree of active engagement of residents in all or
parts of the study, clarity about the roles or types of
partnership between CS and researchers, and the active
engagement of CS in data collection and some analy-
sis and/or interpretation. Thirteen of the 14 studies
also acknowledged residents in their publication [58,
62-68, 70-73, 82], 12 reported outcomes that showed
‘real world” implications or pathways (e.g. pathways
towards cultural and policy implications) [62-65,
67-73, 82], and 9 demonstrated outcomes that were
generated directly by residents [58, 64, 65, 67-71, 73].

Amongst studies rated as ‘medium-high’, the
levels of resident engagement included partner-
ing in all stages of the research (n=7), guiding
the research design (n=7), actively collecting data
(n=14) and analyzing (n=7) or member check-
ing data (n=10). Two studies demonstrated a ‘by
the people’ engagement [64, 65], 1 demonstrated
‘by the people’ and ‘for the people’ [70] and 11
demonstrated a combination of ‘by the people’ and
‘with the people’ [58, 62, 63, 66-69, 71-73, 82].
Studies presented strong elements of engagement
by actively involving residents to partner in all
stages of the research process [65] or to co-design
[62], direct [73], co-create [64] or co-conduct [58,
67] the research methods. Some studies also had
member checking of data [58, 63, 65-67, 70-73,
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Table 3 Citizen Science Appraisal Tool (CSAT) to evaluate

the quality of citizen science studies using a 16-question scor-
ing system with a maximum total of 32 points (Y (Yes)=2

points, N (No)=0 points and ? (Unclear)=1 point). See
Appendix 3 for guidance on each question presented

Section

Question Y N

Science & research

Leadership & participation

Delivery & data

Outcome, evaluation & open data

1) Is there a clear statement of the aims, objectives or goals of the study?
2) Is it clear that the study used a citizen science approach?

3) Is the degree of active engagement or participation of citizens identified
clearly by the study?

4) Are the roles, responsibilities and type of partnership between citizens, scien-
tists and stakeholders identified and transparent?

5) Is the extent to which citizen scientists are actively engaged or collaborate in
the data collection, analysis and use/dissemination clear?

6) Are citizen science data limitations or biases considered by the study?

7) Are the main findings of the study clearly described?

8) Are the study’s outcomes a direct result from the data-driven strategies and
solutions generated by the citizen scientists?

9) Do the outcomes of the study have ‘real-world’ decision making implications
or impact?

10) Does the study report intention to track and/or tracking of long-term impacts,
changes or ‘ripple effects’ of the study?

11) Does the study report any evaluation of citizen knowledge, attitudes, actual
and/or intended behaviors?

12) Does the publication report any accessible dissemination plans or intentional
mechanism for sharing the study and its outcomes with citizens?

13) Are citizens invited to review or participate in the study’s publication pro-

cess?

14) Are the study’s results and outcomes published in an open access format and/
or shared in a publicly accessible format?

15) Are citizen scientists acknowledged in the study’s results and publications?

16) Does the publication provide any critical evaluation of the study, methods
and/or examination of its limitations?

Scores will be categorised using the following scale system, adapted from Wijewardhana et al. [83] Checklist

82] or guidance from resident advisory groups [64,
69, 70].

Community-Identified Urban Environment
Characteristics Influencing Active Aging

The urban environment characteristics were identified
across Canada (n=6) and/or the USA (n=4), the UK
(n=5), Australia (n=2), Hong Kong (n=1), Nether-
lands (n=1), Sweden (n=1) and Finland (n=1) and
encompassed a range of cities (n=9), urban or sub-
urban neighborhoods and residential areas (n=38),
urban districts or centres (n=2), towns (n=1) and
public green spaces (n=1).

Urban Environment Barriers to Active Aging

Eight themes relating to urban environment barri-
ers to active and healthy aging (Fig. 3) were identi-
fied (see Appendix 1). These included accessibility
(n=14), physical environment (n=13), transporta-
tion (n=10), affordability (n=38), social isolation and
exclusion (n=6), community support (n=>5), barriers
for migrants and cross-cultural communities (n=35)
and safety and security (n=4).

Accessibility was the most commonly identi-
fied barrier (n=14), highlighting the lack of physi-
cal and disability—friendly access to local build-
ings, services and facilities as a key impediment to

@ Springer
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Table 4 Overview of the
23 included articles and
their assigned category
using CSAT. A detailed
explanation of scoring
outcomes is available in the
Supplementary Material 2

@ Springer

0 N/A
1 Verma and Huttunen (2015) 11
Hand et al. (2018)
Parekh et al. (2018) 14
Garvin et al. (2012)
Chui et al. (2019) 16
7
Adorno et al. (2018) 17
Novek and Menec (2014)
Salma et al. (2020) 19
Aw et al. (2017)
Brookfield et al. (2020)
20
Buffel (2018)
14 Fang et al. (2016)
Glover et al. (2020) 21
Mahmood et al. (2012)
Annear et al. (2014)
Black et al. (2015) 22
Ronzi et al. (2020)
Buffel and Phillipson (2019)
Ronzi et al. (2016) 24
Tuckett et al. (2018)
Von Faber et al. (2020) 25
Gustafsson et al. (2018)
26
Barrie et al. (2019)
0 N/A
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Fig. 2 Citizen Science 14
Appraisal Tool outcomes
for medium-high-quality 12
articles 3
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Citizen Science Appraisal Tool Questions

active aging. Accessible information about services,
accessible housing and the advancement of modern
technology making devices difficult to use were also
included in this theme. Physical environment was
another common barrier (n=13), where residents
documented a lack of well-maintained outdoor envi-
ronments, the presence of physical obstacles and the

Information about services

Housing Technological
Accessibility

Community respect

and inclusion

Community

Physical access to amenities and facilities

absence of street crossing elements as barriers. Such
barriers were particularly prominent during win-
ter and for people with visual and physical impair-
ments. Lack of available toilets and other facilities,
negative aesthetics in outdoor spaces and unsuitable
routes also negatively impacted active aging accord-
ing to residents.

Suitable housing and services

Close pl ity to
places and services

Positive aesthetics

support

Public transportationg
Health services ¢

Housing @

Barrier Urban

Reliance on driving and Themes

social networks

Increased flow of
traffic

Transportation

Unsuitable public
transportation infrastructure
and scheduling

Safety
and security

Engagement in activities (S
Social isolation)

Access to resources ) ) Social isolation in local community

© Development and alterations to
neighbourhoods

) Absence of signage and crossing facilities
©) Negative aesthetics in outdoor spaces

/ ©Unsuitable routes and outdoor spaces
©Unavailable facilities

Environment,

Crime and vandalism

Well-maintained infrastructure
Ramps and railings
Availability of facilities

Green and blue spaces

Physical
environment

O.Cross-cultural activities

T O Intergenerational social
Facilitator activities

Themes
© Accessible, convenient

and frequent social
activities

Accessible parking

Living central

Transportation

Convenient and accessible
public transport and
infrastructure

Technological @ D Availability of services and facilities
opportunities
p and
/® Local i sand i

neighbourhood:
ity-based

and religious i

hood

Fig. 3 Urban environment barriers and facilitators. Smaller circles indicate subthemes
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Urban Environment Facilitators to Active Aging

Five themes relating to urban environment facilitators
(Fig. 3) were identified by residents to be positively
associated with active and healthy aging (see Appen-
dix 1). These included community support (n=14),
physical environment (n=11), social activities and
participation (n=10), transportation (n="7) and hous-
ing (n=4).

Community support was the most community-
citied facilitator (n=14), stressing the importance of
local communities and neighborhoods, particularly
intergenerational ones, providing support and encour-
aging social activities. The availability of shops, cafes
and public places such as libraries was a facilitator
and useful for developing social links during winter.
The presence of network associations, senior-specific
programmes and religious institutions were all identi-
fied as sources of support that promote health, well-
being and independence. Physical environment was
also a commonly cited facilitator (n=11), underscor-
ing the importance of seating, positive aesthetics such
as cleanliness and well-maintained infrastructure in
both summer and winter to facilitate active aging.

Aligned Barrier Themes
@ Accessibility

@ Physical environment

Fig. 4 Visual representa-
tion of the barriers and
facilitators mapped against
the features presented by
the WHO Checklist of
Essential Features of Age-
Friendly Cities [37]
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Mapping of Community-Identified Urban Barriers
and Facilitators against the WHO Checklist of
Essential Features of Age-Friendly Cities

Aligning and Interconnecting Themes and Features

The 13 themes ( Fig. 3) significantly aligned with the
WHO'’s 8 features and descriptors presented on the
essential features of age-friendly cities checklist [37]
(Fig. 4) (see Appendix 2). Physical environment bar-
riers and facilitators, transportation barriers, safety
and security, and accessibility were themes from
this review that aligned with 9 out of the 10 WHO
descriptors of the outdoor spaces and building fea-
tures. Similarly, the themes of accessibility, social
isolation and exclusion, social activities and participa-
tion, and community support aligned with 8 out of 11
WHO descriptors of the social participation feature.
Both barrier and facilitator themes also aligned with
9 out of 12 WHO descriptors of the communication
and information feature and with 10 out of 15 WHO
descriptors of the transportation feature. The align-
ment of themes to the WHO features and descriptors
indicates the ongoing relevance of bringing together
local community—identified features with those pre-
sented on authoritative checklists to determine key
features for developing age-friendly environments.
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Unaligned Themes and Features

Despite the close alignment of WHO features and
community-generated urban characteristics, the CS
process did elucidate additional themes regarding
age-friendliness of urban environments. Most sig-
nificant amongst these were barriers for migrant and
cross-cultural communities. This theme highlighted
how ethnicity and cultural differences can negatively
impact engagement in activities outside of the home
due to differences in cultural norms and social exclu-
sion. Members of culturally, ethnically and linguisti-
cally diverse minorities themselves highlighted poor
access to transportation, lack of social platforms for
civic engagement, lack of suitable care facilities and
lack of support from the government.

Similarly, developments and alterations to neighbor-
hoods, which was a subtheme of social isolation and
exclusion, did not align with the features or descriptors
of the checklist. Exploration of this subtheme indicated
that physical alterations to neighborhoods, the presence
of new builds and frequent relocation of neighbors
negatively impacted social connections, community
cohesion and the feeling of ‘locality’ for older adults.
Considering the needs of migrant and cross-cultural
communities and the impacts that new built environ-
ment developments can have on the risk of social iso-
lation and exclusion are new dimensions that need to
be further encompassed into the age-friendly agenda in
order to strengthen this approach.

Discussion

Having systematically reviewed the literature on
urban environments and active aging, we highlight
three areas for consideration: (1) the importance of a
socio-ecological perspective on the local urban char-
acteristics associated with active and healthy aging,
(2) expanding the WHO age-friendly cities agenda in
light of local urban characteristics and (3) strengthen-
ing the field of CS to further its potential in capacity
building the age-friendly agenda.

Socio-ecological Perspective of Urban Environment
Characteristics

Accessibility, physical environment features and
the presence of community support were key urban

characteristics associated with active and healthy
aging and require further consideration when devel-
oping age-friendly environments. Using a socio-
ecological approach, which incorporates personal,
environmental, social, cultural, economic and politi-
cal domains [4, 85-89], can provide a comprehen-
sive indication of the features that influence health
and active living [85, 90]. This approach also has
been built into a systems perspective [3, 91], which
strengthens the understanding that ecosystems are
multi-levelled and interacting systems governed
by change and adaptations [92, 93]. This review
employed a socio-ecological perspective to conceptu-
alise the urban environment characteristics. These are
presented by the themes as part of an interconnected
system in which there are multiple domains and com-
plex interrelationships between individuals and their
environments [94]. Rather than considering these
urban characteristics in relative isolation, we provide
two examples of interconnected systems relating to
affordable housing and social activities.

Affordable and Accessible Housing

The review highlighted interconnected barriers and
facilitators for suitable, accessible and affordable
housing close to community services, which have pre-
viously been linked through a socio-ecological per-
spective [92, 95-97]. The interpersonal relationships
with neighbors, physical location or material quality
of a house, and social interactions between who is
being housed and the suitability of the house, as well
as how these interactions change over time, all inter-
connect and influence the individual [92, 95, 98]. The
economic and material resources and the develop-
ment and implementation of suitable housing policy
are also identified by the literature as connected and
impact the presence of suitable and affordable hous-
ing [92, 97, 98]. To promote affordable and accessible
housing in an age-friendly context, the outcomes of
this review indicate a need to consider the intercon-
nection between an individual’s needs and required
services, the affordability and accessibility of housing
and the geographic proximity to the wanted services
and facilities. This can shift the development of hous-
ing away from considering these domains and barri-
ers in isolation [98] and instead addressing the multi-
ple interconnected housing influences present in order
to develop suitable age-friendly housing.
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Social Activities and Participation, and Social
Isolation

Social activities and participation, and social isolation
were themes that interconnected amongst the personal,
environmental and social domains of urban environ-
ments. Across a number of studies, engagement in
social activities is influenced by personal factors such
as mobility [99], motivation and social values [100,
101], as well as various aspects of the environmen-
tal and policy domains, which influence the presence
of suitable environments [102], resources and places
to participate socially [101, 103]. For older adults,
engaging in activities is also shown to be influenced
by social factors including the presence of a social net-
work, neighbors and/or a sense of community [104,
105]. Individual characteristics and influential factors
across social and environmental domains need to be
considered in order to provide spaces that facilitate
age-friendly social participation and accessible activi-
ties. In particular, the CS processes enabled residents
to identify intergenerational and cross-cultural activi-
ties and spaces where neighbors and local communi-
ties can build community cohesion and support social
participation as key facilitators.

Strengthening the Age-Friendly Cities Initiative

Whilst the WHO Checklist of Essential Features of
Age-Friendly Cities provides a useful and universal
guide to assessing and implementing features, such
work can be supported by more attention to local
urban characteristics. CS has made clear that the sub-
theme ‘neighborhood developments and alterations’
and the theme ‘barriers faced by migrant and cross-
cultural communities’ require further exploration.
Recognising contextual importance by considering
the impact of neighborhood changes on social isola-
tion and identifying the multiple barriers faced by
ethnically, culturally or linguistically diverse minori-
ties are important for strengthening the age-friendly
agenda. Whilst these two themes are considered
below, it is important to recognise that strengthen-
ing this agenda requires extension to populations
experiencing social exclusion such as minority eth-
nic groups, refugees and individuals from LGBTQ
communities to inform the design of future initiatives
aiming to develop inclusive age-friendly environ-
ments [106, 107].

@ Springer

Neighborhood Developments and Alterations

Physical alterations to neighborhoods, new builds
and rotation of neighbors were identified as nega-
tively impacting social connections and community
cohesion. Changing and gentrifying neighborhoods
can cause experiences of social isolation, insecu-
rity and vulnerability, challenge a sense of belong-
ing, and negatively impact mental health [67, 108,
109]. Although neighborhood changes are experi-
enced differently based on the contexts and types of
residences in which individuals live, they have been
found to negatively impact social and community
cohesion, making it important to address the impacts
these changes may have on older adults [66, 110,
111]. As the immediate neighborhood environment
is also vital for older adults and their social sup-
port, particularly those who are vulnerable or have
limited mobility [112], the developments and altera-
tions to neighborhoods need to be further assessed
in the planning and implementation of age-friendly
initiatives.

It is important to consider the impacts of changing
neighborhoods on older adults, especially for those
who wish to remain at home or in their local neigh-
borhoods [109], and evaluate the effect age-friendly
features which in some cases have not had a real
and meaningful impact [113]. Modifying the WHO
guidelines to address alterations to neighborhoods
that may impact older adults could enhance the social
structures and community cohesion present within
urban communities [108] and could lessen the physi-
cal, social and cultural consequences resulting from
these changes [111].

Barriers Faced by Migrant and Cross-Cultural
Communities

Ethnicity, cultural differences and language barri-
ers faced by migrant and cross-cultural communities
were identified to be associated with social isolation,
access to resources and support from governing bod-
ies. Aging in cities can be challenging for older adults
who migrate [114]; inequalities place these individu-
als at an increased risk of social exclusion [115]. Age-
friendly city initiatives therefore need to be tailored
to local situations and serve diverse communities
in order to address the context-specific factors that
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contribute to social isolation. For example, migra-
tion pressure, language issues, access to and lack of
knowledge about existing resources and community
programmes are all barriers that have been previ-
ously identified [116, 117] and should be taken into
consideration.

It is currently unclear if age-friendly programmes
effectively address the needs of older individuals
from diverse ethnic and cultural backgrounds [118].
Better understanding of urban experiences of older
adults from diverse ethnic communities is needed in
order to identify the inequalities and influence of rac-
ism faced by individual ethnic groups [106, 119]. To
address these challenges, the use of CS approaches
requires further strengthening, which is discussed in
the following section.

Strengthening Citizen Science Approaches

To further the potential of CS in strengthening age-
friendly initiatives, the CSAT identified that greater
attention needs to be paid to (1) the diversity of
approaches within such research methodologies; (2)
the degree to which they are contributory (for the
people), collaborative (with the people) and/or co-
produced (by the people); (3) their potential unin-
tended consequences; and (4) the sustainability of
outcomes.

An absence of resident engagement in the scien-
tific processes, particularly as they relate to inform-
ing study design or hypotheses, is a current gap in
CS projects [19, 120]. This finding was reflected
in the reviewed studies, stressing the need for fur-
ther engagement of older adults in the planning and
research design [68, 69, 71-73, 82] and data analysis
[63, 66, 68, 69, 71, 72]. A recent analysis of inter-
views exploring participant engagement in CS pro-
jects reported an absence of engagement in informing
project design or hypotheses [120]. However, increas-
ing opportunities for engagement in multiple pro-
cesses is an ideal [22] achieved through co-creation
[121, 122] or a ‘by the people’ approach [21]. This
more comprehensive form of engagement provides
the greatest potential for developing and implement-
ing relevant environment and social changes [19,
123], attributed to residents embedding their knowl-
edge into design and dissemination, and enabling a
project to develop in the cultural context of a local
community [123, 124].

Studies have found that predominantly well-edu-
cated people from White ethnic groups rather than
from minority ethnic groups engage with CS [44,
125, 126]. This has been linked to a lack of sense of
belonging in areas where White ethnic backgrounds
are a majority [127], differing volunteering motiva-
tions [128] and financial or educational barriers to
participation [44, 126]. The studies included in this
review engaged residents across a range of popula-
tions, enabling the identification of diverse urban
barriers pertaining to aging. Without representa-
tive engagement in CS, the beneficial impacts and
translatability of outcomes can be reduced [129],
requiring consideration of effective strategies to fos-
ter opportunities for engaging migrant and diverse
ethnic communities. This includes recognising bar-
riers to engagement and presenting new pathways to
engaging the views, beliefs and practices of under-
represented groups [125, 126]. For example, ensuring
that CS and public engagement tools are in multiple
languages can reduce such barriers to inclusion [44,
130].

For future studies to strengthen their levels of co-
production, the following characteristics by Hidalgo
et al. [19] should be considered: (1) co-defining and
focusing on real-world issues, (2) using shared lan-
guage and visual materials, (3) building an equal and
collaborative research community, (4) including par-
ticipatory meetings led by suitable individuals who
can facilitate co-creation, and (5) providing participa-
tory tools and accessible means of communication for
disseminating outcomes.

Capturing effective dissemination of results and
long-term sustainability are also current challenges
amongst CS projects [84]. This was identified in the
reviewed studies, with a lack of accessible dissemina-
tion plans and tracking of long-term changes or rip-
ple effects emanating from the CS activities. Tracking
long-term outcomes is a key for identifying sustaina-
bility and momentum of a project once it has finished,
particularly in the physical and social environments
[17, 33, 84]. Long-term observation can showcase
a commitment to maintain longitudinal outcomes
[131], such as ‘ripple effects’ where citizen scien-
tists continue to advocate for neighborhood improve-
ments after a project has ended [132]. One systematic
method for capturing the multi-level impacts of CS
is called ripple effects mapping [133]. This qualita-
tive method, used originally in the US Cooperative
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Extension field, involves citizen scientists and other
stakeholders visually mapping the cumulative trajec-
tory of intervention-related activities and outcomes—
both expected and unexpected—over time [134].

To the best of our knowledge, the CSAT is a novel
appraisal tool that can effectively encompass and
evaluate the quality of CS research processes, the
level of engagement employed, data and long-term
sustainability. The CSAT can contribute to the field
of CS by guiding and strengthening the development,
implementation and evaluation of future CS studies.
Although the tool was designed for CS approaches in
the urban and aging research field, it shows univer-
sality and can evaluate other participatory approaches
across multiple disciplines. Further, the CSAT can
guide researchers to foster and support citizen-driven
strategies and outcomes that encompass community
insights and have sustainable and real-world rele-
vance. Whilst not within the tool’s remit, it is impor-
tant for CS projects employing the tool to consider
the impact of their societal and scientific outcomes if
diversity or representativeness of engagement across
a community is missing [44]. This includes recognis-
ing barriers to engagement faced by different ethnic
groups and biases from underrepresenting or over-
representing different groups [126]. Previous litera-
ture has identified CS approaches for greater equality
in engagement [84, 135] and should be considered in
detail.

Strengths and Limitations

Due to the broad nature of CS [136], the limited
capacity of the keywords to identify all relevant stud-
ies was a potential liability. The chosen keywords
may not have captured all CS or other participatory
studies, for example the work by Buman et al. [137]
and Winter et al. [138], and especially those with cre-
ative naming or novel approaches. Secondly, although
the CSAT was employed to identify good quality
studies, selection bias may be present. For example,
requiring the mean age of citizen scientists to be
at least 60 years would have led to the omission of
articles involving intergenerational groups of citizen
scientists (e.g. older adults and youth [132]) that did
not separate outcomes based on age or described CS
work targeting older adults [17].

Despite these limitations, this review followed a
systematic protocol guided by the PRISMA checklist
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to systematically review a large volume of literature
(11,311 articles), which embodies a diverse array of
articles. The chosen databases also provided a diver-
sity of health, environmental, social science and ger-
ontology research. Furthermore, the protocol, key-
words and systematic processes were informed by
a multidisciplinary team of consultants in relevant
fields, who also contributed to the development and
implementation of the CSAT.

Conclusion

This systematic scoping review identified a range
of urban barriers and facilitators identified by
older adults engaged in CS or other participatory
approaches. The interconnectedness of the barriers
and facilitators was presented using a socio-ecolog-
ical perspective, reflecting the need to consider the
multi-level influences and associations present when
developing local age-friendly environments locally.
The findings also identified a need for nuanced and
culturally specific approaches to increasing feelings
of social inclusion and accessibility of resources for
migrant communities to strengthen the age-friendly
agenda. Future studies can use the CSAT to guide
their CS approach and incorporate best practices into
their design and methods so that processes, strategies
and outcomes are co-produced with residents to shape
the future of their local urban environments.
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