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Abstract
Background  Geospatial studies that consider the relationships between the built environment and health typically 
rely on researcher-led ‘objective’ measurement of geospatial attributes of the built environment. Some studies can 
fail to find expected associations between environments and health outcomes where the geospatial measures do 
not reflect the experiences or perceptions of people themselves. We took a participatory approach to work with 
older adults with a concern for falling to assess the built environment in order that we could understand how their 
assessments relate to researcher assessments. We also wanted to assess whether specific demographic characteristics 
explained differences in assessments of the built environment between participants. Age-friendly environments 
can contribute to healthy active ageing. Falling and a fear of falling can lead to restricted outdoor activity. Therefore, 
understanding how the built environment contributes to fear of falling is important for age-friendly environments.

Methods  The study is a cross-sectional retrospective observational study of the built environment. We worked 
with older adults in workshop settings to undertake community audits of the built environment in Google Street 
View. They assessed locations where a fall had occurred. Researchers separately audited the same locations. We used 
descriptive statistics and ordinal regression cumulative link mixed models to estimate the odds that community 
members would rank a location one level higher than the researchers.

Results  There are significant differences in researcher and community auditor assessments of locations of 
attractiveness. Site related and individual attributes explain variation in how difficult locations were rated for walking, 
and for concern about falling. Only individual attributes explained variation in site attractiveness. Locations with more 
trip hazards and steeper slopes were rated as being more difficult to walk and were associated with greater concern 
for falling.

Conclusions  Attributes of the built environment influence perceptions of difficulty walking and concern or falling 
at specific locations. Furthermore, there are some differences in how researchers and community auditors assess the 
same locations, meaning that geospatial studies which rely only on researcher assessments may be prone to bias. 
Involving older people in geospatial studies that measure age-friendly environments can make measurement more 
reflective of their experiences.
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Introduction
Creating age-friendly environments is one of four key 
action areas for the United Nations Decade of Healthy 
Ageing (2021–2030). There is clear evidence of associa-
tions between neighbourhood environments and health 
and wellbeing, particularly for older adults who may 
spend a greater proportion of their time in their local 
neighbourhood [25, 52].

Social and built aspects of the environment are deter-
minants of health [25, 28]. Environments can be both 
health promoting and harmful to health. There are multi-
ple pathways between neighbourhood environments and 
health outcomes in later-life [25]. Aspects of the environ-
ment such as population density, walkability, access to 
services, green/blue space, environmental quality, noise, 
pollution, sense of community or (perceived) safety influ-
ence the types of activities people participate in, in their 
neighbourhoods. Exposure to both positive and negative 
environments can influence health directly, and through 
the activities that people participate in. In particular, the 
environments we are exposed to can influence physical 
activity and social connection [25] by supporting walking 
in the neighbourhood environment.

Walking is associated with a range of positive physical 
and mental wellbeing outcomes and as such is increas-
ingly the focus of “active ageing” agendas. Walking can 
constitute a greater proportion of people’s travel time 
as they age, and is a reasonably accessible and available 
form of physical activity for most people. Walking is a 
preferred mode of habitual physical activity among older 
adults [2, 47]. Given that older people are more likely to 
spend more time in their local neighbourhood [25, 53] 
much of the walking older adults do takes place close to 
home [3, 11]. Several studies have considered aspects of 
the built environment that can support walking, includ-
ing for older adults [70, 72].

However, while the environment can promote healthy 
behaviours such as walking, walking can also result in 
harmful exposures [26], including an increased risk of 
falling making the relationships between the environ-
ment and health outcomes complex. Fear of falling can 
lead to restriction of outdoor physical activity [67].

In their review, Finlay et al. identified falls as a health 
outcome that can be influenced by various aspects of 
the built environment [25]. There is an emerging body of 
research that considers aspects of the built environment 
associated with falls risk and fear of falling [12–14, 17, 
24, 39, 41, 43, 60] More in-depth understanding of the 
relationship between built environment factors and fall-
ing, and concern for falling among older adults would 
allow for targeted interventions to develop age-friendly 
environments that support active ageing while reduc-
ing risk of falls. Micro-features of the built environment 
are important in the literature on falls risk [24] and more 

broadly for walkability for older adults [69] but can be 
overlooked in walkability measures that focus on avail-
ability or accessibility of destinations.

To understand connections between the built environ-
ment and health outcomes, including falls, it is neces-
sary to establish a method by which to measure the built 
environment. Attributes of the built environment can be 
measured using geospatial data related to physical attri-
butes such as road type, density of intersections, eleva-
tion, greenspace cover or availability of different types 
of destinations. Such data may be administrative datas-
ets or volunteered data such as Open Street Map. Such 
spatial datasets can be used by researchers to assess the 
built environment. While such datasets have been used 
to characterise environments where falls happen [73] and 
assess walkability [42, 57], they are not detailed enough 
to capture micro environmental factors associated with 
pedestrian falls [24]. Another approach, that can collect 
more detailed data on environmental conditions, such as 
footpath quality is through researcher-led audits of the 
environment that can be undertaken on the ground [16, 
48], or increasingly, using tools such as Google Street 
View [6, 8, 61]. Such assessments of the built environ-
ment, whether they use secondary datasets or primary 
data collection (audits) are typically intended to con-
struct an objective measure of the built environment 
that can be used to explain variation in health behav-
iours or health outcomes [9, 59]. There are also examples 
of crowdsourcing and citizen science approaches using 
Google Street View (or other Street View Imagery) to 
capture public perceptions of the built environment [10]. 
These approaches still typically seek to develop an aver-
age perception or average score for environmental attri-
butes. However, we argue that understanding how older 
adult’s perceptions of the environment differ from those 
of researchers, according to individual characteristics 
should be paid greater attention.

While a large body of research demonstrates associa-
tions between such environmental measures and health 
outcomes, there are also limitations in terms of the ability 
of such tools to capture the realities of older adults’ expe-
riences in the environment. There can be a disconnection 
between such ‘objective’ measures of the environment 
and their predictive ability because they do not always 
account for how people themselves experience or would 
assess that environment. Geospatial assessments that 
seek objectivity are reinforcing or measuring a particular 
view of the world that may not accurately reflect the lived 
experiences of people. While geospatial assessments may 
have been developed based on research understanding 
the needs of particular groups, assessments undertaken 
without community input are still open to misrepresenta-
tion. The result of using ‘expert’ driven approaches to the 
built environment can be that assessments are gendered, 
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ageist, ableist and/or racist [23]. By perpetuating a partic-
ular assessment of the environment as objective, and not 
considering the perspectives of diverse older adults, any 
interventions or changes to the built environment that 
occur may not achieve desired health outcomes if they do 
not address issues that are pertinent to the community. 
Interventions may also perpetuate existing health inequi-
ties if they do not consider the needs of different popula-
tion groups.

Research demonstrates that subjective, perception or 
experiential based measures tend to be better predictors 
of behaviour than objective measures [7]. Participatory 
GIS (PPGIS) approaches have been used with a variety of 
population groups, including older and younger people 
[1, 29, 33, 68]. Such approaches engage members of the 
public in collecting geographic information and as such 
offer the potential to reflect the lived experience that may 
differ from data that seeks objectivity. There is increas-
ing recognition of the need to consider perceptions of 
accessibility and/or walkability alongside spatial mea-
sures that have tended to focus on proximity [18, 19, 36–
38, 71]. This is true, especially for groups, such as older 
adults and others whose needs and experiences have not 
typically informed approaches to measuring walkabil-
ity and accessibility. For example, walk speeds of older 
adults are typically slower than average [4], meaning that 
approaches such as fifteen minute cities, calculated based 
on an average walk speed are likely to over-estimate the 
access of older adults [20, 50]. Furthermore, as already 
noted such macro level assessments of walkability do 
not capture the micro-environment that are important 
to older people when considering the supportiveness of 
neighbourhoods for walking.

While recognising the importance of research which 
attempts to objectively measure the built environment, 
we also note the limitations in the pursuit of objec-
tive measurement, and the views that it excludes. Con-
sequently, our approach sought to involve older adults 
in the research process and to engage them in collect-
ing spatial data using Google Earth. We worked with 
older adults with experience of or concern for falling to 
assess different locations, and to examine differences in 
how older adults and researchers assess locations where 
falls have happened, in terms of their attractiveness, dif-
ficulty walking, and concern for falling. Our participa-
tory approach allows the perspectives and experiences 
of those affected to assess the environment from their 
perspective and help to counter a perspective where the 
researcher is the authority on a given issue.

Study aim and objectives
The aims of this study are to:

 	• Use a participatory approach to audit the built 
environment for pedestrian falls risks

 	• Examine differences in researcher led assessments 
and assessments undertaken by community 
members

 	• Examine whether specific demographic 
characteristics can account for differences in 
assessment of locations between participants

Methods
Study design
This is a cross-sectional retrospective observational study 
of the built environment. The study is designed to assess 
the built environment from a falls risk perspective. We 
compared assessments of specific locations undertaken 
by researchers, with those undertaken by members of the 
community. The approach combined geospatial methods 
with participatory measurement.

Study setting
The research was conducted in Aotearoa New Zealand in 
2020. We previously developed an assessment tool and 
researchers used Google Street View to assess 2117 loca-
tions where falls had occurred across Aotearoa between 
1 July 2016 and 20 June 2018 (reference removed for 
peer review). Further details on the development of the 
full assessment tool and characteristics of the full street 
audits are published elsewhere (reference removed for 
peer review). Researchers were trained in using the tool 
and had research expertise related to older adults, the 
built environment and health. However, they are also 
younger in age than those most at risk of falls and there-
fore might be expected to have different perspectives.

We are using this already created dataset to compare 
with participant assessments collected in this study. To 
reduce participant burden we took a limited number of 
items from the full tool to use in the participatory work-
shops. The questionnaire that participants completed is 
included in the supplementary information.

Community audits took place in a workshop style for-
mat in Ōtautahi Christchurch, in-person with research-
ers present to assist. Community workshops were held 
during 2020, while New Zealand’s borders were restricted 
and during COVID alert levels 1 and 2. We adhered to all 
public health advice and safety measure regarding mask 
wearing and had masks and hand sanitiser available to 
participants.

Participants and recruitment
Community audits were undertaken by research participants
Participants were eligible for inclusion if they had some 
experience with walking or wheeling outside in the past 
six months and expressed any concern about falling. 
While we expected most participants to be older adults 
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(age 65 +), we did not exclude participants based on age 
as we wanted to be inclusive of those who had concerns 
about falling outside, which might include some younger 
people, especially Tāngata Whaikaha (disabled people). 
Furthermore, Māori are known to experience age-related 
health conditions at a younger age and so taking an inclu-
sive rather than age-specific cut off was favoured.

We use purposive sampling to recruit participants into 
workshops. We arranged workshops and advertised for 
participants through community organisations including 
Age Concern Canterbury, Aranui Community Trust and 
Age Friendly Waimakariri (District Council). We held 
the workshops in different community locations across 
Christchurch and Waimakariri.

Purposive sampling was appropriate for this study 
because we we sought participants with particular char-
acteristics in particular experience of falling outdoors., 
We were not intending that research participants held 
views representative of the population but did intend to 
seek a range of perspectives and experiences of the built 
environment. These workshops were developed with the 
intention of including people from a wide range of socio-
demographic backgrounds.

The main unit of analysis is the location of a fall. The 
main consideration in determining participant sample 
size was that we had enough participants to assess around 
10% of the fall locations assessed by researchers, and not 
place undue burden on any participant. We therefore 
aimed to recruit around 50 community auditors, with the 
intention they would assess 10 locations each, with each 
location being assessed twice, giving us capacity to assess 
250 different locations.

Data collection
In the workshops we started with a brief overview of the 
research and context of outdoor falls. We then asked par-
ticipants to read the information sheet (if they had not 
done so already) and complete a consent form and brief 
participant information questionnaire (Appendix 1, and 
measures described below). We then allowed time for an 

open discussion on outdoor falls and the built environ-
ment using an image of the local area to prompt discus-
sion (we audio-recorded the discussion and results will 
be reported elsewhere). Then participants used iPads to 
complete a shorter version of the researcher assessment 
tool (reference removed for peer review) for each of 10 
pre-programmed locations in Google Earth (see Appen-
dix 2). Community researchers used the drop and spin 
approach to conduct virtual street audits [58]. Google 
Earth provides the same 360° imagery for each point as 
Google Street View but enabled access to be simplified 
to a list of clickable links so that participants could auto-
matically move from one location to the next Once they 
were ‘flown’ to the pre-programmed location, partici-
pants could freely scroll and zoom around at the location. 
Figure  1 shows a typical scene that a participant would 
assess.

A stratified sample of 250 sites (~ 10%) of the avail-
able fall locations were selected to ensure that commu-
nity auditors sites across the range represented in the 
full dataset. The strata included local authority (e.g. city), 
walk score (positive or negative), and deprivation (more 
deprived or less deprived).

We then concluded with a final discussion. We 
returned to all locations to give a feedback workshop 
later in 2020 or 2021.

Measurement and data sources
Fall location data
We obtained the co-ordinates of locations where an 
ambulance attended a fall for adults aged 65 + , where 
the fall occurred on the road or footpath between 1 July 
2016 and 30 June 2018. Data were obtained from Hato 
Hone St John (the main ambulance service in New Zea-
land). The locations cover all of Aotearoa, except for Wel-
lington which operates a different ambulance service. 
Participants were not likely to be familiar with the loca-
tions assessed. Selected records included those where 
the attending clinician recorded a ‘fall’ as the presenting 
complaint and a site than included ‘footpath’ or ‘road’ in 
the electronic patient record form.

Outcome measures
All items come from the Fall-SAFE audit tool we devel-
oped and tested . The outcome measures included in the 
audit tool based on our review of existing literature . In 
this study we include these as the outcome measures as 
they are perception-based items, covering aspects of the 
environment important to older adults.

Site attractiveness
We used a measure of attractiveness from the NZ-
SPACES instrument developed by [6], which was devel-
oped specifically for the New Zealand context based on Fig. 1  An iPad with a typical scene shown to participants
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the validated SPACES instrument [57]. Site attractiveness 
was rated on a five-point scale from very attractive (1) to 
very unattractive (5).

Difficulty of walking at site
Our difficulty of walking measure was also from the 
NZ-SPACES instrument. Sites were rated based on how 
physically difficult they were for walking on a four-point 
scale from easy (1) to very difficult (5).

Fear of falling at site
We adapted the FES-I falls efficacy scale to include a site 
level measure of fear of falling [74]. FES-I asks about a 
general fear of falling. We amended this question to ask 
about concern about falling at the specific location being 
viewed. Level of concern was rated on a four-point scale 
from not concerned (1) to very concerned (5).

Site specific predictors
Site specific predictors are those that relate to charac-
teristics of the site assessed by participants. Given that 
participants assessed multiple sites each, there is more 
than one of each of these predictors per participant in 
the model. Site specific predictors are used in the mod-
els testing the difference between researcher and partici-
pant ratings. In this analysis we used only the researcher 
site assessments, as these items were considered more 
objective and in initial testing showed more consistency 
between researcher and participant ratings.

Trip hazards
We measured trip hazards using an item from Millstein 
et al. [49] Microscale Audit of Pedestrian Streetscapes 
(MAPS). Sites were rated based on presence of ‘poorly 
maintained sections of the footpath that constitute trip 
hazards’ on a four-point scale from None to Many.

Path Obstructions
We measured path obstructions using an item from NZ-
SPACES [6], originally based on MAPS [49]. Participants 
were asked if they noticed the presence of the follow-
ing obstructions at a site: poles, signs, litter bins, utility 
boxes, planters or trees, manholes and grates, overhang-
ing vegetation, or other. For the analysis, the total num-
ber of obstructions was calculated for each location.

Slope
Slope was measured using an item from NZ-SPACES. 
Participants rated slope on a three-point scale from flat 
or gentle slope to steep slope.

Participant predictors
Physical activity
Physical activity was assessed through the short Interna-
tional Physical Activity Questionnaire (IPAQ) [56]. The 
item asks about time spent doing vigorous or moderate 
physical activity, and walking in the past seven days. Esti-
mates of metabolic minutes of activity are then classified 
into high, medium and low categories of physical activity.

Activities of Daily Living
To assess difficulties with activities of daily living (ADL), 
participants reported their level of difficulty with five 
daily activities on a six-point scale from “not hard at all” 
to “too hard to do”. These items were chosen based on 
previous use in studies of older adults’ mobility and falls 
in outdoor settings [17, 65]. A score was calculated from 
6 to 30, with a higher score indicating greater difficulty 
with daily activities.

Fallen in previous year
Participants were asked if they had fallen in the 12 
months prior to the study. If they answered yes, they 
were asked to provide details on how many times they 
had fallen (once, two to three falls, four or five falls, or 
more than five), and the location of any falls (in their 
home, in their garden or driveway, in the street, or some-
where else). We used the same questions in a previous 
study [17].

Fear of falling
Fear of falling was assessed using an adapted version of 
the Falls Efficacy scale (FES-I) [74] focused on outdoor 
falls, following [17]. Participants were asked to report 
their general level of concern about falling in nine set-
tings, using seven of the sixteen items from FES-I that 
are specific to outdoor activities, and a further two items 
from an expanded version of FES-I specific to outdoor 
activities [31]. The four-point scale was averaged to give 
a score ranging from 9 to 36 with higher scores indicating 
a greater fear of falling. We then converted this to a 0–3 
scale for analysis. In contrast to the site-specific assess-
ment of fear of falling used as an outcome measure, this 
item measures a general underlying fear of falling at the 
individual level, rather than in specific locations.

Demographic information
Each participant’s approximate age as of 2020 was calcu-
lated based on their year of birth. Age was used either as 
a continuous or categorical variable (age brackets 30–65 
years, 65–70 years, 70–75 years, 75–80 years, and 80–95 
years). Participants were asked demographic questions 
about their suburb of residence, ethnicity, and gender.
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Statistical methods
Descriptive statistics were carried out to explore par-
ticipant characteristics and to summarise the relation-
ships between participant and researcher assessments of 
each site. The symmetry of crosstabulations was assessed 
using the McNemar-Bowker’s test, to see if there was an 
obvious bias to the researchers’ scores relative to par-
ticipants. Ordinal regression cumulative mixed link 
models were used to estimate the odds that community 
members would rank a location one level higher than 
the researcher. These models include site characteristics 
(number of trip hazards, slope, presence and total num-
ber of obstructions) as independent variables.

We then used ordinal regression cumulative link mixed 
models to examine whether demographic characteris-
tics accounted for differences in the ways in which par-
ticipants rated each location. Researcher audits were not 
included in this analysis. Individual participants (N = 37) 
and site locations (N = 222) were treated as random 
effects in these models to account for potential differ-
ences in how each participant would score across mul-
tiple sites. The following demographic characteristics 
were used: gender, age group, falls in previous 12 months, 
physical activity category (IPAQ), ADL score, fear of 
falling.

The assumption of ordinal regression models that ran-
dom effects are normally distributed around a grand 
mean was then tested by plotting the means and confi-
dence intervals of participant and locations (figures not 
shown). We compared the models with a null model con-
taining only the random effects using a likelihood ration 
test and calculated the McFadden Pseudo R2. Data analy-
sis was conducted in R.

Researcher characteristics
The researcher audits were undertaken by two differ-
ent researchers (and separately tested for agreement). 
In this paper we are treating the researcher audits as an 
‘objective’ measure, we are not interested in this paper in 
whether the demographic characteristics of the research-
ers influence the outcomes, although that would be a 
worthwhile endeavor.

Ethical considerations
The research was undertaken in accordance with the 
Declaration of Helsinki. Participants gave informed con-
sent to participate in the research. Information sheets 
and consent forms made it clear that participation was 
on an individual and voluntary basis. We were concerned 
that some participants might feel compelled to partici-
pate as the information came to them through commu-
nity groups, so were clear to emphasise that there was 
no requirement to participate because they had been 
invited by their groups. We kept identifying information 

and contact details separately from research data. Ethi-
cal approval and locality approval was also obtained for 
use of the Hato Hone St John fall location data. We used 
only anonymised data and while location of the inci-
dent and demographic data was available to the research 
team, this was kept on secured university servers and is 
only published as aggregated results. The University of 
Otago Human Ethics Committee (Health) approved the 
project H19/143. The study was reviewed through the 
Māori Health research consultation processes at our 
institution, and we worked with the Hato Hone St John 
Hauora Māori clinical advisor to try and host a workshop 
with Māori older adults. Ultimately this was unsuccess-
ful, likely, at least in part to the timing in 2020 and 2021 
when there were lots of other demands on the commu-
nity. This is noted as a limitation of the research.

Results
We held 12 workshops with 37 participants at a range of 
locations across the Greater Christchurch region.

A total of 222 unique locations were assessed by 37 
community auditors. The final dataset consists of 592 
records, made up of 222 researcher site assessments and 
370 completed community assessments. We excluded 
some community assessments with large amounts of 
missing data. Community auditors each audited mul-
tiple sites and some sites were assessed by more than one 
community auditor. This is accounted for by including 
both the site and the individual auditor as random effects 
in the model.

Participant characteristics
Table 1 shows the characteristics of the study partici-
pants. Participants were predominantly female (73%), 
with a mean age of 71 years (range 32—92 years). Among 
all participants, 14 (38%) had fallen in the previous 12 
months, and of those 21% had fallen more than three 
times; 19% of participants had fallen over in the street.

Ethnicity was not included in subsequent analysis as 
most participants were New Zealand European/Kiwi, 
with the only other ethnicities being Irish, South African, 
and dual Australian/New Zealand. These ethnic groups 
fall under the same Level 1 Classification category used 
in official statistics (“European”) [64] and are unlikely to 
contribute meaningfully to the other analyses.

Researcher and participant assessment of sites
The distribution of responses from participants and 
researchers across the attractiveness, difficulty and con-
cern about falling at site variables can be seen in Fig. 2. 
Participants were likely to rate sites as one level more 
unattractive, compared with researchers (OR = 10.3, 
95%CI [2.64,39.9]). There were no significant differences 
in the ratings of difficulty (OR = 1.2, 95%CI [0.15,9.76]) or 
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fear of falling (OR = 3.88, 95%CI [0.47,32.3]) among par-
ticipants and researchers.

Table 2 shows the results of the mixed cumulative link 
ordinal regression models showing site characteristics 
(measured by researchers) and assessor type. Including 
the site-specific characteristics does not meaningfully 
change the results for assessor type, we still find differ-
ences in researcher and participant assessments for 
unattractiveness, but not for difficulty or concern about 
falling.

Sites with trip hazards present were likely to be rated as 
one level more unattractive and one level greater concern 
for falling. Steeper locations were rated with a higher 
level of difficult for walking and with a greater concern 
for falling. Path obstructions did not have any significant 
influence on increasing the unattractiveness, difficulty or 
fear of falling.

The likelihood ratio tests indicate that the fitted model 
explains the data better than the null model. McFadden 
R2 is interpreted in the same manner as conventional R2 
for a linear model but is typically much smaller even for a 
well fitted model and has additional limitations due to the 

methods of calculation. Regardless, the results indicate 
that only a small amount of variability in the outcomes is 
explained by the models, meaning there are unmeasured 
variables likely accounting for much of the variation.

Participant characteristics and site assessments
Table 3 shows models how participant characteristics are 
associated with their odds of rating locations one level 
higher for unattractiveness, difficulty walking and fear 
of falling. Gender and age were not significantly associ-
ated with the outcomes. Having fallen over in the past 
12 months or having a general (not site specific) fear of 
falling did also not significantly impact how participants 
rated the locations. Physical activity and functional sta-
tus (ADL) influenced assessments of difficulty walking, 
and fear of falling at sites, but interestingly those with low 
levels of physical activity were less likely to report a site 
as being difficult to walk at, and less likely to report a fear 
of falling at a particular location. Those with greater lev-
els of functional difficulty were more likely to rate sites as 
difficult to walk at and have a fear of falling at the specific 
site.

As with the previous models, the likelihood ratio tests 
indicate that the fitted model explains the data better 
than the null mode, except for the attractiveness model, 
but overall the explanatory power of the model is weak. 
Figures 3, 4 and 5 show visually the adjusted odds ratios 
of a site being rated one level more unattractive, difficult, 
or concern for falling respectively.

Discussion
Our aim was to understand whether there were dif-
ferences in how researchers and community members 
assessed locations where falls have occurred, in terms of 
site attractiveness, difficulty of walking and level of con-
cern about falling. Furthermore, we sought to understand 
whether site-specific or person-specific characteristics 
accounted for any differences in the way locations were 
assessed.

Significant differences in assessments between 
researchers and participants were found for site attrac-
tiveness ratings. Researchers we ten times as likely 
as participants to rate a site as one level more attrac-
tive for walking. As seen in Fig. 2 community members 
rates over 40% of sites at unattractive for walking, com-
pared to less than 10% of sites rated as unattractive by 
researchers. This difference indicates that there were 
clear differences in what a researcher and our commu-
nity participants viewed as an attractive walking environ-
ment. Understanding this in more depth would require 
qualitative research into what an attractive environment 
is, but also with both researchers and participants into 
what informed their assessments. Nevertheless, on an 
assumption that attractiveness of the environment might 

Table 1  Participant characteristics
Characteristic Number (%) of participants

Median (IQR), N = 37
Gender
 Male 10 (27%)
 Female 27 (73%)
Ethnicity
 NZ European 33 (89%)
 NZ European and Other 2 (5%)
 Other 2 (5%)
Age Median (IQR) 71 (67, 75)
Age (categorical)
 30–65 7 (20%)
 66–70 6 (17%)
 71–75 12 (34%)
 76–80 6 (17%)
 81–95 4 (11%)
 Unknown 2 (5%)
Fallen in previous 12 months 14 (38%)
Times fallen in previous 12 months
 Once 6 (16%)
 Two or three times 5 (14%)
 Four or five times 3 (8%)
Fallen in home 8 (22%)
Fallen in garden or driveway of home 5 (14%)
Fallen in street 7 (19%)
Fear of falling score Median (IQR) 20 (16, 21)
ADL score Median (IQR) 8.4 (7, 13)
Physical activity category
 High 19 (51%)
 Medium 7 (19%)
 Low 11 (30%)
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Table 2  Odds ratios for assessor type and site characteristics associated with site assessments (n = 222)
Characteristic Unattractiveness Difficulty walking Fear of falling (site) Fear of falling (site)

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value
Assessor type 0.001 0.9 0.2
    Researcher — — — — — —
    Participant 10.4 2.53, 42.6 1.22 0.14, 10.8 4.05 0.46, 35.6
Tripping hazards <0.001 0.14 <0.001
    None — — — — — —
    One 2.54 1.56, 4.12 1.15 0.74, 1.79 1.78 1.15, 2.75
    A few 1.92 1.22, 3.03 1.51 0.99, 2.29 2.40 1.59, 3.62
    Many 1.88 0.81, 4.39 1.96 0.90, 4.27 2.91 1.34, 6.28
Slope of site 0.2 <0.001 <0.001
    Flat or gentle slope — — — — — —
    Moderate slope 0.93 0.54, 1.60 2.67 1.58, 4.52 1.52 0.91, 2.53
    Steep slope 0.54 0.28, 1.05 9.28 4.96, 17.4 5.30 2.98, 9.42
Path obstructions 0.10 >0.9 >0.9
    None — — — — — —
    One 0.91 0.40, 2.06 0.99 0.46, 2.10 1.02 0.48, 2.15
    Two 0.67 0.28, 1.58 1.04 0.47, 2.30 1.02 0.46, 2.26
    Three or more 1.35 0.68, 2.68 0.92 0.49, 1.74 1.11 0.59, 2.07
McFadden R2 0.05 0.09 0.08
Likelihood Ratio test (p-value) <0.01 <0.01 <0.01
CI = Confidence Interval, OR = Odds Ratio

Fig. 2  Distribution of location ratings for community members (participants) and researchers
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influence walking outdoors, it is important to note that 
few of the assessed locations were attractive to our par-
ticipants and efforts of local authorities could focus on 
designing environments attractive for walking, to sup-
port active ageing.. There were no significant differences 
in how researchers and participants assessed locations 
for fear of falling or difficulty walking. This suggests 
that our trained research team did a reasonable job of 

assessing difficulty and fear of falling, that reflected the 
average scores of participants. It is possible this differ-
ence between attractiveness, and difficuly and fear of 
falling was in someway related to the training research-
ers received on the built environment and falls risk prior 
to undertaking the audit so that they were able to assess 
difficulty and falls risk more in line with the participant 
perspectives, but attractiveness may be more subjective. 

Table 3  Odds ratios for participant characteristics associated with age-friendly ratings of locations (n = 222)
Characteristic Unattractiveness Difficulty walking Fear of falling (location)

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value
Gender 0.2 0.091 0.2
 Man — — — — — —
 Woman 1.69 0.79, 3.65 2.08 0.89, 4.84 1.80 0.70, 4.64
Age (years) 0.5 0.5 0.12
 [30,65) — — — — — —
 [65,70) 1.45 0.52, 3.99 2.73 0.91, 8.20 4.01 1.17, 13.7
 [70,75) 1.60 0.66, 3.92 1.84 0.69, 4.88 3.89 1.31, 11.5
 [75,80) 0.84 0.30, 2.31 2.23 0.73, 6.82 2.87 0.83, 9.88
 [80,95) 1.91 0.54, 6.71 1.41 0.35, 5.60 1.52 0.33, 7.02
Fallen in prior 12 months 0.82 0.43, 1.55 0.5 1.07 0.54, 2.12 0.8 1.24 0.57, 2.66 0.6
Fear of falling (0–3) 1.26 0.63, 2.51 0.5 1.47 0.69, 3.10 0.3 1.79 0.77, 4.14 0.2
Physical activity (IPAQ) 0.2 0.024 0.028
 High — — — — — —
 Medium 1.01 0.44, 2.33 1.55 0.63, 3.80 1.06 0.39, 2.87
 Low 2.15 0.85, 5.43 0.33 0.12, 0.90 0.23 0.07, 0.73
Activities of Daily Living (score) 0.96 0.85, 1.08 0.5 1.17 1.03, 1.34 0.019 1.18 1.02, 1.37 0.025
McFadden R2 0.01 0.03 0.04
Likelihood Ratio test (p-value) 0.622 0.01  < 0.01
CI = Confidence Interval, OR = Odds Ratio

Fig. 3   Adjusted odds ratios and 95% confidence intervals for unattractiveness of sites
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Nevertheless, there was variation among participants 
meaning that there is value in understanding what demo-
graphic characteristics explain the variation in partici-
pant assessments of sites.

Other studies have found significant differences 
between participant perceptions of the environment and 
objective measures [19, 32, 45], but have not necessarily 

looked at factors that explain those differences. Our study 
both complements and extends on these existing studies. 
These studies have compared participant perceptions to 
objective measures from existing secondary geospatial 
datasets such as crime data, or land use. In contrast, we 
compare researcher and participant ratings collected 
using the same data collection instrument. While our 

Fig. 5  Adjusted odds ratios and 95% confidence intervals for concern about falling at sites

 

Fig. 4  Adjusted odds ratios and 95% confidence intervals for difficulty walking at sites
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researcher ratings are arguably not objective, often data 
collected in this way is treated as objective data, without 
considering that the characteristics of the researchers or 
research participants who collect the data might impact 
how particular spatial attributes are recorded.

Site-specific attributes accounted for differences in how 
locations were rated for attractiveness, difficulty walking 
and concern about falling. Sites with more trip hazards 
were rated as more unattractive and there was greater 
fear of falling at these locations. Locations with steeper 
slopes were rated as more difficult to walk at and with a 
higher reported fear of falling. These findings align with 
other research that have found trip hazards or footpath 
quality [13, 14, 30, 34, 35] and slope [21, 54] to be associ-
ated with pedestrian falls. It is likely that we did not mea-
sure other factors that account for attractiveness, which 
might include greenspace, trees or other features. Item 
mismeasurement has been highlighted as one of the main 
pitfalls when undertaking virtual street audits [5] and it is 
also possible that the ratings differed because of the use 
of virtual rather than in-person audits.

Participant related factors influenced variation in diffi-
culty walking and fear of falling at locations. Those with 
more difficulties with daily living activities were more 
likely to have concern for falling at sites. This is an impor-
tant finding for built environment audit studies more 
broadly, as we demonstrate that individual characteris-
tics, in particular levels of functional ability, and physi-
cal activity can influence how people rate aspects of the 
built environment. Our findings showing that those with 
lower levels of physical activity were less likely to rate 
locations as difficult or show fear of falling at those sites 
were surprising. However, it might perhaps represent an 
exposure effect, whereby those who are less active are 
exposed to outdoor environments less and therefore may 
be less likely to find them challenging, especially as we 
controlled for and found a significant effect of functional 
ability, measured through activities of daily living (ADL). 
No person specific items were significant in explaining 
variation in attractiveness ratings. It seems likely we did 
not measure factors that are important in determining 
attractiveness which may relate more to preferences than 
health status or demographic factors.

Although there is a small, but emerging body of 
research understanding built environment characteris-
tics associated with falls [12–14, 17, 24, 60, 73], this paper 
also adds to understanding on fear of falling in specific 
places. Fear of falling over has been shown to have sub-
stantial impacts on quality of life. Those who are con-
cerned about falling avoid activities [66, 67], which can 
lead to social isolation, reduced physical activity and 
increased risk of falling. Our findings corroborate other 
research showing that concern of falling in particular 
locations is not limited to those that have fallen over 

recently [15, 17, 66]. Although other research has shown 
a general relationship between assessments of neighbor-
hood quality and fear of falling [17, 39–41], our research 
demonstrates that specific locations with identifiable trip 
hazards generate a greater fear of falling and perceived 
unattractiveness. However, perhaps surprisingly an indi-
vidual level fear of falling was not associated with par-
ticipants assessments of fear of falling in specific places. 
Our results suggest that while a general fear of falling 
may be strongly related to individual factors such as 
physical activity levels or functional abilities, there are 
likely further, location specific aspects to fear of falling 
which warrant further attention. While there are exam-
ples of research with older adults using go-along meth-
ods [22, 70] there is potential to explore fear of falling in 
more depth using methods such as Geographic Ecologi-
cal Momentary Assessment (GEMA) which, along with 
approaches such as body worn sensors offer the potential 
provide rich, location specific information with potential 
to record physiological responses to different urban envi-
ronments [55]. Research that collects quantitative data 
through participatory methods can ensure that measure-
ment of the built environment incorporates perceptions 
and experiences, rather than only “objective” or expert 
led approaches.

In summary, we found significant differences in how 
researchers’ assessments and community auditors assess 
locations in terms of their attractiveness. Both site related 
attributes and individual attributes explained variance in 
how locations were rated for difficulty walking and a con-
cern for falling, but only site-specific attributes explained 
variance in site attractiveness.

These findings emphasise the importance of taking 
user perspectives into account in geospatial assessments 
of the built environment, as there can be differences in 
their understanding of and experiences of places, relative 
to audits that are often undertaken by research teams or 
city authorities. Community perspectives may differ from 
professionals assessing or designing environments and 
therefore the community should be involved in assess-
ments of the urban environment. Although our study has 
focused on older adults, these findings are likely applica-
ble to other population groups whose needs are often not 
well considered in the design of the built environment, 
such as children [44], disabled people [62], women [63] 
and non-white ethnic groups [27]. Professionals engaged 
in measuring and assessing the built environment, such 
as urban planners and designers, should ensure that they 
are capturing a range of perspectives and where possible 
involving members of the community in their assess-
ments. Health and social care professionals working 
with older adults could benefit from awareness of how 
the outdoor environment might support or inhibit their 
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outdoor activity and work with them to provide neces-
sary supports or find suitable routes.

While we sought to involve a broad range of older 
people across the socio-demographic spectrum in our 
research through working at a range of community loca-
tions in different parts of the city, we struggled to recruit 
Māori participants. This limits the utility of the find-
ings, particularly in terms of addressing health inequities 
related to the built environment. It is likely that Māori 
may find different aspects of the environment to be sup-
portive and important for age-friendliness, and as noted 
by other studies, there is a need for age-friendly initia-
tives for Māori communities to be led by iwi (Māori kin-
ship group or tribe) [51]. We did run a workshop with 
members of the Afghan refugee community, but ulti-
mately, for a variety of reasons this was a focus group dis-
cussion that is not included in the quantitative analysis 
in this paper. However, this experience does demonstrate 
the importance of using culturally appropriate methods 
to engage with diverse communities in measuring the 
built environment. Although other research has shown 
a general relationship between assessments of neighbor-
hood quality and fear of falling [17, 39–41], our research 
demonstrates that specific locations with identifiable trip 
hazards generate a greater concern for falling and per-
ceived difficulty of walking. This adds to the literature 
on understanding environmental aspects associated with 
pedestrian falls.

Given the non-probability sample, and the geographic 
specificity of our research these findings on attributes 
of the environment associated with falls are not gener-
alisable to a broader population. However, while geo-
graphically situated and population specific the findings 
contribute to and support the evidence base on the 
importance of the built environment to assessments of 
age-friendliness, specifically attractiveness, difficulty 
walking, and concern for falling. However, any such 
assessments of environments will always be context spe-
cific. Beyond this, the research acts as a demonstration 
of the importance of including user perspectives in geo-
spatial assessments of the built environment, especially 
at a time when such processes can potentially be more 
automated.

New approaches, such as using Artificial Intelligence to 
evaluate the built environment [46] may be prone to bias, 
if they do not consider a range of perspectives. The result 
may be that interventions designed to improve built envi-
ronments are not inclusive of a broad range of experi-
ences and needs.

As the global population both ages and diversifies, it is 
important to pay attention to the built environment and 
how it can promote healthy ageing. Doing so requires 
working with older people and understanding their 
needs and perspectives of the environment, alongside 

researcher-led geospatial assessments. Our research 
demonstrates the role of the built environment in influ-
encing concern for falling in particular places and sug-
gests that high quality-built environments can promote 
healthy ageing.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​4​2​-​0​2​5​-​0​0​4​2​2​-​w.

Supplementary materials 1

Supplementary materials 2

Acknowledgements
We acknowledge the time and contribution of the research participants in 
their role as community auditors, without whom this research would not have 
been possible. We thank Hato Hone St John for providing fall location data.

Author contributions
AC conceptualised and designed the study, secured funding and project 
managed the study. VT, BD and SK provided input to the study conception 
and design. AW, TP, and AC designed the audit tool and AW and TP undertook 
researcher audits of fall locations., with advice from SK. AW, CD and AC 
designed and led the community workshops. AW collated and cleaned all 
data. JW provided biostatistical advice and oversight. AS and AW undertook 
quantitative analyses. VT and BD provided data from Hato Hone St John on 
dall locations. AS and AC drafted the manuscript. All authors reviewed the 
manuscript.

Funding
This project was funded through a University of Otago Research Grant.

Data availability
We cannot share publicly share the data due to ethical considerations and 
data protection.

Declarations

Ethics
The University of Otago Human Ethics Committee (Health) approved the 
project H19/143. All participants gave informed consent.

Competing interests
The authors declare no competing interests.

Received: 26 February 2025 / Accepted: 10 October 2025

References
1.	 Aminpour F, Bishop K, Corkery L. The methodological challenges of using 

public participation geographic information system for understanding micro-
scale physical characteristics of streetscapes. Cities Health. 2023;7(3):480–91. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​2​​3​7​4​​8​8​3​​4​.​2​0​​2​2​​.​2​1​6​1​2​9​5.

2.	 Amireault S, Baier JM, Spencer JR. Physical Activity Preferences Among Older 
Adults: A Systematic Review. J Aging Phys Activity. 2019;27(1):128–39. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​3​​/​j​​a​p​a​.​2​0​1​7​-​0​2​3​4

3.	 Annear MJ, Cushman G, Gidlow B. Leisure time physical activity differences 
among older adults from diverse socioeconomic neighborhoods. Health 
Place. 2009;15(2):482–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​a​l​t​​h​p​l​a​​c​e​​.​2​0​0​8​.​0​9​.​0​0​5.

4.	 Asher L, Aresu M, Falaschetti E, Mindell J. Most older pedestrians are unable 
to cross the road in time: a cross-sectional study. Age Ageing. 2012;41(5):690–
4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​a​​g​e​i​n​g​/​a​f​s​0​7​6.

5.	 Bader MDM, Mooney SJ, Bennett B, Rundle AG. The promise, practicalities, 
and perils of virtually auditing neighborhoods using Google Street View. Ann 

https://doi.org/10.1186/s12942-025-00422-w
https://doi.org/10.1186/s12942-025-00422-w
https://doi.org/10.1080/23748834.2022.2161295
https://doi.org/10.1080/23748834.2022.2161295
https://doi.org/10.1123/japa.2017-0234
https://doi.org/10.1123/japa.2017-0234
https://doi.org/10.1016/j.healthplace.2008.09.005
https://doi.org/10.1093/ageing/afs076


Page 13 of 14Curl et al. International Journal of Health Geographics           (2025) 24:36 

Am Acad Polit Soc Sci. 2017;669(1):18–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​0​0​2​7​1​6​2​1​
6​6​8​1​4​8​8.

6.	 Badland HM, Opit S, Witten K, Kearns RA, Mavoa S. Can virtual streetscape 
audits reliably replace physical streetscape audits? J Urban Health. 
2010;87(6):1007–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​5​2​4​-​0​1​0​-​9​5​0​5​-​x.

7.	 Blacksher E, Lovasi GS. Place-focused physical activity research, human 
agency, and social justice in public health: taking agency seriously in studies 
of the built environment. Health Place. 2012;18(2):172–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
0​1​6​​/​j​​.​h​e​​a​l​t​​h​p​l​a​​c​e​​.​2​0​1​1​.​0​8​.​0​1​9.

8.	 Brookfield K, Tilley S. Using virtual street audits to understand the walkability 
of older adults’ route choices by gender and age. Int J Environ Res Public 
Health. 2016. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​3​1​1​1​0​6​1.

9.	 Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF. Measuring the built 
environment for physical activity: state of the science. Am J Prev Med. 2009. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​m​​e​p​r​​e​.​2​0​​0​9​​.​0​1​.​0​0​5.

10.	 Bubalo M, van Zanten BT, Verburg PH. Crowdsourcing geo-information 
on landscape perceptions and preferences: a review. Landsc Urban Plann. 
2019;184:101–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​l​a​​n​d​u​​r​b​p​l​​a​n​​.​2​0​1​9​.​0​1​.​0​0​1.

11.	 Cerin, E., Nathan, A., van Cauwenberg, J., Barnett, D. W., Barnett, A., on behalf 
of the Council on, E., & Physical Activity – Older Adults working, g. The 
neighbourhood physical environment and active travel in older adults: a 
systematic review and meta-analysis. Int J Behav Nutr Phys Act. 2017;14(1):15. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​6​6​-​0​1​7​-​0​4​7​1​-​5.

12.	 Chippendale T, Bear-Lehman J. Falls, older adults, and the impact of the 
neighborhood environment. Am J Occup Ther. 2011;65(6):e95–100. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​5​0​1​4​​/​a​​j​o​t​.​2​0​1​1​.​0​0​0​7​2​9.

13.	 Chippendale T, Boltz M. The neighborhood environment: Perceived fall 
risk, resources, and strategies for fall prevention [Article]. Gerontologist. 
2015;55(4):575–83. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​g​​e​r​o​n​t​/​g​n​u​0​1​9.

14.	 Chippendale T, Boltz M. Outdoor fall experiences: an exploratory study of 
urban and suburban dwelling older adults [article]. Phys Occup Ther Geriatr. 
2018;36(2–3):234–44. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​2​7​0​​3​1​8​​1​.​2​0​​1​8​​.​1​4​9​5​6​7​7.

15.	 Chippendale T, Lee CD. Characteristics and fall experiences of older adults 
with and without fear of falling outdoors [article]. Aging Ment Health. 
2018;22(6):849–55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​3​6​0​​7​8​6​​3​.​2​0​​1​7​​.​1​3​0​9​6​3​9.

16.	 Cunningham GO, Michael YL, Farquhar SA, Lapidus J. Developing a 
reliable senior walking environmental assessment tool. Am J Prev Med. 
2005;29(3):215–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​m​​e​p​r​​e​.​2​0​​0​5​​.​0​5​.​0​0​2.

17.	 Curl A, Fitt H, Tomintz M. Experiences of the built environment, falls and fear 
of falling outdoors among older adults: an exploratory study and future 
directions. Int J Environ Res Public Health. 2020;17(4):1224.

18.	 Curl A, Nelson J, Anable J. Does accessibility planning address what matters? 
A review of current practice and practitioner perspectives. Res Transp Bus 
Manage. 2011;2:3–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​r​t​b​m​.​2​0​1​1​.​0​7​.​0​0​1.

19.	 Curl A, Nelson J, Anable J. A comparison of GIS-based journey time accessibil-
ity with self-reported measures from the National Travel Survey in England. 
Comput Environ Urban Syst. 2015;49:86–97. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​o​​m​p​e​​
n​v​u​r​​b​s​​y​s​.​2​0​1​3​.​1​0​.​0​0​6.

20.	 Curl A, Russell E, McKerchar C, Berghan J. Transport and health equity: con-
sidering the needs of diverse populations. In A Research Agenda for Transport 
Equity and Mobility Justice. Edward Elgar Publishing. 2024;87-104.

21.	 Curl A, Thompson CW, Aspinall P, Ormerod M. Developing an audit checklist 
to assess outdoor falls risk. Proc Inst Civ Eng Urban Des Plan. 2016;169(3):138–
53. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​6​8​0​​/​u​​d​a​p​.​1​4​.​0​0​0​5​6.

22.	 Curl A, Tilley S, Van Cauwenberg J. Walking with older adults as a geographi-
cal method. In Geographies of Transport and Ageing. Springer. 2018;171–195

23.	 Diez Roux AV, Mair C. Neighborhoods and health. Ann N Y Acad Sci. 
2010;1186(1):125–45. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​7​​4​9​-​​6​6​3​2​​.​2​​0​0​9​.​0​5​3​3​3​.​x.

24.	 Dunlap PM, Fan EK, Hubbard ZL, VonVille HM, Strotmeyer ES, Rosso AL. 
Outdoor environmental risk factors for falls and fear of falling: a systematic 
review. Gerontologist. 2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​g​​e​r​o​n​t​/​g​n​a​f​0​7​8.

25.	 Finlay J, Westrick AC, Guzman V, Meltzer G. Neighborhood built environments 
and health in later life: a literature review. J Aging Health. 2025;37(1–2):3–17. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​8​9​8​2​6​4​3​2​3​1​2​1​7​7​7​6.

26.	 Frank LD, Iroz-Elardo N, MacLeod KE, Hong A. Pathways from built environ-
ment to health: a conceptual framework linking behavior and exposure-
based impacts. J Transp Health. 2019;12:319–35.

27.	 Gayman MD, Wilkin HA, Stover S, Vidmar CM, Edwards T, Gallashaw C. 
Perceived built environment and physical limitations: race contrasts in 
historically lower-income African American neighborhoods. Fam Community 
Health. 2021. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​F​​C​H​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​2​8​2.

28.	 Giles-Corti B, Vernez-Moudon A, Reis R, Turrell G, Dannenberg AL, Badland 
H, et al. City planning and population health: a global challenge. Lancet. 
2016;388(10062):2912–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​1​4​0​-​6​7​3​6​(​1​6​)​3​0​0​6​6​-​6.

29.	 Gottwald S, Laatikainen TE, Kyttä M. Exploring the usability of PPGIS 
among older adults: challenges and opportunities. Int J Geogr Inf Sci. 
2016;30(12):2321–38. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​3​6​5​​8​8​1​​6​.​2​0​​1​6​​.​1​1​7​0​8​3​7.

30.	 Gyllencreutz L, Björnstig J, Rolfsman E, Saveman B-I. Outdoor pedestrian 
fall-related injuries among Swedish senior citizens – injuries and preventive 
strategies. Scand J Caring Sci. 2015;29(2):225–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​s​​c​s​.​
1​2​1​5​3.

31.	 Hill KD, Schwarz JA, Kalogeropoulos AJ, Gibson SJ. Fear of falling revisited. 
Arch Phys Med Rehabil. 1996;77(10):1025–9.

32.	 Kothencz G, Blaschke T. Urban parks: visitors’ perceptions versus spatial 
indicators. Land Use Policy. 2017;64:233–44.

33.	 Laatikainen TE, Haybatollahi M, Kyttä M. Environmental, individual and 
personal goal influences on older adults walking in the Helsinki Metropolitan 
Area. Int J Environ Res Public Health. 2019;16(1):58.

34.	 Lai P-C, Wong W-C, Low C-T, Wong M, Chan M-H. A small-area study of envi-
ronmental risk assessment of outdoor falls. J Med Syst. 2011;35:1543–52. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​9​1​6​-​0​1​0​-​9​4​3​1​-​1.

35.	 Lai PC, Low CT, Wong M, Wong WC, Chan MH. Spatial analysis of falls in an 
urban community of Hong Kong. Int J Health Geogr. 2009;8:14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​1​​4​7​6​-​0​7​2​X​-​8​-​1​4.

36.	 Lättman K, Olsson LE, Friman M. A new approach to accessibility – examining 
perceived accessibility in contrast to objectively measured accessibility in 
daily travel. Res Transp Econ. 2018;69:501–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​r​e​​t​r​e​​c​.​
2​0​​1​8​​.​0​6​.​0​0​2.

37.	 Lättman K, Olsson LE, Friman M. Perceived accessibility: unveiling inequalities 
in transport justice. Sustain Trans Livability. 2024;1(1):2373050. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​1​0​8​0​​/​2​​9​9​4​​1​8​4​​9​.​2​0​​2​4​​.​2​3​7​3​0​5​0.

38.	 Lättman K, Olsson LE, Friman M, Fujii S. Perceived accessibility, satisfaction 
with daily travel, and life satisfaction among the elderly. Int J Environ Res 
Public Health. 2019;16(22):4498.

39.	 Lee S, Lee C, Ory GM. Association between Recent Falls and Changes in 
Outdoor Environments near Community-Dwelling Older Adults’ Homes over 
Time: Findings from the NHATS Study. Int J Environ R Public Health. 2019. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​6​1​8​3​2​3​0.

40.	 Lee S, Lee C, Ory MG, Won J, Towne SD, Wang S, et al. Fear of Outdoor Falling 
among Community-Dwelling Middle-Aged and Older Adults: The Role of 
Neighborhood Environments. Gerontologist. 2018;58(6):1065–74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​9​3​​/​g​​e​r​o​n​t​/​g​n​x​1​2​3.

41.	 Lee S, Lee C, Rodiek S. Outdoor exposure and perceived outdoor environ-
ments correlated to fear of outdoor falling among assisted living residents 
[Article]. Aging Ment Health. 2019. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​3​6​0​​7​8​6​​3​.​2​0​​1​9​​.​1​6​
4​7​1​3​9.

42.	 Leslie E, Coffee N, Frank L, Owen N, Bauman A, Hugo G. Walkability of local 
communities: using geographic information systems to objectively assess 
relevant environmental attributes. Health Place. 2007;13(1):111–22. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​a​l​t​​h​p​l​a​​c​e​​.​2​0​0​5​.​1​1​.​0​0​1.

43.	 Li W, Procter-Gray E, Lipsitz LA, Leveille SG, Hackman H, Biondolillo M, et al. 
Utilitarian walking, neighborhood environment, and risk of outdoor falls 
among older adults. Am J Public Health. 2014;104(9):e30–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​2​1​0​5​​/​A​​J​P​H​.​2​0​1​4​.​3​0​2​1​0​4.

44.	 Loebach J, Gilliland J. Examining the social and built environment factors 
influencing children’s independent use of their neighborhoods and the expe-
rience of local settings as child-friendly. J Plann Educ Res. 2019;42(4):539–53. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​7​3​9​4​5​6​X​1​9​8​2​8​4​4​4.

45.	 Lotfi S, Koohsari M. Analyzing accessibility dimension of urban quality of life: 
where urban designers face duality between subjective and objective read-
ing of place. Soc Indic Res. 2009;94:417–35.

46.	 Malekzadeh M, Willberg E, Torkko J, Toivonen T. Urban attractiveness accord-
ing to ChatGPT: contrasting AI and human insights. Comput Environ Urban 
Syst. 2025;117:102243.

47.	 Mason P, Curl A, Kearns A. Domains and levels of physical activity are linked 
to adult mental health and wellbeing in deprived neighbourhoods: a cross-
sectional study. Ment Health Phys Act. 2016;11:19–28. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​
/​j​​.​m​h​p​a​.​2​0​1​6​.​0​7​.​0​0​1.

48.	 Michael YL, Keast EM, Chaudhury H, Day K, Mahmood A, Sarte AF. Revising 
the senior walking environmental assessment tool. Prev Med. 2009;48(3):247–
9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​y​p​​m​e​d​​.​2​0​0​​8​.​​1​2​.​0​0​8.

49.	 Millstein RA, Cain KL, Sallis JF, Conway TL, Geremia C, Frank LD, et al. 
Development, scoring, and reliability of the microscale audit of pedestrian 

https://doi.org/10.1177/0002716216681488
https://doi.org/10.1177/0002716216681488
https://doi.org/10.1007/s11524-010-9505-x
https://doi.org/10.1016/j.healthplace.2011.08.019
https://doi.org/10.1016/j.healthplace.2011.08.019
https://doi.org/10.3390/ijerph13111061
https://doi.org/10.1016/j.amepre.2009.01.005
https://doi.org/10.1016/j.amepre.2009.01.005
https://doi.org/10.1016/j.landurbplan.2019.01.001
https://doi.org/10.1186/s12966-017-0471-5
https://doi.org/10.1186/s12966-017-0471-5
https://doi.org/10.5014/ajot.2011.000729
https://doi.org/10.5014/ajot.2011.000729
https://doi.org/10.1093/geront/gnu019
https://doi.org/10.1080/02703181.2018.1495677
https://doi.org/10.1080/13607863.2017.1309639
https://doi.org/10.1016/j.amepre.2005.05.002
https://doi.org/10.1016/j.rtbm.2011.07.001
https://doi.org/10.1016/j.compenvurbsys.2013.10.006
https://doi.org/10.1016/j.compenvurbsys.2013.10.006
https://doi.org/10.1680/udap.14.00056
https://doi.org/10.1111/j.1749-6632.2009.05333.x
https://doi.org/10.1093/geront/gnaf078
https://doi.org/10.1177/08982643231217776
https://doi.org/10.1177/08982643231217776
https://doi.org/10.1097/FCH.0000000000000282
https://doi.org/10.1016/S0140-6736(16)30066-6
https://doi.org/10.1080/13658816.2016.1170837
https://doi.org/10.1111/scs.12153
https://doi.org/10.1111/scs.12153
https://doi.org/10.1007/s10916-010-9431-1
https://doi.org/10.1007/s10916-010-9431-1
https://doi.org/10.1186/1476-072X-8-14
https://doi.org/10.1186/1476-072X-8-14
https://doi.org/10.1016/j.retrec.2018.06.002
https://doi.org/10.1016/j.retrec.2018.06.002
https://doi.org/10.1080/29941849.2024.2373050
https://doi.org/10.1080/29941849.2024.2373050
https://doi.org/10.3390/ijerph16183230
https://doi.org/10.3390/ijerph16183230
https://doi.org/10.1093/geront/gnx123
https://doi.org/10.1093/geront/gnx123
https://doi.org/10.1080/13607863.2019.1647139
https://doi.org/10.1080/13607863.2019.1647139
https://doi.org/10.1016/j.healthplace.2005.11.001
https://doi.org/10.1016/j.healthplace.2005.11.001
https://doi.org/10.2105/AJPH.2014.302104
https://doi.org/10.2105/AJPH.2014.302104
https://doi.org/10.1177/0739456X19828444
https://doi.org/10.1177/0739456X19828444
https://doi.org/10.1016/j.mhpa.2016.07.001
https://doi.org/10.1016/j.mhpa.2016.07.001
https://doi.org/10.1016/j.ypmed.2008.12.008


Page 14 of 14Curl et al. International Journal of Health Geographics           (2025) 24:36 

streetscapes (MAPS). BMC Public Health. 2013;13(1):403. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​
8​6​​/​1​​4​7​1​-​2​4​5​8​-​1​3​-​4​0​3.

50.	 Mouratidis K. Time to challenge the 15-minute city: seven pitfalls for sustain-
ability, equity, livability, and spatial analysis. Cities. 2024;153:105274.

51.	 Napier S, Neville S, Adams J, Taylor L. Age-friendly attributes of a rural town in 
Aotearoa New Zealand. J Rural Stud. 2023;100:103033.

52.	 Nathan A, Villanueva K, Rozek J, Davern M, Gunn L, Trapp G, et al. The role of 
the built environment on health across the life course: a call for CollaborAC-
TION. Am J Health Promot. 2018;32(6):1460–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​8​9​0​1​
1​7​1​1​8​7​7​9​4​6​3​a.

53.	 Nathan K, Robertson O, Atatoa Carr P, Howden-Chapman P, Pierse N. Residen-
tial mobility and socioemotional and behavioural difficulties in a preschool 
population cohort of New Zealand children. J Epidemiol Community Health. 
2019. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​j​​e​c​h​-​2​0​1​9​-​2​1​2​4​3​6.

54.	 Nyman SR, Ballinger C, Phillips JE, Newton R. Characteristics of outdoor falls 
among older people: a qualitative study. BMC Geriatr. 2013;13:125. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​1​​4​7​1​-​2​3​1​8​-​1​3​-​1​2​5.

55.	 Osborne T, Jones PI. Biosensing and geography: a mixed methods approach. 
Appl Geogr. 2017;87:160–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​p​​g​e​o​​g​.​2​0​​1​7​​.​0​8​.​0​0​6.

56.	 Patterson E. Guidelines for Data Processing and Analysis of the International 
Physical Activity Questionnaire (IPAQ) – Short and Long Forms; 2005.

57.	 Pikora TJ, Bull FC, Jamrozik K, Knuiman M, Giles-Corti B, Donovan RJ. Develop-
ing a reliable audit instrument to measure the physical environment for 
physical activity. Am J Prev Med. 2002;23(3):187–94. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​
0​7​4​9​-​3​7​9​7​(​0​2​)​0​0​4​9​8​-​1.

58.	 Plascak JJ, Rundle AG, Babel RA, Llanos AAM, LaBelle CM, Stroup AM, et al. 
Drop-and-spin virtual neighborhood auditing: assessing built environment 
for linkage to health studies [article]. Am J Prev Med. 2020;58(1):152–60. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​m​​e​p​r​​e​.​2​0​​1​9​​.​0​8​.​0​3​2.

59.	 Pocock T, Curl A, Watkins A, Todd V, Dicker B, Keeling S. Where do falls 
happen? Using Fall-SAFE to audit the street environment for falls risk 
among older adults–a virtual audit in Google Street View. N Z Popul Rev. 
2024;50:223–68.

60.	 Rico CLV, Curcio CL. Fear of falling and environmental factors: a scoping 
review. Ann Geriatr Med Res. 2022;26(2):83–93. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​2​3​5​​/​a​​g​m​r​.​
2​2​.​0​0​1​6.

61.	 Rzotkiewicz A, Pearson AL, Dougherty BV, Shortridge A, Wilson N. Systematic 
review of the use of Google Street View in health research: major themes, 
strengths, weaknesses and possibilities for future research. Health Place. 
2018;52:240–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​a​l​t​​h​p​l​a​​c​e​​.​2​0​1​8​.​0​7​.​0​0​1.

62.	 Seekins T, Traci MA, Hicks EC. Exploring environmental measures in disability: 
Using Google Earth and Street View to conduct remote assessments of 
access and participation in urban and rural communities. Front Rehabilt Sci. 
2022. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​r​e​s​c​.​2​0​2​2​.​8​7​9​1​9​3.

63.	 Shaikly A, Mella Lira B. Gender-bias in the built environment: how young 
women’s experiences in public space are understood and addressed in 

London. J Urban Des. 2023;28(4):355–74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​3​5​7​​4​8​0​​9​.​2​
0​​2​2​​.​2​1​2​5​3​7​0.

64.	 Statistics New Zealand. Statistical Standard for Ethnicity 2005. ​h​t​t​p​​s​:​/​​/​s​t​a​​t​s​​n​z​.​​
c​o​n​​t​e​n​t​​d​m​​.​o​c​​l​c​.​​o​r​g​/​​d​i​​g​i​t​​a​l​/​​a​p​i​/​​c​o​​l​l​e​​c​t​i​​o​n​/​p​​2​0​​0​4​5​​c​o​l​​l​1​/​i​​d​/​​3​7​0​0​/​d​o​w​n​l​o​a​d

65.	 Sugiyama T, Thompson CW. Older peoples health, outdoor activity and 
supportiveness of neighbourhood environments. Landsc Urban Plann. 
2007;83(2–3):168–75. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​l​a​​n​d​u​​r​b​p​l​​a​n​​.​2​0​0​7​.​0​4​.​0​0​2.

66.	 Tinetti ME, Powell L. Fear of falling and low self-efficacy: a cause of depen-
dence in elderly persons. J Gerontol. 1993;48(Special_Issue):35–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​9​3​​/​g​​e​r​o​​n​j​/​​4​8​.​S​​p​e​​c​i​a​l​_​I​s​s​u​e​.​3​5.

67.	 Todd C, Skelton D. What are the main risk factors for falls amongst older 
people and what are the most effective interventions to prevent these falls? 
In What are the main risk factors for falls amongst older people and what are 
the most effective interventions to prevent these falls?; 2004.

68.	 Tuomola EM, Keskinen KE, Rantanen T, Portegijs E. Associations between 
walking limitations and reported activity destinations among older adults. 
Eur J Ageing. 2024;21(1):16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​4​3​3​-​0​2​4​-​0​0​8​1​3​-​1.

69.	 Van Cauwenberg J, Van Holle V, De Bourdeaudhuij I, Van Dyck D, Deforche 
B. Neighborhood walkability and health outcomes among older adults: the 
mediating role of physical activity. Health Place. 2016;37:16–25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​a​l​t​​h​p​l​a​​c​e​​.​2​0​1​5​.​1​1​.​0​0​3.

70.	 Van Cauwenberg J, Van Holle V, Simons D, Deridder R, Clarys P, Goubert L, et 
al. Environmental factors influencing older adults walking for transportation: 
a study using walk-along interviews. Int J Behav Nutr Phys Act. 2012;9:85. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​1​​4​7​9​-​5​8​6​8​-​9​-​8​5.

71.	 van der Vlugt A-L, Curl A, Wittowsky D. What about the people? Developing 
measures of perceived accessibility from case studies in Germany and the 
UK. Appl Mobilt. 2019;4(2):142–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​2​​3​8​0​​0​1​2​​7​.​2​0​​1​9​​.​1​5​
7​3​4​5​0.

72.	 Vine D, Buys L, Aird R. Experiences of neighbourhood walkability among 
older australians living in high density inner-city areas. Planning Theory Pract. 
2012;13(3):421–44. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​4​6​4​​9​3​5​​7​.​2​0​​1​2​​.​6​9​6​6​7​5.

73.	 Watkins A, Curl A, Mavoa S, Tomintz M, Todd V, Dicker B. A socio-spatial analy-
sis of pedestrian falls in aotearoa new zealand. Social Sci Med. 2020. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​o​​c​s​c​​i​m​e​d​​.​2​​0​2​0​.​1​1​3​2​1​2.

74.	 Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. Development 
and initial validation of the falls efficacy scale-international (FES-I). Age Age-
ing. 2005;34:614–9. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​9​3​​/​a​g​e​​i​n​g​/​a​f​i​1​9​6.

Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/1471-2458-13-403
https://doi.org/10.1186/1471-2458-13-403
https://doi.org/10.1177/0890117118779463a
https://doi.org/10.1177/0890117118779463a
https://doi.org/10.1136/jech-2019-212436
https://doi.org/10.1186/1471-2318-13-125
https://doi.org/10.1186/1471-2318-13-125
https://doi.org/10.1016/j.apgeog.2017.08.006
https://doi.org/10.1016/S0749-3797(02)00498-1
https://doi.org/10.1016/S0749-3797(02)00498-1
https://doi.org/10.1016/j.amepre.2019.08.032
https://doi.org/10.1016/j.amepre.2019.08.032
https://doi.org/10.4235/agmr.22.0016
https://doi.org/10.4235/agmr.22.0016
https://doi.org/10.1016/j.healthplace.2018.07.001
https://doi.org/10.3389/fresc.2022.879193
https://doi.org/10.1080/13574809.2022.2125370
https://doi.org/10.1080/13574809.2022.2125370
https://statsnz.contentdm.oclc.org/digital/api/collection/p20045coll1/id/3700/download
https://statsnz.contentdm.oclc.org/digital/api/collection/p20045coll1/id/3700/download
https://doi.org/10.1016/j.landurbplan.2007.04.002
https://doi.org/10.1093/geronj/48.Special_Issue.35
https://doi.org/10.1093/geronj/48.Special_Issue.35
https://doi.org/10.1007/s10433-024-00813-1
https://doi.org/10.1016/j.healthplace.2015.11.003
https://doi.org/10.1016/j.healthplace.2015.11.003
https://doi.org/10.1186/1479-5868-9-85
https://doi.org/10.1186/1479-5868-9-85
https://doi.org/10.1080/23800127.2019.1573450
https://doi.org/10.1080/23800127.2019.1573450
https://doi.org/10.1080/14649357.2012.696675
https://doi.org/10.1016/j.socscimed.2020.113212
https://doi.org/10.1016/j.socscimed.2020.113212
https://doi.org/10.1093/ageing/afi196

	﻿A participatory virtual audit of the built environment for age-friendliness
	﻿Abstract
	﻿Introduction
	﻿Study aim and objectives

	﻿Methods
	﻿Study design
	﻿Study setting
	﻿Participants and recruitment
	﻿Community audits were undertaken by research participants


	﻿Data collection
	﻿Measurement and data sources
	﻿Fall location data
	﻿Outcome measures
	﻿Site attractiveness
	﻿Difficulty of walking at site
	﻿Fear of falling at site
	﻿Site specific predictors
	﻿Trip hazards
	﻿Path Obstructions
	﻿Slope

	﻿Participant predictors
	﻿Physical activity
	﻿Activities of Daily Living
	﻿Fallen in previous year
	﻿Fear of falling
	﻿Demographic information

	﻿Statistical methods
	﻿Researcher characteristics
	﻿Ethical considerations
	﻿Results
	﻿Participant characteristics
	﻿Researcher and participant assessment of sites
	﻿Participant characteristics and site assessments

	﻿Discussion
	﻿References


