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ARTICLE INFO ABSTRACT
Keywords: Introduction: Routing systems can support older adults by helping them overcome barriers to
Older pedestrians walking, promoting independence and well-being. The paths generated by these systems also

Route choice inform urban accessibility metrics, such as those used in 15-min-city planning. Yet current sys-

Wal]'<ab1.hty tems rarely reflect the preferences or constraints of older pedestrians. Empirical studies of route
Navigation systems . . . . . .
15-Min-city choice can help close this gap by revealing how people trade off different route attributes in real

settings.

Methods: We conducted a scoping review, following PRISMA-ScR guidelines, of empirical studies
analyzing pedestrian route choice among adults. The goal was to identify findings that could
inform the design of more age-inclusive routing tools.

Results: Eleven studies met the inclusion criteria, eight of which focused exclusively on older
adults. Despite varied contexts, three consistent themes emerged: (i) sidewalk quality and
manageable gradients; (ii) aesthetic and sensory comfort, including greenery, low noise, and good
lighting; and (iii) access to benches, transit, and everyday amenities. However, most studies relied
on qualitative methods, limiting direct integration into routing algorithms.

Conclusions: Future work should prioritize hybrid qualitative-quantitative designs, large-scale
sampling of routes, and fine-grained mapping of micro-barriers. Analyses should account for
age, gender, and functional ability, and consider circular leisure walks as a distinct travel pattern.
These directions can enhance the usability and equity of routing systems and urban planning
frameworks.

1. Introduction

Walking is a cornerstone of active aging, providing a wide range of physical, cognitive, and emotional benefits. It supports the
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management of chronic conditions such as cardiovascular disease, diabetes, and osteoporosis, while also contributing to psychological
well-being, stress reduction, and cognitive resilience (Saelens and Handy, 2008; Frank et al., 2010; Shigematsu et al., 2009). As
populations age and urbanize, the public health relevance of walking continues to increase. According to the United Nations, 830
million people worldwide were aged 65 or older as of 2024, a figure projected to double to 1.7 billion by 2054 (United NationsDe-
partment of Economic and Social AffairsPopulation Division, 2024). In the European Union, older adults currently represent 21.6 % of
the population—the highest share on record (European Commission, 2025). The UN Decade of Healthy Ageing (2021-2030) calls for
coordinated action across health systems, urban planning, and social protection to extend healthy life expectancy and reduce exclusion
(Thiyagarajan et al., 2022). Because walking often remains the last feasible activity after cycling or sport become impractical, pro-
moting regular walking, which is low-cost, accessible, and adaptable to changing abilities, directly supports these goals (Jarzebski
et al., 2021; Thiyagarajan et al., 2022).

The built environment plays a key role in shaping the attractiveness of walking across all age groups; however, for older adults, it
can determine the feasibility of walking. Physical and sensory changes associated with aging—such as reduced mobility, impaired
vision, fear of falling, and heightened sensitivity to extreme temperatures—make older individuals especially vulnerable to envi-
ronmental barriers (Arnberger et al., 2017). In this context, elements like continuous and well-maintained sidewalks, manageable
slopes, adequate lighting, shaded areas, benches, and safe street crossings are not just conveniences but essential features that enable or
deter walking (Menz et al., 2003; Cerin et al., 2017). When infrastructure is inadequate or poorly designed, it can severely restrict
outdoor mobility, contributing to physical inactivity and social isolation. Therefore, urban planning must incorporate tools and
frameworks that explicitly address the needs of older adults.

Routing technologies—systems that compute paths through street networks using shortest-path algorithms—now shape mobility
decisions at two scales. At the individual level, smartphone apps such as Google Maps and Komoot deliver turn-by-turn guidance
(Radacina et al., 2023); at the planning level, tools like Walk Score and the “15-min-city” indicators batch-compute shortest pedestrian
routes from every dwelling to key amenities to label neighborhoods “walkable” (Carr et al., 2010). In both use-cases the optimization
target is almost always distance or travel time, implicitly assuming that everyone can, and will, follow the direct route. For many older
adults, however, route quality matters more than speed: they may avoid cracked pavements, steep gradients, heavy traffic, or poorly lit
blocks (Moran et al., 2017). By ignoring such preferences, navigation engines can mislead individual users, and the accessibility scores
built on them can systematically overestimate true reachability.

Navigation research is beginning to acknowledge these preferences, but solutions remain ad-hoc. Prototype platforms such as the U.
S. Department of Transportation’s AccessMap (Bolten and Caspi, 2019) let users avoid stairs or steep inclines, while commercial
platforms have begun to offer route options based on scenic value or lighting conditions (Siriaraya et al., 2020). Under the hood,
however, these engines rely on fixed heuristics—for example, adding a blanket penalty per percentage point of gradient or per block
without lighting—derived from designers’ intuition or generic accessibility guidelines. No system yet calibrates those penalties against
observed trade-offs (e.g., “how many extra meters will a 75-year-old accept to remain on level pavement?*). Without empirically
estimated weights, attribute-based routing may still rank paths poorly for the users it is meant to support.

Pedestrian route-choice research already provides tools for data-driven routing. These studies analyze individual route choices to
understand how personal attributes, environmental conditions, and trip purposes interact to shape route decisions (Bovy and Stern,
2012; Moran et al., 2017). A recent review identified over forty such studies published since 1985, reflecting growth in this area (Basu
et al., 2022). However, most of this research has focused on the general population. Only two studies centered on adults aged 65 and
over, and just one reported findings broken down by age group.

To help fill this gap, we carried out a scoping review of studies on pedestrian route choice that include older adults. The review
focuses on two main questions: (1) Which environmental and personal factors, and how strongly, influence the routes older adults
choose? (2) What are the remaining research gaps that limit the application of these findings in routing tools and walkability mea-
sures? By answering these questions, the review aims to support both research on aging and mobility, and practical efforts in transport
planning to create better tools for assessing walkability and guiding older adults in their travel.

The remainder of the paper is structured as follows: The methods section outlines the scoping review process, conducted in
accordance with PRISMA-ScR guidelines, detailing the search strategy, inclusion criteria, and data extraction procedures. The results
present a synthesis of the existing literature on pedestrian route choice among older adults, identifying key determinants that influence
their path selection. Finally, the discussion interprets these findings in light of their implications for age-inclusive routing technologies,
highlights gaps in the current evidence base, and proposes directions for future research.

2. Methods

This scoping review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) guidelines (Tricco et al., 2018) to ensure transparency and methodological rigor. The review protocol was
developed following the framework proposed by Arksey and O’Malley (2005) and Levac et al. (2010).

2.1. Eligibility criteria

Definitions of “older adults” vary considerably across disciplines and contexts. While 65 years is the most commonly used cutoff,
age 60 or even 50 is frequently applied in global health and policy research to reflect demographic realities and maximize relevance
across settings (Lloyd-Sherlock et al., 2012). We adopted a >50 years cutoff to maximize inclusivity given the sparse evidence base,
while recognizing that most included samples still cluster around 65 years and above.
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Papers were considered regardless of how study design nor how environmental attributes were recorded. Studies that did not
differentiate older adults as a separate sociodemographic group were excluded. Conference abstracts and grey literature were excluded
as well.

2.2. Search strategy

A systematic search was conducted in Web of Science, Scopus, TRID (Transport Research International Documentation), ProQuest
(including General, Dissertations, and Theses Global), and Google Scholar from 1985 (the earliest known publication on pedestrian
route choice) to August 2024. The search terms required variations of “older adults”, “pedestrian route choice”, and “built environ-
ment”, to appear in the title, abstract, or keywords. Only English-language articles were considered. Some studies include an older age
group in their analysis but do not focus on older adults specifically, and subsequently they may not be explicitly mentioned in titles or
abstracts. Hence the search strategy did not strictly filter for age-related terms; instead, potentially relevant studies were retrieved
through broad route choice terms, then manually screened to identify those differentiating older adults. Reference lists of relevant
reviews and included articles were also examined to identify additional sources.

2.3. Study selection and screening

Two independent reviewers (NF, JH) screened titles and abstracts, followed by full-text screening based on the eligibility criteria.
Disagreements were resolved by discussion with a third reviewer (YG).

2.4. Data extraction and synthesis

Extracted variables included study setting, sample characteristics, design, and measured attributes. These were tabulated for
comparison. Given the heterogeneity of methodologies and outcome measures across studies, and the small number of studies, results
were synthesized narratively rather than quantitatively. A table provides a structured summary of key study characteristics (Table 1).
This summary serves as a foundation for the subsequent synthesis.

3. Results
3.1. Study selection

The initial database search yielded 458 records. After removing 87 duplicates, 325 unique articles remained for title and abstract
screening. Based on the eligibility criteria, 315 articles were excluded at this stage for the following reasons: Lack of focus on pe-
destrians; absence of specific analysis on older adults; lack of environmental analysis related to route selection; assessment of
neighborhood rather than route-level characteristics; not published in English; and conference abstracts or grey literature sources.

3.2. Participant characteristics

Eleven studies met all inclusion criteria and were synthesized. Of these, eight focused exclusively on older adults and provide the
evidence base for Sections 3.2-3.5, and their key characteristics appear in Table 1; the remaining three, which treated older adults as a
subgroup within a broader sample, are summarized separately in Section 3.6. Most authors defined “older” as > 65 years, with two
exceptions: Borst et al. (2009) set the cutoff at 50 years (mean age 68), and Moran et al. (2017) at 55 years, although 80 % of their
participants were still 65+. Sample sizes ranged from 14 to 364. Sex distribution was generally even, except in Buman et al. (2013) and
Mitra et al. (2015), where women made up 73 % and 86 % of participants, respectively. Only two studies explicitly reported the
proportion of mobility-aid users—Joseph & Zimring (2007) (13 %) and Buman et al. (2013) (42 %)—and just two provided ethnicity
data (Borst et al., 2009: 9 % non-Dutch; Moran et al., 2017: 35 % non-Jewish).

3.3. Study settings and geographic scope

All eight dedicated studies were conducted in high-income countries, covering six national contexts: Belgium, Canada, Israel, the
Netherlands, the United Kingdom, and the United States. Three sampled compact urban districts; Van Cauwenberg et al. (2012) also
sampled semi-urban municipalities near Ghent, Antwerp, and Halle, and Mitra et al. (2015) focused on suburban Mississauga. Most
sites were ordinary residential neighborhood with relatively complete pedestrian networks, but Joseph and Zimring (2007) and Buman
et al. (2013) examined continuing-care or low-income housing campuses for older adults in Atlanta and San Francisco. Only three
studies deliberately contrasted multiple built forms: Van Cauwenberg et al. (2012) (urban vs. semi-urban), Moran et al. (2017) (four
Haifa neighborhoods varying in socio-economic status, ethnicity, and topography), and Mitra et al. (2015) (conventional suburb vs.
downtown-adjacent condominiums).



Table 1

Key characteristics of the reviewed studies that targeted older adults.

Reference

Study Setting

Participants

Preference
approach

Study design - main approach

Environmental data list source

Borst et al. (2009)

Moran et al.

(2017)

Brookfield and
Tilley (2016)

Van Cauwenberg
et al. (2012)

Mitra et al. (2015)

Buman et al.
(2013)

Joseph and
Zimring
(2007)

Li and Zhang
(2024)

Schiedam, Netherlands,
urban

Haifa, Israel, residential

Edinburgh, UK, residential

Ghent, Belgium, Urban and
semi-urban

Mississauga, Canada,
suburban

San Francisco, California,
older adult housing
communities

Atlanta, Georgia,
retirement communities

Not disclosed

Sample size:
364

Ages: 55+
Gender: 60 %
female
Sample size:
59

Ages: 50+

Sample size:
19

Ages: 65+
Gender: 53 %
female
Sample size:
57

Ages: 65+
Gender: 47 %
female
Sample size:
14

Ages: 65+
Gender: 86 %
female
Sample size:
27

Ages: 65+
Gender: 73 %
female
Sample size:
112

Ages: 68 %
over 72
Gender: 59 %
female
Sample size:
384

Ages: 60+
Gender: 30 %
female

Revealed

Revealed

Revealed

Revealed

Revealed

Revealed

Revealed

Stated

Utilitarian routes marked on maps. Street segments were manually ranked by
expert observers on 23 characteristics, supplemented by GIS data. These
characteristics were then used to estimate link resistance factors within a
stochastic route choice model, which simulates pedestrian route selection based
on perceived walking costs and individual variability.

Walk along interview: Participants walked one route they use for leisure or
utilitarian purposes with a worker, who recorded their narratives regarding
perceived environmental barriers and facilitators for walking. The interviews
were coded into themes through content analysis.

Walk-along interview: Participants undertook a typical journey, without
imposing a purpose, which was recorded by an interviewer. The routes were
audited using the virtual FASTVIEW tool on 9 categories of environmental
characteristics. Descriptive statistics of route characteristics are provided.

Walk-along interview: An interview along utilitarian routes was coded through
content analysis into perceived environmental facilitators and barriers that
influence walking.

Photovoice variant: Participants recorded photos of facilitators and barriers and
they were contextualized in subsequent interviews. Content analysis was
conducted to identify facilitators and barriers to walking, as well as visual
examination of the routes on Google Maps.

Photovoice variant: Participants walked regular leisure or utilitarian routes and
recorded audio narratives and photographs about neighborhood features
affecting their route choices. The narratives and photographs were coded into
themes, which were analyzed with descriptive statistics at two levels:
individuals and sites.

One of each utilitarian and leisure routes were marked on a map and path
segments were coded binary into those used and not used. Environmental data
on path characteristics was manually audited by an expert, supplemented by
building plan analysis. Chi-square and logistic regression were used to explain
the relationship between environmental path-segment characteristics and usage.

Stated preference of hypothetical routes. Participants answered a stated
preference questionnaire featuring ten environmental attributes, each with 2-3
levels, of hypothetical routes. The routes were presented through text and
schematic images. Binary logistic regression model was fitted to assess the
relative importance of environmental elements, with stratification by age and
health condition.

Literature

Literature with updates based on audio
narratives

FASTVIEW (Brookfield and Tilley, 2016)

NEWS (Saelens et al., 2003; Cerin et al., 2010)
with updates based on interview

Not predefined

Not predefined

Custom based on SPACE (Pikora et al., 2003)
and IMI (Boarnet et al., 2006) with additions
based on local conditions

Literature

D 32 upwng ‘N
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3.4. Study design

Seven of the eight core papers used revealed preference (RP) methods to record the routes older adults actually walked. These RP
studies fall into three methodological clusters.

(i) Sketch-map/travel-diary (two studies): Participants drew regular routes on base maps; trained auditors then coded environ-
mental attributes. The studies involved relatively large samples (100-+ participants each) and employed statistical modeling to
quantify the influence of environmental characteristics on path selection. Joseph and Zimring (2007) analyzed the use/non-use
of individual path segments with y? tests and logistic regression. Borst et al. (2009) compared reported walking routes to the
shortest possible paths between the same points; when older adults took longer or different routes, those deviations were
interpreted as higher “resistance” on certain street segments. These resistance scores were then statistically analyzed against 23
observed street features.

(ii) Walk-along survey (two studies): Researchers accompanied participants and recorded real-time commentary about the envi-
ronment (Van Cauwenberg et al., 2012; Moran et al., 2017).

(iii) Photovoice survey (three studies): Participants provided geocoded photographs with audio narratives describing their routes
(Mitra et al., 2015; Buman et al., 2013).

Studies in clusters (ii) and (iii) had smaller samples (fewer than 60 participants) and employed thematic analysis, occasionally
supplemented by summaries of GIS data. Brookfield and Tilley (2016) stands out in combining a walk-along method with a summary of
environmental characteristics based on an audit using Google Street View. Most RP studies did not distinguish trip purpose; Borst et al.
(2009) mapped utilitarian trips only, whereas Joseph and Zimring (2007) analyzed both utilitarian and leisure routes.

The sole stated-preference (SP) study, Li and Zhang (2024), asked 384 respondents to choose between six pairs of schematic leisure
routes that differed across ten attributes, presented through text descriptions and diagrams. Using binary logistic regression models,
the study derived utility weights for each feature, indicating how strongly each one influenced participants’ preferences.

Environmental attribute selection strategies clustered into three patterns:

(i) Ready-made checklists borrowed from prior walkability tools (Borst et al., 2009; Li and Zhang, 2024; Brookfield and Tilley,
2016; Joseph and Zimring, 2007).
(ii) Studies that began with standard checklist and added items raised by participants (Van Cauwenberg et al., 2012; Moran et al.,
2017).
(iii) Ground-up photovoice themes where all attributes emerged from participant narratives (Mitra et al., 2015; Buman et al., 2013).

3.5. Route choice determinants

Tables 2-4 catalogue all factors reported in the 11 studies and group them into three themes: (1) street-infrastructure and structural
attributes, (2) environmental quality and aesthetics, and (3) facility access plus other contextual features. For qualitatively coded
studies a “+” (facilitator) or “~” (barrier) is shown; quantitative studies list only attributes that reached statistical significance. Below,
we synthesize the main findings.

Table 2
Street infrastructure and structural attributes.
Study Route Curb Curb Stair/ Obstructions  User Lighting  Connectivity =~ Pedestrian Other
length width/ quality ramp separation crossing
presence quality
Borst et al. (2009) X X X
Moran et al. (2017) X+ X+ X+ - X- X- X+ X- Road
quality-
Brookfield and Tilley X X X X X X
(2016)
Van Cauwenberg X+ X+ - X- X- X+ X+ - X+ X+ -
et al. (2012)
Joseph and Zimring X X Road
(2007) segment
length,
Network
centrality,
outdoor vs.
indoor
Mitra et al. (2015) X+ X+ - X+ - X- Signage-
Buman et al. (2013) X X X X X X
Li and Zhang (2024) X X X Shade

+, - indicate facilitaros and barriers, respectively, in studied that coded factors as such.
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Table 3
Environmental quality and aesthetics attributes.
Study Building Streetscape Greenspace ~ Waterscape  Enclosure  Noise Air Traffic Litter
appearance appearance pollution pollution density
Borst et al. (2009) X X X X
Moran et al. (2017) X 4+ - X+ - X+ X+ X- X- X
Brookfield and Tilley = X X X
(2016)
Van Cauwenberg X+ X+ X+ X+ X+ - X- X- X- X
et al. (2012)
Joseph and Zimring X X X
(2007)
Mitra et al. (2015) X+ X-
Buman et al. (2013) X X
Li and Zhang, 2024 X X X
+, - indicate facilitaros and barriers, respectively, in studied that coded factors as such.
Table 4
Facility access and additional environmental attributes.
Study Land use mix and amenities ~ Benches  Public transit stops  Personal safety =~ Other
Borst et al. (2009) X*
Moran et al. (2017) X+ - X+ - X+ -
Brookfield and Tilley (2016) X
Van Cauwenberg et al. (2012) X+ X+ X+ X+ - Familiarity+, wayfinding/legibility + -
Joseph and Zimring (2007) X
Mitra et al. (2015) X + X+ - X-
Buman et al. (2013) X X X
Li and Zhang, 2024 X Pedestrian flow

+, - indicate facilitaros and barriers, respectively, in studied that coded factors as such.

3.5.1.

®

(i)

(iii)

@iv)

3.5.2.

®

(i)

(iii)

Street infrastructure and structural attributes

Distance and detours: Four studies provided distance data. Utilitarian or mixed-purpose trips averaged 0.7-0.8 km, while leisure
walks stretched to ~ 2-2.5 km; men generally walked the longer legs (Borst et al., 2009; Moran et al., 2017; Buman et al., 2013;
Brookfield and Tilley, 2016). Older adults often accepted modest detours: in Borst et al. (2009) 80 % of utilitarian routes
deviated from the geometric shortest path, but 82 % of those were <20 % longer. Moran et al. (2017) linked longer utilitarian
routes to more positive perceptions, whereas Li and Zhang (2024) detected only a weak statistical preference for shorter leisure
routes.

Surface quality and width: Every study flagged well-maintained, sufficiently wide pavements as key facilitators. Smooth and
wide surfaces reduce the need to step into the carriageway and lower fear of tripping (Mitra et al., 2015). Obstructions (litter,
parked cars, encroaching cyclists) repeatedly appeared as barriers; Moran et al. (2017) noted that such conditions amplified fear
of falling among mobility-aid users.

Crossing and level changes: Marked zebra crossings were preferred features (Van Cauwenberg et al., 2012). Steep ramps, long
stairs, and poorly maintained steps generally deterred walking and contributed to fear of falling, yet slope effects were
context-dependent: in hilly Haifa, Moran et al. (2017) recorded frequent use of steep routes, and Joseph and Zimring (2007)
found gentle slopes could encourage leisure walking on retirement-campus paths.

Lighting: Adequate street lighting, especially for early-morning or evening walks, improved perceived safety wherever
measured.

Environmental quality and aesthetics

Vegetation and water: Every study reported that attractive greenery—street trees, front gardens, or small parks—pulled walkers
onto a route. The only counter-example was the Dutch “green strips” noted by Borst et al. (2009), which participants saw as
unsafe because they limited visibility. Water features (ponds, fountains, seafronts) and, in one study, the chance of meeting
animals further boosted route appeal (Van Cauwenberg et al., 2012).

Cleanliness, noise, and air: Litter-free streets and well-maintained facades were repeatedly linked to comfort, whereas noise and
exhaust fumes discouraged walking (Moran et al., 2017; Van Cauwenberg et al., 2012).

Traffic volume: Findings on traffic counts were mixed: heavy flows were associated with danger, yet Borst et al. (2009) observed
the opposite in some Dutch streets, suggesting that clear, predictable vehicle streams can make a route easier to navigate.
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(iv) Sight-lines and vistas: Visual openness mattered. Blind walls (without windows) and tight enclosures reduced use (Borst et al.,
2009); routes offering long sight-lines or low-rise skylines fostered feelings of safety and relaxation (Van Cauwenberg et al.,
2012).

3.5.3. Access to facilities and other environmental attributes

(i) Everyday amenities: Routes that passed cafés, food shops, banks, or health services were consistently favored, largely because
they enabled multipurpose trips (e.g., exercise plus errands).

(i) Rest opportunities and transit links: Benches, shade, and other rest areas let participants extend their walking range, while
nearby public-transport stops helped them combine walking with longer journeys (Moran et al., 2017; Van Cauwenberg et al.,
2012).

(iii) Perceived personal safety: Fear of unfamiliar people, poor surveillance, or “street disorder” diminished route attractiveness in
four studies (Van Cauwenberg et al., 2012; Mitra et al., 2015; Brookfield and Tilley, 2016; Buman et al., 2013).

3.5.4. Individual and neighborhood factors

(i) Neighborhood context: Only three studies linked route choice to neighborhood characteristics. Moran et al. (2017) saw few
socioeconomic-related differences apart from affluent residents citing better sidewalks and logging longer walks. On the other
hand, Buman et al. (2013) and Mitra et al. (2015) showed that concerns varied by housing type: suburban or low-income
complexes emphasized sidewalk condition and personal safety more than dense, downtown condominium areas.

(ii) Age within the older adult cohort: Two papers explored intra-cohort variation. Li and Zhang (2024) found participants >70
were more sensitive to surface smoothness. Brookfield and Tilley (2016) reported that those >75 favored routes with green-
ery/blue space and high-quality pavements.

(iii) Gender: Evidence is likewise thin. Van Cauwenberg et al. (2012) noted that men emphasized natural features and cleanliness,
whereas women valued access to facilities and fagade aesthetics. Brookfield and Tilley (2016) added that women’s routes were
shorter, more recreational, and more likely to circle through blue space, preferring wide, unobstructed pavements.

3.5.5. Quantitative models of route-level decision-making

Only two of the reviewed studies directly compared route alternatives and quantified how specific link features shifted selection.
These estimates offer the clearest basis for routing weights. We summarize them here and elaborate on their potential utilization for
routing in Section 4. Discussion.

Borst et al. (2009) assigned each street segment a “resistance” score based on how often it was avoided relative to the shortest path;
these scores were then regressed on 23 audited features, with coefficients indicating the relative attractiveness or avoidance of each
element. Shops had the strongest pull (—0.31), followed by pavements, residential frontage, and front gardens (—0.05 to —0.11).
Resistance increased most for parks (4+0.43) and stairs or slopes (+0.26), with smaller penalties for blind walls, green strips, and litter
(+0.05 to +0.09).

Liand Zhang (2024) estimated a binary logistic regression model in which the likelihood of a walking route being chosen depended
on ten route attributes presented in pairwise comparisons. Wide sidewalks (+1.00), high shade (+1.20), and smooth pavement
(+0.70) were the strongest attractors, followed by service density, green borders, and active frontages (+0.40 to +0.60). Routes with
high traffic or heavy pedestrian flows were penalized (—0.30 to —0.60), and longer durations were mildly discouraged (—0.20).

3.6. Studies that include older adults within a broader age range

Three additional papers analyzed mixed-age pedestrian samples in which older adults formed only a minority. Kim and Gong
(2024) surveyed 524 pedestrians but had just 11 participants aged 60 +, Gim and Ko (2017) reported 22 % out of 203 respondents aged
50 +, and Kim et al. (2016) gave a mean sample age of 37 years (SD = 14) for 493 participants. All three studies examined mixed-use
districts and used discrete-choice models that compared the route respondents walked with a plausible alternative (usually the geo-
metric shortest path).

(i) Gim and Ko (2017) — Asked pedestrians to map the routes they walked to a train station. 80 % of commuters chose the shortest
path to a train station; older adults were no more or less distance-sensitive than younger walkers.

(i) Kim and Gong (2024) — When offered a choice between the shortest path (1.1 km) and a “healthy” path (1.4 km, greener, lower
traffic, better sidewalks), older adults and participants motivated by chronic-disease prevention were less likely to pick the
longer/healthier option.

(iii) Kim et al. (2016) — Participants generally preferred diagonal over straight crossings because of better sight-lines and visual
interest, with no age-related difference in preference.

4. Discussion

This review synthesizes evidence on the environmental and personal factors that influence the route choices older adults make
when walking between an origin and destination. While previous review papers, such as Van Cauwenberg et al. (2018), have examined
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how neighborhood-level features relate to walking in older adults, they largely overlook the micro-scale, turn-by-turn decisions that
shape actual routes. Route choice analysis addresses this gap by focusing on the specific paths people select—an approach more
relevant to routing systems and pedestrian infrastructure than area-level walkability indices. A prior review of route choice has
concentrated on the general population (Basu et al., 2022); this is the first to focus specifically on older adults, whose unique functional
constraints warrant dedicated attention.

Our review located 11 empirical studies of pedestrian route choice that include older adults; eight examined this age group
exclusively. Despite the small corpus, the evidence converges on three themes familiar from general-population research (Basu et al.,
2022)—street infrastructure, environmental quality, and aesthetics—but with a sharper edge: for older adults these attributes often
decide whether a trip is possible at all. Benches and transit stops lengthen walking range by providing rest points, while high quality,
obstacle-free pavements mitigate fear of falls, making sidewalk condition the most consistent determinant across studies. At the same
time, contextual trade-offs emerge. Greenery and quiet streets usually attract walkers yet may feel unsafe if they block sight-lines;
slopes discourage utilitarian travel for some but add exercise or scenic value for others. Sensitivity also varies within the cohort:
participants aged 70 + showed greater concern for surface smoothness (Li and Zhang, 2024), and gendered patterns appeared in route
length and perceived safety cues (Brookfield and Tilley, 2016). Older adults’ route choices are also mediated by the use of mobility
aids, trip purpose (utilitarian vs. leisure), and neighborhood context (urban grid vs. car-oriented suburb).

Most pedestrian-routing engines still optimize for the shortest distance or travel time—criteria that often mask what matters most
to older adults. Translating environmental preferences into routing algorithms requires quantitative estimates of how strongly features
affect route choice. Yet such estimates are scarce. Only two studies—Borst et al. (2009) and Li and Zhang (2024)—report coefficients
that can be directly converted into routing weights. In Li and Zhang (2024) for instance, a utility weight of +1.20 for shade versus
—0.20 per additional minute suggests that older adults are willing to walk roughly six extra minutes (=450 m) to stay on a shaded path.
By rescaling these coefficients into “distance equivalents,” routing engines could adjust edge weights to reflect comfort and safety, not
just length. Borst’s resistance scores could be used in the same way. Even so, models built on these limited data cannot yet account for
the wide variation in preferences across individuals, trip purposes, or neighborhood contexts.

The empirical base is thin because prevailing methods trade depth for scale. Revealed-preference techniques such as walk-along
interviews and photovoice give rich, context-laden insights but yield a limited number of routes—insufficient for statistical weight-
ing across sub-groups or cities. By contrast, mainstream pedestrian research has begun to pair GPS traces with discrete-choice or latent-
class models to capture thousands of decisions (Basu et al., 2022); tools rarely applied to older adults. We argue for hybrid designs: a
short qualitative phase to reveal locally salient features, followed by large-sample collection, and state of the art choice modelling.
Such designs would generate the scalable, high-resolution evidence needed to embed age-responsive cost functions in routing
algorithms.

The next four subsections detail the research and data innovations—context-specific attribute lists, scalable preference capture,
high-resolution environment mapping, and finer-grained user stratification—that can turn that agenda into practice.

4.1. Context-specific characteristics of the built environment

Section 3.4 already illustrated that the reviewed studies split almost evenly between two attribute-selection camps. Top-down
audits import items from established tools (e.g., SPACES, IMI, FASTVIEW, NEWS), but those instruments carry normative assump-
tions—dense land-use mix, facade “attractiveness”, etc.—and may omit the micro-features older adults care about, such as benches,
kerb cuts, or tactile paving. Validation work with Turkish older adults confirms that omission erodes face validity (Akinci et al., 2022),
and even age-adapted versions of NEWS in Australia, the USA, or Austria still miss climate- or culture-specific cues (Cerin et al., 2019;
Starnes et al., 2014; Koller et al., 2024).

By contrast, bottom-up elicitation starts with open exploration—walk-along interviews, photovoice, participatory mapping—and
lets participants define what helps or hinders them (Mitra et al., 2015; Buman et al., 2013; Moran et al., 2017). We recommend a
hybrid protocol:

1. Conduct a brief qualitative scan in the target neighborhood to surface locally salient facilitators and barriers.
2. Translate those findings into a lean, customised attribute list.
3. Deploy that list in a larger quantitative phase.

Such a sequence keeps digitisation workloads manageable while minimizing the risk of omitting small but critical, place-specific
factors—an essential step if routing algorithms are to provide trustworthy guidance for diverse ageing populations.

4.2. Hybrid and scalable methodologies for capturing route preferences

Identifying relevant environmental attributes is not sufficient unless robust methods exist to observe how older adults trade those
attributes off in practice. Traditional revealed-preference (RP) surveys—mailed or online maps on which respondents draw rou-
tes—can reach large samples, but they impose cognitive and visual demands that reduce participation among the oldest age groups
(Basu et al., 2022). Four of the reviewed studies therefore employed walk-along or narrative interviews (Moran et al., 2017; Van
Cauwenberg et al., 2012; Brookfield and Tilley, 2016; Joseph and Zimring, 2007). Although these methods provide rich contextual
data, they are labor-intensive and yield relatively few routes.

Passive GPS logging offers greater scale with minimal participant effort and meter-level spatial resolution (Basu et al., 2024).
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Privacy and data-security concerns, however, often deter continuous tracking and may prompt researchers to omit demographic
variables, limiting age-specific analyses. “Consent-by-design” applications that allow participants to pause tracking, or protocols in
which only short, anonymized segments are shared, merit further evaluation.

Interactive web-map or tablet surveys represent another scalable option. Rising digital literacy among older adults in many
countries (German Ministry for Family Affairs, 2020) makes such tools feasible, provided the interfaces meet accessibility standards for
font size, contrast, and motor precision.

Because RP data cannot test hypothetical conditions, stated-preference (SP) experiments become a possible alternative. Yet
pedestrian routes are complex and experiential, making traditional SP tools—like static images or text descriptions—less effective. To
address this, researchers have begun exploring immersive SP techniques, including video-based surveys (Rossetti and Hurtubia, 2020)
and virtual reality simulations (Farooq et al., 2018). These offer more realistic and engaging environments but require further vali-
dation, especially among older adults who may face sensory, motor, or cognitive challenges.

4.3. Capturing built environment data

Current approaches to environmental data collection in the reviewed literature present several limitations. Most studies rely on
manual audits by experts, which are time-consuming, geographically constrained, and difficult to scale. These methods are challenging
to replace because many micro-scale features relevant to older adults (e.g., pavement texture, curb ramps, benches, tactile paving) are
not reliably captured through remote sensing or standard GIS datasets. One possible approach to improve scalability is the integration
of volunteered geographic information (VGI), such as user edits in OpenStreetMap, to crowdsource updates on environmental features
(Barron et al., 2014). Digital audit tools, including FASTVIEW, can also be deployed in “mapathon”-style events, where volunteers
annotate street-level imagery to identify features that are absent from publicly available datasets (Gama et al., 2019).

Although manual audits are not entirely subjective, they depend on the assessor’s judgment, which may vary across raters and
settings. In situ measurements offer greater precision but are rarely feasible for large-scale studies. Advances in remote sensing and
computer vision provide potential solutions. Deep learning models applied to street-level imagery and high resolution aerial
photography can identify micro-scale elements that are often absent from GIS databases such as benches (Zhou et al., 2022), street
ramps (Olivatto et al., 2022), building facades (Zou and Wang, 2021), and curb conditions ((Cheng et al., 2018)(Cheng et al., 2018)).
Nonetheless, the accuracy of such models depends on image resolution, camera orientation, and local urban form (Biljecki and Ito,
2021). Data coverage may also be incomplete in less-surveyed areas, limiting applicability.

Subjective or perceptual environmental characteristics—particularly safety, but also comfort and aesthetics—introduce additional
complexity to modelling older adults’ walking behavior. These qualities are difficult to capture through objective measures, but the
assumption that they cannot be quantified has been questioned (Janowicz et al., 2022). Supporting this view, recent machine learning
approaches and multimodal Large Language Models have shown some ability to predict perceived safety from visual features in street
imagery (Li et al., 2015; Malekzadeh et al., 2024), suggesting that certain perceptual dimensions can be approximated through
observable proxies.

An integrated approach is therefore recommended. Expert manual audits, supported by volunteered contributions, standard GIS
databases, and image analysis, provide complementary information that should be combined to create age-relevant environmental
datasets.

4.4. Towards a stratified view of route choice moderators

Our inclusive threshold (>50 years) reflects the range of definitions used in research and policy (see Section 3.2). This scope may
blur age-related trends observed in narrowly defined cohorts. Indeed, the few reviewed studies that disaggregate by age show
moderation effects, and underscore the need for stratified analyses based on both chronological and functional age. Gerontology
commonly distinguishes young-old (65-74), middle-old (75-84), and oldest-old (85+) groups, each with different functional profiles
(Neugarten, 1974). Young-old adults generally retain higher physical and cognitive capacity, whereas middle- and oldest-old adults
experience greater balance, sensory, and thermoregulation challenges, increasing fall risk and heat stress.

A parallel stratification can be based on functional capability rather than chronological age. Declines in vision, cognition, mobility,
cardiopulmonary fitness, and thermal tolerance each influence interaction with the streetscape. These include but are not limited to
the following:

(i) Vision impairments like reduced contrast sensitivity—elevate injury risk and complicate navigation, especially on uneven or
poorly marked surfaces (Owsley, 2011). Design elements such as tactile paving, accessible signals, and consistent curbs improve
safety (Seetharaman et al., 2024).

(ii) Cognitive decline impairs memory and spatial awareness, leading older adults to prefer familiar routes with clear signage,
landmarks, and low-stress settings (Salthouse, 2019; Gan et al., 2022).

(iii) Cardiopulmonary conditions limit tolerance for long or polluted walks, making rest opportunities and clean air vital (Tuomola
et al., 2024).

(iv) Mobility impairments reduce speed and increase fall risk (Tinetti and Speechley, 1989), prompting preference for even terrain,
gentle slopes, minimal stairs, and frequent benches (Portegijs et al., 2017; Simonsick et al., 1999; Van Holle et al., 2015).

(v) Reduced thermoregulation heightens sensitivity to weather extremes, increasing reliance on shade or shelter (Choi and Ailshire,
2025).
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Gender also moderates behavior. Although only two reviewed studies examined this directly, wider literature shows that women
more often avoid poorly surveilled or male-dominated spaces, preferring amenity-rich, predictable routes—even when longer (Golan
et al., 2019; Blobaum and Hunecke, 2005; Wickramasinghe and Dissanayake, 2015).

Finally, contextual factors modulate all of the above. Although all studies in this review were conducted in high-income countries,
those including socioeconomically diverse areas suggest that factors like housing type and income level significantly shape route
preferences. Future research should include cross-national and rural-urban comparisons, especially in underrepresented settings in the
Global South (Massingue and Oviedo, 2021). Such studies may uncover unique barriers—such as unpaved or poorly lit paths, stray
animals, or informal vending—and shift the relative importance of known facilitators. In settings with limited formal infrastructure,
older adults may rely more on perceived safety, social familiarity, and tight-knit walkable networks than on conventional indicators
like street connectivity or land-use mix. Cultural norms around visibility, safety, and appropriate mobility may also influence how
gender and age intersect to shape walking decisions.

4.5. Beyond origin to destination walks - leisure walks

Several studies in this review indicate that a substantial share of older adults’ outings are circular “origin-to-origin” loops or loosely
linked, multi-stop itineraries undertaken for exercise, social connection, or relaxation (Brookfield and Tilley, 2016; Joseph and
Zimring, 2007). Because these trips contribute directly to healthy-ageing goals, understanding the environmental features that
encourage or inhibit them is as important as analysing utilitarian travel. Yet current routing engines and walkability metrics, which
assume a point-to-point task and optimize for minimum distance or time, cannot represent the logic of recreation-oriented walking or
the benefits older adults might derive from it.

Leisure routes differ from errand trips in three respects. First, the walker often starts and ends at the same location, so the notion of a
“shortest path” is undefined. Second, the utility of distance is non-linear: moderate length is positively valued for exercise or scenic
reward, whereas excessive length incurs fatigue. Third, trips often blend recreation with incidental stops—parks, cafés, pharma-
cies—blurring the boundary between leisure and utilitarian purposes. These properties violate the linear-distance penalty and sin-
gle—origin-destination assumptions built into conventional discrete-choice models (Train, 2009).

Several modeling approaches can accommodate these complexities. Quadratic or piecewise distance terms—or flexible machine-
learning utilities—capture the hump-shaped valuation of length (Alfonzo, 2005; Gonzalez et al., 2016). Segmented frameworks and
recursive-logit formulations treat a loop as a sequence of dependent decisions, thereby removing the fixed origin-destination constraint
(Fosgerau et al., 2013). Latent-class and reinforcement-learning approaches allow for heterogeneous walker types and dynamic factors
such as fatigue or spontaneous detours (Walker and Li, 2007; Ziebart et al., 2008). Where routes include several intermediate purposes,
activity-based travel models—standard in wider transport analysis—provide a natural extension (Bhat and Koppelman, 1999). Finally,
empirical evidence that some older adults rely on simple heuristics such as “stay level” or “follow shade” suggests value in hybrid
frameworks that combine utility maximization with rule-based decision making (Tong and Bode, 2022).

The empirical findings point to a new routing paradigm. Recreation-aware navigation must (i) search for looped or multi-stop
itineraries instead of a single origin-to-destination path, and (ii) optimize a non-linear, multi-objective cost function that balances
preferred distance ranges with scenery, benches, shade, and perceived safety. These costs should be fed by dynamic, user-specific
coefficients derived from the models above, not by fixed, one-size-fits-all penalties.
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