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Abstract

Background Attention is focused on the health and physical fitness of older adults due to their increasing age. Main-
taining physical abilities, including safe walking and movement, significantly contributes to the perception of health
in old age. One of the early signs of declining fitness in older adults is limited mobility. Approximately one third

of 70-year-olds and most 80-year-olds report restrictions on mobility in their apartments and immediate surround-
ings. Restriction or loss of mobility is a complex multifactorial process, which makes older adults prone to falls, injuries,
and hospitalizations and worsens their quality of life while increasing overall mortality.

Objective The objective of the study is to identify the factors that have had a significant impact on mobility in recent
years and currently, and to identify gaps in our understanding of these factors. The study aims to highlight areas
where further research is needed and where new and effective solutions are required.

Methods The PRISMA methodology was used to conduct a scoping review in the Scopus and Web of Science
databases. Papers published from 2007 to 2021 were searched in November 2021. Of these, 52 papers were selected
from the initial 788 outputs for the final analysis.

Results The final selected papers were analyzed, and the key determinants were found to be environmental, physi-
cal, cognitive, and psychosocial, which confirms the findings of previous studies. One new determinant is techno-
logical. New and effective solutions lie in understanding the interactions between different determinants of mobil-
ity, addressing environmental factors, and exploring opportunities in the context of emerging technologies, such

as the integration of smart home technologies, design of accessible and age-friendly public spaces, development
of policies and regulations, and exploration of innovative financing models to support the integration of assistive
technologies into the lives of seniors.

Conclusion For an effective and comprehensive solution to support senior mobility, the determinants cannot

be solved separately. Physical, cognitive, psychosocial, and technological determinants can often be perceived

as the cause/motivation for mobility. Further research on these determinants can help to arrive at solutions for envi-
ronmental determinants, which, in turn, will help improve mobility. Future studies should investigate financial aspects,
especially since many technological solutions are expensive and not commonly available, which limits their use.
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Introduction

The ageing population is an important phenomenon
faced by many countries in this century. While ageing
is a triumph of development, the phenomenon and its
impact on the society need to be managed [1]. Mobility is
crucial for active ageing as it allows older adults to main-
tain their independence, participate in physical activities,
engage in social and community life, and access necessary
resources [2]. The ability to move around freely, safely,
and independently is essential for promoting physical
and mental well-being, preventing falls and injuries, and
reducing the risk of disability and institutionalization [3].
Addressing mobility challenges for older adults involves
a multidisciplinary approach involving healthcare provid-
ers, policymakers, urban planners, and families.

Access to transportation is one of the key social deter-
minants of health for older adults, and the lack of access
is associated with negative health outcomes, including
social isolation, depression, and early entry into long-
term care facilities. The National Institute on Aging [2]
conducted a study on the mobility of elderly Americans
that emphasized the significance of accessibility in pre-
serving the autonomy and well-being of seniors. The
study suggested enhancing the accessibility of transporta-
tion systems and infrastructure to facilitate the mobility
of senior citizens. The age-friendly cities framework [4] is
a global initiative aimed at making cities more accessible
and accommodating for older adults. It focuses on eight
domains, including transportation, housing, and social
participation. The universal design framework focuses
on designing buildings [5], products, and environments
that are accessible to people of all ages, abilities, and dis-
abilities. The European Union has established the Euro-
pean Accessibility Act [6], which requires that products
and services in key areas, including transportation, are
accessible to people with disabilities, including seniors.
The Act provides guidelines for improving accessibility
in transportation systems and infrastructure to support
the mobility of seniors. Accessibility and solutions to
increase accessibility are directly or indirectly linked to
the space where a senior needs to be mobile.

The concept of life-space mobility (LSM) assesses func-
tional, environmental, and social factors that affect how
people live their everyday lives [7]. Johnson et al. [7]
showed that that socio-demographic variables such older
age, female gender, and lower level of education, fear of
falling, limitations in activities of daily living (ADLs) and
instrumental activities of daily living (IADLs), poor per-
formance in gait speed and muscle strength, and trans-
portation difficulties were associated with lower LSM.
Life-space mobility has been found to be a predictor of
cognitive decline, hospital readmission, quality of life,
and admission to a nursing home. Life-space mobility
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allows the initiation, adaptation, or evaluation of inter-
vention strategies [7]. Findings from such research con-
tinue to be used by many organizations to establish better
conditions. The World Health Organization’s Global Age-
Friendly Cities Guide [4] provides recommendations on
how to design inclusive living spaces for seniors and sup-
ports the development of age-friendly communities. The
European Innovation Partnership on Active and Healthy
Aging has created the Covenant on Demographic
Change, which encourages local and regional govern-
ments to develop strategies for creating age-friendly
environments and living spaces.

Recent technological developments are intertwined
with the aforementioned strategies, programs, and
actions. They are an important aspect in the search for
new solutions. Porter et al. [8] describe emerging tech-
nologies as those that could exert much-enhanced
economic influence in the coming several years’ time
horizon. Cozzens et al. [9] showed four characteris-
tics: fast recent growth; in the process of transition and/
or change; market or economic potential that is not
exploited fully yet; increasingly science-based. Finally,
Smalheiser et al. state that emerging technology can be
incremental, originating from its potential to change an
existing industry, in addition to being radical, originating
from the potential to create a new industry [10].

To sustainably improve the conditions and quality of
life of seniors, it is essential to regularly identify oppor-
tunities and monitor the development and usefulness of
new solutions in mobility.

The objective of the study is to identify the determi-
nants that have had a significant impact on mobility in
recent years and currently, and to identify gaps in our
understanding of these factors. The study aims to high-
light areas where further research is needed and where
new and effective solutions are required.

As part of scoping review, the PRISMA guidelines [11]
and bibliometric mapping study method [12] were used
to provide a systematic and holistic review of the deter-
minants of older adults’ mobility. Bibliometric mapping
provides an overview of the state-of-the-art of scientific
knowledge on a given topic. The bibliometric analysis
embraces the performance analysis of contributions on
specific topics, and we are using a method of scientific
mapping to analyse the evolution of specific research
subjects [13] in order to identify subject fields and show
their progress by employing different visualization tools
in research planning.

Theoretical background

The above-mentioned studies and strategies demonstrate
the importance of addressing the aspects of accessibility,
living space, and technology in the context of mobility
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for seniors. The authors perceive the aspects of acces-
sibility, life-space mobility, and developing technologies
as intertwined, yet each of them individually significant.
Accessibility, which is relevant for the given scope, is also
related to the zones of the living space. Accessibility is
considered to be one of the most important predictors
of quality of life (QoL) for older adults [14]. The search
for new solutions for the elderly is very often connected
with technologies, as stated by many strategies and acts
[15]. Therefore, attention will also be paid to this area
within the scoping review, focusing on aspects accessibil-
ity, LSM, and technologies, to determine their objective
importance in recent years. Overall, the below-described
brief state of the art in the context of mobility in LSM,
related accessibility, and ubiquitous technologies, shows
how the field is perceived in the context of this paper.

Mobility and zones of living space

Zones of living space for the elderly are designed to meet
their specific needs and support their mobility. These
zones typically include residential areas that are designed
to be accessible, with wide sidewalks, low curbs, and
other features that make it easier for older adults to get
around. In addition, these zones may also include essen-
tial services such as healthcare facilities, grocery stores,
and public transportation that are easily accessible to
older adults. The idea behind designing zones of living
space for the elderly is to create an environment that
supports their mobility, promotes their independence,
and enhances their quality of life [16]. Webber et al. [16]
introduced a model defining seven zones of living space
for older adults: room, dwelling space, close neighbour-
hood, vicinity, service community, surrounding area, and
the world. The cognitive, emotional, physical, environ-
mental, and economic elements that determine mobility
vary among zones and are heavily influenced by gender,
culture, and individual biography. Similarly, Burlano and
Cusano specify four types of neighbourhoods according
to local accessibility and possibilities of travel to distant
places [1]. Different zones are associated with different
types of spatial mobility. Many authors emphasize the
benefits of physical movement in maintaining physi-
cal and mental health and the positive impact of soft
mobility (cycling, walking, etc.) in alleviating diseases.
Cao et al. confirm that engaging in outside activities can
improve older adults’ well-being. Mobility declines with
age mainly due to health constraints and changes in activ-
ity patterns [17], which increase the risk of sedentarism
and hypomobility. Spatial mobility is not only intended
to fulfil physiological needs but is also an important part
of social cohesion [18], social participation [19], and the
basic condition required to maintain older adults’ inde-
pendence and self-reliance [20]. Many studies [21-24]
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recommend engaging in out-of-home travel regularly
to interact with friends and the broader community to
reduce social isolation.

Accessibility
Accessibility studies reflect spatial mobility opportuni-
ties and conditions. Geurs [25] defined accessibility as
“the extent to which the land-use transport system ena-
bles (groups of) individuals or goods to reach activities
or destinations by means of a (combination of) transport
mode(s)” It is evaluated using different measures. Geurs
specified the following four basic types of measures:
infrastructure-, location-, person-, and utility-based.
Location-based measures focus on potential and con-
nectivity, but they typically do not take into account indi-
viduals’ behaviour, capacity restrictions, return routes,
chaining of destinations, or temporal variability. Acces-
sibility is measured from the perspective of an individu-
al’s capacity to make use of resources within the context
of their normal routine and time restrictions [26]. Such
measures may well address the richness of older adults’
lives, but they rely heavily on data input [27]. Accessibil-
ity includes the evaluation of

1. the availability of destinations and required activities,

physical access and walkability, and

3. functionality of transport systems, including afford-
ability and acceptability (safety, information support,
etc.) [28].

N

All these components are highly influenced by personal
factors. The qualitative assessment of accessibility (mod-
elled accessibility) significantly differs from perceived
accessibility evaluated by personal survey tools.

Accessibility indexes and mode choice studies are
receiving more attention from researchers. “Aging in
place” refers to the desire of the elderly to remain in the
homes and communities they have been in for the long-
est possible period of time after retiring [21]. It is not
unusual for individuals to choose the same neighbour-
hood where they have spent most of their adult years as a
retirement location, especially in suburban settings.

Mobility opportunities in relation to emerging
technologies

Elsy [29] has observed that technologies are develop-
ing towards an environment where humans, robots, or
artificial intelligence (AI) coexist and work together to
improve the quality of life by offering specialised services
for the needs of diverse users. This enables an increased
level of autonomy by proactively collecting data from the
environment, making decisions, and providing services
for humans. Older adults’ healthcare solutions include
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(1) connecting and sharing information in the network
between users of medical data, including medical check-
up records and treatment and care records; (2) providing
remote medical care services; (3) and using Al and robots
in the care facilities to support community independence.

However, existing new mobility options have left a large
population of harder-to-serve older adults out of the new
mobility revolution, so that they are unable to access its
benefits. Those with more limitations (physical, cogni-
tive, multiple disabilities, financial, technology access/
understanding) or certain specific needs (transporta-
tion that accommodates mobility aids, low-income, rural
location) often face barriers:

1. Using emerging transportation technologies requires
smartphone and internet access, as well as the ability
to make online payments, which can be challenging
for many older adults who may lack even a basic level
of tech fluency and comfort.

2. The vehicles can be difficult to enter and exit and
may not easily accommodate walking aids or wheel-
chairs, which are used by approximately a quarter of
all older adults.

3. Current ride-hailing and projected autonomous vehi-
cle (AV) services primarily focus on curb-to-curb
service, while many older adults need door-to-door
or hand-to-hand service due to challenges such as
identifying the vehicle when it arrives; stowing and
retrieving bags or mobility aids; finding the correct
door at complex locations such as hospitals or shop-
ping centres; and physically navigating busy streets
and sidewalks [30].

This systematic review will examine and identify mobil-
ity limitations in the context of technology development,
highlighting opportunities for further development.

Method
Study design
Traditionally, the evaluation of older adults’ mobil-
ity is based on self-reporting and subjective indicators.
Although such indicators are usually considered appro-
priate to characterize the individual mobility of seniors,
they are unsuitable for effectively assessing the situation
on a larger scale. To overcome this limitation, we con-
ducted a scoping review using bibliometric mapping and
clustering. This approach provides an independent view
of the structure of scientific discussion on the topic and
allows for the identification of common groups of prob-
lems and neutral assessment/quantification of co-occur-
rences and associations, free from the researchers’ biases.
We followed the five-step research process outlined
by Arksey and O’Malley [31] as the methodological
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framework for a scoping review. Before making a final
decision, the research questions were determined and
the significance of the study was established. Data were
then collected, summarized, reported, and eventually
visualised. To ensure a comprehensive and methodical
overview of the factors affecting mobility in the elderly,
we employed the above-mentioned framework for the
scoping review approach in accordance with PRISMA
standards [11] and the bibliometric mapping study
method [12].

To minimize bias and potential for errors, two groups
of reviewers (first group: Krejcar, Maskuriy, Abu Bakar,
Selamat and second group: Maresova, Truhlarova, Vitk-
ova, Joukl, Horak) independently coded each study with a
present form or data extraction tool. They collected study
details, such as methods and design, participants, setting,
interventions, and results.

Data extraction and study quality evaluation eligibility
Eligible works were sorted by the researchers who had
independently reviewed the studies. Each paper was
examined in terms of its title, the author(s), publication
type, and language. Studies meeting the following spe-
cific set of criteria were selected for further review:

1. Published until 2021

2. Focusing on studies related to older adults

3. Focusing on studies analysing life space environment
and mobility determinants

Publications were excluded if they met any of the fol-
lowing criteria:

1. If the mobility was understood as a senior’s willing-
ness to move

2. If mobility was perceived as a part of recreational
travel (holidays, etc.)

3. If seniors were a minority group in the research and
their perspective was analysed only marginally

4. If the focus was on aspects of population distribution
in specific urban areas by age

5. If mobility was examined as one of the factors at the
end of the research objective (mobility, perception of
loneliness, evaluation of the type of accommodation,
etc.)

We collected bibliometric studies of papers pub-
lished from 2007 to 2021 in Scopus and Web of Science
(WoS) as of 16 November 2021. The starting year was
set at a minimum number of 10 papers per year, which
was reached in 2007 with 11 papers. The number of
papers increased over time, with 108 papers in 2021 in
WoS. The search used the following keywords: (((spatial
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mobility) and ((elderly) or (senior) or (geriatric) or (older)
or (aging)) and (home or model))) in all fields. For WoS,
only the Social Sciences Citation Index (SSCI) and Sci-
ence Citation Index Expanded (SCI-E) were selected. The
search criteria were also limited in terms of publication
type, and this to Article, Early Access, or Review Article.
The number of results obtained is listed in Table 1. The

Table 1 Article distribution according to databases and

publication type

Database All Articles Early Access/In  Review
Press

Scopus 252 240 8

WOS 536 520 11

TOTAL 788 760 19 13

Page 5 of 29

majority of papers were published in the International
Journal of Environmental Research and Public Health
[17], Journal of Transport Geography [16], Population
Space and Place [16], Plos One [14], and ISPRS Inter-
national Journal of Geo Information [9]. Eight articles
were published in Scientific Reports, Transportation
and Transportation Research Record. The papers cov-
ered various WoS Categories, with the highest numbers
in Geography [32], Public Environmental Occupational
Health [33], Transportation [34], Environmental Sciences
[35], Environmental Studies [36], and others.

Data selection

The final data selection process from the search result set
was conducted following the PRISMA framework [11], as
shown in Fig. 1.

Records identified through database search by

(n =661 WoS & n=287 SCOPUS)
Accessed 16th November 2021 from 2007

"spatial mobility" AND "elderly" AND (home OR model)

Article, Review,
or Early Access?

records excluded:
WosS: 125
SCOPUS: 35

Duplicated records
excluded

Title and Abstract
assessed for

eligibility

n =433 WoS
n =84 SCOPUS

n =103 WoS
n =36 SCOPUS

Full-text articles
assessed for
eligibility

n =62 WoS
n =25 SCOPUS

Full-text articles excluded for reason:
1. mobility was understood
as a senior's willingness to move
2. seniors mobility has recreational purposes
3. seniors are a minority group in article
4. aspects of population distribution
in individual urban areas by age
5. If mobility is examined as one of the faculty
at the end of the research objective
(mobility, perception of loneliness,
evaluation of the type of accommodation, etc.)

Studies included in qualitative synthesis
(n =41 WoS and n = 11 SCOPUS

Fig. 1 Systematic review and meta-analysis following the PRISMA flow of articles with the final selection
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A total of 760 publications were initially identi-
fied through the search on WoS and Scopus using the
search term “(((spatial mobility) and ((elderly) or (sen-
ior) or (geriatric) or (older) or (ageing)) AND (home
OR model))” This resulted in 536 papers from WoS and
252 papers from Scopus. After removing duplicates, the
number was reduced to less than 132 papers. Due to the
lack of granularity in the keyword search and the inabil-
ity to narrow down the search topics based on keywords
and focus areas, a manual scoping process was employed
to identify the most relevant papers. Many of the initially
identified works were found to be irrelevant, resulting in
the final selection of 139 articles with correct and suit-
able content based on a deeper analysis of their abstracts.
Additional 87 papers were excluded from the selection,
finally leaving a total of 52 fully synthesized records for
analysis. Details of these analysed records are summa-
rised in Tables 6 and 7.

Bibliometric mapping

Bibliometric mapping is a technique that provides a vis-
ual representation of the performance of published stud-
ies, describing the perception and information related
to a specific research area and the real possibilities of
mobility.

This technique, introduced by Garfield [37], involves
the application of a set of mathematical methods and
statistics to analyse and measure publications. It aims to
establish qualitative and quantitative changes within a
given scientific research topic and detect publication pro-
files and trends within a discipline [38].

Bibliometric analyses use bibliographical material to
organize and analyse information in a particular field,
providing valuable insights for experts assessing scientific
activity. These analyses help in understanding the past,
identifying advances in research, and enhancing future
investigations.

—
peoplegly china

s |

switigiand
england

gerggany ausgfplia

aaaaaaa

finignd switzgfland

Page 6 of 29

Scientific mapping, as used in analysing the evolution
of specific research subjects [13], enables the identifica-
tion of subject fields and demonstrates their progress
using various visualization tools in research planning.

VOSviewer, a free software solution developed by van
Eck and Waltman [39], is employed for building and visu-
alizing bibliometric maps. It offers the major advantage
of selecting and classifying scientific documents, particu-
larly for constructing conceptual maps.

Results

Bibliometric mapping

Results according to countries

First, the analysis of countries where research on the
mobility of seniors is focused was conducted. Figure 2
illustrates the co-authorship of countries that have pub-
lished at least 5 papers related to the search defined in
“Study design” section in the respective databases from
2007 to 2021.

Table 2 shows the co-authorship data for both data-
bases. Link strength is a metric that captures the num-
ber of other keywords with which the specified keyword
co-occurred (i.e., was linked) in the reviewed database
[39]. In Web of Science, out of 70 countries, 29 meet the
thresholds. The United States published the most with
176 documents, followed by England [40] and the Neth-
erlands [41]. In Scopus, out of 53 countries, 19 meet the
thresholds. The United States still published the most in
Scopus with 76 documents, followed by Canada [28] and
China [27]. The United States has the strongest connec-
tion to the keywords searched, with links to a maximum
of 24 countries and a links strength of 117, making it the
leader in the research topic. The last row in Table 2 rep-
resents the results for EU countries, which show higher
values compared to the United States.

Figure 3 shows that the correlation between the popu-
lation of people aged 65+in a country and the number
of papers on spatial mobility is weak. Some countries

united states
swegen

inay united{gigdom

nethegfand$ ergpny austpalia

8
cafigda

nomuay

Fig. 2 Co-authorship of countries in Web of Science (left) and Scopus (right)
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Table 2 Co-authorship of countries
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Web of Science Scopus

Country Doc Citations Link Strength Link Country Doc Citations Link Strength Link
United States 176 4056 117 24 United States 76 2295 37 15
England 76 2541 105 25 Canada 28 2274 17 10
Netherlands 56 889 51 17 China 27 354 11 5
Canada 54 2637 36 14 England 27 1576 19 10
Australia 48 777 40 13 Finland 15 367 6 3
Germany 45 778 54 20 France 13 258 10 8
China 45 479 33 14 Australia 12 223 6 5
France 35 771 71 22 Switzerland 11 1081 16 9
Spain 34 547 44 16 Netherlands 9 410 11 8
Switzerland 22 1125 36 13 South Korea 9 114 3 1
Finland 21 488 21 16 Hong Kong 7 89 5 3
Sweden 21 397 32 15 Israel 7 1190 7 6
Italy 20 1325 49 20 Sweden 7 285 6 6
Japan 17 228 23 15 [taly 6 1090 9 8
Scotland 14 364 25 12 Poland 6 37 5 5
EU 236 4804 - - EU 98 4144 - -

Population 65+

Japan 28.
Portugal 22-77% N

Germany 2ds

Sweden‘Z".”"“‘
CZEHRepublic 20.14%

Spain 19.

ReqHI AR

Poland 18:74%— —

Canada 18108

United States 16.63%

Australia

Russian Federation15:51%

Number of papers

21

Share of papers

SWeden 0.66%
Ganada 0.66%
Portugal 0.65%
tralia 0.65%

Spain 0.49%
Poland 0.44%

Belgium 0.43%

m==Germany 0.41%
Austria 0.40%

Denmark 0.40%

United States 0.38%

Czech Republic 0.36%

pan 0.19%
Russian Federation 0.19%

Fig. 3 A Sankey diagram of the connection between the shares of seniors (Population 65 +; left part) in a selected country [42] and the share
of the searched papers from the total publishing activity of the given country in the period from 2007 to 2021 in WoS
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(Japan) do not investigate the issue of spatial mobility,
while the Nordic countries do. The United States is an
exception, where the publishing activity is proportional
to the senior population.

Cluster analysis of keywords

Using the terms “spatial mobility” and (“elderly” or “sen-
ior” or “geriatric” or “older” or “ageing”) AND “(home OR
model)” in Web of Science and Scopus from 2007 to 2021,
we were able to locate, evaluate, and analyse the pub-
lished works to determine their structure and trends. The
most frequently used keywords for conducting keyword
searches were identified, as shown in Fig. 4 generated by
VOSviewer. In VOSviewer, the overall strength of each
keyword’s linkages with other terms and its frequency of
occurrence were calculated. Co-occurrence analysis was
performed to establish the proximity of keywords within
articles (name, abstract, or keyword set) and focus on the
topic of research [43]. Each individual circle represents
one keyword, with the size of the circle indicating the
number of occurrences of the specific keyword. The links
between these keywords (circles) represent papers where
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both keywords occur, and the thickness of the links rep-
resents the strength of their connections (links).

The graph of the WoS collection shows an intersec-
tion of four clusters or domains. These clusters include
the individual performance cluster (yellow), which con-
sists of keywords related to balance, dementia, gait, etc.;
the basic health and social cluster (blue), likely formed
by sociological papers; the mobility cluster (green); and
an overlap between the mobility cluster and the environ-
ment cluster (red). This indicates three main drivers for
older adults: individual performance, health and social
factors, and mobility connected with the environment
and social aspects.

The WoS collection contains more medical and geriat-
ric papers, often related to LSM, as reflected in the indi-
vidual performance cluster.

Co-occurrence refers to the proximity of a keyword in
the title of the research work, the abstract, and its list of
keywords [44].

Tables 3 and 4 show the most commonly associated
keywords within the identified clusters, considering key-
words that co-occurred in at least 10 articles. In Web
of Science, out of a total of 3716 keywords, 70 met the
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risk factor
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walkingifficUlty /
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mobilitydifitation

walkingjspeed  S9°

Fig. 4 Co-occurring keywords in Web of Science and Scopus clustered into 4 clusters with different colours (red, green, blue, yellow)

Table 3 Clusters of keywords that co-occurred in Web of Science under the keyword search related to it. Only the top 50 keywords

out of a total of 3716 were considered

Cluster Keywords

1 Patterns, physical-activity, behavior, walking, accessibility, built environment, neighborhood, determinants,
transport, travel behavior, travel, choice, GIS, Hamilton CMA, spatial analysis, urban form, independent mobil-
ity, public transport, mode choice, transportation

2 Mobility, migration, residential mobility, age, home, distance, gender, care, place, population, spatial mobil-
ity, family, internal migration, context

3 Health, risk, aging, mortality, dynamics, disability, environment, human mobility, disease, impact, GPS, quality

4 Elderly, people, dementia, performance, gait, balance, falls
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Table 4 Clusters of keywords that co-occurred in Scopus under the keyword search related to it

Cluster Keywords

1 Elderly, male, female, activities, cognition, walking, mobility limitation, gait, walking difficulty, psychology quality of life, walking speed,
disability, self-report, elderly care

2 Mobility, spatial analysis, neighborhood, travel behavior, urban area, transportation, residence characteristics, socioeconomic factors, built
environment, urban population, epidemiology, risk factor

3 Population dynamics, physiology growth, development and aging, metabolism, spatiotemporal analysis, migration, genetics, residential
mobility

4 Age, age factor

threshold, and 5 clusters were identified from the top 50
keywords. In Scopus, although the number of publica-
tions was much lower than in Web of Science, the total
number of keywords found was similar, with a minimum
of 10 occurrences of a keyword. Overall, 3221 keywords
were found in Scopus, 65 keywords met the threshold,
and 3 clear clusters were identified. The top co-occurring
keywords in Web of Science, apart from the main key-
words and demography, were ‘pattern’ (43 occurrences),
‘health’ [45], ‘physical activity’ [42], ‘migration’ [38], and
‘behavior’ [37]. In Scopus, the top co-occurring keywords

were ‘population dynamics’ (41 occurrences), ‘spatial
analysis’ [38], ‘activities’ [26], ‘cognition’ [25], ‘physiology*
[25], and ‘walking’ [24]. The co-occurrences and connec-
tion strengths to the keywords are shown in Table 5.
Some keywords, such as ‘Accessibility’ and ‘mobility,
can be seen as factors or determinants related to the key-
word search, as confirmed in Tables A1, A2 and A3 in the
annex, which show that the top 10 keywords are most
closely linked to the keywords ‘mobility; ‘Accessibility;,
and ‘spatial mobility’ in Web of Science and may serve
as determinants for the keywords search. For example,

Table 5 Clusters of keywords that co-occurred in Web of Science under the keyword search related to it with the number of

occurrences (0) and total link strength (TLS)

Web of Science

Cluster 1 Cluster 2

Keyword O TLS Keyword O TLS
patterns 43 103 mobility 146 371
physical activity 35 145 migration 33 68
behavior 32 70  residential mobility 32 66
walking 32 137 age 28 76
accessibility 30 83 home 22 51
built environment 28 125 distance 17 45
neighborhood 23 94  gender 16 45
determinants 21 68  care 13 39
transport 19 67 place 13 19

Scopus

Cluster 1 Cluster 2

Keyword O TLS Keyword o TLS
activities 26 201  mobility 66 260
cognition 25 135  spatial analysis 33 156
walking 24 152 neighborhood 23 126
mobility limitation 19 154  travel behavior 19 68
gait 18 115 urban area 15 81
walking difficulty 16 138  transportation 14 62
psychology 13 111 residence characteristics 12 108
quality of life 12 79  socioeconomic factors 12 98
walking speed 1283  built environment 11 73
disability 11 84  urban population 11 66

Cluster 3 Cluster 4

Keyword (o} TLS Keyword (o} TLS
Health 41 128  elderly 55 199
Risk 30 84  people 27 81
Aging 20 74  dementia 18 46
Mortality 19 51 performance 17 39
Dynamics 17 19 gait 14 41
Disability 16 58  balance 13 44
Environment 16 53 falls 10 37
human mobility 14 18

Disease 13 26

Cluster 3 Cluster 4

Keyword o TLS Keyword o TLS
population dynamics 41 165 age 13 108
Physiology 25 139  agefactor 10 82
growth, developmentand aging 18 29

metabolism 16 38

spatiotemporal analysis 16 45

Migration 12 39

Genetics 10 22

residential mobility 0 24
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‘patterns, ‘health; ‘migration; ‘built environment, ‘trans-
port, ‘risk; ‘disability; ‘neighborhood; ‘physical activity,
and ‘distance’ were linked to ‘mobility” in WoS.

In Scopus, ‘mobility’ and ‘spatial analysis’ have simi-
lar weights as in Web of Science, as confirmed in Tables
A4 and A5 in the annex. Both terms indicate high over-
lap in the list of keywords, particularly in keywords with
higher total link strength (TLS). However, spatial analysis
is linked with the urban environment (keywords: ‘urban
area, ‘urban population’), socioeconomic factors, and risk
factors.

Preliminary clustering conducted with VOSviewer pro-
vided insights into the relationships, occurrences, and
co-occurrences of keywords and helped to select those
that represent the main common influencing factors.
This enabled the proposal of a final clustering/categories
in Fig. 5. Three comprehensive clustering distributions
with nine sub-clusters were selected and named (Fig. 5).
The first cluster encompasses a wide range of challenges
related to accessibility and ability. The second cluster
focuses on individual and environmental conditions that
influence determinants of mobility. The third cluster
reflects opportunities in the community, facility, technol-
ogy, and individuality that influence perception, accessi-
bility, and the improvement of spatial mobility.

Determinants of elderly mobility

Table 6 provides an overview of selected publications
that focused on mobility determinants in older adults,
including their main purpose, methods used, results,
and constraints. A qualitative approach was employed
in the research in this section. The keywords clustered
below are already included within the thematic clusters,
which encompass studies from the areas of accessibility,

Page 10 of 29

personal ability and disability, individual and environ-
mental conditions, community, facility, and technology.
The issue of mobility among older adults can be divided
into three thematic units, although due to some overlaps,
there are three thematic units based on four clusters. The
titles of clusters represent the thematic focus, with sub-
titles specifying the main topic within each cluster. The
first group, termed ‘challenges) primarily based on cluster
1, encompasses accessibility, personal ability and disabil-
ity, and factors related to older adults’ behaviour, QoL,
and health complications that are relevant to mobility.
This area focuses on personal challenges, self-activity,
healthy lifestyle, rehabilitation, and exercise that can
promote mobility. The second area, termed ‘conditions,
based on clusters 2 and 4, focuses on defining individual
and environmental conditions that affect mobility and
accessibility. The last area is related to community, facil-
ity, technologies, and individual possibilities. It explores
opportunities to improve mobility, treatment models in
healthcare, the use of modern technologies to promote
mobility, and new technologies for its monitoring and
research. This topic also considers research on facilities
where older adults receive care, as these often incorpo-
rate equipment with modern technologies, as indicated
by cluster 3, particularly evident form Scopus keywords
in Table 6. The individual topic focuses on the interplay
between neighbourhood and individual factors, such as
health conditions and individual perception of mobil-
ity as an opportunity to influence overall health status,
improve metabolism, overcome some disabilities, and
reduce the risk of mortality. Table 6 summarises 52 stud-
ies considered crucial within the above thematic units.
Regarding the determinants of mobility, several main
findings have been identified. The selected determinants

Challenges | | Conditions | | Opportunities I
I - person individual environmental . . .
accessibility person ability . .. .. community facility technology individual
disability condition condition
Neighborhood Cognition, residential
patterns behavior, mobility, distance,
! ! i neighborhood, .
transport, walking, Age, home, : '8 tati GPS, human Mortality,
ransportation, s . 1.
choice, urban travel Gait, walking gender, care, rbI:n area. Population, mobility, disability,
. o ) urba 2 - . .
form, public behavior, d]fﬁc.uAlty, family, t.rave] residence aging Resld%ﬂhal, dynamics, d|sea§c,
transport, independent mobility, behavior, characteristics, mobl?lty/ development, genenfs,
transportation, mobility, limitation, mobility, socioeconomic environment, quality, dynamics metabolism,
mode choice, . disability migration, risk migration physiology,
walking factors, urban & ’
quality of life, factor ) ) growth health, risk
Iderl speed, population, spatial
edery care psychology, mobility, place,
activities, self-report context

Fig.5 Thematic mobility clusters based on the co-occurring keywords identified with VOSviewer
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for further consideration are those that appear in multi-
ple studies.

The total number of trips, including trips away from
home, tends to decrease among older adults in higher age
groups. Reduced mobility in people over the age of 65 is
associated with factors such as living alone, physical dis-
abilities, reliance on foot or bicycle transportation, lower
education levels, longer distance to public transportation,
inability to drive, and residing in less affluent areas. Fur-
thermore, the frequency of work-related and shopping
trips decreases with increasing age. Older adults who
live alone travel less for work and leisure activities. Indi-
viduals with severe disabilities make fewer trips for work,
shopping, and recreation, but they have more frequent
doctor visits. The presence of employment influences
travel patterns, with employed individuals making more
work-related trips and fewer trips for physical activity,
recreation, and socialising. The frequency of their out-
ings for shopping, physical activity, leisure, and social-
ising remains consistent on weekdays and weekends.
Gender primarily affects the frequency of shopping trips.
Older adults who are less likely to travel outside their
immediate neighbourhood tend to be those who are
more elderly, severely disabled, rely on the bicycle, walk-
ing, or local bus as their primary mode of transportation;
are less educated; live further than 10 min from the near-
est subway; or are unable to drive themselves. Travelling
for pleasure is less common, but activities such as shop-
ping, dining, attending church, and seeing friends are
more frequent among those aged 65 to 69 years old (i.e.,
the youngest older persons). This age group engages in a
variety of activities, often within their neighbourhoods.
In terms of the frequency of leisure trips, older adults
aged 80 or more years come in second, followed by those
who are severely incapacitated [64].

The mobility habits of older individuals are influenced
by the time of day and the location in which they reside.
Mandatory journeys tend to be shorter, while non-man-
datory excursions are longer, especially during off-peak
hours when transportation options are more readily
available. Although their impacts are less pronounced
than previously suggested, they nonetheless have a major
impact. Age-specific light buses, which have evolved
from a legislative concept to community-based organi-
sations, offer transportation services for older persons
within their districts [71].

In 2017-2018, older individuals reported frequent vis-
its to various activity sites, including museums, libraries,
and parks. Exercise, mobility, and other activities linked
to everyday life (e.g., grocery shopping and the utilisa-
tion of health and meal services) were all included in
these destinations of cultural and social visits. COVID-19
restrictions enforced by the Finnish government in 2020

Page 20 of 29

resulted in older individuals reporting only physical exer-
cise-related destinations as their preferred mode of trans-
portation. As a result of these restrictions, it was either
difficult or unpleasant to participate in other activities
(e.g., eateries, museums, and planned collective events).
During the COVID-19 pandemic, additional activities of
individuals were primarily tied to their everyday routines.
According to previous research, older individuals were
more physically active when they were near their homes,
and the elderly spent more time at home and within their
neighbourhoods when mobility restrictions were in place
to minimise the spread of COVID-19 [88, 89].

Based on the current state of knowledge, especially
from the areas of strategic documents and government
acts, it can be assumed that availability, local mobility
systems (LMS), and technologies are important for the
mobility of seniors. In the following text, the findings
from the scoping review are therefore interpreted in rela-
tion to these assumptions.

Zones of living space

In the review process shown in Fig. 5, the findings of the
studies were classified into three groups, with one group
named ‘condition’ and further divided into individual and
environmental subgroups. These classifications were con-
nected to five zones of living. As shown in Table 6, the
studies focus mainly on the external environment, such
as neighbourhoods and distant places.

Table 7 shows the distribution of papers, indicating
better coverage for zones 4—5 [90], while papers focus-
ing on in-house mobility are less frequent in the sample.
Regarding environmental conditions, studies indicate
determinants that affect senior mobility. For instance,
Peel et al. [91] found that living space was related to
mobility, physical performance assessments, transporta-
tion problems, mental state, and depression in a popula-
tion-based sample of seniors.

Different zones of life space were associated with per-
formance-based measures of function, namely, visual
impairment, and several measures of lower extrem-
ity motor function. Moreover, even after controlling for
demographic variables (age, sex, education, and time of
year), visual impairment, and lower extremity motor
function, life space was also associated with levels of
global cognition, extraversion, and having a future goal-
oriented purpose in life. Higher scores on each of these
variables were associated with larger life spaces.

A decline in LSM is associated with a decline in QoL
among community-dwelling older people, even after
considering potential confounders. The association
between the decline in LSM and QoL can be explained
in several ways. First, diminished opportunities for
participation in outdoor activities and the resulting
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Table 7 Clusters and their subgroups in relation to individual and environmental conditions

Title Zone 1 Zone 2 Zone 3 Zone 4 Zone5
Other rooms than the Area outside the Neighbourhood Outside neighbourhood, Outside town
bedroom house but in town
Individual condition (age, home, gender, care, family, travel behavior, mobility, migration, risk factor)
[55] X X
[60] X X X X X
[35] X X X X
[66] X X X X X
(68] X X

Environmental condition (residential mobility, distance, neighbourhood, transportation, urban area, residence characteristics, socioeconomic fac-

tors, urban population, spatial mobility, place, context)

(54]
[56] X
(571
[58] X X
[59] X X
[61] X X
[41] X X
(62]
[63] X
[34] X X
(64] X
(65]
(67]
(69]
[70] X X
(71]

x xX X X

>

xX X X

X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X

insufficient social interaction may lead to social isola-
tion and loneliness, which, in turn, may lead to poor
QoL [92]. Second, reduced time spent outdoors and
hence, lower levels of physical activity and increased
sedentary behaviour may have adverse effects on health
and thus a negative influence on QoL [93]. Spending
time outdoors may also have a direct effect on QoL, as
people, especially in the Finnish context, often like to
enjoy the outdoors, which has been shown to enhance
their well-being [32]. Third, a decline in LSM may indi-
cate difficulties in taking care of daily errands indepen-
dently, which may also contribute to a sense of losing
control over one’s life [61].

Increased LSM is associated with objectively measured
physical activity indicators, such as step count, moder-
ate and low activity time, and sedentary time. Going
outdoors in the neighbourhood at least once a week has
been found to be beneficial for maintaining physical
function in frail older people. Finding ways to encour-
age community-dwelling older people to go outdoors
more often may increase their physical activity level and
help to maintain their physical function. Poor health, low

physical activity, and mobility limitations often coincide
in the same individuals [34].

Some studies explore the link between mobility and
other aspects of the natural environment. To give one
example, Hinrichs et al. [62] have discovered that elderly
people who perceive parks or green spaces in their
neighbourhood as encouraging outdoor mobility are
more likely to visit their regular grocery shop, regard-
less of whether they walk to the grocery store or not. The
impression of a path as a mobility facilitator is not cor-
related with an increase in the likelihood of walking for
transportation. Additional factors positively associated
with walking as a mode of transportation include low pri-
vate car use, short distance to the store, and a high level
of street connectedness.

Accessibility

In terms of accessibility, barriers that affect seniors are
identified in their immediate vicinity, including the con-
dition of the terrain and the availability of services, doc-
tors, and basic facilities. The field of research in this area
is rapidly developing, with preparations being made to
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support governments and regions. According to the
findings of Stahl et al. [94], older individuals face mobil-
ity issues related to accessing and navigating bus stops,
as well as getting on and off buses. Transitioning from
a fixed-route system that is not accessible to one that is
fully accessible, including the cars, stops, and stations,
may take many years. The structure of public transpor-
tation networks is determined by the demographics of
the population. Rural and suburban communities, par-
ticularly those with low population density, still face
challenges in terms of mobility. Older individuals living
in rural settings are more likely to experience social iso-
lation and have limited socialisation options apart from
their families and friends compared to their suburban
counterparts [95]. According to the results of Siren et al.
[96], providing older people with general mobility and
accessibility is essential for their independent living, but
it is equally important to support activities that enhance
their sense of community belonging.

Physical determinants of mobility within the neigh-
bourhood can include unsuitable environments and
equipment at stops, difficulties in boarding and alight-
ing, suboptimal air or temperature conditions inside,
orientation in timetables, lack of shade, greenery, toi-
lets, railings, benches, lighting, views of the surround-
ings, obstacles such as stairs, curbs, parked cars, bicycles,
other obstructing objects (posts, stands, bushes), noise,
and unpleasant environments. Older adults living in rap-
idly urbanising environments face challenges in either
integrating into or becoming isolated from the society
[97]. The concept of New Urbanism and Transit-Ori-
ented Development emphasizes compact forms, mixed-
use, high density, and convenient public transportation
[98] in order to facilitate spatial mobility among the age-
ing community and ensure productive ageing.

Mobility aspects under consequences of development
emerging technologies

The study of topics and keywords in the current period of
spatial mobility research has revealed that technological
factors are playing an increasingly significant role. Schol-
ars have recognized that the spatial mobility of older
adults cannot overlook the technological dimension,
which has the potential to significantly improve their
physical and mental capabilities and performance. How-
ever, there is also a concern about an increase in social
inequity due to the affordability and accessibility of such
technological tools. Technologies are being developed to
focus on mobility within the home, as well as on mobility
and safety outside the house and in the neighbourhood.
New technology is being designed to address geriat-
ric mobility problems such as falls, bed rail entrapment,
patient management, and wandering. These technologies
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aim to prevent or reduce adverse events that hinder
therapy, delay rehabilitation, exacerbate impairment, and
jeopardize patient safety. Examples of such technolo-
gies include hip guards, wheelchair and scooter safety
systems, smart walkers, falling alerts, and environment
assistance, which can help to reduce falls and fall-related
injuries [99].

Technological solutions for the healthcare needs of
the elderly include (1) linking and sharing medical data
in networks among users, including medical check-
ups, treatment, and care records; (2) providing remote
medical care assistance; and (3) utilising Al and robots
in treatment facilities to support autonomy [29]. Wear-
able transfer aid robots are a priority in order to alleviate
the physical burden on caregivers. While the usefulness
of these robots in nursing homes is still uncertain, they
have shown to be beneficial in experimental settings for
a variety of activities. Evaluation of care tasks and time
ratios while using these robots indicates that they were
prominently used for direct patient care in more than
70% of transits, particularly in transfer assistance and toi-
leting [100]. The use of new outdoor and indoor mobility
technologies for individual or medical purposes has both
advantages and disadvantages, as shown in Table 8.

To address the challenges mentioned earlier, it is
important to ensure that new technology is affordable,
easy to use, and secure, and that it seamlessly integrates
with existing systems and devices. Furthermore, efforts
should be made to provide doctors with training and sup-
port to help them to effectively use and implement new
technology in outdoor settings. The use of smart technol-
ogy by seniors presents numerous opportunities for med-
ical specialists, including improved patient outcomes,
remote monitoring, increased access to information,
improved communication, and better tracking of patient
data. To fully realize these benefits, it is important to
ensure the seamless integration of new technology with
existing systems and devices and to provide seniors with
education and support to help them to effectively use and
implement new technology in their daily lives.

Discussion

The objective of the study is to identify the factors that
have had a significant impact on mobility in recent years
and currently, as well as to identify gaps in our under-
standing of these factors. The study aims to emphasize
areas where further research is needed and where new
and effective solutions are required.

Within the scoping review, we employed clustering
for database results, which provides an independent
view of the structure of the scientific discourse on the
given problem. Furthermore, it allowed for the identi-
fication of common groups of problems and a neutral
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Table 8 Tools supporting mobility and related barriers
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For medical specialist care

For individual use

Indoor
Opportunity

- medical check-up records and treatment and care records
- remote medical care practice services

- use of new technologies (Al, robots) which bring
improved patient engagement

- cost savings by reducing the need for manual labour

and increasing efficiency

- more effective with other healthcare providers

- better access to data

- improved health outcomes by use: hip protectors, wheel-
chair/scooter safety features, intelligent walkers, fall alarms,
environmental aids, robots, transfer assistance and toileting

Barriers

- protection of personal data

- time to learn and implement new technology into their
workflows

- doctors prefer to stick to traditional methods of patient care
- the cost of purchasing and implementing new technology

- different systems and devices may not be able to communi-
cate with one another

- fear or distrust of technology
- a lack of experience with touchscreens and other user
interfaces

care
-increased access to information

- improved communication with healthcare providers

- better tracking of personal health data
+ more convenient and accessible care
- more active role in one’s own care

Outdoor
Opportunity

For medical specialist care  «improved patient outcomes

« remote monitoring
-increased access to information

« health conditions, such as vision and hearing loss, may
make it difficult
« high cost of smart technology, medical devices

Barriers

« unsuitable environment and equipment of stops
« low frequency of connections
- difficulties in boarding and alighting

- more informed decisions about treatment and care

For individual use

signs)

-increased access to information, and more convenient

and accessible care

- improved safety (by use of fall detectors, voice-activated

assistants, medication reminders)

- improved health outcomes (by using wearable devices
and other technology, patients can better track their health,
including their physical activity, heart rate, and other vital

- cost of purchasing and implementing new technology

« problem with conditions such as bad air or temperature,
orientation in timetables, noise or unpleasant environment,
physical barriers in connection with location of toilets, rail-
ings, lighting, etc

- limited connectivity

- battery life

« some wearable devices and technology may not be durable
enough to withstand outdoor conditions and may break

or malfunction easily

evaluation of co-occurrences and associations, not
influenced by the researchers’ biases. Several stud-
ies from our review report that lower mobility among
older people is related to family status, health status,
and housing location. Family status plays a crucial role,
with factors such as living alone or with someone influ-
encing the motivation and need to run a larger house-
hold and to engage in mobility-related activities, such
as making trips and visiting family members. If this
condition of motivation is met and options are avail-
able, for example in the form of a driving licence, health
status becomes an important factor. Health status is
also significant, as deteriorating mental or physical
health tends to decrease the distances travelled by older
adults. Within urban areas, concerns about personal
safety when using certain means of transportation, such
as bicycles or cars, are raised. Several innovative solu-
tions are available to address these issues, as these new
solutions have been rapidly developing in the past dec-
ade and are being discussed within the context of the
Society 5.0 phenomenon.

Webber et al. [16] have established fundamental cat-
egories of determinants for older adults’ mobility: cogni-
tive, psychosocial, physical, environmental, and financial
categories. The clusters generated from the co-occur-
rence of keywords in this study cover only a part of these
fundamental categories, as specific keywords related to
individual financial context or cognitive factors were not
significantly investigated in the mobility-related papers.
Among the fundamental categories, environmental
determinants have been frequently studied, and the ‘con-
dition’ cluster in this study combines environmental and
individual conditions. The individual condition cluster
is closely related to psychosocial factors, among which
Webber et al. [16] include self-efficacy, depression, cop-
ing mechanisms, anxiety, fearfulness, and relationships
with others, which affect interest and motivation for
mobility. The combination of environmental and indi-
vidual conditions confirms the close interdependence of
these factors, as a person’s skill level combined with their
surroundings contribute to successful mobility outcomes
[101]. Physical determinants are mainly reflected in the
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Table 9 Overview of mobility determinants

Source Categories of
older adults’
mobility
determinants

36,45-47, 52,60, 86]

[ Cognitive
[33,40,49, 50, 53, 74,75, 78, 80, 83]
[

Psychosocial

34, 35,40, 54-56, 58, 63, 64, 70, 79, 87, 88] Physical
[34,41,46,54-57,59,61, 62,6468, 71-74,76-78,81, Environmental
82,85,97]
[54,71,73,74,83] Financial -
with gender,
culture, and biog-
raphy

‘person disability’ group of ‘challenges, indicating that
the interpretation of these factors is mainly negative and
focuses on the gradual erosion of older adults’ physical
abilities related to spatial mobility [16]. Table 9 provides a
summary of the main mobility factors discussed.

The selected studies highlight accessibility discrepan-
cies between seniors and non-seniors, urban seniors
and suburban seniors, and seniors who own vehicles and
those who do not (e.g. [50]). In older individuals, possess-
ing a valid driver’s licence is associated with a reduced
risk of reporting life space constriction and an increased
likelihood of life space recovery if constriction occurs. A
total of 71 studies demonstrate that older adults have a
higher demand for public transit and experience greater
mobility disadvantages than younger adults because they
are more reliant on public transit. To facilitate access to
healthcare for older individuals, additional healthcare
resources should be committed and public transit to
healthcare facilities should be improved, particularly in
outlying areas. In a total of 72 studies, the results indicate
a strong attachment to the place of residence and the sur-
rounding community among older individuals. The par-
ticularly high rates of homeownership suggest that future
older adults will continue to live at home. The remaining
individuals who are potentially mobile aim to relocate
within the region or utilize their second homes more fre-
quently, indicating a likelihood of living in multiple loca-
tions in the future.

Healthcare solutions for older adults include connect-
ing and sharing information in a network between users
of medical data, including medical check-up records and
treatment and care records, providing remote medical
care services, and integrating Al and robots in care facili-
ties to promote community independence. GPS technol-
ogy has proven to be a robust and valuable method for
acquiring new information, particularly when paired with
qualitative data, as is demonstrated in [72]. GPS data
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loggers can be incorporated into evaluations and inter-
ventions. Rantakokko et al. [61] suggest in their findings
that longer GPS use is significantly associated with higher
cognitive ability. These results indicate that GPS watches
may be able to continuously monitor changes in func-
tional health, allowing for informed preventative efforts.

The determinants of mobility examined in the studies
include environmental, physical, psychosocial, and cogni-
tive factors, which are investigated in almost all studies.
Financial determinants, along with gender, culture, and
biography, are less frequently studied. Additionally, the
role of technology and the solutions mentioned in Chap-
ter 4.2.3 on Society 5.0 should also be considered as new
determinants of mobility. Figure 6 provides a visual rep-
resentation of the confirmed determinants of mobility
(green), those currently deemed non-essential (yellow),
and those that require reclassification (blue).

Johnson et al. [7] have found the following main factors
influencing mobility (LSM as an outcome variable): age,
gender, education, health issues, and physical capabilities
and activities. Our findings confirm the main role of age,
education, family status, health issues, and physical capa-
bilities. However, the role of gender as well as biography,
culture, and financial aspects has not been extensively
studied in the studies included in our review. Johnson
et al. [7] provide detailed insight into health issues that
contribute to decreased LSM, such as stroke, depressive
symptoms, undernutrition, and obesity. Among other
factors described by the same authors in their review,
the role of car utilization, both as drivers and passen-
gers, is also confirmed, usually combined with walking
difficulties.

In our study, environmental conditions and locality
play an essential role in mobility. Johnson et al. [7] iden-
tified a single paper oriented at environmental factors
related to restricted LSM (Rantakokko et al. [61]). This
particular paper reported environmental barriers, such as
high curbs, lack of sidewalks, and missing environmental

Psychological

Environmental

Mobility Determinants

Technological

Fig. 6 Mobility determinants overview
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facilitators, including safe crossings or good lighting.
Our findings substantially extend the list of environmen-
tal factors and underline the roles of other factors, such
as unsuitable environment and equipment of stops, dif-
ficulties in boarding and alighting, poor air conditions,
orientation in timetables, shade, greenery, toilets, rail-
ings, benches, views of the surroundings, stairs, parked
cars, bicycles, obstructing objects, noise, or unpleasant
environment, and non-aesthetic factors. Understanding
which environmental factors are perceived as significant
and how they can be improved is crucial for enhancing
elderly mobility.

The present research has generated valuable discover-
ies, but it is important to acknowledge its limitations. To
begin with, the precision of search keywords may have
led to the exclusion of relevant papers from our study,
and the selection of keywords influenced the investigated
zones of living, so that, for instance, the coverage of in-
house mobility is limited.

Second, differing aims, demographics, and findings
were used to classify the publications under analysis. We
have excluded travelling for recreational purposes to dis-
tinguish gerontological and travel studies related to dif-
ferent determinants. Finally, clustering results in some
overlap of topics, which are therefore not as clearly delin-
eated as if they were formulated by researchers. However,
such overlap allows an insight into how these factors are
interlinked and mutually conditioned.

Conclusion

Reduced mobility among older adults is a complex prob-
lem stemming from many areas of human activity and
perhaps has more options for improvement. The results
of this study reveal that the key determinants of mobil-
ity are environmental, physical, cognitive, psychosocial,
and technological. In relation to the previous results,
we underline the role of modern emerging technolo-
gies in overcoming disabilities (or more common geri-
atric mobility problems). We also emphasise the role of
the environment and the interactions between individu-
als and the environment. Additionally, we have identi-
fied more environmental factors than previous studies,
including the role of suitable equipment of dwellings and
public spaces, as well as street furniture. Based on these
key determinants, future research can focus on several
areas, including:

« understanding the interactions between different
determinants of mobility: Further research could
examine how the different determinants of mobil-
ity interact with one another and jointly influence
mobility outcomes.
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+ Addressing environmental factors that impact mobil-
ity: Research could examine the impact of environ-
mental factors such as air pollution, climate change,
and access to green spaces on mobility outcomes and
identify interventions to address these factors.

+ Identifying interventions to improve cognitive and
psychosocial determinants of mobility and examin-
ing the impact of mobility on health and well-being.

Given the importance of technological determinants
of mobility, future research could focus on developing
new technologies or improving existing ones to enhance
mobility outcomes. In the context of emerging technolo-
gies, important opportunities for future research include:

+ integration of smart home technologies to enhance
accessibility and safety for seniors in their homes,

+ development of assistive technologies for mobility,
such as exoskeletons and robotic devices, to help sen-
iors with physical limitations move around more easily,

« design of accessible and age-friendly public spaces,
such as sidewalks, public transportation systems, and
buildings, to improve mobility for seniors in their
communities.

+ utilization of AI and machine learning algorithms
to optimize transportation systems and make them
more accessible to seniors.

+ study of the impact of autonomous vehicles on sen-
ior mobility and the development of policies and
regulations that support their safe and equitable use
by seniors.

« investigation of the relationship between physical
activity, mobility, and quality of life for seniors and
the development of interventions to support healthy
ageing.

+ exploration of innovative financing models to sup-
port the integration of assistive technologies into the
lives of seniors, including the use of public-private
partnerships.

Further research on these determinants can help arrive
at solutions that, in turn, will improve mobility. Financial
determinants have not been widely investigated, so future
research should focus of financial determinants, espe-
cially since many technological solutions are expensive
and not commonly available, which limits their use.

The number of older adults is increasing in developed
countries, and there is increased consumer potential. This
may be a strong motivation for public and private entities
to develop innovative and supportive activities for this tar-
get group. Addressing mobility challenges for older adults
involves a multidisciplinary approach that includes health-
care providers, policymakers, urban planners, and families.
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