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ABSTRACT

Public transport plays a crucial role in supporting autonomy, social inclusion, and quality of life for older
adults. This study, part of the Horizon Europe OptiPEx project, explores factors influencing public
transport use among older adults in four European countries (Austria, Finland, Germany, and Spain),
with the goal of promoting inclusive and sustainable mobility in later life. A sample of 478 individuals
aged 65 or older participated in an online survey assessing demographic characteristics and patterns of
public transport usage. A decision tree analysis identified four key predictors of high-frequency public
transport use (defined as daily or weekly): (1) preferred mode of transport, (2) use of mobile
applications, (3) country of residence, and (4) age. Participants who primarily used local modes of
transport (bus, tram, or metro) were significantly more likely to be frequent users. Likewise, individuals
who used transport-related mobile apps also reported higher usage frequency. Among the countries
studied, participants from Spain showed the highest levels of public transport use, and younger seniors
(aged <71.5 years) were more likely to be frequent users compared to older participants. The decision
tree model achieved an overall classification accuracy of 73.6%, exceeding chance levels by 36.8%. It
also reduced classification error by approximately 15.4% relative to a model with no predictors.
Cross-validation results confirmed the model’s generalizability and low risk of overfitting. These findings
highlight the importance of enhancing local transport accessibility, fostering digital inclusion, and

tailoring services to national and age-specific contexts.
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1 INTRODUCTION

Public transport, a sustainable alternative to private vehicles, has expanded significantly in many

countries in recent decades. Providing safe and efficient public transportation has a positive impact not
only socially and economically but also environmentally (Keshavarz-Ghorabaee et al., 2021). Despite
efforts, many prefer personal vehicles for their flexibility, comfort, and gaps in public transport
connectivity (Miralles-Guasch et al., 2012), including limited accessibility options and mobility services
that make public transport less appealing (Rafig & McNally, 2021). De Ofia (2021) analysed public

transport user satisfaction across Spain, Italy, Germany, Portugal, and the UK. The study found that
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service quality, frequency, punctuality, and travel speed were key factors influencing user attitudes.

Young, highly educated urban residents are the most frequent public transport users (Machado-Le6n et
al., 2016; Roos et al., 2020). However, the reach and benefits of public transport must go further,
improving inclusion in public transport for all types of vulnerable users, including older adults (Park &
Chowdhury, 2018; Park et al., 2023). The European Union has one of the highest aging rates in the
world. In 2022, there were approximately three working-age people for every person aged 65 or older,
and by 2050 this ratio could be two to one (Eurostat, 2025). The average life expectancy of EU citizens
is relatively high, 79 years for men and 84 years for women, so many EU citizens can enjoy retirement
to pursue activities and occupations outside their previous careers. A fulfilling life relies on three basic
psychological needs -autonomy, competence, and relatedness- which fuel intrinsic motivation, driving
creativity, curiosity, and perseverance (Reeve, 2018). The quality and potential of old age have long
been recognized as influenced by the neglect of psychological needs (Langer, 2009). Older adults face
considerable challenges in preserving their autonomy, closely tied to their mobility options: they will
experience a certain progressive physical decline due to their age (Anthony, 2025); they will drive their
private vehicles less and less, and in fact, many will soon stop driving; they will experience constant
and rapid change in technological innovations around them (Jahangir et al., 2024); and after retirement,
they will have to reinvent themselves in a society that glorifies youth and tacitly encourages ageism
(Anthony, 2025).

Older adults are doubly vulnerable, especially when, in addition to the physical limitations imposed by
time and culture, motivational limitations are also present, preventing them from fully enjoying this
stage of life. Public transport is and should be a fundamental ally of an aging society, empowering
citizens that need to maximize their life potential. This study is part of the international project
Optimizing Passenger Experience in Public Transport (OptiPEx), which primary goal is to enhance the
user experience in public transport to encourage greater usage. The objective of this study is to provide
data on the basic characteristics of older public transport users today, within the framework of the

OptiPEx project.
2 METHOD

This study followed an observational, cross-sectional, and descriptive design, using a structured
questionnaire to analyse the attitudes and experiences of public transport users in Austria, Finland,
Germany and Spain. The initial sample consisted of 2,270 participants selected through a nationally
representative sampling process. Gender representation was ensured within the sample. The survey
was administered and data were collected via an online questionnaire distributed through the

QuestBack platform (www.questback.com) while Bilendi (www.bilendi.com) was responsible for

obtaining a representative sample and ensuring compliance with data protection and anonymization
regulations. The study meets the requirements set by the Research Ethics Committee of the
Autonomous Community of Aragon (CEICA: Pl 24-393).
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2.1 Participants

A group of 478 older adults (defined here as those aged 65 years or more, following Eurostat's
definition of older people as those aged 65 years or more; Eurostat, 2020) was selected from the initial
sample recruited in four EU countries. The largest share of older respondents came from Austria
(35.8%), followed by Spain (26.6%), Germany (22.6%), and Finland (15.1%). This distribution provided
a diverse geographic representation within the sample, allowing for cross-national insights into public
transport usage. Participants had a mean age of 71.3 years (SD = 4.0), with males representing 54.8%
(n = 262), females 45% (n = 215), and a single individual preferring not to disclose gender (0.2 %).
Most participants had completed secondary education (57.9%), while 30.3% had university degrees,
11.5% primary education, and just 0.2% had no formal education. Regarding household income, the
largest group earned between €1,000 and €3,000 monthly (58.4%), with 34.9% earning above €3,000,
and 6.7% earning below €1,000.

In terms of disability, the majority reported no disabilities (71.5%), although mobility limitations were
reported by 16.9% of participants, visual impairments by 11.5%, hearing impairments by 9.6%, and
wheelchair use by 0.8% (these categories were not mutually exclusive). Public transport usage varied,
with 40.8% using it annually or less, 26.6% weekly, 23% monthly, and 9.6% daily. The bus was the
predominant transport mode (55%), the train was used by 26.4%, tram by 9.6%, and metro by 9%.
Public transport primarily fulfilled participants' needs for errands (71.3%) and leisure or sports activities
(63.8%), while fewer used it for work (6.7%) and educational purposes (0.8%) (these categories were
not mutually exclusive). Additionally, 35.1% of participants used mobile applications related to public

transport.
2.2 Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics (Version 29.0, IBM Corp., 2022) for
Windows. Variables analysed included demographic factors (Age, Gender, Country, Educational level,
Household income, and Disability type) as well as public transportation usage details (Frequency of
public transport use, Most frequently used transport mode, Transportation needs fulfilled, and Use of

mobile applications for public transport).

ADecision Tree Analysis was performed using the Classification and Regression Trees (CRT) method.
This approach, developed by Breiman, Friedman, Olshen, and Stone (1984), is a widely used
technique for classification and prediction. CRT applies binary recursive partitioning, allowing for the
modelling of interactions between categorical and continuous predictors, thus enhancing interpretability.
For simplification purposes, the dependent variable (Frequency of public transport use) was recoded
into a binary format: "Low frequency" (monthly, annually or less) and "High frequency" (daily or weekly).
Categorical variables were grouped based on their inherent categories, while continuous variables
were discretized into interpretable ranges. The Gini index was employed as the criterion for selecting
the optimal splits during the decision tree construction. The analysis parameters were set with a

maximum depth of five levels, a minimum of 100 cases for parent nodes, and 50 cases for child nodes.
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To validate the robustness of the tree model, 10-fold cross-validation was implemented.

Model performance was assessed using classification accuracy and risk estimation. To assess whether
the classification performance exceeds what would be expected by chance, we calculated two
indicators: proportional-by-chance accuracy (computed according to Bayaga, 2010; El-Haib, 2012) and
proportional reduction in error, providing a standardized evaluation of the model’s predictive utility
(Hess, Olejnik, & Huberty, 2001). The benchmark that we used to characterize a classification as useful

was a 25% improvement over the rate of accuracy achievable by chance alone (White, 2013).

3 RESULTS

The decision tree for predicting public transport frequency (see Figure 1) was based on a total sample
of 478 participants. Of these, 63.8% were categorized as “Low frequency” users (monthly, or annually),

while 36.2% were considered “High frequency” users (daily or weekly).
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Figure 1- Decision tree for the frequency of public transport use.
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The most influential predictor of usage frequency was the primary mode of transport, x%(1) = 43.71,
p < .001. Individuals who primarily used the train were significantly more likely to be low-frequency
users, while those who used the bus, tram, or metro were more likely to belong to the high-frequency
category. For participants who favoured local transport modes (bus, tram, or metro), the use of mobile
applications emerged as the next most relevant factor, x%(1) = 39.05, p < .001. In this group, those who
reported using public transport apps had a notably higher likelihood of being frequent users. Among
app users, country of residence further differentiated usage patterns, x%3) = 24.02, p < .001.
Specifically, participants residing in Spain were more likely to use public transport frequently. Within the
Spanish subgroup, age was an additional nested factor, with those aged 71.5 years or younger being

more likely to belong to the high-frequency group, x%1) = 9.39, p < .05.

The decision tree achieved an overall classification accuracy of 73.6%, correctly identifying 75.1% of
low-frequency users and 71.1% of high-frequency users. The model’s proportional-by-chance accuracy
was estimated at 53.8%. Its overall classification accuracy exceeded this baseline by approximately
36.8%, indicating a substantial improvement over chance. Furthermore, the proportional reduction in
error was 63.8%, suggesting that the model reduced classification error by about 15.4% relative to a
model with no predictors. These findings support the model’s predictive validity and suggest it offers a
meaningful improvement over random classification. The resubstitution risk estimate was .264
(SD = .020), and the cross-validation estimate was slightly higher at .295 (SD = .021), indicating good
generalizability and a low risk of overfitting. These results indicate a robust performance in

distinguishing between frequent and infrequent older users of public transport.

4 DISCUSSION

The primary objective of this study was to analyse user profiles based on the frequency of public
transport use among older adults from four European countries: Austria, Finland, Germany, and Spain.
The results revealed four key characteristics significantly related with higher frequency of public
transport use. The most influential factor was the type of transport used. Older adults who primarily
used local public transport services—such as buses, trams, or the metro—were more likely to be

frequent users, whereas those who mainly relied on trains tended to use public transport less often.

This finding aligns with the conclusions of the GOAL project (Millonig et al., 2012), which reported that
older adults use local transport systems like buses or trams more frequently than trains, which are
typically designed for long-distance trips. For many older individuals—particularly those with mobility
limitations or who reside in urban or suburban areas—daily travel tends to focus on nearby destinations,
such as local shops and healthcare facilities. These needs are better served by local public transport

options that offer frequent stops, shorter travel times, and more accessible boarding conditions.

The second most relevant factor for the frequency of public transport use was the adoption of mobile
applications. Participants who reported using these apps showed a notably higher likelihood of being
frequent users compared to those who did not. Consistent with these results, previous research has

suggested that public transport apps may play a crucial role in influencing older adults' travel behaviour
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by offering accessible, user-friendly features such as real-time schedules and route optimization. These
tools enhance users' confidence, perceived control, and decision-making, helping to overcome barriers
such as confusion and anxiety, thereby promoting mobility and supporting social participation among
older adults (Yao, 2024).

Our findings also indicated that country of residence plays a significant role in shaping public transport
usage patterns, with Spanish participants reporting the highest frequency of use. Several factors may
help explain these cross-country differences. First, urban structure and infrastructure vary across
nations; some countries have been shaped by car-oriented development, while others were historically
designed around public transit systems (Knodel & Zimmer, 2010). Second, public policies influence
usage—yparticularly where free or discounted travel passes are available, as seen in the UK, Czech
Republic, and Spain (Department for Transport UK, 2020). Third, accessibility—both physical and
cognitive—affects user confidence; transport systems designed with seniors in mind tend to promote
usage, while digital and architectural barriers may discourage it (Fiedler, 2007; Siren & Haustein, 2013).
Fourth, the cultural perception of public transport also plays a role; in some countries, it is viewed as a
high-quality, inclusive service, whereas in others, it may be associated with a lack of alternatives
(Haustein & Siren, 2015).

Finally, age emerged as a distinguishing factor, with individuals aged 71.5 years or younger showing a
higher likelihood of using public transport frequently compared to those in older age groups. Similarly,
prior studies have indicated a consistent decline in the frequency of public transport use as people age.
For instance, data from the National Health and Aging Trends Study 2015-2022 (Twardzik & Schrack,
2024) shows that public transit use prevalence decreases significantly with advancing age. Specifically,
while 7.8% of adults aged 72-74 years used public transit, this proportion dropped to 3.6% for those
aged 90 years and older. This trend suggests that older adults progressively reduce their reliance on
public transport as they age, possibly due to declining mobility, health issues, or preference for

alternative transport modes.

This work offers practical implications for policy and transport planning. Based on our findings, to
promote public transport among older adults, public administrations should focus on improving local
transit networks by ensuring services are frequent, accessible, and senior-friendly. They should also
support the development of user-friendly transport apps and provide digital literacy training for older
people. Policies must be tailored to regional contexts, addressing fare affordability, infrastructure, and
cultural attitudes. Finally, special attention is needed to meet the needs of the "oldest old" through

age-sensitive design and targeted mobility support services.
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