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Abstract. The world is facing a series of changes that will modify the way we envisage transport
planning in our cities. Demographic ageing as a consequence of higher life expectancy and lower
fertility rates is a world-wide phenomenon. While ageing is indeed a triumph of scientific progress
and increasing longevity is perceived as one of humanity’s greatest achievements, the transition
in society needs to be managed. In the urban context, any increase in age, health, and economic
conditions determines one’s ability to enjoy the urban milieu and the so-called economies of urbanisation (advantages gained from an urban location, e.g., proximity to a market, labour supply, good
communications, and financial and commercial services) longer. As there are more and more elderly
people in cities, urban mobility becomes crucial in making the urban environment more inclusive. In
order to provide suitable policy guidelines, it is, therefore, necessary to investigate and understand
senior traveller behaviour.
In this study, we investigate urban travel characteristics of people aged 65 years and over living in the city of Genoa (one of the cities with the largest population of the elderly in the EU). By
utilising a structured questionnaire, the paper explores the satisfaction and motivations of approx.
600 elderly public transport users in the city. In particular, exploratory factor analysis has been used
to determine the key dimensions of the satisfaction and mobility motivations, and subsequently to
use them to investigate the cost sensitivity of elderly people.
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1. INTRODUCTION

Life expectancy at birth has reached 80 years in over 30 countries. While at present only Japan has an elderly population accounting for more than 30% of its
population, by 2050 64 countries are expected to join Japan.1 (UN, 2013). The
ageing process is most advanced in high-income countries. Japan (33% were aged
60 years and over in 2015) is followed by Italy and Germany (28% aged 60 years
and over), and Finland (27%) (UN, 2015).
The number of elderly people in the world is projected to grow by 56%, from
0.9 billion to 1.4 billion between 2015 and 2030 (Szeto et al., 2017). The demographic shift, as a consequence of higher life expectancy and lower fertility rates,
is occurring worldwide, and particularly in developed economies (Oeppen and
Vaypel, 2002; Bricocoli et al., 2018).
A rise in age, health, and economic conditions increases the opportunities to
enjoy what the urban environment and the milieu have to offer (Alsnih and Hensher, 2003; Banister and Bowling, 2004; Lutz et al., 2008; Coughlin, 2009; Rosenbloom, 2009; Dobbs et al., 2016). However, that use is bound (or limited) by the
accessibility to places or services. Urban mobility planning becomes a vital tool
towards a more friendly and inclusive urban environment (Banister and Bowling,
2004; Beria et al., 2012; van den Berg et al., 2016).
Today’s elderly significantly differ from previous generations: they are wealthier,
healthier, and more mobile, as well as more numerous than in the past as a consequence
of the generation of baby boomers reaching old age (Rosenbloom, 2001; Currie and
Delbosc, 2010). This is the first time that such a change has taken place between two
generations (Lutz et al., 2008; Lanzieri, 2011; Szeto et al., 2017; Mariotti et al., 2018).
While today’s elderly live longer than any generation before them, they are
not necessarily happy to retire at 65 and count the days until they enter a nursing
home. Life after retirement has been growing over the years (Fig. 1) and this
causes a longer period of activity and opportunities for current generations compared to the previous ones. On average, in 2020 the life expectancy at birth was
74 years for women and about 70 years for men; however, the valuesare forecast
to increase. The same projected growth is observed for life expectancy after age
65 which now stands at 17 years and is expected to rise to 19 years by 2050; that
is a considerable time that is worth living well (OECD, 2019).
As Hjorthol et al. (2010) have indicated for for Northern Europe, car ownership and
use by the elderly has been increasing over the last 20 years, with a higher trip rate and
more activities outside the home compared to the same age groups of 20–25 years ago.
We have adopted Eurostat and Istat (Italian Insititute of Statistics) age groups, i.e., the elderly:
over 65; adults: 15 to 64; young people: 0 to 14. The ageing index is the ratio of the population over
65 to the population aged between 0 and 14; the elderly dependency index is the ratio of the
population over 65 to the population aged between 15 and 64.
1
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Fig. 1. Life expectancy at birth (male vs female) and life expectancy at age 65 from 1950 to 2100
Source: UN, Department of Economic and Social Affairs, Population Division. World Population
Prospects 2019, Volume II: demographic profiles.

A longer post-retirement life, along with better health and economic conditions,
generate the desire and opportunities for mobility, whose link to the quality of life has
been widely acknowledged in literature (Metz, 2000; Banister and Bowling, 2004;
Preston and Rajé, 2007; Nordbakke, 2013; Nordbakke and Schwanen, 2014; Ryan
et al., 2015). It has become necessary to re-think urban transport options to match the
needs of an ageing population while maintaining their well-being and quality of life.
This is a complex task requiring in depth studies of senior travel patterns and mobility
needs in order to implement successful planning strategies. To provide suitable polices
it is necessary to first investigate travel behaviours and the needs of elderly people.
Within this context, our analysis aims at studying travel behaviour of elderly
people, through an exploratory factor analysis performed in order to evaluate the
key dimensions of satisfaction and mobility motivations, and investigate the cost
sensitivity of elderly people.
The survey applied to Genoa. Why is one Italian city such an interesting scenario to investigate the connection between ageing and urban mobility planning?
Statistics are a useful tool to answer this question (Burlando and Cusano, 2018).
Italy is one of the countries with the longest life expectancy: almost 81 years
for men and 85 for women. While facing a decrease in the birth rate, the country also shows a significant demographic imbalance. With 170 elderly people for
every 100 young people, Italy is the second oldest country after Japan (ISTAT,
2018), with 20-year forecasts estimating an even greater imbalance: 265 elderly
people for every 100 young people (ISTAT, 2018).
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Eurostat figures (2018) have revealed that Italy has the highest number of people aged 65 and more in Europe, accounting for 22.3% of the population (followed
by Greece at 21.5%, and Germany at 21.2%) and the worst elderly dependency
index at 34.8% (in comparison to the EU average of 29.9%).
The average life span of Italians (around 85 years for women and 81 years for
men: ISTAT, 2018) tops the EU ranking. After retirement, a 65-year-old men can
expect to live another 19.1 years, while women may live up to a further 22.3 years
on average (ISTAT, 2016).
Among all urban areas with populations exceeding 250,000 in the EU Member
State with the oldest population (according to ISTAT data), Genoa has the highest share of people aged 65 and more (28.6%), the worst elderly dependency index
(47.5%), and the highest average age in Italy (48.9). Genoa as the oldest city in the
country with the oldest population in the EU is an obvious candidate for a case study.
Therefore, it seems crucial to ensure that within the ageing process quality of
life is ensured at a certain level. Sadly, these aspects appear to be underestimated in
Italy by the academia, urban transport planners and practitioners, as well as in policymakers’ agendas. This great demographic change demands significant strategic
(Buffel et al., 2012; van den Berg et al., 2016) given the effects of ageing on the
environment, on mobility patterns (Rosenbloom, 2001), and on transport systems
(Alsnih and Hensher, 2003; Buehler and Nobis, 2010; Van den Berg et al., 2016).
Italy has one of the oldest populations in the EU, while the population of Liguria and its capital Genoa are the oldest in Italy. Located in the historically industrialised North West of Italy, with a population of 580,000 and 240 sq. km, Genoa
displays one of the worst demographic trends in Europe: 28% of its inhabitants
are aged over 65, the old-age index (the ratio of people over 65 to people under
the age of 14) exceeds 250% and the average age is over 48. We consider the city
as a significant possible example and believe that the findings and their discussion
can be “food for thought” for policymakers and researchers working on urban
transport planning in the context of ageing.

2. METHODS
2.1. Sample description and research design

The empirical research was based on the development of a structured questionnaire
based on personal interviews of a sample of approx. 605 elderly public transport
users (over 65 years of age) from the city of Genoa. The sample was proportionally
stratified on the basis of gender and age of respondents. The random sample was
interviewed following the CAPI (computer assisted personal interviewing) method.
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In particular, the sample was divided into 4 different age groups: 65–70, 71–75,
76–80, and over 80; the need for a proper age segmentation has been confirmed
by several studies that disaggregated the “elderly” category into different sub-categories with very specific needs (Alsnih and Hensher, 2003; Currie and Delbosc,
2010; Mandl, 2013; Coughlin, 2009; Haustein, 2012; Kim and Ulfarsson, 2004;
Siren and Haustein, 2013).
Table 1. Sample and population description with respect to the stratification variables
sample
[%]

population
[%]

AGE

sample
[%]

population
[%]

Male

42

44

65–69

21

23

Female

58

56

70–74

24

24

75–79

26

21

> 80

29

32

SEX

Source: own work.

After the data has been cleaned, the sample is adequately balanced with respect
to the stratification variables. In particular (Table 1), the sample comprised for the
most part women (58%), the average age being 75, with a significant share of people over 80 (approx. 30%). Most interviewees (64%) still held a driving license,
while 16% no longer held one. The number of driving license holders remained
high (40%) even among the over 80 bracket.
The questionnaire consisted of three sections: the first section included biographical information of the respondents (sex, age, employment status, and qualification);
the second one investigated their urban mobility habits (daily number of movements, frequency of movements, means of transportation, etc.); the last section evaluated the satisfaction regarding local public transport and the motivation to use it.
This section includes questions concerning user opinions on the quality of public
transport, pedestrian mobility, and the use of urban roads in general. These questions
were organised as sets of ten-point scales comprising 18 items divided into two
sections: satisfaction about public transport (related to elements such as frequency,
punctuality, information, security, and comfort), and about road and sidewalk conditions (related to maintenance, cleaning, lighting, and security).
2.2. Data analysis and results

Data analyses were performed in two steps. First, an exploratory factor analysis (EFA)
was performed on the 18 items included in the last part of the questionnaire in order
to better understand the multivariate structure of the satisfaction measures (Table 2).
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Table 2. Results of EFA on the 18 satisfaction items (factor loading < 0.5 omitted)
Factor
loadings

Mean

SD

Sidewalk condition

0.678

3.891

0.088

Street maintenance and
cleaning

0.722

3.988

0.089

Crosswalk

0.644

5.992

0.085

Street lighting

0.642

6.104

0.081

Urban security

0.663

5.787

0.078

Condition of stairs

0.582

4.779

0.080

Travel time

0.505

5.860

0.073

Waiting time at bus stop

0.795

5.202

0.083

Frequency

0.782

5.198

0.080

Punctuality

0.642

5.949

0.083

Information on board

0.541

5.555

0.101

Information at bus stop

0.501

6.159

0.092

Security at the bus stop

0.617

6.365

0.078

Security on board

0.565

5.874

0.081

Courtesy of the driving staff

0.575

6.617

0.088

Comfort at the bus stops

0.627

5.316

0.083

Comfort on board

0.696

5.008

0.084

Ease of entry/exit

0.573

5.050

0.088

Factor 1. Pedestrian
Mobility (PMOB)

Factor 2. Time factor
(TIME)

Factor 3. Security
perception (SECU)

Factor 4. Overall comfort
(COMF)

Explained
variance [%]

Cronbachʼs
alpha

41.86

0.854

12.02

6.05

5.33

0.867

0.818

0.834

Source: own work.

The factors were extracted using the principal component method. The total
number of factors (4) was defined using the Keiser criterion. Thus, we guaranteed the percentage of cumulative explained variance greater than 65%. To measure the appropriateness of the factor analysis, we have calculated Bartlett’s sphe-
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ricity test (p-value < 0.001) and the Keiser Meyer Olkin index (KMO = 0.9143)
and we have concluded that correlations in the dataset exist and are appropriate
for the factor analysis, and sampling adequacy is good. In order to simplify the
factor structure and make its interpretation more reliable, we performed a varimax
rotation. To check the reliability of each factor, we finally calculated the Cronbach’s alpha among items, for each extracted factor.
As reported in Table 2, Factor 1 (PMOB) included six items (i.e., sidewalk conditions, street maintenance and cleaning, pedestrian crossings, road
lighting, urban security, and the condition of stairs). The internal consistency
was good as Cronbach’s Alpha for this factor was 0.854. This factor explains
41.86% of the total variance and, due to its inner composition, was called pedestrian mobility.
Factor 2 (TIME) explained 12.02% of the total variance and loaded all items
related to punctuality and frequency of local transport (travel time, waiting time
at the bus stop, bus frequency, and punctuality). The internal consistency was also
good (Cronbach’s Alpha = 0.867).
Factor 3 (SECU) included all items connected to passenger perception of security and peace of mind (information on board and at the bus stop, security on board
and at the bus stop, and courtesy of on-board personnel). It explained 6.05% of the
overall variance and had a good internal consistency.
Finally, factor 4 (COMF) included all items connected to the ease and comfort
of travel (comfort at the bus stop, comfort on board, and ease of entry/exit) explaining 5.33% of variance.
After Exploratory Factor Analysis (EFA), the four factors extracted were used
to investigate the determinant of cost sensitivity of elderly people. Thus, a regression model was performed to test the impact of the four factors (PMOB,
TIME, SECU, COMF) on cost sensitivity (CSEN). The dependent variable was
obtained from a specific question in the second part of the questionnaire which
asked respondents to evaluate the importance of the cost of public transport (on
a four-point scale ranging from 1 to 4). Being the dependent variable an ordinal
variable, a proportional odds model (ordered logistic regression) was used instead
of ordinary least square regression.
In addition, seven control variables were included in the regression analysis as extant literature identified them as relevant drivers for cost sensitivity (Hunt, 2001; Paulley et al., 2006; Craig and Tienoven, 2019). Most of
them were related to biographical characteristics (Meyer and Speare, 1985;
Rosenbloom, 2004; Scheiner and Holz-Rau, 2012; Chao, 2019): SEX, AGE,
QUAL (qualification), DLIC (driving license), EMPL (employment), WMOV
(work-motivated movement), FMOV (family-motivated movement), and
CARR (car usage reduction). All variables were operationalised as reported
in Table 3.
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Table 3. Definition and operationalisation of dependent, independent, and control variables
Code

Variable

Operationalisation
Dependent variable

CSEN

Cost sensitivity

four-point scale from 1 to 4

Independent variables (Satisfaction factors extracted from EFA)
PMOB

Pedestrian mobility

TIME

Time factor

SECU

Security and selfconfidence

COMF

Comfort factor

SEX

Sex of respondent

Dummy variable: 1 male; 0 female

AGE

Age of respondent

Integer number >= 65

QUAL

Qualification of
respondent

Dummy variable: 1 if a respondent had a Bachelor’s
degree or higher; 0 otherwise

DLIC

Driving licence

Dummy variable: 1 if a respondent did not have
a driving licence; 0 otherwise

EMPLO

Employment

Dummy variable: 1 if employed; 0 otherwise

WMOV

Work-motivated
movement

Number of weekly movements due to working
motivations on the total movements of the week

FMOV

Family-motivated
movement

Number of weekly movements due to family
motivations on the total movements of the week

CARR

Car usage reduction

Dummy variable: 1 if a respondent had the intention to
reduce car usage; 0 otherwise

The operationalisation of the four independent
variables were based on factor analysis (FA) outcomes.
Each variable was calculated as a mean of all the items
included in the corresponding factor
Control variables

Source: own work.

The results of the ordered logistic regression model, reported in Table 4, show
an overall high significance of the model (LR Chi-squared = 52.38, dof = 12,
p-value < 0.001).
The results of the regression (Table 4) show that two of the four components
extracted with EFA, pedestrian mobility (PMOB) and Security and self-confidence (COMF), present a significant impact on cost sensitivity of elderly people.
Both affect cost sensitivity negatively. Moreover, three other variables seem to
affect cost sensitivity: two of these negatively (SEX and AGE) and the third positively (CARR). However, the other seven variables do not seem to be significant.
To check the robustness of the results, we compared the Full model results (regression model which considers all the variables previously introduced) with the
model obtained by selecting variables with a stepwise criterion. After a stepwise
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selection, the resulting model is preferable in terms of AIC (Akaike Information
Criterion): the significance and sign of all variables are confirmed; in addition,
another variable is now significant and negatively signed (QUAL).
Table 4. Ordered logistic regression analysis results
Full Model

Stepwise regression model

Estimate

SE

z-value

Estimate

SE

z-value

- 0.2124

0.0878

- 2.420

**

- 0.2289

0.0866

- 2.640

***

TIME

0.0415

0.0907

0.460

SECU

- 0.0702

0.0969

- 0.720

COMF

- 0.1935

0.0998

- 1.940

*

- 0.2002

0.0983

- 2.040

**

SEX

- 0.3201

AGE

- 0.0257

0.1629

- 1.970

**

- 0.3658

0.1550

- 2.360

**

0.0121

- 2.120

**

- 0.0271

0.0118

- 2.290

**

QUAL

- 0.2894

0.1700

- 1.700

- 0.3247

0.1621

- 2.000

**

DLIC

0.3010

0.2098

1.430

EMPLO

0.1895

0.3443

0.550

WMOV

- 0.0038

0.0125

- 0.310

FMOV

0.0133

0.0088

1.510
3.420

3.380

***

PMOB

CARR

0.5654

0.1655

0.5559

0.1646

cut1

- 3.5776

0.9713

***

- 3.9446

0.9199

cut2

- 1.6820

0.9613

- 2.0790

0.9081

cut3

0.4808

0.9626

0.0626

0.9081

AIC

762.79

753.27

p-values codes: *p < 0.10; **p < 0.05; ***p < 0.01
Source: own work.

3. CONCLUSIONS

The data provided in the previous sections highlights some interesting results,
namely concerning the importance attributed to the out-of-pocket cost compared
to other factors influencing travel demand patterns and their variability.
As far as demographics are concerned, the most interesting evidence appears
to be related to the age and gender of respondents. From the first point of view, it
emerges that as user age increases, the importance ascribed to the monetary cost
decreases. This is certainly due to fewer trips being made (from about 4 trips per
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day on average in the 65–70 class to 3 trips per day for those aged 80 and more)
and probably to the higher share of pedestrian trips and journeys as car passengers, both resulting from available data.
Then the importance assigned to the monetary cost seems to be smaller for
men than women. This is probably (at least partly) due to a higher average level
of income and wealth of the former compared to the latter. In Italy, the average
amount of net workplace pensions for women amounts to only 60.5% of those for
men (see ISTAT, 2019). Furthermore, the sample includes some professionally
active people, who more often were men (6.4%) than women (1.6%) (see OECD,
2017) – whose price-flexibility of travel demand is lower than for journeys for
leisure and family organisation.
Moreover, a higher level of education of users is normally associated with less
importance assigned to the monetary cost of trips. This factor is possibly responsible for the direct link between the importance ascribed to the cost and the intention
to reduce the use of private transport, which may be due to a greater awareness
of the issues related to transport sustainability, which in turn could be the consequence of a higher level of education. However, such a link appears to be far more
complex and requires further research.
Finally, and possibly connected to previous elements, it appears that the higher a respondent’s evaluation on the quality of pedestrian mobility, the lesser the
importance attributed to the monetary cost of trips. It follows that the higher evaluation of pedestrian mobility, the more trips are made on foot and the less importance given to the cost of public transport.
Predictably, a positive assessment of the level of comfort in public transport
does result in less importance given to its monetary cost, as indicated by, e.g.,
Smith, 1988; Hebel and Wyszomirski, 2018; and Ingvardson and Nielsen, 2019.
Conversely, the level of comfort which is judged inadequate will cause greater
attention to the out-of-pocket cost, as this will be more likely to be considered
unacceptably high by the users.
3.1. Implication for policy guidelines

From the point of view of possible policy guidelines – albeit the evidence of this
survey should be confirmed and strengthened by ad hoc analysis – it is worthwhile indicating that some “natural” trends push towards the reduced importance
of the monetary cost as a factor influencing how the elderly travel. This is the
case of ageing itself, not only as the natural individual process, but also an increase in the average age of population, both overall and (what is more relevant
here) in the segment of elderly people. The growing activity rate of an older population is also significant, not only as far as jobs are concerned, but also in other
lifestyle domains that imply a more active and dynamic use of time. These aspects
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are revealed, also in our survey, by the lower importance assigned by male users
to the monetary cost of transport.
Similarly, an overall higher cultural level, be it the outcome of an autonomous
societal trend or of policies not directly related to transportation, and – even more
specifically – a growing awareness amongst people of issues related to environmental sustainability, push towards reduced importance given to the out-of-pocket
component compared to the overall (direct and external) cost.
In this context, most policy guidelines should consider this trend by easing the
aspects of comfort improvement rather than by targeting merely the speed and/or
the cost-effectiveness of transport. Regarding urban public transport, this should
push the search for solutions involving modes, vehicles and service organisation
that give priority to comfort rather than other aspects of efficiency and effectiveness (of course, this should under no circumstances justify any possible waste of
resources). As regards private transportation, special effort should be made through
policies that enhance and promote pedestrian mobility, particularly through specific attention to the pleasure and safety of walking (pedestrian areas, management of
crossroads/junctions, covered walkways, and street furniture), and through a greater attention to urban design and land use, so that average distances from origin to
destination are eventually reduced to ranges suitable for elderly people. Furthermore, in the long term, the benefits arising from such policies would positively
affect not only the costs of urban mobility but also those related to healthcare.
3.2. Research Agenda

A possible interesting future research area concerns the particular impact of Covid-19 on the urban mobility of the elderly. As stated by Basu and Ferreira (2021),
COVID-19 has generated a fear of infection that leads to shunning mass
transit. Consequently, there is a probable increased usage of alternative
modes, particularly private cars, and older drivers, especially aged over 75,
are suffering from increasing “navigational” problems particularly when travelling through unfamiliar areas (Burlando et al., 2021). In addition to the increase
in car use, pandemic fears related to mass mobility are causing increases in the
use of micro-mobility modes (Bergantino et al., 2021; Hosseinzadeh and Kluger,
2021). In both cases, the elderly population is likely to be marginalised by a model
of travel that relies more on the use of cars or the use of new means of mobility
that require greater technological expertise (sharing, apps, smartphones, etc.) or
special physical skills (use of segways, kick scooters, electric bikes, etc.) This
analysis, however, should be conducted when the post-pandemic phase has
consolidated and mobility patterns have stabilised. It is clear that the pandemic
has serious repercussions on the mobility of the elderly. Nonetheless, what is important is whether there will be an effective and lasting change in the pattern of
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movement of seniors once the fear linked to the virus is left behind. Lifestyle-related urban mobility has moments of disruption that are linked to particular changes in the lives of individuals (Van Acker et al., 2016). The pandemic has been
an immensely significant event and it is necessary to understand whether it will
determine a deep and stable change in mobility patterns. To do this it will be necessary to wait until the post-pandemic phase is also over.
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