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ARTICLE INFO ABSTRACT

Keywords: As the offer of digital services in transport expands, understanding users’ digital engagement and how it
Digitalisation developed over time is important to make informed policy decisions. In particular, we lack an understanding of
Indispensability how both PT (public transport) and car users access and engage with digital technologies and perceive them to be
]S)If:ri;}sl];gl: necessary to travel. This article aims at bridging this gap, using a 2022 survey of representative samples from

both populations in the Netherlands.

There is clear evidence of travellers getting more used to digital technologies over time. In 2022, at most 80%
of car and PT users relied at least from time to time on their smartphone to look for travel information. As
expected, higher digital skills correlate positively with the likelihood of using smartphone-based travel infor-
mation. It is worth noting that PT users report higher digital skills than car users, while these samples do not
differ significantly in terms of age and education levels. As such, low (perceived) digital skills might be a barrier
to switching from the car to public transport.

Almost 75% of car and PT users think that travelling is more difficult nowadays without a smartphone,
demonstrating a radical shift in societal expectations within a decade and a half. Alternatives like public in-
formation displays exist and are still used by the majority, but traditional communication channels are not
deemed sufficient anymore to travel worry-free. These perceptions can contribute to shaping reality and may put
those with a lower digital access at a disadvantage.

Inclusive transportation
Transport disadvantage

comfortable with digital tools at risk. In recent years, transport scholars
have increasingly drawn attention to the potentially exclusionary effects

1. Introduction

From government welfare to banking services, many services that
people use nowadays are mostly or only online, often through a ‘digital-
by-default’ approach (Yates et al., 2015). This is also the case in trans-
port, where (real-time) travel information has become a fundament in
the digitalisation of transport (Ben-Elia & Avineri, 2015; Yigitcanlar
et al., 2024).

Despite the advantages digitalisation brings to many people in term
of travel efficiency, this development puts populations that are less

of transport relying a lot, or solely, on the use of Information and
Communication Technologies (ICTs) (or digital engagement4) from its
users (Durand et al., 2022; Keseru & Randhahn, 2023). Researchers have
also collected data to understand digital access and engagement in
transport, at the scale of countries (Goodman-Deane et al., 2024), re-
gions or cities (Golub et al., 2022; Groth, 2019; Zhang et al., 2020).
While these studies offer valuable insights into the broader impacts
of digital developments, they have limitations on at least three key
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areas. First, they do not track how digital engagement has evolved over
the years, while such information would be insightful to better under-
stand digital transformations. A second limitation is their lack of
assessment of perceptions of the necessity of digital engagement and
how these perceptions might influence actual digital participation.
Insight into such societal expectations would contribute to a better un-
derstanding of the extent to which a system has indeed become digital
by default. Groth (2019) attempted to measure these perceptions, but
their statements were not specific to transport and did not end up into a
single factor after data reduction, leaving a gap on that matter. Last but
not least, most studies examining digital access and engagement tend to
focus on public transport (PT) users (e.g. Un et al. (2022), Goodman-
Deane et al. (2021)). This means that there is no data available to
compare the digital engagement of users of different transport modes,
while there are indications that a modal shift from the car to public
transport is at least partly predicated on one’s ability to retrieve travel
information (Ravensbergen et al., 2022; Schmitt et al., 2019). To the
best of our knowledge, the latest study comparing car and public
transport users in terms of digital engagement dates from more than a
decade (Farag & Lyons, 2012).

The goal of this study is to provide insights into the (process of)
digital engagement of public transport and car users, and to shed more
light on developments related to this digital engagement. Our study uses
a survey distributed in 2022 among representative populations of PT
and car users in the Netherlands. Our survey was distributed among
participants of a longitudinal household panel, allowing us to track
changes among some of our respondents between 2018 and 2022. We
focus more on the smartphone than on other digital tools as smartphone-
based services play such a central role in transportation systems nowa-
days (Yigitcanlar et al., 2024). We also place more emphasis on digital
travel information services, since both car and PT users can use these
services (unlike digital ticketing services, which are mostly in PT).

This study offers relevant insights for policymakers and transport
professionals internationally. The Netherlands is one of the leaders on
the European scene in terms of digitalisation (European Commission,
2022). It is particularly interesting to examine digital engagement and
perceptions around the necessity of such an engagement in the context
of a country at the forefront of digitalisation, as it allows other countries
to better understand the ins and outs of widespread digitalisation. Be-
sides, this snapshot in time of digital engagement as well as de-
velopments in digital engagement in transport can help transport
decision-makers make informed policy decisions about future techno-
logical advances in the transport sector (Vrscaj et al., 2020).

After explaining the concepts of digital access, digital engagement
and necessity of digital technologies in section 2, we explain our
research methods and data in section 3. Section 4 presents our results.
The article closes with a discussion and a conclusion in section 5.

2. Digital engagement and necessity of digital technologies
2.1. Digital engagement and its process

For a long time, digital engagement or ICT use boiled down to
whether people had a computer and an internet connection or not, and
were motivated to go online (Lupac, 2018). As the internet has become
more widely accessible over the years, communication science re-
searchers have developed and tested frameworks to describe and explain
various degrees of digital engagement (Pick & Sarkar, 2016).

Besides the clear contribution of sociodemographic, socioeconomic
and cultural aspects to explain digital engagement, four main compo-
nents are frequently used to describe and explain the process of digital
engagement, also called digital access: motivation, material access, digital
skills and finally, usage or engagement itself (Helsper, 2021; Van Dijk,
2019). Motivation and material access are still used to explain digital
engagement, with the latter no longer being limited to having an
internet connection; nowadays, material access also covers the quality
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and the diversity of (peripheral) devices (smartphones, tablet, printers,
etc.) one possesses (Van Deursen & Van Dijk, 2018). Digital skills cover
various types of skills, from technical know-how to more strategic skills
allowing users to evaluate content’s quality and trustworthiness (Van
Dijk & Van Deursen, 2014). Engagement is about the frequency of use of
the internet and digital technologies, the type of activity performed and
the duration of use (Van Dijk, 2005).

2.2. Necessity of digital technologies

In their literature review on digital inequality in transport, Durand
et al. (2022) explained that several researchers in communication sci-
ence are critical about motivation being the entry point to understand
digital access. As digital technologies are becoming increasingly ubiq-
uitous, motivation is no longer the main precondition to access tech-
nology it used to be. In a digital-by-default ecosystem, motivations
matter less than they used to in the early internet days because alter-
natives to digital technologies are limited or invisibilised (Marién et al.,
2016). Lupac (2018) theorised this notion of necessity, which they call
indispensability. How indispensable a digital engagement is, is highly
contextual and depends on two aspects according to Lupac (2018):

e The level of embeddedness of a given digital technology in everyday
routines and institutions,

o The availability of non-ICT alternatives, factoring in potential costs
(time, money, energy, etc.) to access these alternatives.

In this study, we measure perceptions of indispensability, using the
definition provided by Lupac (2018) as a starting point. We will also
operationalise motivation, material access, skills and usage as explained
in next section.

3. Methods and data
3.1. Choice of instrument: Netherlands Mobility Panel

We chose a household panel representative of the Dutch population
to conduct our study, the Netherlands Mobility Panel (Mobiliteitspanel
Nederland, MPN). The MPN is an annual online panel designed for the
longitudinal study of travel behaviour in the Netherlands (see Hoo-
gendoorn-Lanser et al. (2015)). In addition to the annual panel waves,
MPN respondents occasionally take part in specific surveys, like the one
designed for the current study. The choice for this instrument was
motivated by two aspects:

o A few questions linked to digital access have already been used in the
MPN in 2018 (see Zijlstra et al. (2020)), thereby allowing us to track
evolutions within 4 years’ time among the same respondents.

e The MPN has the advantage that we know a lot about respondents’
travel behaviour. This gives us the unique opportunity to select and
reach representative samples of PT and car users at a large-scale
(national) level. Note that the representativeness is done on four
variables: age, gender, education level and travel mode frequency.

The use of this online instrument means we cannot guarantee that we
have representative samples in terms of digital engagement of all Dutch
PT and car users. However, according to Statistics Netherlands (2023a,
2023b), 97 % of the Dutch population aged 12 and older had access to
internet at home in 2022 and 74 % had at least basic digital skills in
2021. Besides, note that a recent national report on digital inclusion in
the Netherlands, acknowledged as a trusted source, also made use of an
online questionnaire only (Van Deursen, 2023). Nevertheless, we un-
derstand that the digital engagement we will measure through this in-
strument will likely be an overestimation of the real digital engagement
of car and PT users.
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3.2. Survey design

3.2.1. Target population

We have two target populations: adult (18 years and older) public
transport users, and adult car users with a driver’s license. We consider
people to be ‘users’ when they use a certain transport mode at least 6
times per year. This is because we want respondents to be able to recall
how they usually search for travel information. Since these samples are
representative, some PT users will also be car users, and vice-versa. Both
car drivers and passengers are counted as car users. The rationale for
including car passengers is that they can also assist a driver to look for
travel information. We only selected passengers with a driver’s license
so that they would have a better understanding of the driver’s infor-
mation needs.

3.2.2. Survey questions and statements

We kept our survey short since this MPN survey was also used for
other research purposes. This meant that we had to be selective about
the attitudinal statements (displayed in Table 1) and questions used to
capture digital access (motivation, material access, skills and engage-
ment) and perceptions of indispensability. A short explanation of the
statements and questions we used is provided below.

For perception of indispensability, we got inspired by statements from
Groth (2019) for #1, #2 and #3. We added statement #4 to have a
second statement capturing the availability and usefulness of alterna-
tives to personal ICTs. This statement was carefully chosen after delib-
eration between the authors, and after testing alternative statements
with colleagues.

For the motivation component, we used four statements relating to
the openness to digital technologies. Research shows that people who
are more interested in digital tools — more “tech-savvy” — are more likely
to use smartphone applications for transport-related purposes (Astroza
et al., 2017; Jamal & Habib, 2020; Zijlstra et al., 2020). See statements
#5 to #8. Note that statements #6 and #7 are repeated from Zijlstra
et al. (2020) who used the same longitudinal panel as we did; therefore,
we will be able to track evolutions among the same respondents between
2018 and 2022.

Material access does not necessarily require statements, as we can
simply ask respondents whether they own devices. Still, given the state
of research on digital inequality (see section 2.1), we decided to design
three statements (#9 to #11) to capture the perception individuals have
of the quality of their smartphone. In the field of transport, Golub et al.
(2019) showed that the absence of a data bundle as well as battery and
storage issues can hinder the use of a smartphone while on-the-go. Note
that we will be able to track evolutions among the same respondents
between 2018 and 2022 in terms of smartphone ownership.

We translated digital skills into a series of four statements (#12 to
#15), as inspired by or copied from previous research. For engagement, a
broad aspect, we specifically inquired about travel information devices
and sources used by car and PT users (not shown in Table 1).

All statements were presented as a 5-point Likert scale. We also
included a “No opinion” option to identify the extent to which re-
spondents would feel addressed by statements. For the statements per-
taining to skills, we replaced “No opinion” with “I don’t know”, in
accordance with recommendations on measuring digital skills through
statements (Van Deursen et al., 2014). Note that we kept all statements
similar for both car and PT users to allow for comparisons and simul-
taneous analyses.

3.3. Data collection

The survey was distributed in May and June 2022. We targeted 2,200
respondents in total. As we did not want to overburden respondents
using both PT and the car, we split the group in two equal groups, car
and PT users. The target profile of each population group was defined
based on the Dutch national travel survey, ODiN (Statistics Netherlands,
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Table 1
Statements on the perception of indispensability of digital technologies, on
motivation, material access and digital skills.

Theorised factors # Statement Copied from
or inspired
by (when

applicable)

Level of 1
embeddedness

Perception of Groth (2019)
indispensability
of digital
technologies

Travelling is
more difficult
without a
smartphone.

2 Navigation
systems, travel
apps and
websites are

Alonso-

Gonzalez

et al. (2020)

Groth (2019)

needed in order

to travel
nowadays.

1 can always

travel where I

want to, even if I

don’t have any

digital travel
information.

4 Public —

information

displays like
signs along the
road or in public
transport provide
enough
information to be
able to travel
worry-free.

1 like trying out

new apps and

digital services.

6 It’s not a
problem for me
to use my
smartphone,
tablet or
computer to
book products or
services (like
tickets).

7 It’s not a
problem for me
to use my
smartphone,
tablet or
computer to pay
for products or
services (like
tickets).

8 I avoid the use of

digital tools

when possible.

1 always have -

enough mobile

data (such as 4G,

5G) to use my

smartphone on-

the-go.

10 Ialways have -
enough battery
to use my
smartphone on-
the-go.

11  Ialways have -

enough storage

on my phone for
apps I need.

It is easy for me

to learn to use

Availability of 3
non- (personal)
ICT alternatives

Groth (2019)

Motivation: openness to digital 5 Caiati (2018)

technologies

Zijlstra et al.
(2020)

Zijlstra et al.
(2020)

Caiati (2018)

Material access: perceived smartphone 9
quality (only for smartphone owners)

Sell et al.
(2014)

Digital skills 12

new apps.

(continued on next page)
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Table 1 (continued)

Theorised factors # Statement Copied from
or inspired
by (when
applicable)

13 I can always find Goodman-
the piece of Deane et al.
travel (2024)

information I
need online.

14 I find the use of Gerzinic et al.

travel apps and (2023)
websites
difficult.

15  Planning a trip Van Acker
with an app or a et al. (2021)

website takes me
a lot of effort.

2024), where age, gender, education level and travel mode frequency
were used to define representativeness.

Based on earlier data collected through the MPN, we knew which
MPN respondents to target to reach these two representative samples. At
the start of the survey, each respondent got a control question to
determine whether they fitted in the pre-determined category (car or
PT), needed to be directed to the other questionnaire or were no longer
part of the target population. A total of 1,740 respondents completed the
survey (79 % of the target population).

3.4. Data preparation

Prior to conducting analyses, we cleaned the data. Any respondent
who answered the questionnaire under 3 min, or who answered straight
lines down in matrix questions four times or more, was deleted. A total
of 83 respondents were deleted. Thus, we have a net sample of 1,657
respondents, of which 972 are car users and 685 are PT users. 370 of
these individuals also completed the 2018 MPN study (22 % of the net
sample). Since our sample was no longer fully representative for the
targeted populations, we computed weights based on the two target
profiles established with the Dutch national travel survey. Our final
samples are representative for the populations of car and PT users in the
Netherlands (see Appendix A).

3.5. Data analysis methods

Our analyses were carried out in SPSS Statistics 29 and consist of
three techniques: descriptive analyses, a data reduction technique (see
3.5.1) and regression analyses (3.5.2). These analyses allow us to
describe the process of digital engagement and perceptions of indis-
pensability, and examine links between these aspects and sociodemo-
graphic, socioeconomic, and mobility-related variables.

3.5.1. Data reduction

We used a data reduction technique to look for relationships among
the factors that may be different from the theorised factors. The tech-
nique we use for the statements from Table 1 is an Exploratory Factor
Analysis (EFA). An EFA examines the possibility of a few latent variables
accounting for many individual variables (Schreiber, 2021). We will use
these latent variables as (in)dependent variables in subsequent regres-
sion analyses. Since we cannot run an EFA with missing values, state-
ments on material access were excluded from the analyses and will be
analysed descriptively.

We need to assume equidistance between the different levels of the
Likert scales, meaning that the ‘No opinion’ and ‘I don’t know’ levels
need to be removed to allow for an EFA (Gaskin & Happell, 2014). All
statements had less than 2.2 % of responses in the ‘No opinion’ or ‘I don’t
know’ categories, therefore, we decided to keep all statements. Then, we
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recoded ‘No opinion’ and ‘I don’t know’ to match the ‘Neutral’ response.
We are aware that this is not ideal but removing the 169 respondents
who had answered at least once a ‘No opinion’ or ‘I don’t know’” would
result in too much loss of information; besides, this recoding is common
practice (Gerzinic et al., 2023).

We performed the EFA employing the Principal Axis Factoring
extraction method with oblimin oblique rotation on twelve statements.
This type of rotation enables correlation between factors and therefore
replicates better human behaviour (Williams et al., 2010). The Kaiser-
Meyer-Olkin (KMO) measure verified the sampling adequacy for the
analysis, KMO = 0.837 (‘meritorious’ according to Kaiser and Rice
(1974)), and all KMO values for individual items were greater than 0.67,
which is above the acceptable limit of 0.5 (Kaiser & Rice, 1974). We
used the scree plot criterion to determine the number of factors, given
that the average communality is lower than 0.6 (Field, 2018) (see Ap-
pendix B). This leads us to retain 2 factors. The factors are saved using
the regression method.

Table 2 shows the pattern matrix together with Cronbach’s alpha (),
to measure how consistent our post-EFA factors are (Field, 2018). The
scales of reverse-phrased statements were reversed to compute Cron-
bach’s alpha. The factors show a good reliability. The post-EFA factors
are not exactly in line with those from the survey design phase (Table 1),
but plausible in terms of interpretation. What we had initially con-
ceptualised as two factors, namely ‘Motivation: openness to digital

Table 2
Pattern matrix of the Exploratory Factor Analysis (N = 1657).

Item 1: Perception of
indispensability of digital
technologies in transport

2: Digital skills
and experience

[2] Navigation systems, travel ~ 0.656
apps and websites are
needed in order to travel
nowadays.

[3]1 I can always travel where I —0.652
want to, even if I don’t have
any digital travel
information.

[4] Public information —0.646

displays like signs along the
road or in public transport
provide enough information
to be able to travel worry-
free.
[1] Travelling is more difficult ~ 0.543
without a smartphone.
[12] It is easy for me to learn to 0.786
use new apps.

[14] 1 find the use of travel —0.772
apps and websites difficult.
[15] Planning a trip with an —0.758

app or a website takes me a
lot of effort.
[7] It’s not a problem for me to 0.723
use my smartphone, tablet
or computer to pay for
products or services (like
tickets).
[6] It’s not a problem for me to 0.722
use my smartphone, tablet
or computer to book
products or services (like
tickets).
[13] I can always find the 0.684
piece of travel information I
need online.

[8] I avoid the use of digital —0.592
tools when possible.

[5] 1 like trying out new apps 0.441
and digital services.

% of variance 12 % 35 %

[\ 0.725 0.877
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technologies’ and ‘Digital skills’, represents in fact one factor. It seems
that digital skills correlate with one’s openness to using digital tech-
nologies. This makes sense as the internet merges into everyday life (Van
Dijk & Van Deursen, 2014). Besides, our statements for ‘Motivations:
openness to digital technologies’ may have been too focused on tech-
nical aspects. We name this factor ‘Digital skills and experience’. The
first factor corresponds to what we had expected.

3.5.2. Regression analyses

After descriptively analysing the statements constituting these fac-
tors, we conduct Ordinary Least Square (OLS) regression analyses on
both factors to uncover variables that explain each of these factors. We
use the same set of independent variables for each regression. The var-
iables which were ultimately included in the models were selected
through a careful process of hierarchical regression (see Field (2018))
based on their potential importance (based on previous research), their
contribution to a better fit of the model, and their low correlation with
other variables included in the model:

e Sociodemographic and socioeconomic variables: Gender, age, educa-
tion, and household income,

e Mobility-related variables: Car and public transport use frequencies,
personal PT smartcard possession (car users can possess a PT
smartcard too),

e Technology-related variables: Number of types of digital devices
owned (between one and three possible: smartphone, tablet and
computer or laptop).

Additionally, we conducted binary logistic regression analyses to
explain engagement (usage) in relation to the previous concepts
(perception of indispensability, digital skills) and other sociodemo-
graphic, socioeconomic and mobility-related variables. We conduct two
regressions because we distinguish between car and PT travellers, as the
question on the types of travel information sources used was slightly
different for both populations. We added a few independent variables
compared with the two previous regressions, as justified below:

e Sociodemographic and socioeconomic variables: Besides the variables
cited above, we control for address density as a low address density is
often associated with a more infrequent PT service, and therefore a
higher need for travel information.

e Mobility-related variables: Not only did we control for car/PT use

frequency, but also for the frequency of unfamiliar trips with the car

or PT. Unfamiliar trips have been shown to lead to a higher need for
travel information (Berggren et al., 2019; Chorus et al., 2007; Farag

& Lyons, 2012).

Technology-related variables: We used the two post-EFA access factors

here, and controlled for the access to a digital navigation system for

car users, as it could be used as a substitute to smartphone-based
navigation.

4. Results

We present our results starting with the perception of indispens-
ability, followed by the components of digital access (material access,
digital skills and experience, and engagement). We first descriptively
analyse our statements and questions, then move on to explanatory
analyses (where possible) to uncover the role of sociodemographic, so-
cioeconomic, mobility- and technology-related variables in these
various aspects of digital access. We also draw comparisons between car
and PT users where relevant.

4.1. Perceived indispensability of digital technologies in transport

Our results show a clear embeddedness of digital technologies — and
the smartphone in particular - in travelling practices. A majority of car
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and PT users (59 %) (strongly) agree with the fact that navigation sys-
tems, travel apps and websites are needed to travel nowadays. Almost
three quarters of car and PT users (73 %) think that travelling is more
difficult nowadays without a smartphone (69 % of car users, 81 % of PT
users).

Nevertheless, a majority (57 %) of car and PT users state that they
can always travel where they want to, even without having personal
digital travel information. Therefore, viable alternatives do exist. Still,
only 36 % agree or strongly agree with the fact that public information
displays like signs along the road or in public transport provide enough
information to be able to travel worry-free. Therefore, the more tradi-
tional communication channels are not deemed sufficient anymore. This
could also indicate that people’s need for travel information has
changed compared to when there was less or no digital travel informa-
tion available.

Public transport users (fully) agree more often that travelling
without a smartphone is more difficult and that digital tools are needed
to travel nowadays than car users (Fig. 2). Nevertheless, on average, the
factor ‘perception of indispensability of digital technologies’ is not sta-
tistically different between car and PT users (Mann-Whitney U test, U =
386916, z = 1.843, p = 0.065), nor is it between individuals who use PT
more or just as much as the car and those who do not (U = 282221, z =
-1.526, p = 0.127).

A linear regression analysis conducted on the factor shows that age
significantly predicts the perceived indispensability of digital tools in
transport (Table 3). Older generations are less likely to perceive digital
technologies in transport as indispensable than younger car and PT
users. A possible explanation is that older car and PT users have had
more experience throughout their life without digital technologies and
may therefore be more familiar with alternatives or feel less dependent
on personal digital tools. Women are significantly more likely to
perceive digital technologies in the context of transport as indispens-
able. Respondents possessing a personal PT smartcard are more likely to
perceive digital technologies in transport as indispensable.

4.2. Material access to a (connected) device

A large majority (98 %) of our sample has access to a smartphone.
This is more than in the general population: 91 % of the Dutch popu-
lation aged 16 and older had a smartphone in 2022 (Statistics
Netherlands (2023b)). While it can be expected with our data collection,
our scope also matters: we can expect that people using PT or the car at
least six times a year are more used to digital technologies than the
average population. Our sample excludes by default people who may not
travel much or who have lost their driver’s license due to old age for
instance.

Looking into the sample of respondents who also participated in the
2018 survey, we see an increase in smartphone ownership. 87.5 % had a
smartphone back in 2018, against 97 % in 2022. We can only speculate
on the reasons behind such a change, like a progressive diffusion of
smartphones among the so-called laggards and the COVID-19 pandemic
that increased the usefulness of smartphone adoption (Sin et al., 2021).
Research shows that 90 % of Dutch adults used smartphones to access
the internet in 2023, against 85 % in 2020 (Van Deursen, 2023).

Fig. 3 shows responses to the three statements on the (perceived)
quality of respondents’ smartphones, among smartphone owners. 3 % of
smartphone owners disagreed or strongly disagreed with all three
statements. Therefore, in total, at least 5 % of Dutch car and PT users
either cannot use a smartphone because they do not have one, or run
into issues pertaining to mobile data, battery and storage when using it.
19 % of smartphone owners (strongly) disagreed with at least one of the
three statements. Therefore, at least one in five PT and car users may not
be able to always access online travel information.
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Fig. 2. Responses to the statements on the perception of indispensability of digital technologies in transport, sorted according to the EFA results and differentiated
between car users (N = 972) and PT users (N = 685).

4.3. Digital skills and experience

Overall, Dutch car and PT users consider themselves to be relatively
skilled with digital technologies; see Fig. 4 for the responses to the

Table 3

statements. Four in five car and PT users do not find the use of travel
apps and websites difficult, and planning a trip with these tools does not
take a lot of effort for a similar share of car and PT users. Again, four in
five car and PT users do not mind booking or paying for products and

OLS regression analysis for factor ‘Perception of indispensability of digital technologies’. Coefficients statistically significant at 95 % level (p < 0.05) in bold font.

Variable Levels Perception of indispensability of digital technologies
Unst. B Sig.

Intercept —0.328 0.010

Sociodemographic and socioeconomic variables

Gender Men - -
Women 0.153 0.000

Age 18-34 - -
35-49 —0.202 0.001
50-64 —0.330 0.000
65 and older —0.443 0.000

Education Basic, secondary, and basic vocational — —
(Advanced) vocational and college -0.014 0.825
University (academic education) —0.007 0.915

Household income Below modal - -
Modal 0.031 0.646
Between modal and twice modal 0.027 0.645
Twice modal and more 0.068 0.304
Does not know or want to say —0.009 0.902

Mobility-related variables

Car use frequency 4 times a week or more - -
Once to 3 times a week 0.004 0.088
Between once and 3 times a month 0.046 0.611
Between once and 11 times a year 0.080 0.782
Never 0.121 1.118

PT use frequency Once a week or more - -
Between once and 3 times a month —0.068 0.399
Between once and 11 times a year 0.042 0.516
Never 0.011 0.884

Owning a personal PT smartcard No - -
Yes 0.132 0.008

Technology-related variable

Number of possessed types of technological devices 0.132 0.000

Model statistics

N 1657

R? 0.06

Adjusted R? 0.051

(=)}
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[9] | always have enough mobile data (such as 4G, 5G) to use
my smartphone on-the-go.
[10] I always have enough battery to use my smartphone on-
the-go.
[11] | always have enough storage on my phone for apps |
need.

Fully disagree Disagree

0%

B Neutral
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Fig. 3. Responses to the statements on the perceived quality of the smartphone, by smartphone owners (N = 1,629).

services like tickets online. Answers are more split when it comes to
liking trying out new apps and digital services: more car and PT users
like it than dislike it, but 22 % disagree about liking this.

Booking and paying for products and services online were also part of
the 2018 MPN survey, albeit as questions, not statements. Back then, 31
% of our 370 respondents had stated that they found it a problem to book
products and services online. This share has dropped to 11 % in 2022.
Similarly, 26 % of our 370 respondents had stated that they found it a
problem to pay for products and services online. This share has dropped
to 10 % in 2022. Nevertheless, for almost each statement, between 6 %
and 10 % of car and PT users seem to struggle with various aspects of
digital skills applied in transport.

The older the car and PT user, the less likely they are to report high
digital skills for travel-related purposes (Table 4). Education is also
clearly linked with digital skills and experience: car and PT users with an
academic, (advanced) vocational or college education are significantly
more likely to be digitally skilled than car and PT users with a basic,
secondary or basic vocational education. These findings align with
research on digital inclusion in general (Van Deursen, 2023), and in
transport research too (Durand et al., 2022; Goodman-Deane et al.,
2021). Individuals with more than a modal household income are also
more likely to report higher digital skills than individuals with a
household income below modal. Men are significantly more likely to
report higher digital skills for travel-related purposes. As Goswami and
Dutta (2015) showed, women tend to be more anxious about digital
technologies than men, reducing their self-effectiveness and increasing
perceptions of digital technologies requiring greater effort.

As can be expected, infrequent and non-PT users as well as infrequent
and non-car users usually consider themselves less digitally skilled and
experienced to look for travel information than frequent users. People
who travel more, likely had to acquire digital skills to look for travel
information, if they did not possess them already. Having sufficient
digital skills to look for travel information might also foster the possi-
bility to travel. However, we are not able to draw conclusions on the
direction of causality.

‘Digital skills and experience’ scores for our sample of PT users are
significantly higher than for our sample of car users (Mann-Whitney U
test, U = 409710, z = 4.040, p < 0.001). We also find that individuals
who use PT more or just as much as the car score significantly higher in
terms of digital skills (U = 297444, z = 3.292, p < 0.001). Note that
there is no significant difference in age, educational and income levels
between our samples of car and PT users.”

4.4. Engagement with digital technologies to look for travel information

96 % of the respondents commonly use some form of personal digital
tool to access travel information before or during their trip: a smart-
phone, a tablet, a laptop/PC/desktop or a navigation system. Looking

5 Age: U = 322594, z = 9582, p = 0.298. Educational levels: X> (2, N = 1657)
= 4.3, p = 0.116. Income levels: X2 (4, N = 1657) = 3.528, p = 0.474.

into the sample of respondents (N = 370) who also participated in the
2018 MPN survey, 10 % of them stated that they were never using digital
travel information in 2018: no navigation system, apps or websites. In
2022, only 4 % of this sample did not use digital technologies to access
travel information.

Table 5 shows sources that respondents employ to access travel in-
formation for their car or PT trips. It is worth noting that a majority of
car and PT users still rely on public information displays too. Never-
theless, as we saw in section 4.1, only a minority of travellers agree that
public information displays give sufficient information to be able to
travel worry-free.

Within car users, self-reported digital skills are not significantly
lower among those using non-digital alternatives.® Within PT users, self-
reported digital skills are significantly lower among those using the help
of friends, family and staff, but not among those using public informa-
tion displays.”

In total, four in five car and PT travellers use their smartphone to
look for travel information. We conducted binary logistic regressions to
uncover the profiles of those searching for travel information on their
smartphone (Table 6). As expected from previous analyses, age is a
significant predictor of smartphone-based travel information use. For
each extra year of age, PT users are 3.7 % less likely to use their
smartphone to look for travel information and car users 3.6 % less
likely.® PT users with an academic education are three times more likely
to use their smartphone to search for travel information than PT users
with a basic, secondary or basic vocational education, as are PT users
identifying as women (3.5 times more likely than men). Address density
does not have a significant effect on smartphone-based travel informa-
tion use, even when we do not control for other variables.

PT users who never perform unfamiliar PT trips are significantly (89
%) less likely to search for travel information on their smartphone than
people who perform unfamiliar trips once a month or more. The same
applies to car users (70 % less likely).

We used our two factors (perception of indispensability and skills) as
independent variables here because engagement is the last stage of the
process of digital engagement. ‘Digital skills and experience’ proves to
be the most important predictor for both car and PT users. Individuals
who are more digitally skilled are more likely to search for travel in-
formation via their smartphone. Unsurprisingly, those who perceive
digital technologies to be more indispensable are also more likely to look
for travel information on their smartphone. As expected, car users with

6 Family and friends: U = 65597, z = 0.632, p = 0.528. Public information
displays: U = 64130, z = 0.175, p = 0.861. Radio: U = 102879, z = 1.823, p =
0.068.

7 Family and friends: U = 13693.5, z = —4.099, p = 0.000; mean rank ‘no
use’ = 352.95, mean rank ‘use’ = 246.46. PT staff: U = 9696, z = —4.230, p =
0.000; mean rank ‘no use’ = 351.78, mean rank ‘use’ = 226.50. Public infor-
mation displays: U = 61941.5, z = 1.507, p = 0.132.

8 When age is entered as a continuous variable, not shown in Table 4; PT: OR
(Odds Ratio) = 0.963, CI (Confidence Interval) = 0.943-0.983; car: OR =
0.964, CI = 0.953-0.976.
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[12] It is easy for me to learn to use new apps.

[14] | find the use of travel apps and websites difficult.

[15] Planning a trip with an app or a website takes me a lot
of effort.

[7] It's not a problem for me to use my smartphone, tablet or
computer to pay for products or services (like tickets).
[6] It's not a problem for me to use my smartphone, tablet or
computer to book products or services (like tickets).

[13] | can always find the piece of travel information | need
online.

[8] I avoid the use of digital tools when possible.

[5] I like trying out new apps and digital services.

Fully disagree Disagree

0% 10%

M Neutral
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Fig. 4. Responses to the statements on skills and experience, sorted according to the EFA results (N = 1,657).

Table 4
OLS regression analysis for factor ‘Digital skills and experience’. Coefficients
statistically significant at 95 % level (p < 0.05) in bold font.

Table 5
Travel information sources used by Dutch car and PT users in 2022 (multiple
answers possible).

Variable Levels Digital skills and Travel information source Car users (N PT users (N
experience = 972) = 685)
Unst. B Sig. Navigation system (built-in or separate device, 62 % n.a.
t tph
Intercept —0.659  0.000 Sn?;n;}f;;r(fuf; Z)s apps) 74 % %0 %
Zocu;demogmphlc and soctoecoml)vr[mc variables Tablet 7% 14 %
ender Wen 70 114 8007 Desktop, PC or laptop 21 % 39 %
A 1 SOI;:H e . Family, friends or people I travel with look for 18 % 10 %
8¢ 35;19 B 0.258 ;000 digital travel information for me
5064 _0'540 0’000 Public information displays: signs (along the 68 % 56 %
65_ d old _0'921 0'000 road, at the station...) or maps
Education Bas?: s:coflzlary and basic - . Radio with traffic information integrated in the 30 % n.a.
A ’ - - car
\(/z(ciatmna(li) tional and 0.289 0.000 PT staff or calling 9292 (travel information n.a. 7 %
cou\e/:;lce vocational ant . . number)
. . . Other travellers (not in my company) n.a. 2%
g(;iz::;% (academic 0.378 0.000 No travel information needed (exclusive) 2% 2%
Household income Below modal - -
Modal 0.121 0.069 . . . . .
Between modal and twice 0.186 0.001 access to a real-time navigation system are less likely to use their
modal smartphone to search for travel information.
Twice modal and more 0.152 0.020 The ‘digital skills and experience’ factor has a mediation effect. In-
Does not know or want tosay ~ —0.003  0.969 come no longer contributes significantly to explaining smartphone-
Mobility-related variables . . . . .
. ased travel information use once we control for digital skills an
Car use frequency 4 times a week or more - - based t 1 inf t trol for digital skill d
Once to 3 times a week —0.151  0.002 experience (otherwise, PT users from households earning less than
Between once and 3 times a —0.185  0.013 modal were found to be significantly less likely to use smartphone-based
month travel information). The contributions of education level, age and fre-
Between once and 11 times a -0.143 0160 quency of unfamiliar trips also diminish after controlling for digital skills
ear . . . e P .
Lever _0.228 0.034 and experience. Our result is not surprising: digital skills have been
PT use frequency Once a week or more - - repeatedly found to be the strongest predictor for usage, cancelling out
Between once and 3 times a -0.119  0.135 the effect of most other variables that were previously statistically sig-
month ) nificant (Dodel & Hernandez, 2025; Helsper, 2021; Van Deursen et al.,
gzzveen once and 11 times a —0.151 0019 2017). This mediating effect is much less present in the model with car
Never _0.255  0.000 users; the strengths of the relationships between education level and
Owning a personal PT No - - income also slightly diminish after controlling for digital skills and
smartcard Yes 0.136 0.006 experience, but they were not significant in the first place anyway.
Technology-related variable i i Age, income and education level appear to be contributing less to
Number of possessed types of technological devices 0.342 0.000 . . ¢ .
Model statistics explaining the dependent variable once we add the ‘perception of
N 1657 indispensability’ factor, but the odds ratios only slightly reduce and
R? 0.226 there is no change in significance levels.
Adjusted R? 0.217
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Table 6

Binary logistic regression analyses about usage of the smartphone to look for travel information. Coefficients statistically significant at 95 % level (p < 0.05) in bold
font.

Variable Levels Dependent variables
Use of the smartphone to look for travel information among Use of the smartphone to look for travel information among
PT users car users
Odds 95 % Confidence 95 % Confidence Odds 95 % Confidence 95 % Confidence
Ratio (OR) Interval (CI) (lower) Interval (CI) (upper) Ratio (OR)  Interval (CI) (lower) Interval (CI) (upper)
Sociodemographic and —economic variables
Gender Men - - - - - -
Women 3.517 1.692 7.311 0.842 0.586 1.210
Age 18-34 - - - - - -
35-49 0.370 0.106 1.289 0.718 0.393 1.311
50-64 0.211 0.069 0.640 0.301 0.172 0.527
65 and older 0.144 0.045 0.461 0.173 0.094 0.318
Education Basic, secondary and - - - - - -
basic vocational
(Advanced) vocational 1.813 0.749 4.389 1.036 0.616 1.742
and college
University (academic 2.865 1.137 7.221 0.748 0.443 1.266
education)
Household income Below modal - - - - - -
Modal 3.402 0.978 11.830 1.217 0.689 2.152
Between modal and 2.090 0.821 5.319 0.880 0.535 1.448
twice modal
Twice modal and more 2.084 0.768 5.650 1.656 0.908 3.021
Does not know or want ~ 5.745 1.396 23.646 0.981 0.531 1.811
to say
Address density Very high (>2,500 - - - - - -
addresses/km?)
High (1,500-2,500 0.497 0.221 1.115 0.868 0.539 1.398
addresses/kmz)
Moderate 1.318 0.339 5.128 0.808 0.462 1.414
(1,000-1,500
addresses/kmz)
Low (<1,000 0.904 0.336 2.436 0.934 0.572 1.525
addresses/km?)
Mobility-related variables
Car use frequency 4 times a week or more - - -
Once to 3 times a week 1.228 0.812 1.857
Between once and 3 0.720 0.421 1.232
times a month
Between once and 11 0.650 0.222 1.904
times a year
Frequency of Once a month or more - - -
unfamiliar trips Between 6 and 11 times 0.770 0.494 1.200
with the car a year
Between once and 5 0.754 0.468 1.213
times a year
Never 0.267 0.118 0.604
PT use frequency Once a week or more - - —
Between once and 3 1.122 0.414 3.045
times a month
Between once and 11 1.410 0.561 3.542
times a year
Frequency of Once a month or more - - -
unfamiliar trips Between 6 and 11 times  0.715 0.177 2.883
with PT a year
Between once and 5 0.918 0.240 3.505
times a year
Never 0.132 0.032 0.539
Technology-related variables
Perception of indispensability of digital 1.826 1.222 2.730 1.752 1.422 2.158
technologies in transport
Digital skills and experience 3.437 2.335 5.060 2.391 1.924 2.970
Access to a real-time No - - -
navigation system Yes 0.281 0.157 0.505
Constant 15.946 15.642
Model statistics
N 678 951
Log-Likelihood 263.845 817.539
R2 (Cox-Snell) 0.235 0.274
R2 (Nagelkerke) 0.490 0.399
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5. Conclusions, discussion and further research

This article explored the process of digital engagement of car and
public transport travellers as well as perceptions around the indispens-
ability of digital technologies in transport. We based our results on a
survey conducted in 2022 in the Netherlands among representative
samples of PT users (N = 685) and car users (N = 972). Our question-
naire focused specifically on the smartphone and on digital travel in-
formation services. Our approach enables us to establish connections
between socioeconomic variables, sociodemographic variables, travel
behaviour and digital access. Furthermore, a sub-sample (N = 370) had
taken part in a survey in 2018 with a few similar or comparable ques-
tions/statements, which allowed use to examine evolutions over a
period of 4 years.

5.1. Differences in four years’ time

Between 2018 and 2022, the share of people not relying on digital
travel information has reduced from 10 % to 4 %, while smartphone
ownership has increased from 88 % to 97 %. Booking and paying for
products and services has also become more common. As such, there is
clear evidence of travellers getting more used to digital technologies in
just four years’ time. The COVID-19 pandemic is likely to have played a
role in these changes and there is no guarantee that the same pace will
keep on, nor that everyone will eventually get used to new digital ser-
vices. We were not able to compare more aspects of digital access
because the dataset used in 2018 had different purposes than our study.

5.2. Perception of indispensability of digital technologies

Another noteworthy aspect of our study is our focus on perceptions
around indispensability. Digital technologies have become embedded in
travelling practices: almost three quarters of car and PT users think that
travelling is more difficult nowadays without a smartphone. However,
viable alternatives do exist and are still used by a majority of car and PT
users. PT travellers using the help of friends and family or PT staff to
look for travel information are more likely to report lower digital skills.
In contrast, traditional communication channels such as signs along the
road or in public transport are not more likely to be used by car or PT
users reporting lower digital skills. Nevertheless, they are not deemed
sufficient anymore to travel worry-free.

It would have been highly valuable to compare how current per-
ceptions of indispensability contrast with previous ones. However, we
do not have access to such data. Nevertheless, literature from the past
decades provides interesting landmarks. For instance, ethnographic
research carried out in 2005 among young professionals in London,
Tokyo and Los Angeles showed that back then, a mobile phone was ‘just’
a mobile phone. Most city residents were also carrying things like music
players, maps and PT passes in their purses (Ito et al., 2008). Then, the
release of the iPhone in 2007 started to change that, such that a few
years later, Line et al. (2011, p. 1497) already argued that: “the devel-
opment of the mobile phone continues to move it beyond being a device
only for phone calls and texts with the offer of connectivity between
people, entertainment, and access to information via mobile internet/
GPS on the move across modes. In terms of travelling, the discourses of
safety and emergency embedded in the rationale for carrying the phone
suggest people travel more confidently (or even carefree)”.

While we only measured perceptions, they contribute to shaping
reality. The contemporary expectation for everyone to carry a smart-
phone and be skilled enough to use it can put those (temporarily)
without (the required hardware/skills) at a disadvantage by making
them invisible. Our survey did not investigate this aspect, but interviews
conducted by Durand et al. (2023b) among individuals at risk of
exclusion due to digitalisation in public transport in the Netherlands
showed how the perceptions we measured in the present study can play
out. Public transport staff sometimes expect travellers to be able to look
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for travel information independently on their digital devices. Travellers
mistakenly believe that non-digital alternatives (to request money back
after a disruption, for instance) have completely disappeared given their
relative invisibility, meaning that those who would need to access them
may not know of their existence.

5.3. Disparities in digital engagement

In terms of digital engagement, our survey shows that in 2022,
consulting travel information via privately owned digital devices was
widespread in the Netherlands. At most 80 % of car and PT users relied
at least from time to time on their smartphone to look for travel infor-
mation. However, even respondents of an online panel are not homog-
enous in their digital access. At least 5 % of Dutch car and PT users either
cannot use a smartphone because they do not have one, or run into is-
sues pertaining to mobile data, battery and storage when using it. Be-
sides, at least 10 % struggle with various aspects of digital skills applied
in transport. Older adults, people in households with an income below
modal, people with a basic, secondary and basic vocational education
level and women are more likely to report lower digital skills and
experience in transport, confirming previous findings (Goodman-Deane
et al., 2021; Groth, 2019; Zhang et al., 2020). This also confirms that
disparities in access to and engagement with digital technologies is
patterned along the lines of socioeconomic disparities (Durand et al.,
2022).

The same individuals are less likely to use a smartphone for travel
information purposes, as also shown by Tao et al. (2024) recently. In
fact, our study shows that digital skills are a strong predictor for the use
of smartphone-based travel information services and mediate the rela-
tionship between this latter variable on the one hand, and income, ed-
ucation level, age and frequency of unfamiliar trips on the other hand.
This mediation effect has also been recently demonstrated by Dodel and
Hernandez (2025) in a Uruguayan context, and is therefore likely at play
in other contexts. Perceptions of indispensability also predict the use of
the smartphone, but to a lesser extent than digital skills.

From a transportation equity perspective, the inability to take
advantage of technologies may constitute a barrier to accessibility
(Bruno et al., 2024; Luz & Portugal, 2021). Accessibility is defined as the
potential to reach spatially distributed opportunities (Vecchio & Mar-
tens, 2021), and is shaped by the interactions between transport sys-
tems, land use and individual attributes (Pdez et al., 2012; Van Wee
etal., 2013). Indeed, it is not directly the access to and engagement with
digital technologies that matter the most, but it is the opportunities that
people may or may not be able to access that matter (Helsper, 2021).

Although car and PT users do not differ significantly in their
perception of indispensability of digital technologies, our study reveals
other differences between both populations in terms of digital access. In
general, car users are less reliant on a smartphone than PT users, as
many cars are equipped with a navigation system nowadays (Dicke-
Ogenia et al.,, 2022). Interestingly, a majority of car users in the
Netherlands rely on a smartphone and a navigation system (built-in or as
a separate device). Our survey does not allow us to know if that happens
at the same time or not. Furthermore, we see hints that smartphone-
based travel information does not require the same (level of) digital
skills between PT and car users. Digital skills among PT users are higher
than among car users, while these samples do not differ significantly in
terms of age and education levels, two key predictors of digital skills
(Van Dijk, 2019).

5.4. Implications and transferability of the findings

This latter finding has implications for policymakers and researchers
in and outside of the Netherlands seeking pathways to decarbonise the
passenger transport sector: low digital skills might be a barrier to
switching from the car to public transport. One of the limitations of our
study consists in the way we measured digital skills (see below), but
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even a low self-reported (perceived) level of digital skills can be a bar-
rier. This potential barrier is particularly important to take into account
as digital transformations in transport services are often depicted as
having a central role to play in a shift towards more sustainable mobility
patterns (Dutch Ministry of Infrastructure and Water Management,
2019; Groth, 2019; Manders & Klaassen, 2019).

Also, it should not be assumed that everyone can use digital travel
information services purely based on a very high smartphone ownership
rate. This insight is particularly relevant at a time when many digital
services use access to digital travel information as a groundwork
(Durand et al., 2018; Lyons et al., 2019; Sochor et al., 2017). Countries,
regions or cities where digital technologies are perceived as less indis-
pensable — i.e., where non-digital options are still relatively available —
can also find the results from this article insightful. It can help them
realise and prevent potentially unintended consequences of a commit-
ment to more digitalisation. We also refer to Durand et al. (2023c) for
solutions to foster an inclusive public transport system in the digital era.

5.5. Future research recommendations

Future studies should build on this research and address its limita-
tions. Firstly, we encourage researchers to use and refine the statements
we have used to capture perceptions of indispensability. It would be
interesting to be able to compare results with other countries or places.
Obviously, these statements only reflect perceptions, and we recom-
mend pairing them with a good understanding of the context and the
extent to which the (transport) system has become/been designed
‘digital-by-default’ (Yates et al., 2015); this is what makes the qualita-
tive study by Durand et al. (2023b) complementary with the present
study.

Secondly, a limitation in our study consists of the way we have
measured skills. Self-assessments of skills are known to lead to over-
rating and underrating (Hargittai, 2009; Van Deursen & Van Dijk,
2010). Nevertheless, they remain one of the most prevalent ways to
measure digital skills (Van Deursen et al., 2014). Performance tests
could be used in future research (see e.g. Goodman-Deane et al. (2021)
and Goodman-Deane et al. (2024) for inspiration), but tasks need to be
carefully calibrated.

Appendix A

Table Al
Representativeness of the sample of car users.
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Thirdly, it is important to note that our regression analyses do not
allow us to draw conclusions on the exact causal relationships between
variables. For instance, people might be developing skills as they use
digital travel information, but we cannot confirm this. An approach via
Directed Acyclic Graphs (DAGs) might be helpful to shed light on these
aspects.
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Variable Car users Dutch national travel survey (ODiN), 2022 Car users MPN after weighing (N = 972), 2022

Gender Men 49.5 % 49.6 %
Women 50.5 % 50.4 %
Non-binary or gender diverse - -
Prefer not to disclose - -

Age 18-24 8.8 % 8.2%
25-34 16.1 % 17 %
35-44 17.4 % 18.5%
45-54 19.2 % 19.7 %
55-64 19 % 18.8 %
65 and older 19.5 % 17.9 %

Education Basic, secondary and basic vocational 16 % 16.2 %
(Advanced) vocational and college 34.8% 35%
University (academic education) 49.1 % 48.8 %

Car use frequency 4 times or more per week 42 % 42 %
Once to 3 times a week 40.2 % 40.2 %
Once to three times per month 14.8 % 14.8 %
Between 6 and 11 times per year 3% 3%
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Table A2
Representativeness of the sample of PT users.
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Variable PT users Dutch national travel survey (ODiN), 2022 PT users MPN after weighing (N = 685), 2022
Gender Men 45.9 % 42.6 %
Women 54.1 % 57.4 %
Non-binary or gender diverse - -
Prefer not to disclose - -
Age 18-24 17.6 % 15.5%
25-34 19.8 % 20.5 %
35-44 16.1 % 16.7 %
45-54 15.5% 15.5%
55-64 15 % 15.9 %
65 and older 16 % 15.9 %
Education Basic, secondary and basic vocational 13.3 % 12.6 %
(Advanced) vocational and college 322 % 32.6 %
University (academic education) 54.5 % 54.8 %
PT use frequency 4 times or more per week 9.2% 9.2%
Once to 3 times a week 17.8 % 17.8 %
Once to three times per month 23 % 23 %
Between 6 and 11 times per year 50 % 50 %
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Fig. B1. Scree plot of the Exploratory Factor Analysis.

Data availability

The data that has been used is confidential. Access conditions and
procedures to use the Mobility Panel Netherlands can be found at
https://www.mpndata.nl/.
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