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Digital mobility services have great potential to increase passengers' transportation options,
improve their experiences and reduce exclusion. For example, they can facilitate access to
information and support, and join transport modes together more seamlessly. However, these
advantages will only be available to those who can access and use these services effectively. To
facilitate the development of usable and inclusive services, information on the range of potential
users' digital interface capabilities, attitudes and current use of digital services is needed. A
population-representative survey examining these issues was carried out with 1010 participants in
Germany in 2020. As well as self-report questions, it examined basic digital interface competence
using simplified paper prototyping. The results are examined in terms of the characteristics of
groups that are particularly vulnerable to either digital or transport exclusion. Older people (aged
65+), people with disabilities and people with low levels of education were found to have particularly
low levels of digital technology access, use, attitudes and competence. Caution is thus required
when rolling out digital mobility services. Non-digital alternatives are needed to ensure an inclusive
service. When digital interfaces are used, they need to be designed carefully to be usable by and

reassuring to digital novices.

Inclusive Design. Digital transport. Digital exclusion. Vulnerable to exclusion groups. Older people. Disabilities.

1. INTRODUCTION

Digital mobility services have great potential to
improve passengers' transportation options and
experiences, offering a wide range of mobility
innovations to meet changing lifestyles. For
example, they can provide better access to
information and support, and can help passengers
to combine different types of transport modes
together for a single journey. Furthermore, they can
facilitate essential travel while reducing the need for
direct human contact when, and for whom, this is
important, for example during a pandemic or for
people with communication difficulties. Examples of
these services include map applications, route
planners, vehicle sharing systems and ticketing and
payment facilities.

However, these services will only be useful for
people who can access and use them effectively.
Despite steady increases in internet use in the EU,
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9.5 per cent of the population have never gone
online, with large differences between countries and
sub-groups (European Commission, 2020). Larger
numbers do not own a smartphone (Taylor and
Silver, 2019). Furthermore, using the internet or a
smartphone does not guarantee the ability to
operate complex digital services.

This is a particular issue for digital mobility services
because some of the groups that could benefit the
most from improved access to transport are also at
higher risk of digital exclusion. For example, there is
low digital technology use among people with low
education, older people and those who retired or
inactive (European Commission, 2020). There is a
danger that, rather than helping, digital mobility
services may exacerbate the existing disadvantages
for such groups.

As a result, care needs to be taken in the design of
digital mobility services to ensure that they are
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appropriate for and can be used by these groups. To
do this, it is important to understand the
characteristics and needs of people in general and
of vulnerable to exclusion groups in particular,
considering aspects such as technology use, digital
interface competence, transport needs and current
use of digital mobility services.

1.1 Vulnerable to exclusion groups

An examination of the literature (e.g. Hoeke et al.
2020, Durand and Zijlstra, 2020) has identified
seven groups that are more likely to be affected by
digital mobility exclusion:

e Older people: This group has lower levels
of technology use and digital interface
competence and may also experience
mobility issues, capability loss and
psychological constraints, such as anxiety,
about falling or catching the wrong bus.

e Women: Although many European
countries report little gender gap in digital
technology use, there are still noticeable
gaps in some countries. In addition, women
often have lower financial resources and
different transport needs and patterns.
Inherent biases and differences in attitudes
towards technology also play a part.

e People with low levels of education:
Education attainment is correlated with a
range of digital skills and hence ability to use
digital mobility services.

e People with low levels of income: Low
income affects access to and ownership of
technology devices, as well as car
ownership and transport patterns.

e Inhabitants of rural areas: Transport
provision and needs, as well as
demographic breakdown, differ between
rural and urban areas. Rural areas may also
lack communication infrastructure (e.g.
wireless communications services).

e Migrants: This group may experience
barriers to technology and transport use due
to language and culture. Some may also
have different transportation needs.

e People with disabilities: This group often
experiences difficulties with transport use
and may require additional information and
assistance when travelling. They may also
have difficulty with certain interfaces.

Previous research tends to focus on aspects that
may cause and exacerbate difficulties for a particular
vulnerable group. However, in reality, people belong
to multiple groups. Digital division and mobility
poverty should be considered as multi-layered
phenomena (Kuttler and Moraglio 2020; Durand and
Zijlstra, 2020).

The study described in this paper adds to this work
by providing initial results from a population-
representative survey of 1010 adults in Germany. It
examines a range of variables of relevance to digital
mobility services. This initial analysis in this paper
examines the characteristics of each of these
vulnerable groups defined above separately but this
is merely preparatory to a more in-depth analysis of
how the groups interact.

1.2 The wider project

The survey described in this paper is part of a larger
research project, examining how to foster a
sustainable, integrated and user-friendly digital
travel eco-system that improves accessibility and
social inclusion, along with the travel experience and
daily life of all citizens (Dignity project, 2021).

As part of this project, a survey is being conducted
in five different European countries (Belgium,
Germany, ltaly, the Netherlands and Spain). The
surveys in some of these countries are still
underway, having been delayed due to COVID-19
restrictions. This paper reports on initial results from
the German survey, which was the first of these
surveys to be completed.

2. METHOD
2.1 Overview of method

The German survey was conducted by forsa, a
German independent market and opinion research
institute. Participants completed the questionnaire
face-to-face with an interviewer. Each interview took
20 to 30 minutes. Ethical approval was obtained
from the University of Cambridge Engineering
Department ethics committee.

2.2 German sample

The ADM face-to-face sampling system was used in
the German survey to obtain a population-
representative sample of 1010 adults. The ADM
framework is a three-stage stratified random
sampling design and is frequently employed in
market, media and social research in Germany
(Hader, 2016). After the selection of sample
locations, private households and target persons
within these households were selected at random
using a random route procedure. At least four
contact attempts were made for each target
household or person. No incentives were offered to
participants.

The distribution of the sample compared with that in
the German population as a whole is shown in Table
1. A weighting variable was calculated to better
represent the population, taking region, age and
gender into account. The final column of Table 1 and
all results presented in this paper use this weighting.
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Table 1: Sample distribution. German population percentages come from the German census, the German Federal
Statistical Office, the World Bank, UN DESA and Vuma Touchpoints, obtained through Statista (undated). Figures for
education are from Statistisches Bundesamt (undated). Smartphone use in the survey refers to those who used a
smartphone at least once a week. Sample percentages are given as a proportion of those who responded to the question.

Variable Value % in German % in unweighted | % in weighted
population sample sample
Gender Male 49.3% 48.4% 49.0%
Female 50.7% 51.6% 51.0%
Age 16-39 33.3% 35.9% 33.4%
40-64 41.2% 44.4% 41.3%
65-74 12.0% 12.7% 15.1%
75+ 13.5% 7.0% 10.1%
Location Urban 77.4% 71.0% 70.7%
Rural 22.6% 29.0% 29.3%
Technology Use smartphone 81.7% 85.8% 81.9%
use
Do not use smartphone 18.3% 14.2% 18.1%
Education Currently attending school 3.6% 1.5% 2.6%
No school leaving certificate 4.0% 1.7% 2.0%
School leaving certificate (secondary general | 60.1% 71.1% 62.3%
or intermediate or equivalent)
University entrance qualification or higher 31.9% 25.6% 33.0%

2.3 Questionnaire

The survey questionnaire was adapted from a
previous survey conducted in the UK in 2019
(Goodman-Deane et al, 2020). Some questions
were omitted or modified based on the experiences
in the UK survey and subsequent validation test. A
module was added focusing on the use of
technology for transport (see Section 2.3.2).

The questionnaire was developed in English and
then translated into German and the other survey
languages by professional translators. They were
translated back into English and checked by the
survey creators before adjustments were made and
the translations finalised.

The questionnaire covered a range of topics as
described below. Most questions were multiple-
choice self-report, except for digital interface
competence as described in Section 2.3.4.

2.3.1. Technology access and use

Participants were asked multiple-choice questions
about their access to and frequency of use of the
internet, computers, tablets and smartphones. They
were then asked whether they had performed
various technology activities recently. A first set of
questions asked about activities in the last 3 months,
and a second set examined activities that are
commonly performed less frequently or relate to a
deeper knowledge of technology devices, over the
last 12 months. A list of activities is given in Section
3.2.

The questions about technology access and use
were based on items in the Internet Access Survey
2017 (Office for National Statistics, 2017) to allow for
comparison with national UK statistics. The
guestions were slightly abbreviated from those
asked in the UK survey.

2.3.2. Use of technology for transport

Participants were asked to rate their confidence in
their ability to plan an unfamiliar, local public
transport journey using a computer and using a
smartphone, on a scale from 1 (Not at all confident)
to 10 (Totally confident). This provides an estimate
of participants’ self-efficacy with digital mobility
services in different forms.

Additional self-report questions examined what
sources participants used to obtain information
about public transport, how often participants used
particular digital mobility services, and whether and
why participants felt limited in their regular travel
within their region.

2.3.3. Attitudes towards technology

Overall attitudes towards technology were examined
using the ATI (Affinity for Technology Interaction)
scale. This examines “whether users tend to actively
approach interaction with technical systems or,
rather, tend to avoid intensive interaction with new
systems” (Franke et al, 2018). The ATI scale
comprises nine self-report items with a six-point
response scale from “completely disagree” to
“completely agree”.
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To explore attitudes further, some additional
questions were added using the same response
scale, examining aspects such as willingness to
explore an unfamiliar interface and confidence in
using new technology.

2.3.4. Basic digital interface competence

This module assessed participants’ performance on
eight basic digital interface tests using simplified
paper prototyping. In each test, the participants were
shown a picture of a smartphone interface on a
paper showcard. An example is shown in Figure 1.
The interfaces were created in English, based on
those used in the UK survey, and then adapted for
use in different countries with different languages
and locations.

Participants were asked to indicate on the showcard
what they would do to achieve a particular goal. For
example, one of the goals for the interface in Figure
1 was to change the number of adults (Erwachsene)
in the accommodation search (Unterkunftssuche). In
some cases, achieving a goal might require several
actions. Participants were asked to indicate just the
first action they would do, by indicating on the
showcard. The interviewer coded each response as
one of a set of predetermined options. This
simplified paper prototyping method was used to
keep the length and cost of the interviews down,
enabling a larger sample size.

il 73 %y 11:08

A  https://www.hotel-bu C % &

Unterkunftssuche

Standort

Anreise Abreise

Erwachsene

~

Moglichkeiten erkunden

Figure 1: Example of one of the interfaces used in the
digital interface competence tests: a mock-up of a
website to search for accommodation options.

The interfaces and questions were chosen to cover
a range of common, basic digital interface patterns
on a smartphone: search, changing settings,

creating a new event, opening a menu with more
options, going back to a previous screen, activating
a drop-down menu, activating an on-screen
keyboard and setting favourites. As such, the tests
examined a basic level of digital interface
competence, rather than the capability to perform
complex tasks on a digital device.

2.3.5. Other modules

Other modules examined demographics, as well as
basic measures of sensory, cognitive and motor
capabilities.

3. RESULTS AND ANALYSIS

The analysis was conducted in SPSS v27 and the
dataset was weighted by region, age and gender to
better match the population as a whole. All the
results reported in this paper use this weighting.

For brevity and clarity, this paper reports on selected
summary results, calculated from the responses to
individual questions. These were selected to cover
key aspects covered in the survey.

Significance testing was conducted using Mann-
Whitney U tests, comparing each vulnerable group
against the rest of the survey sample on each
variable of interest. Because the results were
weighted, some of the frequency counts were non-
integer and had to be rounded to the nearest integer
for the analysis. The significance threshold was
adjusted to p<0.007 using Bonferroni correction
because multiple tests were performed on each
variable. Note that, due to the size of the survey
sample, differences may be statistically significant
but small in magniture. Due to space and the
preliminary nature of the analysis, effect size is not
analysed in this paper.

3.1 Definitions of vulnerable to exclusion
groups

The results were examined for each of the groups
identified as being particularly vulnerable to digital
mobility exclusion (see Section 1.1). These groups,
their proportions in the survey sample and their
definitions are given below:

e Older people (25.3% of sample): those aged
65 and over.

e Women (51.0%): those giving their gender
as female.

e Low education (32.2%): those listing their
highest level of education as secondary
general school-leaving certificate or below.
This roughly corresponds to ISCED levels 0-
2 (Eurostat, undated). Those currently
attending general school are not included in
this group.

e Low income (14.1%): those with a net
monthly household income below a poverty
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line of 1040 euros for a single-person
household (Statistisches Bundesamt, 2021).
The poverty line for multi-person households
was calculated from this based on the
OECD-modified household size (OECD,
undated).

Rural inhabitants (28.3%): those living in a
postal code in an area identified as “rural
distinct with some densification” or “sparsely
populated rural district” according to the
official classification from the Federal Office
for Building and Regional Planning (BBR).
Note that this definition means that some
people who are counted as rural may live in
small towns.

Migrants (9.7%): those who did not acquire
German citizenship at birth. This includes
both those who acquired it later and those
who are not German citizens.

People with disabilities (15.8%): those
reporting being “very limited” in their daily
activities due to issues with their eyesight,
hearing, hands, mobility, reach, memory or
concentration.

Note that these groups are not independent. In
particular, the vast majority (85.5 per cent) of those
reporting a disability were aged 55 and over, with
67.8 per cent of them aged 65 and over.

3.2 General technology access and use

The survey examined whether participants had
access to various kinds of technology. The results
for the different groups are shown in Figure 1.

Ownership of “any mobile phone” was generally
high, with the lowest level being 89 per cent among
people with disabilities. Access to tablet devices was

the lowest, with only 42 per cent of the sample as a
whole having access to a tablet. This was also very
varied, with only 18 per cent of older people having
access to one.

Access varies between groups. Older, low
education, low income and disability groups had
significantly lower rates of access than the rest of the
sample on all these technologies (Mann-Whitney,
p<0.007). The other groups did not differ
significantly on any of these variables. These lower
levels of access were particularly pronounced for
digital technologies (i.e. excluding “any mobile
phone”) among older people and those with
disabilities.

Participants were also asked about their technology
experience (see Section 2.3.1). A summary variable
was created to represent the total number of
activities performed recently out of the following 18:
e-mail, voice/video internet calls, social media,
online news, internet search, finding information
about goods/services, buying goods/services,
internet  banking, booking travel, mapping
applications, moving/copying files, moving files
between devices, installing software on a computer,
installing apps on a smartphone/tablet, changing
settings, word-processing, editing photos, video or
audio, and writing code.

The results are shown in Figure 2. For presentation
purposes, the number of activities were categorised
into High (13-18 activities), Medium (6-12) and Low
(0-5). They are presented in this order so that a
longer bar for the first category represents a higher
amount of technology experience. All groups, except
rural inhabitants and migrants, reported significantly
lower numbers of technology activities than the rest
of the sample (Mann-Whitney, p<0.007).

Technology access by group

100
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[1+]
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[sT4]
5 20
=
0
Computer Tablet
access access
BAll BOlder B Women ELlow

people education

Smartphone Any mobile Internet
ownership phone access
ownership
E Low ElRural BH Migrants OPeople with
income disabilities

Figure 1: Access to various digital technologies by group. Ownership of smartphones and mobile phones is used rather
than general access because these are personal devices.
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Technology experience by group
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Figure 2: Technology experience by group (based on
the number of technology activities conducted recently)

The level of technology experience varied widely
between the vulnerable-to-exclusion groups, with
particularly low levels amongst older people, people
with low education and people with disabilities.

3.3 Use of technology for transport

The survey also examined how people obtain
information about public transport, e.g. schedules,
routes, cancellations and congestion. Participants
chose up to three information sources. Figure 3
shows the percentage of each group mentioning any
digital information source, such as websites, social
media and navigation apps. A lower proportion of
older, low education, low income and disabled
groups used digital sources than the rest of the
sample (Mann-Whitney, p<0.007).

Use of digital transport information sources

All  ————
Older people
Women
Low education -
Lowincome I
Rural I—
Migrants I
People w disabilities
0 20 40 60 80 100

% of group using digital sources

Figure 3: Use of digital information sources about public
transport by group

The survey then asked about specific digital mobility
services. The figures for the survey as a whole are
shown in Figure 4. More detailed response options
were used in the survey but are amalgamated into
three frequency categories in the graph for visual

clarity. 21 per cent of the sample had used any of
these digital mobility services in the last 3 months,
and 11 per cent at least once a month.

Use of selected digital mobility services

Car sharing EZE—=

Car pooling

Digital taxi services B
On-street bhike hire
Scooter/motorbike hire

Digital parking payment s SR RERREaa

0 5 10 15 20

% of group
W At least once a month

Frequency of use:

B4 At least once in the last 3 months

£l More than 3 months ago

Figure 4: Use of selected digital mobility services in the
sample as a whole. There were also a small number of
responses of “l don’t know” (max 0.6%), with the
remainder replying “Never”.

When broken down by group, the numbers for some
of the services are extremely small. Thus Figure 5
examines the use of any of the digital mobility
services itemised in Figure 4. There is a big variation
between groups. Older people, people with low
education and people with disabilities had
particularly low usage of these services (Mann-
Whitney, p<0.007).

Frequency of use of any of the listed digital
mobility services

All
Older people EEZL]
Women
Low education
Low income

Rural

Migrants ]
People w disabilities ]
0 10 20 30 40

% of group
M At least once a month

B At least once in the last 3 months

[ More than 3 months ago

Figure 5: Use of any of the digital mobility services listed
in Figure 4 by group.

Participants also rated their confidence in planning
a local transport journey using a computer and a
smartphone, as shown in Figure 6. For presentation



Digital mobility services: A population perspective
J. Goodman-Deane e J. Kluge e E. Roca Bosch e N. Nesterova e M. Bradley o P.J. Clarkson

purposes, responses were categorised into High (8-
10), Medium (4-7) and Low (1-3).

All groups except rural inhabitants and migrants had
significantly lower levels of confidence with both a
computer and a smartphone than the rest of the
sample (Mann-Whitney, p<0.007). Older people,
people with low education and those with disabilities
had particularly low levels of confidence.

Confidence in planning transport
using different technologies

All oy e
Older people
Women

Low education
Low income
Rural
Migrants

People w disabilities

Computer

All

Older people
Women

Low education
Low income
Rural

Smartphone

i Rt
Migrants i Rl
People w disabilities LR

0 20 40 60 80 100
% of group

W High B Medium ElLow [ODo not know

Level of confidence:

Figure 6: Levels of confidence in planning a local
transport journey using a computer and a smartphone

This module also examined whether and why people
felt very limited in their regular travel within the
region. Figure 7 shows the responses overall and for
reasons related to digital skills. The survey
examined a range of other reasons for limitations,
but this paper focuses on digital aspects.

Higher proportions of the older, female, low
education and disabled groups reported feeling very
limited because digital skills were needed to plan
travel or use the transport (Mann-Whitney, p<0.007).
The picture is different when examining limitations in
travel for any reason: higher proportions of all
groups except women and migrants reported these
overall limitations (Mann-Whitney, p<0.007). The
highest levels of limitations were experienced by
people with disabilities (of whom 74 per cent felt very
limited overall) and older people (65 per cent).

3.4 Attitudes towards technology

The ATI (Affinity for Technology Interaction) scale

gives each person a score between 1 and 6. For

presentation purposes, these are categorised into

High (>4), Medium (3-4) and Low (<3). The results

are shown in Figure 8.

Limitations in regular local travel

All

Older people

Women

Low education

Low income

Rural

Migrants

People w disabilities

0 20 40 60 80 100
% of group

Feels very limited in their regular local
travel because:
H Any reason

Digital skills are needed to plan travel

i Digital skills are needed to use the transport

Figure 7: Limitations in regular travel within the region,
for any reason and for reasons related to digital skills.

Affinity for Technology Interaction
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o

20 40 60 80 100
ATI level: % of group
MW High (>4) Medium (3-4) [OLow (<3)

Figure 8: Percentage of each group with Low, Medium
and High ATI (Affinity for Technology Interaction) scores

Older people, women and those with low education,
and those with disabilities had significantly lower ATI
levels than the rest of the sample (Mann-Whitney,
p<0.007). Levels were particularly low among older
people and those with disabilities.
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3.5 Basic digital interface competence

Participants completed eight interface tests as
described in Section 2.3.4. Their responses were
coded into correct and incorrect, with “I don’t know”
coded as incorrect. The total number of tests done
correctly was calculated. The total was recorded as
Missing data if participants declined to do at least
half of the tests. The test examined a basic level of
digital competence, so the number of tests correct
was categorised as described below:

e Low: 4 or fewer tests correct. We estimate
that people with these scores are likely to
struggle on many modern digital interfaces,
particularly on smartphones and tablets.

e Medium: 5 or 6 tests correct. These people
are still likely to have some difficulties

e High: 7 or 8 tests correct. a fairly high level
of basic digital interface competence. This
does not necessarily translate to
competence with more complex interfaces
and tasks.

The results are shown in Figure 9.

Basic digital interface competence

All

Older people
Women

Low education
Low income
Rural

Migrants ]

People w disabilities A
0 20 40 60 80 100

% of group

Level of digital interface competence:
B High B Medium OLlow

Figure 9: Digital interface competence by group (based
on the number of interface tests done correctly)

All groups except rural inhabitants and migrants had
significantly lower digital interface competence than
the rest of the sample (Mann-Whitney, p<0.007),
with particularly low levels amongst older people and
people with disabilities. Rural inhabitants actually
had higher competence levels than the rest of the
sample (Mann-Whitney, p<0.007).

4. DISCUSSION

4.1 Groups with the lowest digital technology
use

Older people reported particularly low levels of
digital technology use. This is consistent with

previous work which identified negative correlations
between age and the use of digital technology in the
UK (Goodman-Deane et al, 2020). Similarly, Frid et
al (2013) discussed the lower usage of technology
among older people in various European countries,
and Koch and Frees (2016)’s survey on internet use
in Germany found that age was negatively
correlated with smartphone usage. The current
study extends this work, finding low levels of
technology use among older people, both in general
and in the context of transport. In addition, this group
had low levels of access to a range of technologies,
including computers, smartphones, tablets and the
internet, as well as more negative attitudes towards
technology and lower basic digital interface
competence.

In the current analysis, the sample was divided into
just two age groups in order to examine a range of
vulnerable groups. However, the 65+ age group is
large and very varied. Previous work has found that
older groups within this range (e.g. 75+) have even
lower levels of technology use and competence (e.qg.
Hargittai et al, 2019). This could be explored further
in future work.

Another group with very low levels on all technology
variables (including technology access, use,
attitudes and competence) were people with
disabilities. This may be partly due to the overlap
with the older age group, as 68 per cent of those with
disabilities were aged 65 and over. However, the
group also includes many younger people. Further
analysis is needed to explore the intersectionality
between these groups, and the differences between
younger and older people with disabilities, and
between those in each age group with and without
disabilities.

This group is heterogeneous in other ways as well
as age, including the range of disabilities (sensory,
motor and cognitive) and the levels of severity. A
range of design adaptations and accessibility
features are required to meet these needs.

A third group with low levels on all technology
variables is people with low levels of education. This
group had slightly higher levels on some of the
technology variables than older people or those with
disabilities, but still much lower than the rest of the
sample. For example, 42 per cent of this group had
low levels of digital interface competence as
measured by the interface tests, compared to 24 per
cent of the sample as a whole.

4.2 Intermediate groups

People with low income and women were
significantly lower than the rest of the population on
some of the variables, but not on others. The size of
the difference from the rest of the sample was also
smaller than for the groups in Section 4.1.
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People with low income had significantly lower levels
of technology access, general technology use and
digital interface competence than the rest of the
sample. They did not differ in their general attitudes
towards technology, but did have lower confidence
in planning transport journeys digitally, both using a
computer and using a smartphone. A higher
proportion reported being very limited in travel due
to difficulties during trips, but not prior to travel,
because digital skills were needed.

Women reported lower levels of general technology
use, attitudes towards technology and competence
with technology, but some of the differences were
small. They did not differ in their technology access,
use of digital transport or overall limitations in travel.

Some previous studies have found gender
differences in technology use (OECD, 2018), while
others have not. For example, Goodman-Deane
(2020b) found no significant gender differences in
technology use and competence in the UK. This may
be due to differences between countries.
Alternatively, the larger sample size (n=1010) in the
present study may have enabled detection of
smaller differences between groups.

4.3 Groups with highest technology levels

At the opposite end of the scale, the survey found
that migrants were similar to the sample on all the
variables. Rural inhabitants differed only in two
variables: a higher proportion of them reported being
very limited in travel, but not for reasons related to
digital skills. Furthermore, this group had a
significantly higher level of digital interface
competence than the rest of the sample.

The survey results thus indicate that migrants and
rural inhabitants in Germany, considered as groups
as a whole, are not at greater risk of digital mobility
exclusion on the grounds of general technology
access, experience, attitudes and competence.
However, they may still have specific needs when it
comes to other aspects. For example, the survey did
not consider language issues, which are likely to be
a particular concern for migrants. The survey did find
that rural inhabitants reported greater limitations in
transport. Transport needs are different in rural and
urban areas, due to the increased distances,
logistical issues with transport provision and
differences in infrastructure. These should be taken
into account when considering digital mobility
services in rural areas.

4.4 Transport services

The survey found low numbers using the listed
digital mobility services: car sharing, car pooling,
digital taxi services, on-street bike hire, on-street
scooter or motorbike hire and digital parking
payment. The usage of these services may have
been affected by the Covid-19 pandemic.

Nevertheless, 64 per cent of participants had never
used any of these services, with even lower usage
in most of the vulnerable groups, especially older
people and those with disabilities. This indicates that
there is still a long way to go before these services
become truly mainstream. Designers and
developers should not assume that potential users
will know how to access or operate these services.
Clear and simple explanations may be required.

Larger numbers used digital sources of information
about public transport. 53 per cent of the sample as
a whole, and 66 per cent of those who reported
using public transport, said they used these
information sources. Nevertheless, many do not use
them. Digital information sources need to be
provided in conjunction with other non-digital means
of obtaining important transport information.

The survey also found high levels of mobility
poverty, i.e. people who reported feeling limited in
their regular travel within their region. 44 per cent of
the sample as a whole reported feeling “very
limited”. Rates within the vulnerable groups varied
from 42 per cent for migrants to 74 per cent for
people with disabilities. Digitalization of transport
products and services is not the only reason for this
mobility poverty, but it does play a part, especially
for certain groups. 51 per cent of older people, 51
per cent of people with disabilities and 39 per cent
of those with low education reported feeling very
limited in their travel because digital skills were
needed to either plan travel or use transport. This
highlights the importance of ensuring inclusivity and
usability when rolling out digital mobility services.

4.5 Design implications and challenges

It is important for designers and developers to
consider carefully who their potential users could be,
and what the characteristics of these people are.
Particular care is needed if the potential users
include older people, people with low education or
people with disabilities.

Many older people and people with disabilities do
not have internet access (38 and 34 per cent of
these groups respectively). Even more (56 and 50
per cent) do not own smartphones. In fact, 18 per
cent of population as a whole do not own a
smartphone. Thus, while smartphones offer great
potential for transport services due to their portability
and mobile internet access, they cannot be
deployed alone to provide an inclusive service. It is
important to offer alternatives. This is highlighted by
the numbers of those who are limited in their travel
because of requirements to use digital technology,
e.g. to access travel information or purchase or
present tickets.

One possibility is to offer telephone information and
booking lines. The numbers excluded by such
services are much smaller, as 98 per cent of the
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sample and 92 per cent of older people own mobile
phones. However, even these services do not cover
absolutely everyone. In particular, note that visitors
to a country may not have mobile signal coverage,
or the cost of using a mobile phone may be
prohibitive for them.

Another possibility is to offer fixed screens or kiosks
displaying information or offering functionality at
stops and stations. These overcome the technology
access issues, but can still result in exclusion due to
the digital interface competence and attitudes of
potential users.

As a result, efforts are needed to make any digital
interface easier to use, whether on a web browser,
smartphone or kiosk. This is particularly important to
ensure that people with low digital technology
experience and competence are included.

For example, users with low digital interface
experience are unlikely to understand the icons,
language and conventions of digital interactions. If
the target group is likely to include such users, it is
important to include text explanations alongside
icons. Similarly, these users may be unaware of
hidden digital interface conventions and controls.
Examples include gestural controls such as ‘pinch to
zoom’. To prevent exclusion, it is important to
provide hints or tips, or offer these interactions in an
alternative, more visible format, such as through a
zoom button or menu option.

Other issues arise due to attitudes towards
technology. Some people are scared or hesitant
about using unfamiliar technology, and will not try
exploring an unfamiliar interface in case they break
something or perhaps buy the wrong ticket. It is thus
important to provide clear reassurance and
confirmation for actions. Easy and obvious ways to
‘undo’ an erroneous action also help. As well as
increasing the likelihood of successful use, they
provide users with reassurance that they can
recover from mistakes and give them more
confidence to use the system.

5. CONCLUSIONS AND FURTHER WORK

This paper has presented results from a survey of
1010 people in Germany in 2020, examining various
characteristics related to the use of digital mobility
services: technology access, general technology
use, attitudes towards technology, basic digital
interface competence and the use of technology for
transport. It described the characteristics of seven
groups that were identified as being particularly
vulnerable to either digital or transport exclusion.
Older people (aged 65+), people with disabilities and
people with low levels of education were found to
have particularly low levels of digital technology
access, use, attitudes and competence.
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The survey also found large numbers of people
reporting being very limited in their regular travel
because of the need for digital skills to plan travel or
use transport. These numbers were particularly high
among older people and those with disabilities.

Caution is thus required when rolling out digital
mobility services. Non-digital alternatives are
needed to ensure an inclusive service. When digital
interfaces are used, they need to be designed
carefully to be usable by and reassuring to digital
novices.

The survey described in this paper is currently
underway or completed in four other European
countries. An earlier version of the survey was also
conducted in the UK. Further work will compare the
findings between the countries to get a cross-
Europe picture.

Further analysis can examine intersectionality,
overlaps between groups and differences within a
group, e.g. between older and younger people with
disabilities, or between smaller age groups within
the older population. In addition, the analysis in this
paper has only given summaries of key variables.
Further analysis could examine more detailed
variables, e.g. response to additional questions
about attitudes, such as willingness to explore an
unfamiliar interface, and performance on particular
interface tests. The results could go further to inform
the design of inclusive interfaces.

Further work could also compare the results from
this survey with qualitative findings from interview
and observational studies.
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