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Abstract. The introduction of smart technologies in mobility has created a vast
landscape of possibilities and options, but at the same time they have also created
uneven impacts across society. It is, therefore, the goal of this paper to introduce
the online Service and Policy Evaluation Tool (SPET) for evaluating the accessi-
bility and inclusivity of digitalmobility and delivery services. The tool shall enable
policy makers to design strategies necessary for all citizens to fully benefit from
the digital mobility system (e.g. social and educational strategies, new regulations,
etc.) and identify strategies to avoid digital exclusion in terms of social and spatial
aspects. Structurally, the tool is built on the capabilities approach, in combination
with the principles of universal design, and co-creation was used for the develop-
ment of the tool contents. The recommendations from the SPET will assist policy
makers, developers, operators and other parties to provide promised benefits of
digital services to all sections of the society, especially to people vulnerable to
exclusion.

1 Introduction

In order to participate in social or other activities, a person needs to navigate the envi-
ronment (Vecchio and Martens 2021). The transport environment used to be a purely
physical one, but since the introduction of the internet and especially the smartphone,
there is an increasing need for digital skills to navigate this new digital transport envi-
ronment (Vaidian et al. 2019; Velaga et al. 2012). This has, however, proven difficult
for many groups in our society, resulting in groups of people that are, more than others,
vulnerable to be excluded from participating in social or other activities (Groth 2019;
Loos et al. 2020; Pangbourne et al. 2020). Moreover, the proportion of people having
access to mobile internet access was still only 74% in 2019, and this form of internet
connection is most relevant for using digital services while on the road. The percent-
age of Europeans who recently (up to 3 months before the Eurostat data collection in
2020) used an internet connection to order online transport service, from an enterprise
or private person, is only 9%. For older people, who are often already struggling to fulfil
their mobile needs, this is only 4% (Eurostat 2020), indicating the need for improved
accessibility and inclusivity of digital transport services.
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Research shows that several characteristics, such as education, income, gender, age,
migration background etc. have a significant impact on a person’s access to digital
transport services (Durand et al. 2022; Estacio et al. 2019; Gorski 2005; van Dijk 2006).
These traits are usually combined, e.g. a person with a migration background, who
did not receive extensive education, will often earn less and has fewer digital skills,
resulting in difficult barriers for her/him to use a digital mobility service (Durand et al.
2022; Sathyan et al. 2022). The lack of access to digital transport solutions is a result
of the combination of limiting socio-economic factors and already existing transport
disadvantages. Durand et al. (2022) argue that increased exclusion from the digital
transport system is already developing within the same groups that currently experience
transport disadvantages and a higher degree of social exclusion. The further digitalisation
of the transport network is likely to create new lines of transport and social inequality,
as well as enforce existing ones. Although some studies have already linked digital
exclusion and transport disadvantages, not much empirical research is available yet.

The capabilities approach has been proposed as a possible evaluation approach to
appraise the contribution of transport projects and services to wellbeing and freedom
to access opportunities (Vecchio and Martens 2021). If we apply the concept of the
capabilities approach to digital mobility services, in order to use a service, a person
needs to have the ability to utilise mobility resources (e.g. public or private transport).
This ability is influenced by knowledge, skills, confidence, physical and mental ability
to access and navigate on a digital interface. To increase this ability, it is necessary to
provide digital mobility services that require fewer skills and other resources, and which
are accessible and inclusive towards people of all abilities.

In this paper, based on definitions by Lucas (2012) and Schwanen et al. (2015), we
consider inclusive digital mobility to be a very variable concept, influencing and influ-
enced by any party that is involved, creating a combination of subjective and objective
combination of expectations, needs and barriers that need addressing before a digital
transport service can be considered to be inclusive. These expectations, needs and bar-
riers can be addressed from different standpoints, given the multitude of stakeholders
of the digital transport network. For a definition on accessibility we adopt the definition
developed by the European commission which states that accessible digital mobility has
to comply with the following two aspects: “Provision of appropriate and sufficient infor-
mation for the passenger to plan and carry out the journey, and to deal with unexpected
disruptions. Provision of the information in the format and via the channel suited to
the passenger, especially considering those with visual, hearing, learning and cognitive
difficulties” (European Commission et al. 2020, p. 6).

In combination with the capabilities approach, universal design can be a useful con-
cept to create a digital transport system that is accessible and inclusive. The principles of
universal design focus on developing a spatial environment that is physically accessible
to all (Mace et al. 1998). This means that the environment is developed to fit the skills of
all people, including those with a physical disability. When applied to the digital trans-
port system, this results in the development of digital services that need to comply with
the needs of people with the lowest digital skills. Creating a digital transport system
that answers to those needs requires a co-creative and inclusive approach, with input
from those people that are involved in the development process (developers, operators,
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policymakers etc.) of digital mobility services and of especially those groups that are
currently excluded from these services due to a lack of skills.

In this paper, we introduce the INDIMOService and Policy Evaluation Tool or SPET,
the first tool of its kind that evaluates the inclusivity and accessibility of digital mobility
and delivery services. This tool aims to bridge the gap between the abilities of persons
vulnerable to exclusion and the requirements of emerging digital mobility and delivery
services by providing an online self-assessment tool for evaluating the inclusivity and
accessibility characteristics of an existing or new, yet to be introduced service. The tools
also provides recommendations on how to improve specific features of an evaluated
service so that the accessibility and inclusiveness of the same is improved.

The following research questions need to be addressed for developing a Service and
Policy evaluation tool that is efficient and useful.

– How can we facilitate the evaluation of the inclusiveness and accessibility of digital
mobility services?

• Which topics are significant for the development of a digitally inclusive and
accessible tool?

• How are the different key topics included in the tool evaluated and scored?

To answer these questions, we first introduce three key concepts: the capabilities
approach, the principles for universal design, which were used as the basis for the tool
and the co-creation method which was used to develop and test the tool. Secondly,
the conceptual framework is presented, then the methodology of developing the tool is
discussed and finally, in the output and structure section, we explain the development of
the tool step-by-step, how we evaluated the questions, how the weights were allocated
to different topics and how the performance scores are calculated. In the conclusions,
we propose additional functions and services that can be included in the SPET, as well
as future research on the content and use of the SPET.

2 Literature Review

2.1 Capabilities Approach

Current transport planning and policy are mostly focused on the transport system itself,
without actually focusing on those using the system, resulting in the idea that a decent or
good working system is enough to provide transport for everyone, indirectly indicating
that all people have the possibility to participate in activities (Brown et al. 2009). It
cannot be denied that this approach has provided an ever increasing accessibility to a
significant part of the population, however, now it is obvious that this does not mean
this method has proved to be sufficient for everyone (Lucas 2012). The ever-increasing
digitalization of the transport system, and consequentially the increased complexity of
the same demands a different approach.

The need for a new approach emerged in the 1990s, with the introduction of the
capabilities approach, a theory developed byAmartya Sen andMartha Nussbaum (Nuss-
baum 2000, 2011; Nussbaum et al. 1993; Sen 1985, 2001, 2009). Various definitions
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and descriptions have been adopted, for this paper, we adopt the following definition as
proposed by Sen (1995, p.1)” A person’s capability to achieve functionings that he or she
has reason to value provides a general approach to the evaluation of social arrangements,
and this yields a particular way of viewing the assessment of equality and inequality”.
The capabilities approach was also promoted as a methodology for the appraisal of
transport systems, with its foundation in the contribution it provides to a persons’ oppor-
tunities and wellbeing, which is a basis for consistent evaluative approaches to influence
transport planning and policies (Alkire 2003; Vecchio and Martens 2021).

Besides its ability for evaluating transport systems, the capability approach inherently
promotes accessible transport systems and thus has a positive impact on the groups in
society that are more poorly served by the current transport system than others (Lucas
2012; Martens 2017). Furthermore, it is especially useful when it is used for evaluating
a diverse set of people, each with their own capabilities and constraints, keeping in mind
the distribution of mobility resources and how these are differently available and used
by different people (Vecchio and Martens 2021).

The capabilities approach, especially in relation to mobility has been approached
in multiple ways, from a very broad interpretation: ‘the ability to be mobile’ (Beyazit
2011), from a physical, social and financial point of view, to ‘being able to use public
transport’ (Ryan et al. 2015). Another possible approach was introduced by interpreting
accessibility as a capability, rather than just being mobile. This interpretation focused on
the participation in society, for which a person needs the be mobile to a degree (Martens
2017).

Lastly, another important difference in interpretation and use of the capabilities app-
roach is combining it with a top-down or bottom-up approach. For the creation of a
service or product for people vulnerable to exclusion, the bottom-up approach is pre-
ferred as this examines how each person attributes different values to an activity and
how this results in participation in activities due to the accessibility provided through
the transport system (Vecchio and Martens 2021). In other words, the bottom-up app-
roach includes those people in the development process for whom the product or service
is meant. Contrary to the top-down approach, where users are not involved in the devel-
opment process. A main disadvantage of the top-down approach in this case is the lack
of knowledge about barriers and needs that are experienced by people vulnerable to
exclusion, as well as other stakeholders of the digital transport network. Therefore, in
this paper, we consider the bottom-up approach to be the most suited approach when
researching and working with citizens vulnerable to exclusion. In combination with the
capabilities approach of Randal et al. (2020), this results in a policy and service evalu-
ation tool that was developed with input from users, developers, operators etc. so that
their capabilities, requirements and needs are integrated in the tool.

Universal Design Principles in Digital Service Design
Universal design (UD), a concept first mentioned and used by RonaldMace, an architect
who worked on social inclusion of people with disabilities, is described as “the design
of products and environments to be usable by all people, to the greatest extent possible,
without the need for adaptation or specialized design” (Aarhaug 2019, p. 2). This resulted
in a first, comprehensive approach to develop a more inclusive world. Earlier attempts
resulted in a segregated approach, one infrastructure for those without ‘disabilities’ and
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one for those who needed an adapted approach. These attempts usually were considered
to be ugly and required additional investment (Mace et al. 1998). Throughout the years,
the way UD was approached has evolved and a vision emerged that UD promotes a new
approach to design that celebrates diversity and provides equal opportunity of access
to mobility and services (Audirac 2008). In the EU, as part of the General accessibility
act (2019), the concept of UD is defined and integrated within the legislation for the
development of products and services (European Commission 2019). A more recent
practical evolution is the implementation of UD in digital services, with Begnum and
Bue (2018) concluding that there is still a significant lack of awareness of UD among
designers and other stakeholders.

The widespread emergence of services, especially digital services, has resulted in
the fast growth of service design, focusing on the holistic experience of users, with the
goal to make services user friendly, easy to use and more intuitive (Polaine et al. 2013;
Scott et al. 2016). According to Begnum and Bue (2021) a widely accepted definition of
an inclusive digital service is still not available, so, in this paper, we adopt the working
definition as described in theirwork: “A service is universally designedwhen its customer
journey is usable to all people (to the greatest extent possible and without the need for
adaptation or specialized design), by selecting suitable touchpoints” (Begnum and Bue
2021, p. 22). The design has a significant impact on the value creation of the digital
services (Law et al. 2008) and consequently on society as well (Kuk and Janssen 2013),
with digitalized services dominating society at an ever increasing pace (Newman 2020).
The impact service design has, is significant, and even though there is an idea on the
relevant concepts linked to universal service design, awareness about this method is
overall lacking (Begnum and Bue 2021; Delaere et al. 2020).

The introduction of universal design, or inclusive design, which are often used as
synonyms (Goodman-Deane et al. 2010; Clarkson and Coleman 2015) in digital services
has resulted in the development and design of more inclusive digital services. Adopting
universal design principles when developing services is not necessary for most users,
but it does provide the opportunity for vulnerable to exclusion people to make use of
the services as well, resulting in a more accessible and inclusive service for all users.
In this regard, one set of regulations that has proven impactful are the Web Content
Accessibility Guidelines, which are guidelines defining how to make Web content more
accessible to people with disabilities. Accessibility involves a wide range of disabilities,
including visual, auditory, physical, speech, cognitive, language, learning, and neurolog-
ical disabilities (W3C 2008). Within the European digital landscape, the Web Content
Accessibility Guidelines 2.0 (WCAG 2.0) are mandatory for National agencies, and
their contractors (European Union Agency for Fundamental Rights 2014). Additional
guidelines are available in the WCAG 3.0, which have significant overlap with WCAG
2.0, but it introduces an alternative to previous versions (W3C 2021). Although WCAG
has resulted in an increase of the accessible character of web based applications and
platforms, since social and spatial inclusion is not really integrated into the definition
of the WCAG, it does not provide an answer or guideline to all barriers of digital ser-
vices (Begnum et al. 2018). Tools have been developed to assess the inclusive character
of projects, programs, organisations and companies, but only a few have been created
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for the evaluation of digital services (Department for Digital, Culture, Media and Sport
2017), with none focusing on digital mobility services.

The implementation of UD principles in legislation shows an effort for a more gener-
ally accessible design and use of services and products. Nevertheless, there is still a lack
of knowledge among developers, designers regarding UD in service design. Moreover,
inclusivity of services and products is often only a sidenote in the company goals or not
mentioned at all (Delaere et al. 2020). This is where the SPET can fill an existing gap, it
can provide assistance to evaluate the digital inclusivity of digital mobility services and
can provide guidelines to design, develop and implement accessible, inclusive digital
mobility services.

2.2 Co-creation as an Approach to Develop Tools

Pappers et al. (2020) stated that the use of co-creation, as a form of public participation
has become more present in multiple industries, especially within health and educa-
tion. In transport development and policy, co-creation has only recently become more
of a standard, advocated by the European commission with projects like those within
HORIZON2020.

Developing digital mobility services that are accessible and inclusive require user-
centred development, and applies a bottom-up approach, meaning that the users are
involved in the development process and have a significant impact on the final output.
One way of involving users in the design of a service is using ‘co-creation’, that can
be interpreted as a more intense, further reaching form of customization, involving
“collaboration with customers for the purpose of innovation” (Kristensson et al. 2008,
p. 47). In a co-creation process the focus shifts from the firm or company to the users,
who are significantly involved in the development process addressing user- specific needs
(Chathoth et al. 2013).

The first stakeholder group, mainly the users, are mostly the sole focus of inclusivity
measures, as these are the people that might potentially be excluded. But, for the devel-
opment of a digital service, it is not sufficient only to keep in mind the users, as this
can result in demands that cannot be fulfilled by developers, operators or policy makers.
Therefore, it is important that both sides have sufficient input in the development of the
tool. This will eventually result in a service that is inclusive and accessible for all users,
but will also make sure that all inclusion related changes and measures are feasible for
the developers, operators and policy makers to implement as well.

Conceptual Framework
The Service and Policy Evaluation Tool, that we developed, addresses the gap between
the provided capabilities of potential users, and the required capabilities of a digital
mobility or delivery service based on the capabilities model of Randal et al.( 2020).
It is intended to align the set of requirements posed by a digital service to match the
capabilities of potential users to facilitate their participation in society. The tool aims to
help the key stakeholders that have an influenceon thedevelopment of digital applications
and services, i.e. developers, operators and policy makers, to make digital mobility
services universally accessible and inclusive.
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The goal of the SPET is to intervene in matching both sides of the capabilities model
(Fig. 1). Provided capabilities (e.g. digital skills), have to match the required capabilities
(constraints) in order for a person to participate in a specific activity (e.g. visiting a family
member), which are influenced by the actual activity (e.g. using a ride-sharing service)
and the environment, i.e. digital and physical context in which the activity will take place
(e.g. the smartphone application that is needed to book a ridesharing service as well as
being able to find a physical meeting point to get to the vehicle)(Vecchio and Martens
2021). Applying universal design to the service and the environment could help to design
a service that accommodates the capabilities of as many people as possible rather than
designing specialised services addressing capability limitations. In order to facilitate
universal design, developers need to take it into account when designing the service and
its interface; operators need to consider it when they operate a digital mobility service;
and policy makers need to create guidelines and regulations that incentivise developers
and operators to comply with accessibility and inclusivity requirements. If the Universal
Design principles are considered, the activity and the environment can be designed in a
way that accommodates the requirements of the users in a broad sense and the capability
gap disappears or it is at least decreased. In this way, a user would be able to book a
ridesharing service through a smartphone app, communicate with the driver and find the
meeting point and board the vehicle in order to reach her/his destination irrespective of
her/his level of digital skills.

The SPET has both an assessment and a steering role in this process. On the one
hand, it would allow policy makers, as well as developers and operators to assess to what
extent a service complies with minimum and recommended accessibility and inclusive-
ness standards; but on the other hand, it would also steer service design by giving
recommendations on applying universal design to improve specific features of services
and applications.

Fig. 1. Conceptual framework of SPET
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3 Methodology of the Development of the SPET

The SPET was developed through a co-creation process involving the two main stake-
holder groups: the citizens, i.e. the users and non-users of digital mobility services and
the stakeholders that are involved in the development, implementation and operation of
the digital mobility services (developers, operators and policy makers). The creation of
the SPET was a multi-step process, presented in Fig. 2.

In the first step of the development the requirements of the stakeholders towards
the tool were identified. We carried out 10 case studies of digital mobility and delivery
services to assess how accessibility and inclusion were considered in their development.
As part of the case studies, 18 interviews with operators, developers and policy makers
provided information about the drivers and barriers they experience during the devel-
opment, implementation and operation of an inclusive digital mobility service (Delaere
et al. 2020). Then a co-creation workshop was organised where 36 experts discussed and
elaborated on the drivers and barriers that were collected from the interviews. This pro-
vided us with a more extensive understanding of the barriers, as well as the differences
between different kinds of stakeholders.

In the second step, we defined the set of capabilities of users and non-users (skills)
and the requirements of digital mobility and delivery services (constraints) through a
comprehensive qualitative research process. 70 interviews were conducted with users
and non-users of the digital transport system with a focus on the people vulnerable to
exclusion. Additionally, 25 interviews were conducted with stakeholders representing
people vulnerable to exclusion as part of 10 user case studies. In these interviews we
investigated the required capabilities to use a digital mobility service and the provided
capabilities by people vulnerable to exclusion (Ciommo et al. 2020a, b; Vanobberghen
et al. 2020).

In the next step, guidelines were developed for applying universal design in the
development of digital mobility and delivery services and applications. The first set
of guidelines were collected in the Universal Design Manual – (UDM)(Ciommo et al.
2020a, b); secondly, there are the guidelines for universal language interface icons and
accessible interfaces (UIL)(Hueting et al. 2020), and the last set of guidelines are those
about cybersecurity, privacy assessment and data protection (CSG) (Capaccioli et al.
2020). These documents provided the set of minimum requirements and recommenda-
tions to be used in the SPET. These are represented as a set of themes and topics (see in
the next section), as well as the questions that are included in the SPET.

A co-creation workshop with 28 mobility experts was organised during which the
topics and questions were reviewed, discussed and changes were suggested. To finalize
the development of the questions, the same process was repeated a second time with 19
developers, operators and researchers.

In the fourth step, weights and scores were developed for the questions in the SPET
since during the co-creation workshops, it became clear that the mobility and inclusivity
experts did not consider each topic to be equally important. Thus, a weighting exercise
was organised to find out which topics they considered to be relatively more important
compared to others.
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In the fifth step, an online web version to facilitate the accessibility and inclusivity
assessment, was developed, tested and evaluated.

In June 2022, a first test for the SPET was organised with 24 experts compris-
ing of researchers, developers and policy makers from cities across Europe. During
this test the participants used the SPET to evaluate several digital mobility and deliv-
ery services: Cambio1 (carsharing), Bpost2 (eletronic parcel locker), Uber Eats3 (food
delivery), BlaBlaCar4 (ridesharing) and Citymapper5 (multimodal routeplanner). While
completing the evaluation of one of these services the participants answered a survey
about the clarity and understandability of the questions, answers, definitions and results
in the SPET.

Fig. 2. Stepwise creation process of SPET

4 Structure and Output of SPET

This section has the following structure: first the different types of evaluations are
explained, focusing on the type of service and the evaluator, secondly the themes, topics
and related questions are defined, thirdly we talk about the structure of the questions,
a fourth section focuses on the weighting of the topics, followed by an explanation on
how the scoring takes place and finally how the output of the tool is produced.

4.1 Types of Evaluation in the SPET

Before evaluating the digital inclusivity and accessibility of a mobility service, the eval-
uator will have to select what kind of service will be evaluated and which type of
stakeholder (developer, designer, operator or policy maker) she or he is. Based on these
choices, a specific set of topics and questions is presented to the evaluator.

1 www.cambio.be.
2 www.bpost.be.
3 www.ubereats.com.
4 www.nl.blablacar.be.
5 www.citymapper.com.

http://Www.cambio.be
http://Www.bpost.be
http://Www.ubereats.com
http://Www.nl.blablacar.be
http://Www.citymapper.com
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The services currently available for evaluation are those linked to the INDIMO pilot
projects (food delivery, ride- and car-sharing, electronic parcel lockers and multimodal
route planners), with ‘other’ as an additional option, to provide the evaluator with the
option to evaluate another type of service.

Once this information has been entered in the tool, the actual evaluation starts, in
which the evaluator will have to provide answers to the questions linked to each of the
evaluation-topics (Table 1). The structure of the questionnaire is threefold, linked to the
three themes present within the tool: Universal Design Principles, service features and
assistance provided.

4.2 Topics and Questions for Evaluation

As explained in previous sections, input for the tool is based on multiple interviews with
each of the stakeholder groups, after which the information was used to develop the
UDM, UIL and SCG.

To create a clear structure three themes, based on the collected information, were
created, the first theme is the universal design principles, which is based on an adaptation
of the standard universal design principles. From the original seven principles, five were
kept, the other principles (simple and intuitive, size and space for approach and use) were
left out. In the digital world, ‘simple and intuitive’ was considered to be very different
for each stakeholder group and service, also, for a large part, this aspect is covered by
the other principles. The ‘size and space for approach and use’ was not necessary as
the physical aspect is not evaluated by the SPET, rather this principle was replaced by
digital (and spatial) wayfinding. The last topic that was included in this theme, is the data
protection and privacy of the users. Furthermore, one principle was adapted slightly, a
cognitive part was added to the low physical effort principle, to better fit with the digital
approach.

The second theme ‘service features’ is an umbrella term for all the topics related
to the inclusivity of the services considering pricing, payment methods, information
provision, communication and spatial accessibility.

Finally, the third theme ‘assistance offered’ refers to the topics that provide help for
those who have issues using the application or the service, as well as focusing on the
iconology used in the application. This topic was identified as a separate topic as one of
the key findings of the interviews with users and non-users was that people would need
human assistance when using digital mobility services.

This resulted in 18 topics, divided among three main themes as presented in Table 1.



264 H. Delaere et al.

Table 1. Evaluation topics included in the service and policy evaluation tool

Theme Number of questions Explanation

Universal Design Principles 34

Flexibility 6 The design accommodates a wide
range of individual preferences and
abilities

Equitability 7 The design is useful and marketable
to people with diverse abilities

Perceptibility 3 The design communicates necessary
information effectively to the user,
regardless of ambient conditions or
the user’s sensory abilities

Tolerance for error 2 The design minimizes hazards and
the adverse consequences of
accidental or unintended actions

Physical and cognitive effort 1 The design can be used efficiently
and comfortably and with a minimum
of fatigue

Digital and spatial wayfinding 6 How easily can someone navigate the
app and the spatial environment to
use the service

Data protection and privacy 9 How privacy and GDPR are taken
into account and presented to the user

Service features 27

Payment 8 The different options for users to pay
for their ride, order, trip, subscription,
etc

Subscription, reservation &
registration

4 The subscription, reservations and
registrations options that are
available, as well as their usability

Price and affordability 5 The different options of tickets and
subscriptions that are available so all
people, no matter their financial
status can make use of the service

Information 4 The availability and accessibility of
information about the service and
application

Communication 4 What channels are used for
communicating about the service and
how effectively info is communicated

(continued)
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Table 1. (continued)

Theme Number of questions Explanation

Service area 2 The operational area of a service
(geographical and across
socio-demographic groups)

Assistance provided 13

Digital capability 2 The skills needed to access digital
tools & use them according to
individual needs

Audio assistance 2 Auditory assistance provided within
the application to help people (e.g. by
telephone)

Autism 2 Specific features of an application to
make use easier for people with
autism

User feedback 5 How users can provide feedback,
how fast operators respond and to
what changes feedback lead

Iconology 3 Use of icons has a significant impact
on usability, perceptibility,…

Each of these themes, with their appropriate topics form the core structure of the
tool. For the evaluation of individual topics, a number of questions were developed for
each theme.

4.3 Structure of the Questions

The entire questionnaire is made up of three types of questions, categorized by the way
in which they are answered. The first type of questions requires a ‘yes or no’ answer, the
second type are answered in a Likert scale with 3 or 5 potential answers, the last type of
questions are the ones that can be answered by selecting suitable option from multiple
choices. Once the evaluator has answered all questions the topic and theme-wise scores
are calculated.

However, the final score does not only depend on the answers from the evaluator,
but it is also influenced by the weights allocated to each of the topics.
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4.4 Weighting of the Topics

Each of the topics was described and presented to, and discussed by, 29 experts in the
field of digital mobility, policy and inclusivity in order to determine the relative impor-
tance of the topics. Experts concluded that all three themes are equally important for an
accessible and inclusive application or service, but topics under a certain theme may dif-
fer in their relative importance. For allocating weights to each of the topics, a survey was
distributed among the experts (operators, developers, researchers and mobility profes-
sionals) participating in the INDIMO project. To quantify the relative importance of the
topics, the experts were asked the question: ‘Relative to the importance of other topics
in this theme, how would you score this topic out of 20’. It was decided to use a scale of
1–20 with the consideration and objective of providing experts a scale wide enough to
comfortably express the differences in the perceived importance of each topic. Based on
the scores provided by experts, the topics within a theme were compared and weights,
relative to each other, were allocated to the topics Table 2. The standard deviation of
the weights allocated to each topic is also included in Table 2, showing the variance in
answers provided by the experts.

Table 2. Allocation of weights to each of the SPET topics

Theme Topic Theme weights Topic weight
score on 20

Std Dev Topic weight

Universal
Design
Principles

Flexibility 0.33 15 2.95 0.0457

Equitability 15.64 3.46 0.0476

Perceptibility 17.5 2.23 0.0533

Tolerance for
error

14.93 2.91 0.0455

Physical and
cognitive effort

15.21 3.38 0.0463

Digital (and
spatial)
wayfinding

15.71 2.79 0.0479

Data protection
and privacy

15.43 4.27 0.0470

Total/Average 15.63 3.14 0.33

Service
features

Payment 0.33 14.43 2.64 0.0540

Subscription,
reservation &
registration

13.57 3.54 0.0508

Price and
affordability

15.36 3.04 0.0575

(continued)
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Table 2. (continued)

Theme Topic Theme weights Topic weight
score on 20

Std Dev Topic weight

Information 16.64 2.58 0.0623

Communication 14.86 3.4 0.0557

Service area 14.14 3.83 0.0530

Total/Average 14.83 3.17 0.33

Assistance
offered

Digital capability 0.33 16.07 3.73 0.0660

Audio assistance 16.64 3.99 0.0684

Autism 15.86 3.7 0.0652

User feedback 16.5 2.87 0.0678

Iconology 16.07 3.73 0.0660

Total/Average 16.45 3.50 0.33

Calculating the weights for each topic happens as follows: for the simplicity of cal-
culation and convenience of understanding and presentation, total weight for all themes
is considered to be 1. After this the total weight was equally distributed among three
themes which are equally important from the perspective of accessibility and inclusiv-
ity of an application and service. This way, the weight allocated to each theme is 0.33
(approximately). Then 0.33 was divided among topics according to the ratio of the aver-
age score (out of 20), allocated by the experts to each topic to find the topic weights.
The actual weight is then calculated by dividing the topic weight score by the sum of all
topic weight scores within a theme. The result of this calculation is presented in Table 2
in the column on the right ‘Topic weight’.

4.5 Assessment Results and Recommendations

The final score for each theme is calculated based on the answers for each of the questions
that topic contains. Table 2 shows the number of questions for each topic, the number
of questions does not have an effect on the importance of a theme. Due to the fact that
yes/no questions, multiple choice and different Likert scales are used, a transformation
is necessary (Table 3). Each of the scores is re-distributed on a 20 point scale. After the
re-distribution, the average of all the unweighted score for each question results in the
unweighted topic score.
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Table 3. Re-distribution answers SPET.

Original answer Re-distributed answer

Yes – no 20, 0

3 point Likert scale 0, 10, 20

5 point Likert scale 0, 5, 10, 15, 20

Multiple choice Equal distribution on 0–20 scale (depending on the question: the more/the
less, the better)

Once the evaluation of the service is finished, i.e. the evaluator answered all the
questions, the average of all weighted topics scores results in the theme performance
score. Finally, the average of the three themes results in the overall performance score
for the evaluated digital transport service. An example is given in Table 4.

Table 4. Example calculating theme performance score

Topic Weight score
on 20

Topic weight Score (based
on input policy
maker) on 20

Weighted
performance
score on 20

Theme
average %

Flexibility 15 0.04524 16 14.48 64.76

Equitability 15.64 0.04717 18 16.98

Perceptibility 17.5 0.05278 14 14.78

Tolerance for
error

14.93 0.04503 12 10.81

Physical and
cognitive
effort

15.21 0.04587 12 11.01

Digital (and
spatial)
wayfinding

15.71 0.04738 16 15.16

Data
protection and
privacy

15.43 0.04654 8 7.45
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Fig. 3. Example for result spider diagram

After this step all calculations are finished and the results are presented. For each
theme a spider diagram is shown (Fig. 3), containing each of the topics included and their
performance score in percentage giving the evaluator an easy-to-interpret result. Besides
the spider diagram, the evaluator receives the performance scores for each of the three
themes, accompanied by a general recommendation, as well as an overall performance
score. Three general recommendations are possible, depending on the score of the theme
(low, medium or high).

If the evaluator wants a more detailed representation of the results, this is possible as
well. For each of the evaluated topics the evaluator receives a score and recommendations
that would help to improve the service so that the performance score for a specific topic
increases, this of course with the ultimate goal to improve the digital inclusivity and
accessibility of the mobility service.

The recommendations are the final result produced by the SPET, providing the eval-
uator with relevant information on how to make the service more digitally inclusive and
accessible. Each of the recommendations (Fig. 4) are specifically linked to the questions
in the tool, providing detailed and focused interventions to the evaluator. Depending on
the score for each topic different recommendations are presented in three categories:
low, med, high, depending on their importance for a more inclusive service.
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Fig. 4. Recommendations output from the SPET

Recommendations included in the tool are all linked to the aforementioned INDIMO
toolbox providing a more elaborate explanation about every recommendation. The
recommendations are all organised in the INDIMO toolbox and explained in these
documents: (Capaccioli et al. 2020; Ciommo et al. 2020a, b; Hueting et al. 2020).

5 Conclusion and Next Steps

This Service and Policy Evaluation Tool or SPET is the first attempt to develop a tool that
provides the opportunity to evaluate the inclusivity and accessibility of a digital mobility
service to multiple stakeholder groups. The tool that can be used to evaluate services
on multiple topics related to inclusion and accessibility, and we developed a method to
quantify these topics. Both the topics and calculating the inclusivity and accessibility
score of the services, as well as the recommendations, will provide policy makers and
other stakeholders with the framework to efficiently evaluate and score digital mobility
services, resulting in the selection of more inclusive and accessible digital mobility
services that are allowed to operate.

At the time of writing this paper, the tool was still in its development phase, so no
actual testing of the tool has been carried out. The future steps in the development of the
SPET are the testing and validation by policy makers and other stakeholders of which
the next phase takes places in September 2022. The input from these events will be used
for further development of the tool.

A second change that can prove useful is the possibility to adapt the weights dis-
tributed between the different topics within a certain range. This way based on the
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context the evaluator could, to some extent, decide which topics he or she considers
more important and thus give a higher weight to that topic. A proposal to do so would
be to provide a range, based on the standard deviation from the weighting survey, along
which the weight can be changed.

Also, currently, it is only possible to evaluate an entire service, rather than one aspect
(application, interfaces and service). In future phases the option will be provided to the
evaluator to choose one or more aspect of the service, for which the main motivation is
a simpler and faster evaluation for the evaluator.

The most important development that can still be implemented in the tool is the
integration of additional services for evaluation. Currently, only the types of services
researched in the HORIZON2020 project INDIMO are included, which limits the use
of the tool. For future versions, it would be preferable to include other services such
as multiple micro-mobility services. At the same time, the SPET can also be adapted
to evaluate the services that are not digital, either in the domain of mobility or not.
These changes would have a positive effect on the applicability and usability of the tool
and should be considered for future research, as well as intensive testing with different
services, stakeholders and in a wide variety of cities and regions.
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