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ABSTRACT : In light of mounting concerns about the socio-environmental impact of
transportation, mobility users as a whole must change their travel behaviors to support the
ecological transition. However, categories of users with particular needs, such as those with
disabilities (defined as individuals with at least one severe limitation in a physical, sensory, or
cognitive function), face unique mobility challenges. This study aims to develop an evaluation
framework for mobility services, with the objective of identifying which services are most suitable
for the particular needs of people with disabilities. The first step in this study was to analyze the
PAM (Pour Aider a la Mobilité, in French) service, an on-demand mobility service specifically
intended for people with disabilities, operated by the Département of Seine-Saint-Denis, a local

authority in the Paris region. This was followed by a comparison of various mobility services with
PAM, with the aim of identifying the most suitable solutions for people with disabilities. This
approach involved three distinct elements: (1) multi-criteria analysis (MCA), (2) PAM data analysis
and (3) the creation of representative user personas. As an illustration, we evaluated nine mobility
services in relation to twelve criteria applied to people with psychiatric disabilities, providing a
ranking of the most suitable solutions. Consequently, we have developed a methodological
framework for evaluating mobility services tailored to the particular needs of specific categories of
users. Our findings are of use to local authorities when implementing on-demand mobility services
in conjunction with the existing transportation system and emerging mobility services.
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PROMETHEE; Travel behaviour ; Equity
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1. INTRODUCTION

Amidst a rapidly changing context, particularly related to climate disruptions, mobility practices are
dynamically evolving to address pressing socio-environmental challenges. New mobility services
are emerging, offering potential remedies for addressing these challenges and helping local
authorities achieve their objectives, including providing equitable local transportation systems.
Among the most crucial objectives in transport planning is equity, and it becomes even more vital
when considering people with disabilities. In France, people with disabilities represent 13% of the
population (those aged 15 or older living at home and having at least one severe limitation in a
physical, sensory, or cognitive function) [1]. In the Paris region, the PAM service is operated by
Deépartements (local authorities) to assist people with disabilities in their daily mobility by
providing an on-demand transport mobility service that can be used for any trip purpose.

In this paper, we aim to understand the specific needs and requirements of this specific category of
mobility users, to explore performances of existing and new mobility services, and to identify the
most suitable solution(s) according to a set of economic, social and environmental criteria. To do
so, we propose a 3-step research protocol: (1) data set development (operator data and qualitative
monitoring), (2) analysis of supply and demand (description of demand, analysis of supply, and
identification/classification of alternative solutions) and definition of personas, and (3) the
execution of the multi-criteria analysis. This work is fulfilled with the collaboration of the

Département of Seine-Saint-Denis, a local authority in the Paris region, France, which manages the
PAM service. It is based on two previous studies that established the methodological framework
used here: Le Boennec et al. (2019) and Le Dréau et al. (2020).

In the rest of the paper, we propose a review of previous works on the evaluation of transportation
systems using multi-criteria analysis methods or creating personas (Section 2). Then, we present the
methodology to analyze mobility services (Section 3), the data used in the study (Section 4), and the
results of the multi-criteria analysis (Section 5). Discussion of our results and concluding remarks
are provided in Section 6.

2. RELATED WORK

2.1. Transportation and disability

The transportation needs of people with disabilities pose distinct challenges that vary significantly
based on the type of disability. In some cases, these challenges may overlap with those faced by the
elderly, who are also considered to have reduced mobility. Scholarly research in this field primarily
focuses on vulnerability prevention, encompassing aspects such as urban design, the accessibility of
mobility services, and the inclusion of people with disabilities in these services [2][3][4].
Additionally, some studies explore the design of transport modes and mobility applications as
crucial factors in enhancing the satisfaction and well-being of people with disabilities [5][6].
Significant attention is devoted to on-demand mobility services tailored to meet the specific needs
of people with disabilities [7][8][9][10]. Travel behaviors, including factors influencing mode
choice, are also investigated from the demand side [11][12][13][14]. Furthermore, several forward-



looking studies explore the potential use of autonomous vehicles by people with disabilities,
exploring both the supply side [15]16] and the intention-to-use aspect [17][18].

2.2. Transportation and multi-criteria decision analysis

Multi-criteria analysis methods have been extensively employed to evaluate infrastructure projects
and mobility solutions, often compared to other commonly used evaluation methods in
transportation [19][20]. Comparative studies between Cost-Benefit Analyses (CBAs) or Social
Cost-Benefit Analyses (SCBAs) and MCDAs are frequently conducted [21][22][23][24].
Additionally, some studies employ MC As using different techniques to compare them with one
another, such as AHP and TOPSIS [25], AHP and ELECTRE [26], and TOPSIS and MACBETH
[27]. Furthermore, specific MCA techniques have been the focus of particular studies, including
Fuzzy methods [28][29], MAMCA [30][31], and PROMETHEE [32][33].

However, the application of MCAs to disability in the transportation field has been limited. Two
notable articles stand out in this context. Simunovic et al. [34] conducted an MCA to select an
optimal pedestrian crossing, considering various stakeholder groups, including people with
disabilities. The study employed AHP to assess different scenarios and highlighted the importance
of traffic safety for both healthy pedestrians and people with disabilities. Agarwal et al. [35]
evaluated the overall quality of Indian commercial airline websites using a combination of TOPSIS,
AHP, and Fuzzy AHP techniques. The study revealed that certain website features affected the
usability of the websites for people with disabilities, particularly hindering the use of assistive
technology and accessibility for this user group. Table 1 provides a comparison of the advantages
and limitations of major MCA techniques.



Table 1. Advantages and limitations of major MCA techniques

MCA Description Advantages Limitations Applied in Transportation issue
technique (and considered
derivatives)
AHP A structured technique o Flexibility o No strict hierarchy ~ Saaty (1995) Route selection to a
for analyzing MCA o Consistency in the results new airport
problems according to e Ease of use (depends on the (Pittsburgh, United
pairwise o Requires little data case study) States)
comparisons o Limited number of
criteria and
alternatives
ANP A generalization of AHP, e Requires little data e Difficult tousein ~ Banai (2010) Light-rail route

which incorporates the
interdependences among

criteria

ELECTRE Outranking method for ua
set of alternatives by
determining their
concordance and

discordance indexes

MAUT A systematic method to
identify and analyze
multiple variables for
providing a common
basis for making a

decision

PROMETHEE Outranking method based
on using a preference
function for each criterion

forming a MCA problem

TOPSIS A method based on the
distance from negative
and positive ideal

solutions

o Flexibility in the
interdependence and
relationships between
the criteria and

alternatives

e Mathematically
proven

e Clear view of
alternatives
( elimination of the
less favorable ones)

e Uncertainty and

vagueness considered

e Uncertainty
considered
e Options for

preferences

e Ease of use

e Ease of use
e Cardinal ranking

options

comparison with
AHP (matrix
filling)

selection (Memphis,
United States)

¢ Only core of Bojkovic et al.

(2010)

Transport
leading alternatives sustainability at the
generated European level
o Interpretation of the

results

e Requires a lot of Zietsman et al. Transportation

data (2006) corridor (South
e Description of Africa)
preferences
required
e Ambiguity in Nassereddine Public transport

and Eskandari
(2017)

weights’ system (Tehran,

assignment Irantout )

¢ Uncertainty delicate Awasthi et al.
(2011)

Carsharing, ride-
to measure sharing and park-and-
ride options (La

Rochelle, France)

Note: AHP is Analytic Hierarchy Process, ANP is Analytic Network Process, ELECTRE is Elimination and choice
translating reality, MAUT is Multi-Attribute Utility Theory, PROMETHEE is Preference Ranking Organization
METHod for Enrichment of Evaluations, TOPSIS is Technique for Order of Preference by Similarity to Ideal Solutions

Source: adapted from Moslem (2020), Yannis et al. (2020) and Keshavarz-Ghorabaee et al. (2022)



2.3. Persona creation methodology

According to Cooper [36], personas are fictional user models representing archetypal users used
throughout the design process of a product or service [37]. These personas are based on real data
and are intended to be credible and relatable individuals in everyday life [38]. Describing the
context of use also provides valuable information about the environment in which the product or
service will be used [39]. Utilizing the persona creation methodology allows decision-makers to
better understand user behavior, infer their needs, and make informed decisions [38].

In the transportation field, the persona creation methodology is are commonly applied to capture
diverse travel behaviors and develop services tailored to different users [37][40][41]. Some studies
use personas to represent various public transport or ride-sharing users, considering their
preferences and expectations regarding vehicle design and user experience [42][43][44].
Additionally, personas have been employed to explore user requirements and acceptance issues
related to novel concepts like autonomous services [45]. However, we did not find any study that
applies specifically the persona creation methodology to address the issue of disability in the field
of transportation.

2.4. Summary
To summarize the related work:

¢ Disabilities in transportation are currently attracting substantial research interest, however:
e They are focused on the identification of needs of people with disabilities and factors
influencing their travel behavior ;
e Studies on the identification of suitable mobility solutions are very limited ;
e Multi-criteria analysis is commonly used to evaluate transportation projects or services, but
disability is almost not integrated ;
e Research on creating and analyzing personas to address disability in the field of
transportation is nearly non-existent.

In this paper, we aim to fill these research gaps by undertaking an in-depth and territorial analysis
of mobility solutions for people with disabilities, while providing methodological contributions:

e Proposing a user-centric multi-criteria analysis model, involving the creation of personas for
people with disabilities to design criteria and assign weights for the evaluation process;

e Enriching the multi-criteria analysis using both real operating data and insights from
scientific literature;

e Performing and validating the analysis with the collaboration of the local authority.



3. METHODOLOGY

3.1. Multi-criteria analysis model

As mentioned in Subsetion 2.2., there exists several multi-criteria methods. The PROMETHEE
methodology has an advantage over other methodologies as it is widely used to analyze
transportation issues. It is better applied to problems with many classification alternatives and
different types of criteria, such as sustainable development evaluations . The method's main idea is
to generate a partial or complete classification of alternatives according to the positive outranking
flow, negative outranking flow and net outranking flow (see Equation (1) below).The leaving
(positive) flow measures the strength of alternatives and the entering (negative) flow measures the
weakness of alternatives. This classification is made according to the following mathematical
algorithm (Brans et al., 1986).

We consider a preference function that reflects the preference of solution over solution bregarding
the criterion 1, with d = score(a) — score(b) defined as the difference of performance between a and
b.For instance, for a V-criterion (Figure 1), the preference function adopts the following
properties:

1d>P
\ d
P.la,b)]={=0<d<
ia P0<d<P
0d<P (1)

Where P is the preference threshold fixed for each criterion.

0 p

Figure 1. V-criterion function

We selected the V-criterion as it enables the establishment of a linear comparison of performances.
The aggregate preference index to express the degree of preference for a over b for all criteria £ is
written:
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Where is the weight assigned to each criterion.



Then, for n alternatives belonging to the subset 4, are calculated the positive overcoming flow, that
reflects how an alternative a exceeds all others, and the negative overcoming flow, that represents
how an alternative a is overtaken by the others:

0
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Finally, the net outranking flow is obtained:
()=cp+la-2"
(p 1 a |— qT) ( 5)

The alternative with the highest net flow of improvement is classified as the best. To calculate the
net outranking flow for each criterion, we use:

1 o
fﬁj{ﬂl——n_l;[pj{a,b] p,lb,a| o

with the following property:

=R ™

The alternative with the highest net flow is classified as the best regarding the criterion.

To examine the interrelationships among criteria, we finally performed a Principal Component
Analysis (PCA) by using a correlation matrix. We relied on the R statistical software. Our objective
was to uncover underlying patterns in the data, particularly focusing on identifying potential trade-
offs. This analysis was critical for facilitating a more informed decision-making process in the
selection of mobility services within the context of our case study.

3.2. Evaluation of mobility solutions for people with disabilities

The general framework of evaluation of mobility solutions for people with disabilities is presented
in Figure 2. It is structured into three main steps. Steps 1 and 2 are used to carry out the multi-
criteria analysis as shown in Figure 2.
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Figure 2. A 3-Step methodological framework

Source: Authors

To carry out the multi-criteria analysis and sort the most suitable mobility solutions for people with
disabilities in the third step, three components are necessary: (a) the set of evaluation criteria, (b) a
weighting scheme, and (c) the list of mobility services. To define these components, the complete
methological framework is the following :

e The set of twelve evaluation criteria is obtained through the analysis of PAM operating data
(step 1) and the insights gained from creating personas (step 2) ;

e The weigthing scheme is obtained from the personas;

e The evaluation framework is constituted by the reunion of the evaluation criteria and the
weigthing scheme, that are applied to nine solutions identified from the first step, using the
meta-observatory model developed in [46] and [47] and enriched with additional solutions
extracted from both scientific and grey literature (governmental notes, industrial reports...)
(Schopfel, 2010).

In addition, discussions with the local authority throughout the process further enhanced the
establishment of these three components.



4. MATERIALS AND DATA
4.1. Case study

The Département of Seine-Saint-Denis comprises 40 municipalities and has a total population of
1.6 million inhabitants (in 2019), with a density of 7,000 inhabitants per square kilometer.

Within the Département, approximately 140,223 individuals have at least one open right to
compensation for disability from the MDPH (Local Office for People with Disabilities, Maison
Départementale des Personnes Handicapées in French). Among these cases, 12% concern children
and youth under the age of 20 (16,983), while 88 % are adults (123,240).

Seine-Saint-Denis exhibits 2.3 times more beneficiaries of disability-related benefits than the
national average and has the highest poverty rate in France. The territory can be divided into 5
distinct socio-economic zones, as depicted in Figure 3.

Zone of economic vulnerabilities

Seine-Saint-Denis
Share of executives workers: 8,6
Poverty rate : 28,0
Share of home owners:39,9
Employment concentration rate : 89,6

Share of executives workers : 5,1
Poverty rate : 33,7

Share of home owners: 36,5
Employment concentration rate : 75,2

Airport influence area
Share of executives workers : 6,1
Poverty rate : 19,4
Share of home owners : 58,7
Employment concentration rate : 122,8

Residential zone
Share of executives workers : 10,8
Poverty rate : 19,2

Economic metropolization zone
Share of executives workers : 9,5
Poverty rate : 34,6
Share of home owners: 22,4
Employment concentration rate : 189,7

Share of home owners : 53,7
Employment concentration rate : 62,1

Employment rate

Gentrification zone 199
Share of executives workers : 14,3 i“‘
Poverty rate : 26,1
Share of home owners : 34,9
Employment concentration rate : 96,4 ot

Figure 3. Map of Seine-Saint-Denis territory



4.2. Data collection

Data collection refers to the first step of our 3-step methodological framework (Figure 2). Data is
collected through four main sources: (1) results of interviews with the local authority, (2)
quantitative data from the mobility service’s operator and the French Institute for Statistics and
Economic Studies (Insee), (3) data from the meta-observatory model used in [46] and [47], and (4)
scientific and grey literature (Fig. 2) .

4.2.1. Interviews with the local authority

In order to identify concerns of people with disabilities on the studied territory, several rounds of

meetings were conducted with decision makers. During these meetings, these decision makers
shared the technical (e.g. delays), economic (e.g. fare) and social issues that encountered by all
stakeholders, including passengers, service provider, and the territorial authority. Additional
technical and institutional reports, such as CERTU’s report [49] or feedback from user associations,
enabled to enrich our understanding of stakeholder’s priorities.

4.2.2. Quantitative data

Real operating data of PAM service. Data has been provided by Flex’cité, the mobility operator for
the PAM on-demand mobility service. A total number of 56,328 trip records were  collected
between January and December 2018. Each trip record includes the start time and start date of a
trip, the purpose, the distance from origin to destination, the end time and end date of a trip, the
delay as the difference between the planned and real departure and arrival times, the ridesharing
with other passengers, and the type of disability of mobility users.

Census block-level data. In France, the municipalities with at least 10,000 inhabitants and most of
the municipalities with 5,000 to 10,000 inhabitants are divided into IRIS (Ilots Regroupés pour
'Information Statistique) [48]. The Paris region is divided into 5620 IRIS 615 of them belonging to
the Département of Seine-Saint-Denis . For each zone, data is reported by Insee for the area and the
existing public transportation supply. The positions of daycare centers and transport stops are given
by OpenStreetMaps.

4.2.3. Data from the meta-observatory of mobility solutions

A meta-observatory of emerging mobility solutions had been developed by VEDECOM Institute
[46][47]. It contains 60 mobility solutions, which are assessed based on 23 key performances
indicators (KPI), mostly sustainable development criteria. We used data from this meta-observatory
to initialize the evaluation process. We then enriched it by incorporating additional solutions and
adjusting the criteria and the weighting scheme to address the specific concerns of people with
disabilities.

4.2.4. Scientific and grey literature

Last, additional technical and institutional reports, such as CERTU’s report [49] or feedback from
user associations, enabled to enrich our understanding of stakeholder’s priorities.
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5. RESULTS

The Results Section presents the intermediary, then final results obtained from the application of the
second and third steps of our 3-Step methodological framework (Figure 2).

5.1. Descriptive Analysis

In this section, we conduct a detailed analysis of the factors related to mobility supply and demand.
The supply aspect is focused on evaluating the PAM service and examining its potential
alternatives. The investigation into demand involves an in-depth study of the segmentation and
characterization of the current users of the service.

5.1.1 Demand side

As per the insights provided by the Local Office for People with Disabilities[50], it is evident that
daily mobility stands as the primary and utmost concern for people with disabilities. The ability to
navigate through their daily activities and move freely is a critical aspect that significantly impacts
their independence, overall well-being, and participation in society.

After engaging in discussions with local stakeholders, a comprehensive understanding has been
gained, leading to the identification of three distinct profiles of people with disabilities within the
community. The first profile corresponds to individuals with psychiatric disabilities, so with “any
mental or psychological disorder, such as emotional or mental illness, that substantially limits one
or more of the major life activities of an individual” [1]. The second profile is constituted by
individuals with physical disabilities, facing challenges related to mobility, accessibility, and
physical independence. The third profile consists of individuals with visual impairments, who
experience either partial or complete loss of vision. Our data of the service’s usage indicates that a
majority of passengers have psychiatric disabilities (52%), followed by passengers with physical
disabilities (41%) and a smaller proportion with visual disabilities (7%). In light of the prevalence
of profiles with psychiatric and physical disabilities in our data, we will focus on these two
categories of mobility users for further examination and consideration. These two distinct profiles
have specific needs and requirements, as reported by the Institut Paris Region [51] and illustrated in
Table 2.
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Table 2. Mobility challenges for people with disabilities in Paris Region

Difficulties encountered disabled people concerned _ disabled people concerned
To climb stairs 20% 100%
To descend stairs 20% 100%
To use an escalator 13% 50%
Limited walking ability 20% 85%
To maneuver a door 13% 25%
To pass a toll gate 13% 35%
To board or alight a bus 20% 100%
To bridge the gap platform/train 13% 50%
Need for complete absence of stairs 13% 25%
Balance problems 20% 85%
Hearing information 3% -
Reading information, orientation 63% -
Using a ticket machine 63% 25%
Validating a ticket 20% 25%
Dealing with traffic disruptions 83% 100%
Total number of individuals affected in Paris region 80,000 200,000

Source: Institut Paris Région, 2005

In particular, three recurring difficulties specific to individuals with psychiatric disabilities have
been identified:

* Unplanned changes to the transportation route due to disruptions can pose a significant
risk to mobility users with psychiatric disabilities. This may result in feelings of
confusion, disorientation, leading to potential difficulties in completing the journey
successfully.

* Reading and comprehending information during the journey can be problematic.
Difficulty in interpreting signage, schedules, or maps may hinder their ability to navigate
effectively, causing additional stress and uncertainty.

* Purchasing a transport ticket from a machine can be challenging.

Furthermore, additional challenges may arise while using public transport, especially concerning
uncertainties during boarding/alighting, waiting at stations, and interacting with other passengers.

Regarding individuals with physical disabilities, the mobility challenges differ are quite different as
shown in Table 2. As expected, the issues of this category of mobility users encompass difficulties
with walking, short stature, grasping, and using mobility aids, such as canes, crutches, walkers, or
other assistive devices. The issue of accessing the mode of transportation, (i.e., during the first/last
kilometer when walking is required) and vehicle access stand out as prominent concerns. In
addition, a high occupancy rate of the vehicle can be very problematic in cases of high demand, as
wheelchair circulation within the vehicle may be impossible, and accessing reserved spaces for
wheelchairs may be difficult. Finally, these difficulties are greatly aggravated when traffic
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disruptions occur, a phenomenon experienced by all types of disabilities, albeit for different
reasons.

5.1.2. Supply side

Mobility solutions for people with disabilities. In addition to conventional modes (i.e., public
transport, active modes), mobility services that could serve as alternatives to the PAM service
(reference solution) are explored and discussed with the local authority. These potential solutions
are classified according into five categories: (1) on-demand services, (2) personal assistance and
training, (3) velotaxi, (4) electric vehicles, and (5) augmented multimodal information. Figure 4
illustrates these five categories and corresponding solutions.

Gyrolift Grouped
Diesel (current) —E

| wheel share Not grouped
Handimap Others PAM

Grouped
Jaccede Electric (prospective scenario) —[
Blind On-demand transport Not grouped
indsquare
La ligne bleve
Padam
Public transport ——_

Identification of
Walking = mob|l|ty solutions ——— Support for people during trip { Réseau Starmeguide
for vulnerable users Mon copilote (handivalise)

Ablelink — Multimodal information adapted __~
to vulnerable users \ i HappyMoov
Velo-taxi —E
Pony
Midipile mokility —  Small electric vehicules

Figure 4. Mobility solutions for disabled people considered for the evaluation

Faciligo

Source: Authors

Based on discussions with the local authority, we know that the latter possess a substantial
understanding of the identified mobility solutions and people with disabilities’ mobility challenges.
Despite some mobility solutions appearing unsuitable for disabled people, such as the velotaxi, they
are retained for further evaluation to assess the relevance of their exclusion. In addition, a
distinction is made between grouped and non-grouped PAM services, based on whether ridesharing
is permitted or not . Furthermore, a PAM service based on optimization algorithms is considered,
though it is not yet implemented. Similarly, high-capacity electric vehicles suitable for transporting
people with disabilities are currently unavailable in the market. However, a prospective scenario of
a PAM service based on such vehicles is assessed.

Performances of the PAM’s service (reference). In order to understand the PAM usage, the service
is analyzed based on aggregated statistics. Descriptive statistics includes the trip distribution by
distance and by purpose, the trip regularity, the percentage of ridesharing, and the delay in arrival
time due to ridesharing. The trip regularity indicates whether a trip occurs repeatedly over a period
exceeding two months as part of an organized activity.

The descriptive statistics are considered for both people with psychiatric and people with physical
disabilities (Table 3).
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Table 3. Descriptive statistics

Others (visually

Indicator Psychiatric disability Physical disability impaired, hearing éll fll.sabled
. . individuals
impaired...)
Total dls)t’:::e for the 204,624 km 232,958 km Not considered here 465,000 km
X X Not considered here AVG =220 trips; SD =
Number of daily trips 84 trips; MIN = 1 trip;
MAX = 267 trips
Activities (39%), Not considered here Activities* (52%),
Regular work (31%), Regular work (21%),
Trips DUrDose Activities (90%), Other Occasional leisure Occasional leisure
ps purp Purpose (10%). (12,5%), Personal (15%), Personal
initiative (9%), Other initiative (5.5%), Other
Purpose (8.5%). Purpose (6,5%).
Average distance per AVG=6.8 km; SD= AVG=9.1km;SD= Not considered here AVG=9km;SD=64
B Per 49 km; MIN=0,2km; 7,5 km; MIN =0,2 km; km; MIN = 0,2 km;
P MAX = 80,5 km. MAX = 66,7 km. MAX = 80 km.
Regular trips 93.4% 75.6 % Not considered here 79%

* The purpose ‘Activities’ is related to going to a daycare center.
Source: Authors’ calculations from PAM operator data

Table 3 shows that a great number of trips are delayed because passengers often have to rideshare
and that the ratio of regular trips is high. People with psychiatric disabilities are more often
subjected to ridesharing, they travel further, more regularly and mostly to daycare centers. These
facilities are designed for adults with disabilities offering them a variety of activities and programs
tailored to their specific needs and abilities. The overarching aim of these centers is to provide a
nurturing and stimulating environment that enhances the quality of life for adults with disabilities,
fostering their independence and social interaction. Psychiatric disabled people are more
autonomous during journeys for combining various modes and are also not limited in walking or
cycling, Consequently, we will focus in the following on this profile to perform the multi-criteria
analysis.

High traffic hubs. IRIS could be classified according to their potential for trips production/
attraction. Zones that are generating or attracting highest numbers of trips during the day are
identified at the scales of the Département of Seine-Saint-Denis and the entire Paris region. To
analyze their connections to nearest transportation stations, a more detailed analysis is conducted
then with the local authority to pinpoint local hubs that serves as main generators / attractors of
trips. It is found that these hubs include daycare facilities, living facilities and medicalized reception
centers.

5.2 Creation of personas

In this subsection, we create personas by incorporating both the qualitative data collected and the
observed travel habits (from operator’s data) (See Fig. 2). Two profiles have been established:
people with psychiatric and people with physical disabilities. As presented above, these two
categories of mobility users have distinct needs and requirements (cf. 5.1.2) and also specific travel
behaviors (cf. section 5.1.1).Each persona is defined according to:
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e The travel behaviors, that describe how individuals travel using the PAM service based on
the main service indicators (Table 3) ;

e The objectives and challenges, that reflect the difficulties encountered by the personas in
their mobility and the key factors that will influence their modal choices, (cf. 5.1.1) ;

e The perception of PAM service (feedback from user’s association), that indicates the
satisfaction with the service, cf. 5.1.1) ;

e The mobility issues, that contain specific operational issues encountered during travel.(cf.
5.1.1).

An illustration of the persona created with a specific type of disability is provided in Figure 5.
Based on these characteristics, it is possible to define the weighting scheme and carry out the multi-

criteria analysis model (third step of our 3-Step methodological framework, see Figure 2).

Age: 71 yearsold.

IEE G E

About

Jeanne is not aware of alternative
solutions to the PAM system and has
many prejudices about the use of
public transportation, especially
regarding the behavior of other
passengers towards her

Objectives and challenges
Jeanne has difficulty using digital tools, so
she relies on the telephone reservation

center. She is independent in her travels as,

long.as she knows the route. The ability to
plan her trip is also essential because she
does not tolerate unexpected changes and

Travel characteristics

Travel reasons: Activity (going to a day center)

Travel distance from home: 7km

Regular pattern: 4 working days per week, every week.
Time: Departure at 8:30am, return at 6pm

Grouping : Almost every time

How the PAM offer is perceived

The PAM service is perceived as very useful for
making the trip due to the door-to-door service, but
the high rate of shared trips leads to significant delays

Mobility issues encountered

Destination: Day care center

Parsonnality : No personality disorders. Intellectual
disabilities making it difficult to be independent in
new travels. Fear of others.

Learning abilities: Can learn new routes with
guidance but is not willing to do so voluntarily

will not use dynamic transport offers if

Read and understand information in order to navigate
they do not also offer planned routes

Purchase a transport ticket from a vending machine
Know how to react to disruptions in the transport
service used

Figure 5. Illustration of a persona created people with psychiatric disabilities

Source: Authors

5.3 Definition of criteria and a weighting scheme

In this section, we define the list of criteria used to process the multi-criteria analysis and the
assignment of weights.

The criteria (economic, technical, social and environmental) were established based on the analysis
of personas, of performances of mobility services (from the VEDECOM’s meta-observatory of new
mobility solutions) and of the needs of the local authority (interviews and workshops) . These
evaluation criteria were measured either quantitatively (e.g. operating data) or qualitatively (5-
point scale). Table 4 shows the criteria retained for the evaluation, the methodology of calculation,

and the weighting scheme.
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Table 4. Definition of criteria and weights’ assignment (psychiatric profile)

Sub Method of Weights’assign
ub- eights’assi
Criteria . Definition Source measureme g g
criteria ment
nt
— Life cycle
S GHG GHG emissions (life cycle assessment | Not a priority
= . . Carbone 4 study
g emissions assessment) of solutions (gC0O2eq/km (1)
g .passenger)
St
= Reflects the impact of different o .
= . . .. . . Qualitative Not a priority
= Air quality | mobility solutions in terms of fine Ademe 5_scal 1)
-scale
particle emissions
2
g Workshop and meta- L
S .. . Qualitative
g Cost Pricing per trip undertaken observatory 5_scal Important (2)
-scale
S tor
= monitoring
e
g Implementat Presence of the service in the Workshop and meta- L o
) . . Qualitative | Not a priority
= ion ease for market, governance, operational observatory 5_scale )
.g LTA implementation difficulties, etc. monitoring
=
I~ . . .. o
Is it possible to plan the trip in ualitative Ver
o Planning p P P Operating data Q . y
(@) advance? 5-scale important (3)
Workshop and meta-
Safety provided by the mode of P Qualitative
= Safety ) observatory Important (2)
o transportation o 5-scale
= monitoring
=
3 Does the solutionrequire autonomy | Workshop and meta-
ﬁ Required q Y P Qualitative Very
to manage unexpected events observatory .
autonomy . . L S-scale important (3)
(delays, service cancellations, etc.) ? monitoring
i Physical accessibility, can the Workshop and meta- _
Physical ) Qualitative
.. ... | solution be used by users regardless observatory Important (2)
accessibility i i . . 5-scale
of their physical condition monitoring
= Workshop and meta-
‘g Seating capacity, quality of service P Qualitative
S Comfort . . observatory Important (2)
) (vehicle quality level, etc.). . 5-scale
> monitoring
(>}
=~ Auvailability of the service at any o
= . . . . Qualitative
e Availability time, on-demand or otherwise, Operating data 5_scale Important (2)
= frequency, booking lead times
2
= Does the solution require digital
= .. q & Workshop and meta- o
= Digital competence? Is access to Qualitative Very
& S ) . observatory .
accessibility | information easy (booking through a tori 5-scale important (3)
. monitorin
call center, online-only, etc.)? &
. Evaluation of travel time compared . Qualitative Very
Travel time i Operating data .
to other evaluated solutions 5-scale important (3)

Source: Authors
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The assignment of weights for criteria was defined by considering personas and their priorities.
They were estimated by each stakeholder independently and then aggregated by discussing the
points of disagreement during a workshop. In particular, a 3-point scale of importance was used:
(1) ‘Not a priority’, (2) ‘Important’ and (3) ‘Very important’. The weighting scheme obtained was
then used in the software as digital values of importance: ‘1’ was assigned to ‘Not a priority’, ‘2’
was assigned to ‘Important’ and ‘3’ was assigned to ‘Very important’. Organizational and
environmental criteria were assigned relatively lower weights, while technical and social criteria
were given higher importance.

5.4. Calculation of outranking/ preference flows and ranking mobility solutions

As defined in Subsection 3.1., the PROMETHEE outranking flow represents an overall "score" that
reflects the aggregation of all pairwise comparisons of alternatives (Brans et al., 1986). This ranking
allows for the quick identification of the most suitable solutions, keeping in mind that this ranking
serves as a discussion element and is heavily dependent on the model's configuration, particularly
weights’assignment.

Table 5 presents the consolidated results for people with psychiatric disabilities. The evaluation had
been performed by the local authority and researchers. Firstly, the research team scored the
performances of each mobility service separately. Then, the respective scores were discussed and
consolidated to provide one final score evaluation table used to process the multi-criteria analysis.

Table 5. Consolidated results for people with psychatric disabilities

%) =}
= S < >
Mobility services z = =5 5 @ E = Z 5 £ 2 T§
2 E 3 g5 g Sa < 5 £3 = £ E¢S
2 =
5§ & S g€ 5 22 E £ 22 T 5 &§
) = L a Ao (&} g o © 232
=R &3 3 < 8 F
o B
Current PAM Service 385 1 4 5 5 5 4 5 5 5 5 5
Grouped Current PAM Service 192 2 4 5 5 5 3 5 5 3 5 5
Electric PAM Service 85 3 4 4 5 5 4 5 5 5 5 5
Grouped Electric PAM Service 42 3 4 4 5 5 3 5 5 3 5 5
Velo-Taxi 21 5 4 2 1 1 1 5 3 3 5 3
Assistance when using PT 1 5 5 3 4 4 4 4 3 3 4 4
Dynamic on-demand transport 385 1 5 5 5 5 4 5 5 5 5 5
Conventional PT (bus,train) 1 5 5 4 2 3 4 4 4 3 4 2
Walking 1 5 5 4 3 3 3 5 4 1 5 3

Note: PT=public transportation

Source: PROMETHEE

We then proceeded to the multi-criteria analysis using this evaluation table and the Weights column
(Table 4) to obtain the ranking of mobility services. This final ranking is presented in Table 6.
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Table 6. Ranking of mobility services for the psychiatric disabled profile

Rank Mobility service Description Positive Flow Negative Flow  Teotal Flow
1 Dynamic on-demand mobility service Optlmlzed.on demand ?ransp ort 0,3514 0,0308 0,3206
(real time reservation)

2 Electric PAM Service Current service with electric fleet 0,2874 0,0496 0,2378
3 Current PAM Service Current service 0,2844 0,0698 0,2146
4 Grouped Electric PAM Service ~ CUrrent service shared withusers 5 0,121 0,0923
+ electric fleet
5 Grouped Current PAM Service  Current service shared with users 0,2133 0,1284 0,0849
6 Walking 0,1727 0,2625 -0,0897
7 Assistance when using public Use public transit with a skilled 0.1201 03526 -0,2325

transportation assistant
8 Conventional publlc.transportatlon Pub_hc transit qsed in 0.1362 0.3891 -0,2529
(bus,train) intermodality
9 Velotaxi 0,0855 0,4606 -0,3751

Source: PROMETHEE

Figure 6 provides a visual representation of the dominance relationships among the different
mobility services. The higher a solution is positioned, the higher its score. The links between
mobility services indicate comparability. Services at the same height are considered equivalent but

not necessarily comparable.

Performance axis

t Dymamic On-demand

Transport
Phi_iQ,SEOE
=
Electric PAM Service
Phi : 0,2377
“"‘u‘ Current PAM Service

Phi : 0,2146

Best Solutions

Grouped El‘e-c_tric PARM
Service
Phi :E',USES
Grouped Current PAM

Service =
Fhi : 0,0843 2

Profile : Psychiatric disability

Walking
Phi :-0,0857

1

Assistance when using PT ‘
Phi :-0,2325 Conventional Public
T Transportation
—— Phi:-0,2529
- g "--.__._h

"

Figure 6. PROMETHEE Graph

Cycle Rickshaw
Phi : -0,3751

Figure 6 shows that the dynamic on-demand mobility service is the most suitable solution according
to the evaluation process. The only relationship of incomparability identified
assistance for riding public transport modes and using them independently.
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6. DISCUSSION AND CONCLUSION

In this section, we discuss the results of the multi-criteria analysis by analyzing the rating of
mobiliy services, then conclude.

6.1. MCA general results

The PAM service presents a logically sound solution for people with psychiatric disabilities,
primarily owing to the presence of a trained driver ensuring seamless door-to-door service through
on-demand mobility. Grouped PAM services, while effective and contributing to reduce
externalities and lower emissions per passenger, may involve delays for passengers. User feedbacks
suggest that current public transport modes may not meet the desired level of accessibility for
people with psychiatric disabilities.

The dynamic on-demand PAM service should have been deployed in 2023. The main challenge
would have been be the organizational shift between a local to a regional service using a unique
digital platform. This shift should have provided a better and less expensive service, but the
transition period could have led to malfunctions significantly reducing the quality of service.

6.2. Trade-off analysis

In order to identify the strengths and weaknesses of the mobility services compared, and with the

aim of shaping public policies, we put our analysis in perspective by determining the correlations
between the evaluation criteria of the model. To this end, we mobilize a principal component
analysis (Figure 7). This analysis supports the understanding of the required trade-offs when
choosing the implementation of mobility services.

.
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Air quality . Q

Availability

s %,
-
%
£
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Implementation ease for LTA

9000000
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Required autonomy
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Comfort
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08
Travel time .

A

Figure 7. Correlation matrix for evaluation criteria
Source: PROMETHEE
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Conducted using the R software, the correlation analysis offers several key insights:

e Low-emission solutions (GHG and particulate matter) are challenging to develop in the Ile-
de-France Région, and their accessibility performance is also lower ;

e Flexible mobility services (available and plannable) are less comfortable, less
environmentally friendly, and more costly for the user ;

e To satisfy the mobility user, it is observed that accessibility, safety, availability, comfort,
and travel time criteria are correlated. Mobility services that perform the best on this group
of criteria achieve the highest scores and logically emerge as the most suitable solutions in
the evaluation model ;

e Ultimately, the analysis reveals the need to choose among the mobility services considered,
as there i1s a trade-off between environmentally friendly and cost-effective solutions, and
solutions that meet user expectations, particularly in terms of service quality.

Last, Table 7 presents the single-criteria flows as formalized in equations (6) and (7), allowing to
verify that the best solutions are indeed the most performing in terms of these quality-of-service

criteria, that were prioritized through the weights’ assignment process.

Table 7. Single-criteria flow results

Flow by criteria Physical Comfort Availability Digital Travel time
accessibility accessibility

Current PAM Service (reference) 0,28 0,25 0,25 0,38 0,44
Grouped Current PAM Service (reference) 0,28 -0,13 0,25 0,38 -0,13
Electric PAM Service 0,28 0,25 0,25 0,38 0,44
Grouped Electric PAM Service 0,28 -0,13 0,25 0,38 -0,13
Velotaxi -0,84 -0,88 0,25 -0,75 -0,13
Assistance when using public transportation 0 0,25 -0,88 -0,75 -0,13
Dynamic on-demand mobility service 0,28 0,25 0,25 0,38 0,44
Conventional public transportation (bus,train) -0,28 0,25 -0,88 -0,19 -0,13
Walking -0,28 -0,13 0,25 -0,19 -0,69

Source: PROMETHEE

6.3. Concluding remarks

This paper aims at identifying mobility services that are best suited to the particular needs of people
with disabilities. Compared to traditional evaluation processes applied to the transport field, the
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proposed methodology enriches the multi-criteria analysis of mobility services by the creation of
personas and the statistical and territorial analysis of real operational data.

Our approach primarily allows the characterization of specific categories of mobility users through
the creation of personas without requiring costly household travel surveys. For local authorities as
decision-makers, this approach enables the identification of the performance of mobility services in
light of these users and their particular needs. This objectifies the performance of existing mobility
services while comparing them to potential alternative or complementary services and provides
local authorities with evaluation results able to guide the specification definition during the renewal
or replacement of a mobility service.

By identifying users particular needs and mobility services performances on an established set of
criteria and weighting scheme, this approach allows for the identification of critical criteria on
which to act in order to improve service quality. As a result, several adaptations of the multi-
criteria analysis first developed in Le Boennec et al. (2019) and Le Dréau et al. (2020) have been
accomplished. In particular, this study is the first, to our knowledge, to measure evaluation criteria
on the basis of real operating data and scientific monitoring, instead of classical experts’ opinion.
In addition, the weighting scheme adopted here relies on the personas’ analysis, created also from
the analysis of real data, instead of typically using stated preferences surveys. In fact, given that
most of mobility users concerned by the evaluation process present psychiatric disabilities, a
standard household travel survey was not the most suitable method for questioning user profiles
with various difficulties.

In summary, using the Visual PROMETHEE software, we found that the reference case (the current
PAM service) was the best option to meet the specific needs of people with psychiatric disabilities
while respecting the constraints and priorities of the local authority. Low-ranked solutions would be
considered as options to be deployed on a local scale, as a last-mile service provided by daycare
centers. As another policy implication, our analysis also revealed that there exists a trade-off
between environmentally friendly and cost-effective solutions, and solutions that meet user
expectations, particularly in terms of service quality.

While we are encouraged by these exploratory results, we recognize that this study has limitations.
Firstly, the multi-criteria analysis endeavors to incorporate main relevant qualitative and
quantitative criteria. Some of the considered qualitative criteria depends on specific contexts of
individuals, for instance the physical accessibility to the mobility service. The personas’ analysis
provides additional insights to consolidate the measurement of the criteria. Secondly, a more in-
depth territorial analysis that considers different use cases should allow to identify the most
appropriate markets for low-ranked solutions. Finally, considering other territories and user profiles
(for example families with the problem of travel chains, young people in rural areas, etc.) wouldl
enable to verify the duplicability of our approach in other contexts. This is left for future research.
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