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Abstract

This paper examines the implementation and outcomes of the Taxi Voucher Pro-
gram in Rome, introduced in the aftermath of the COVID-19 pandemic to provide
safe urban mobility options for vulnerable groups, including women, the elderly,
and persons with disabilities. The program is framed as an example of downstream
process for the co-production of service delivery, involving digitally mediated par-
ticipation in service delivery between municipal authorities, citizens and private
transport providers. The study aims to assess the determinants of voucher activation
timing and discuss the implications for inclusive mobility policy.

Keywords Co-production - Public service delivery - Inclusive mobility - Taxi
voucher program - Accelerated failure time model

Introduction

In recent years, downstream co-production (Osborne & Strokosch, 2013) has become
a central theme in public administration studies, being conceptualized as a mean
through which a number of positive outcomes might be achieved: public service
delivery can be improved (Brix et al., 2020), citizens can be empowered (Jo & Nabat-
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chi, 2018), innovation can be fostered (Strokosch, 2013) and accountability rein-
forced (Tuurnas et al., 2016).

Yet, scholars have pointed out that downstream co-production practices are
exposed to potential risks concerning limited actual engagement of citizens and
equity in access and in distribution of benefits/burdens (Osborne, 2018; Cepiku &
Giordano, 2014). Indeed, there might be ... equity issues, with co-production being
accessible only to specific social groups... there is a risk of less vocal citizens or
those ‘willing but unable’ to participate” (Cepiku & Giordano, 2014, p. 323).

However, citizen participation in co-production is not only a matter of whether
individuals engage, but also when and fo what extent they are able to do so effec-
tively. In digitalized service environments, participation typically unfolds in multiple
stages, e.g., citizens must first register to access a platform and then activate or use
the service for the first time. While the act of registration indicates a formal willing-
ness or intention to engage in co-production, it does not necessarily translate into
effective participation. The time elapsed between registration, and first use provides
a useful proxy for assessing citizens’ ability to operationalize their engagement. Lon-
ger activation delays can signal the presence of informational, cognitive, techno-
logical, organizational, motivational or contextual barriers and may therefore signal
latent forms of exclusion that remain invisible when focusing only on registration
figures. In this sense, temporal dynamics of engagement can reveal a “second layer”
of inequality within digital co-production, capturing not only who is left out, but also
who struggles to move from access to actual use. This is particularly valuable in the
case of digital co-production services since digital technologies may both enable and
constrain inclusion, depending on citizens’ capacity to act through them (Lember et
al., 2019).

Overall, these considerations call for expanding the case study literature on digital
co-production to better understand who engages and under what conditions participa-
tion remains limited (Bovaird et al., 2016; Mulvale & Roberts, 2021). Extending this
line of inquiry, the present work investigates the timing of engagement as an addi-
tional, yet overlooked, dimension of equity in downstream co-production services.

The analysis draws on a case study of the first edition of the Buoni Viaggio Roma
online voucher program, launched between October and December 2021 by the
Municipality of Rome (Italy). This program aimed at supporting the mobility needs
of vulnerable groups while sustaining the taxi and chauffeured car hire (NCC) sector
that were severely hit by the COVID-19 pandemic. Its beneficiaries included adult
women, people over 65, persons with certified disabilities or reduced mobility, and
other individuals in socio-economic hardship. All these people were granted access
to a 50% discounts on taxi or NCC runs via a three-steps procedure including: (1)
online registration on a dedicated web platform; (2) activation of a voucher for each
trip, and (3) presentation of the voucher to the taxi of NCC driver at the end of the
ride. As “citizens actively engage in the design and delivery of their personal services
through a digital platform provided by the service organization” (Lember et al., 2019,
p. 1668), the Buoni Viaggio Roma program is a case of downstream digitally medi-
ated and market-supported co-produced service where “citizens have little choice
but to participate in the service as provided ‘top-down’....[and] both the contribu-
tions made and the benefits received by citizens are at an individual level” (Bovaird
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et al., 2016, p.50). While the program involves elements of co-production, citizen
participation occurs within a strongly top-down institutional framework, with limited
opportunities to shape the design or implementation of the service. As such, it is more
appropriately framed as a constrained form of co-production rather than a fully col-
laborative arrangement.

This paper conducts a quantitative analysis of the individual and contextual-level
socio-economic variables that correlate with the delay between registration to the
service and the first voucher activation. The basic idea is that this analysis is able to
unveil factors that shape citizens’ ability to translate intention into effective participa-
tion in this downstream co-production service, which provides further empirical evi-
dence on to the selection of the users involved in co-production (Cepiku & Giordan,
2014) that appears still limited in the context of digitalization of public service provi-
sion. This study represents a genuine novelty within the literature on co-production,
as the dual procedure of registration and use introduces an original dimension in the
access process to co-produced services. At the same time, it provides a valuable case
study for understanding how digitalization intersects with the inclusion (or exclu-
sion) of vulnerable groups in the co-production of public services. As highlighted by
Voorberg et al. (2015) and Lember et al. (2019), co-production increasingly depends
on citizens’ capacity to interact with digital interfaces and administrative platforms,
making “digital readiness” a key determinant of participation and equity in public
service delivery.

Findings suggest that both individual vulnerabilities (disability and older age) and
local disparities shape citizens’ ability to operationalize participation in digital co-
produced services. They provide ground for a better design the co-production digital
system delivery of mobility services.

The remainder of the paper is as follows: Section Two provides a literature review
which aims at framing the theoretical premises and clarifying the specific contribu-
tion of this study; Section Three provides a detailed illustration of the case study;
sections Four and Five describe the data used in the empirical analysis and the meth-
odology. The results of the analyses are presented and in Section Six while findings
obtained through robustness checks are in Section Seven. Finally, section Eight pro-
vides conclusive remarks.

Background Literature

Rooted in Ostrom’s work as “the process through which inputs used to produce a
good or service are contributed by individuals who are not ‘in’ the same organization”
(1996, p. 1073), the concept of co-production in public services has gained increasing
attention in recent years, particularly as governments seek innovative ways to deliver
services more efficiently and inclusively. Co-production involves the joint delivery of
services by providers and users, and is seen as a means of enhancing responsiveness,
trust, and social outcomes (Voorberg et al., 2015). Classical general definitions of
co-production, as explained by Brandsen & Honing (2016, p. 428), refer to “produc-
tion or provision of public services” and entail “collaboration between public agen-
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cies and citizens”; “an active input by individual citizens in shaping the service that
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they personally receive”. Further elements which help identifying typology of co-
production should include: “(1) the extent to which citizens design services delivered
to them and (2) the proximity of co-production to the primary process” (Brandsen &
Honing, 2016, p. 431). However, far from being straightforward, classification of co-
production includes several dimensions, like the quantity and characteristics of actors
involved as well as the timing and nature of the “production” activities (Nabatchi et
al., 2017). As outlined by Brandsen and Honingh (2016), co-production requires citi-
zens to act not just as beneficiaries, but as active agents. However, the success of such
initiatives heavily depends on the capacity and willingness of individuals to engage,
particularly when mediated by digital tools.

The importance of co-production is related to its capacity to create value for cus-
tomers (value-in-use) (Osborne, 2018; Osborne et al., 2021). If “it is the citizen and/
or service user who creates the performance and value of a public service” ...Pub-
lic Service Organization (PSO), should integrate the service offering with citizens’
“needs, personal abilities and experiences, and their societal context” (Osborne, 2018,
p- 229) in order to facilitate the value creation process. In this sense co-production
is to be intended as “a collaborative process, not simply a synonym for user control,
and so requires the active cooperation both of PSOs and public service officials and
of service users” (Osborne et al., 2021, p. 649).

If citizen participation and value creation for them and society as a whole through
the production and use/consumption of public services are a necessary condition for
co-production to take place (Osborne et al., 2021), knowledge regarding the condi-
tions under which citizen involvement is made possible represents a fundamental step
of the co-production process (Voorberg et al., 2015). Such understanding in recent
times must consider that the diffusion of e-governance technologies has created fur-
ther channels to promote citizens-public agencies collaboration, giving rise to an
even increasing literature on technology-enabled co-production (Clark et al., 2013,
2020). On one hand digital technology is expected to empower citizens. On the other
hand, such technologies may prevent vulnerable/disadvantaged citizens to effectively
access public services and being involved in their delivery (Lember et al., 2019).

Digital inclusion represents an asset to help vulnerable people bridge inequalities
and entails “having proper support and the right digital skills to achieve personal
and professional success” as well as “the availability of hardware and software, rel-
evant content and services; and training for the digital literacy skills required for
effective use of information and communication technologies” (Institute of Museum
and Library Services et al., 2012: 1, cited in Pérez-Escolar & Canet, 2023, p.1060).
Therefore, digital skills and competence become fundamental to encourage people
to become a fully digitally included citizen. A recent systematic review on literature
related to vulnerable people and digital inclusion evidenced that older adults are the
most likely group to be excluded from the digital realm, followed by followed by
people with disabilities, poor communities, low-income families, women and ethnic
minorities (Pérez-Escolar & Canet, 2023, p.1064). Citizen empowerment is a matter
of computer skills as well as usability and accessibility of digital technology tools:
gender, geographical location and race, poverty and education, physical and cogni-
tive limitations and age are described in the literature as the main sources of vulner-
ability which can exacerbate digital exclusion (Pérez-Escolar & Canet, 2023, pp.
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1064—1065). Another paper has examined evidence on the ways in which ICTs enable
or pose a barrier to co-production (Clifton et al., 2020), identifying the structural and
cultural factors that act as barriers to, or enablers of, ICT enabled co-production in
the cases of both governments and citizens. Financial and technical capacities, legal
issues and organizational culture; citizens’ technical skills, demographic factors (par-
ticularly age, gender and immigration status), social dynamics, as well as trust in
government, emotional needs, type of technology and the perceived ease of use of the
ICT are all factors which condition ICT-enabled co production (Clifton et al., 2020).

Single case studies on the use of digital technology for co-production of public
services evidenced that user skills and institutional as well as context specific char-
acteristics are key in explaining the use of digital tools in co-production activities.
Young (2022) shows that the effectiveness of digital tools in service delivery depends
not only on their technical design but also on citizen characteristics and neighborhood
context. While Open 311 (a platform that provides open communication channels for
issues that concern public space and public services') tends to accelerate problem
resolution, its advantage narrows with more complex requests; Twitter, though less
efficient overall, can strengthen equity by increasing visibility in both disadvantaged
and politically influential areas. Clark et al. (2013) demonstrate that participation
in Boston’s 311 system (a free public service that connects citizens with the City of
Boston for non-emergency help and information?) is uneven: while racial differences
are generally modest, Hispanic and low-income communities engage less through
web portals, whereas smartphone applications appear to lower barriers and mobi-
lize disadvantaged and transient groups. These results suggest that the distributive
impact of digital co-production depends on both citizen attributes and neighborhood
context, with technology sometimes reinforcing inequalities and sometimes helping
to bridge them. Xu and Tang (2020) find that minority and low-income households
were more likely to use Tallahassee’s 311 platform, (a 311 public service systems
that provides access to non-emergency government services and information in the
city of Tallahasee, in Florida)) after Hurricane Michael, and that their participation
translated into faster power restoration, effectively narrowing pre-existing service
disparities. The study shows that the distributive effects of digital co-production
hinge on both citizen characteristics and community context, with e-governance plat-
forms functioning as “digital capital” for historically disadvantaged groups. Shen et
al. (2023) show that Jiaxing’s Weijiayuan platform enabled a shift from short-term
recovery to long-term transformative resilience, expanding from pandemic control to
everyday services, dispute resolution, and participatory governance. Their analysis
highlights that such outcomes depend on public entrepreneurship, widespread citizen
uptake, incentive structures for co-production, and accountability mechanisms that
strengthen both government responsiveness and user engagement within a top-down
designed service.

In the field of urban mobility, research has focused on integrated transport sys-
tems, inclusive design, and the removal of access barriers for vulnerable populations.
The Swiss Federal Railways (SBB) case represents an example of a public transport

! https://www.open311.org/.
2 https://www.boston.gov/departments/boston-311.
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provider that redesigned its service delivery model by integrating multiple user inter-
action channels, including self-service technologies, digital platforms, and customer
feedback systems, allowing passengers to engage with the service at different stages
of its provision. Gebauer et al. (2010) show that the Swiss Federal Railways shifted
from merely facilitating value to actively co-creating it with passengers through
engagement, self-service, customer experience, problem-solving, and co-design.
Their case demonstrates that the success of public transport services hinges on man-
aging co-creation comprehensively, with citizen participation becoming a strategic
driver of efficiency, satisfaction, and sustainability.

All in all, literature emphasizes that co-production requires both capability and
opportunity, and that vulnerability is structural, linked to resources, networks, and
institutional support (Brandsen & Honingh, 2016; Bovaird et al., 2016). In this per-
spective, vulnerability - referring to groups experiencing social and structural barri-
ers that limit their full participation in health services and co-production activities
(Grabovschi et al., 2013) - should be understood as a multidimensional condition
that reflects not only individual characteristics but also unequal access to resources,
capabilities, and institutional support. While co-production is often presented as a
mechanism to empower citizens and enhance inclusion, its effects are not univo-
cal. Depending on how services are designed and implemented, co-production may
either reduce barriers to access or, conversely, reproduce and even amplify exist-
ing inequalities, particularly when participation requires specific skills or resources
(Mulvale & Robert, 2021).

Sustainable co-production depends on tailored interfaces and low transaction
costs, particularly in homelessness and disability services. Steen et al. (2018) cau-
tion that co-production is not inherently inclusive, as it may privilege organized and
resourceful groups while excluding vulnerable populations. Their analysis shows that
the distributive effects of co-creation depend on careful design and safeguards, with-
out which participatory processes risk reinforcing inequalities rather than reducing
them.

Mulvale and Robert (2021) highlight that the barriers and enablers of co-production
vary across vulnerable groups: frail older adults require context-sensitive approaches
such as situated interviews, refugees face language and bureaucratic obstacles, Black
and Minority Ethnic (BAME) communities in the UK need safe spaces to address
historical inequalities, and youth with mental health issues benefit from relational
safety and sustained support. Taken together, the cases demonstrate that effective co-
production depends on tailoring methods to the specific vulnerabilities and strengths
of each community, rather than applying one-size-fits-all models.

Rome taxi voucher program is a case of individual co-production (Bovaird et al.,
2016, p.50) “where citizens have little choice but to participate in the service as pro-
vided ‘top-down’....[and] the contributions made and the benefits received by citi-
zens are at an individual level”. Moreover, following Brandsen and Honigh’s 2015
types of co-production, Rome taxi program can be considered as “complementary
co-production in implementation” which “occurs when citizens are actively engaged
in the implementation, but not the design, of a complementary task.” (Brandsen and
Honigh, 2016, p. 433). However, in the analysis of the case study, together with the
user’s characteristics, we have decides to adopt an holistic approach by combining
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literature on the impact of technology on co-production (Lember et al., 2019) as
well as studies on how to engage vulnerable citizens in the co-production of public
services (Mulvale & Robert, 2021; Amann & Sleigh, (2021). Studying factors affect-
ing the timeliness between voucher activation and use in the case of taxi voucher is
crucial to understand the process of citizens engagement with public services in prac-
tice. It provides insights into the effectiveness and responsiveness of co-production
processes, revealing whether users act as active partners or passive beneficiaries in
policy implementation and evidencing possible obstacle/barriers and facilitators to
effective co-production. It also helps policymakers to better frame a service delib-
erately targeted at vulnerable groups, which nevertheless requires a certain level of
digital skills to be effectively accessed and used.

The Buoni Viaggio Roma Case Study

The Buoni Viaggio Roma Program was launched by the Municipality of Rome in
2021. It was Funded through resources transferred from the Ministry of Infrastruc-
ture and Sustainable Mobility to Roma Capitale. Funds came from the allocations
of the National Law Decree 34/2020 (“Decreto Rilancio”) and were active from 6
October 2021 until the exhaustion of available funds and, in any case, no later than
31 December 2021.

The program targeted four main categories of beneficiaries: (i) adult women, (ii)
individuals aged 65 or older, and (iii) adults with certified disabilities and (iv) other
individuals in socio-economic hardship as identified by the municipality. Only during
the Christmas period (8th-31st December 2021) the service was extended to young
people aged 18-26. According to the enacting official resolution adopted by Roma
Capitale (Roma Capitale, 2021), the measure was conceived as a dual-purpose inter-
vention aimed, on the one hand, at supporting specific categories of vulnerable citi-
zens in their mobility needs during the COVID-19 emergency, and, on the other hand,
at sustaining the taxi and chauffeured car hire (NCC) sector, which had experienced
a dramatic drop in demand. More broadly, the program was also intended to promote
alternative forms of urban mobility and reduce pressure on public transport systems
under social distancing constraints.

This dual objective helps explain the apparent tension between the program being
considered successful in administrative terms—given the rapid implementation and
number of registered users—and the relatively limited uptake among some of the
intended target groups. In particular, while the measure was designed to be immedi-
ately accessible through a fully digital procedure, less emphasis appears to have been
placed on mitigating potential access barriers for users with lower digital capabilities
or higher levels of vulnerability. This design choice is likely to have contributed to
the observed gap between formal eligibility and effective participation.

For all the target group, the benefit consisted of a 50% discount on the fare of each
taxi or NCC ride licensed by Roma Capitale, up to a maximum reimbursement of €20
per trip and a total ceiling of €400 per beneficiary for the entire period, with a limit
of two rides per day.
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To receive this benefit, users had register on the official program platform (buon-
iviaggioroma.romamobilita.it) using one of Italy’s official digital identity systems,
i.e., “SPID” (Public Digital Identity System), “CIE” (Electronic Identity Card), or
“CNS” (National Service Card). During registration, applicants were required to pro-
vide personal information and, where applicable, supporting documentation to prove
their eligibility, such as proof of residence or disability certificates. Once the registra-
tion was completed, the platform automatically verified whether the applicant met
the programme’s requirements. Only taxi and NCC operators accredited within the
Buoni Viaggio Roma system were authorized to accept vouchers. These operators had
to register on the same platform and ensure that they are equipped with a POS (point-
of-sale terminal) for digital payments. To use a voucher for a ride, beneficiaries could
access their personal area on the platform and activate the voucher before the end of
the trip. The system then generated a unique “QR code” or “PNR code” associated
with that specific journey to be shown to the driver. This mechanism ensured that the
discount was securely linked to both the user and the accredited operator.

Table 1 examines the Rome Taxi Voucher program building on Amann and Sleigh’s
(2021) reflective framework and on Lember et al.’s (2019) conceptualization of how
new technologies shape the different dimensions of co-production.

In terms of decision-making power, the program opened access to a subsidy tar-
geted at vulnerable groups, but the design largely reflected governmental priorities,
limiting citizens’ role in shaping eligibility or allocation. At the stage of involvement,
online registration lowered entry costs for those digitally literate, yet it discouraged
many potential beneficiaries—particularly older adults and some people with disabil-
ities—highlighting the tension between motivation and structural barriers. Modes of
interaction reveal a similar ambivalence: the digital procedure allowed faster infor-
mation exchange and automatic validation, but at the same time it reduced opportuni-
ties for relational trust-building and personal assistance that many vulnerable groups
rely on. Finally, tools and methods suggest that the municipality mobilized resources
from citizens themselves, requiring them to navigate online systems and manage
digital vouchers, which in some cases shifted administrative burdens onto users.

The 2021 edition of the program was deemed a success with over 17,000 regis-
tered users and close to 20,000 vouchers issued in just two months, correspondent to
an amount of 185.000 euro, according to Roma Capitale’s own reporting’. Also on
the basis of these figures, the service was further funded in 2022 and 2023.

Nevertheless, this program’s target groups take-up rates were particularly low.
According to official released data on 2021 edition of the program®, women repre-
sented the largest share of registered users, with 15,312 beneficiaries, correspond-
ing to an estimated take-up rate of 1.19% of the adult female resident population in
Rome. Older men (aged 60 and above) accounted for 1,671 active users, representing
only 0.48% of the corresponding male resident population. Individuals with certified
disabilities numbered 154 active users. Finally, young men aged 18-26 (included
because of socio-economic hardship or during Christmas period) were a marginal
segment of the user base, with just 29 active users while. Such a limited uptake may

3 https://www.comune.roma.it/web/it/informazione-di-servizio.page?contentId=IDS860973.

4 https://www.comune.roma.it/web/it/informazione-di-servizio.page?contentld=IDS860973.
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Table 1 Rome Taxi Voucher
Reflective framework. Adapted
from Amann and Sleigh (2021)
and Lember et al. (2019)

Dimension of
co-production
(Amann &

Sleigh, 2021)

Impact of technology on
co-production (Lember et al.,
2019.

Challenges

Decision mak-

Sharing decision making

Resource-relat-

ing power Empowers citizens through ed challenges
a more open process and im- Limited
proved knowledge Diminishes — resources
the need for shared decision Ethics
making, by allowing govern- overheads
ments to manipulate and Lack of
citizens to self organise more guidance
effectively
Stages of Motivation Initiation
involvement Increases motivation by lower  challenges
threshold, better evidence and ~ Gaining
more entertainment Access
Decreases motivation by Identifying
crowding out intrinsic motives members
and threatening privacy Gaining trust
Mode of Establishing direct interaction: ~ Collaboration
interaction Allows swifter and broader ex- challenges
change of information Digital (1)
interaction diminishes physical Logistics
interaction Communica-
tion
Tools and Bringing resources to the Collaboration
methods service: challenges
Allows the mobilization of 2)
resources from citizens on a far Managing
wider scale group & power
Enables hidden privatization dynamics
Concerns for
well-being

point to informational barriers, procedural burdens or mismatches between the pro-
gram’s operational features and citizens’ needs which are worth of attention in the
light of the increasing role of digital technologies in co-production and co-creation
(Lember et al., 2019).

Data

Our analysis relies on administrative (secondary) data on the program and its user
that were provided by Roma Capitale, i.e., the authority that administers the territory
of the Municipality of Rome. The data concern the first edition of the program (from
October to December 2021) and record a variety of information on the program’s
users: date of registration, date of the first voucher activation, total number of acti-
vated vouchers, gender, age class. The total number of observations in the sample is
7,855. Of these: 7,167 are women (91.2%) and 221 are men aged over 60 (2.8%); 73
are persons with disabilities (0.9%); and 4 are men aged 18-26 (0.5%). Number of
observations in our sample differ from official released data because users registered
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on the platform who did not make any trips were excluded from the transferred file.
This means to limit our analysis only to citizens who were effectively engaged in the
co-production process.

To enrich this information, data were merged with socio-economic indicators gath-
ered through the Mappa Roma Project (Lelo et al., 2021) and measured at the ZIP
Code (CAP -Codice di Avviamento Postale)-level, i.e., at the level of territory identi-
fied by one five-digit postal code. The inclusion of these contextual variables aim
at capturing local contextual socio-economic conditions, including average income,
the Gini index of income inequality, the total resident population, and the share of
foreign residents.

Table 2 reports descriptive statistics for all variables used in the analysis, while
Table 3 shows their corresponding values aggregated at the ZIP (CAP) code level.

On average, residents registered 5.37 vouchers and 10.5 days passed from registra-
tion to activation but this number turns out to be highly variable (s.d.=approximately
15 days) (Table 2). Detailed statistics in Table 3 suggest that the number of vouchers
and the number of users vary considerably across ZIP (CAP) areas. Moreover, this
variability is not always correlated with population density. Compared to the resi-
dent population, some ZIP (CAP) areas exhibit a high number of users (CAPs 184,
192, 193, 195, 196) and a high total number of registered and activated vouchers

Table 2 Description and summary statistics of variables used in the study

Labels Obs Mean Std. Dev.  Min Max Description

Individual-level

variables

sex 7,854 091 0.28 0 1 0=male, 1 =female

disability 7,854 0.01 0.10 0 1 0=no, l=yes

age group 7,854 4.71 1.64 1 9 1=10-19 (yrs); 2=20-29;
3=30-39; 4=40-49; 5=50-
59; 6=60-69; 7=70-79;
80=8-89; 9=90-99

total voucher 7,854 5.37 8.17 1 99 Vouchers (n) per individual

Time to voucher 7,854  10.62 15.04 0 84 Days (n) from voucher reg-

activation istration to first activation

Cap-level variables

(n Cap=73)

population 7853* 40,094.36 19,281.73 8,022 116,617 Residents (n) per Cap area

gini index 7853* 0.49 0.07 0.38 0.66 Gini index within each

CAP area, ranging from
0 (perfect equality) to 1
(maximum inequality)
average income 7853* 862.39 340.14 205.42 1,752.78 Average income (€) per
Cap area
foreign population ~ 7853* 0.14 0.05 0.07 0.35 Foreig residents on total
residents(%) per Cap area

Cap is missing for one voucher user

Source: Individual-level variables were derived from administrative (secondary) data provided by Roma
Capitale

Cap-level variables were derived by data from Mappa Roma Project (www.mapparoma.it, Lelo et al.,
2021)
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(CAPs 184, 187, 192, 193, 195, 196). These ZIP codes (CAP) are located in central
neighborhoods and report an average income significantly below the citywide mean.
Conversely, lower numbers of users relative to the resident population are observed
in ZIP code (CAP) areas located in peripheral neighborhoods, where the average
income is either significantly below (131, 134, 138) or above (132, 133) the citywide
mean. Similarly, the number of vouchers relative to population is lower in peripheral
ZIP (CAP) areas with average income below (119, 126, 131) or above (132) the
citywide mean.

Figure 1 provides a spatial map of voucher distribution across the city. By pre-
senting data at the municipium level, it offers a clearer and a more informative over-
view of spatial patterns in voucher distribution’. Figure 2 displays the distribution of
time-to-activation. It turns out to be highly skewed: most individuals activate within
the first 20 days, while only a small minority delay activation beyond one month.

5 Municipia (I-XV) are the administrative level immediately below the city level. Unfortunately, map

(882,1160]
(487.5,882)
(316,487.5)
(212,316]
(131,212
[67.131]

Fig. 1 Distribution of vouchers by Municipium Boundaries of Roma Capitale. Source: own elaboration
on data from Istat and Roma Capitale Note: This map excludes vouchers activated by residents in ZIP
codes (CAP) spanning more than one municipium (n=6,760 vouchers; 16% of the total) (for details on
these ZIP codes (CAP), see Table 3)

presented in Fig. 1 does not report the all number of vouchers activated. This is because, as it is shown in
Table 3, some ZIP codes (CAP) are included in more the one municipality.
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Density

60 80
Time-to-activation

Fig. 2 Time from registration to first activation (days). Distribution of values. Source: own elaboration
on data from Roma Capitale

This pattern suggests that the program was predominantly accessed immediately or
shortly after registration, yet a non-negligible tail of late adopters remains.

Empirical Strategy

The Buoni Viaggio Roma time-to-activation is modeled through an Accelerated Fail-
ure Time (AFT) specification which provides a direct parametric framework for the
analysis of duration data. The choice of the AFT model is motivated by the fact
that all individuals in the sample eventually activated at least one voucher, leaving
no censored observations. In such cases, a proportional hazards specification, like
the Cox proportional hazards model (Cox, 1972), would not be appropriate, while
the AFT model offers a more natural interpretation. A proportional hazard model
assumes that the effect of a covariate is to multiply the hazard to a constant factor.
By contrast, an AFT model assumes that the effect of a covariate is to accelerate or
decelerate the course of an event by a constant factor.
In order to investigate the delay of activation, the model is specified by Eq. (1):

T; = By + Prsex; + Bsdisability;

+B2age; + Bsaverage _income; (1)
+Bagini + Bs% foreigners; + &;
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T; is defined as the number of days between the registration date and the first voucher
use, therefore it represents the time-to-activation. All the individual-level and CAP-
level covariates described in previous section are included on the right side of the
equation: a dummy equal to 1 for women (sex); a dummy equal to 1 if the individual
reports disability (disability); age-group dummies (age); average total income (aver-
age_income); the Gini index of gross income (gini) and the percentage of foreign
residents over the total population according to CAP. ¢ ; is the error term. The basic
specification uses a log-normal distribution with robust standard errors.®

In the AFT model the S coefficients are interpreted as time ratios (TR), using the
following formula:

TR = exp (8,) @)

A time ratio greater than 1 indicates that the variable increases the time to voucher
activation (delays activation); conversely, a time ratio lower than 1 indicates that the
variable reduces the time to voucher activation (accelerates activation).

Results

Table 4 reports the Eq. (1) estimates. Column (1) shows the 3 coefficients while col-
umn (2) displays the time ratios calculated for the statistically significant coefficients,
according to formula (2).

The use of the AFT model enables the quantification of the extent to which indi-
vidual characteristics (gender, age, disability) and territorial characteristics (income,
inequalities, demographic structure) accelerate or delay the activation of the voucher.

Results show that gender is not a relevant determinant of activation time: the coef-
ficient associated with the female dummy is small and statistically insignificant, indi-
cating no systematic difference between men and women in the speed of voucher
activation. By contrast, disability status is associated with longer delays. The esti-
mated coefficient is positive and statistically significant at the 10% level, with a time
ratio of approximately 1.17. This implies that individuals reporting a disability take
on average about 17% longer to activate their first voucher compared to those with-
out a disability. Age patterns are generally weak, but some differences emerge at the
upper tail of the age distribution. While most age-group dummies are statistically
insignificant, the coefficient for the 80—89 group is both positive and significant. The
estimated time ratio is around 1.31, meaning that individuals in this age bracket acti-
vate their first voucher roughly 31% later than the reference group (20-29 years).
This finding suggests that advanced age may generate additional frictions in access-
ing and using the digital platform, although the effect is not monotonic across all age
groups.

®Figure 1 shows a distribution concentrated at short durations with a long right tail. Such skewness sup-
ports the use of parametric duration models, and in particular the log-normal specification adopted in the
baseline model.
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Table 4 AFT estimates of delay Coefficient Time ratios
between users’ registration and

first voucher activation (days). Sex 0.0448
Coefficients and robust standard (0.035)
errors (in parentheses) Disability 0.1574* 1.170
(0.089)
Age 20-29 years 0.0937
(0.107)
Age 30-39 years 0.1314
(0.101)
Age 40-49 years 0.1171
(0.107)
Age 50-59 years 0.1236
(0.107)
Age 60-69 years 0.1219
(0.106)
Age 70-79 years 0.1566
(0.110)
Age 80-89 years 0.2715%* 1.312
(0.112)
Age_over 90 years 0.1306
(0.170)
Average income —0.0000
(0.000)
Gini index 0.3464%** 1.414
(0.142)
Y%foreigners 0.0000
**k p<0.01, ** p<0.05, * . (0.000)
p<0.1 Observations 6,150

Turning to contextual variables, the average income of the CAP does not appear
to influence activation time: the coefficient is close to zero and far from conventional
significance levels. By contrast, income inequality, as measured by the Gini index of
gross income, exerts a clear effect. The estimated coefficient is positive and statisti-
cally significant at the 1% level, corresponding to a time ratio of 1.41. This means
that, holding other factors constant, residents of areas with higher income inequality
experience activation times about 41% longer than those in areas with lower levels
of income inequality. This result highlights the role of local inequality as a structural
barrier to timely take-up of the policy. Finally, the share of foreign residents within
the CAP has no detectable impact on activation time.

Taken together, the results emphasize the salience of two dimensions. First, indi-
vidual characteristics such as disability status, and to a lesser extent advanced age,
slow down the activation of vouchers, reflecting potential barriers to accessibility.
Second, the socio-economic context plays a crucial role: higher inequality is robustly
associated with longer delays, pointing to the importance of territorial disparities in
shaping the effectiveness of mobility subsidies. Conversely, average income levels
and the presence of foreign residents do not systematically condition the speed of
activation.
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Robustness Checks

The results are robust to a set of alternative specifications whose findings are not
reported in order to save space but are available upon request to authors. First, we re-
run our estimates by calculating errors in a cluster-robust form at the CAP level. This
choice accounts for the fact that individuals living in the same area may share unob-
served characteristics—such as quality of local services, digital literacy, or access to
information—that generate within-CAP correlation in activation times. Clustering
therefore ensures that statistical inference does not rely on the potentially unrealistic
assumption of independence across individuals within the same territory. The base-
line findings are generally confirmed, in magnitude and significance.

Second, we test the sensitivity of the baseline findings to different assumptions
about the underlying distribution of activation times. While the baseline model relies
on a log-normal specification, we re-estimate the AFT model using alternative dis-
tributions, namely Weibull and log-logistic. These families differ in the shape they
impose on the hazard and survival functions, allowing us to check whether results
hinge on the log-normal assumption. The results are generally not sensitive to dis-
tributional assumptions. With the log-logistic specification we confirm the baseline
results for all the key variables of interest - disability status, advanced age, and the
Gini index. By contrast, with the Weibull distribution the coefficient for disability
status loses statistical significance, suggesting that this effect may be less robust.”

Discussion and Conclusion

The results indicate that barriers to activation emerge primarily along two dimen-
sions. First, individual vulnerabilities matter: while gender differences are negligible,
individuals reporting a disability activate their first voucher about 17% later than
others, suggesting that specific accessibility constraints can hinder the immediate
use of digital services. Moreover, the elderly, particularly those aged 80-89, exhibit
activation times that are roughly 31% longer. This evidence points to persistent age-
related frictions in navigating digital platforms, even when the service is designed to
be broadly inclusive. Second, contextual inequalities play a significant role. Average
income levels of the CAP are not associated with activation times, but local income
inequality—as captured by the Gini index—is strongly and robustly correlated with
slower take-up. Residents in more unequal areas experience activation delays of
approximately 41% relative to those in areas with lower income inequality. This
result underscores that not only individual vulnerabilities, but also structural features
of the local socio-economic environment, shape the effectiveness of co-produced dig-
ital services. By contrast, the share of foreign residents does not exert a statistically
significant effect, suggesting that the timing of activation is not systematically related
to local migrant concentration.

7 Results are available upon request.

@ Springer



From Registration to Activation: A Quantitative Analysis of Citizens....

These findings are consistent with the view of vulnerability as a structural and
multidimensional condition, which may limit the ability of certain groups to effec-
tively engage in digitally mediated co-production processes.

Results also highlight a set of structural shortfalls in the co-production design of
the program. In particular, the reliance on fully digital access procedures appears
to shift part of the administrative burden onto users, requiring digital skills and
resources that are unevenly distributed across the population. As a result, co-produc-
tion in this context risks becoming selectively accessible, favoring individuals who
are already better equipped to navigate digital systems, while disadvantaging those
with higher levels of vulnerability. Overall, the case illustrates that co-production is
not inherently inclusive: its distributive effects depend critically on design choices,
particularly in digitally mediated service environments.

From a policy perspective, these findings suggest that improving equity in co-
produced digital services requires moving beyond access provision toward supported
participation. This may include the introduction of assisted access points, hybrid ser-
vice delivery models combining digital and face-to-face interaction, and targeted out-
reach strategies in high-inequality areas. More broadly, integrating users’ capabilities
into service design—rather than assuming homogeneous digital readiness—appears
crucial to prevent the reproduction of existing inequalities.

Moreover, taking a broader perspective, improving equity in co-produced digital
services also requires assessing and addressing the level of digital skills endowment
in the target population of policy initiatives. Aggregate data show a significant gap in
Italy’s digital skills relative to EU comparators. According to the Eurostat ICT sur-
vey, in 2021 only 45.75% of Italian individuals aged 16—74 had basic or above-basic
overall digital skills, compared to the EU average of 55.6%. Moreover, for 18.4%
of individuals, digital skills could not be assessed, since they had not used internet
in the three months prior to data collection, while the EU average for this group is
11% (Eurostat, 2021)%. These figures remind us that equity in contemporary societ-
ies strongly depends also on digital skill endowment and the use of digital tools,
and must primarily be addressed through education policy. Moreover, in countries
like Italy that underperform in these areas, greater efforts should also be devoted to
assessing digital skill levels and actively involving target groups in the co-design of
public services that ultimately aim to reduce inequalities in access.

Hower, these policy recommendations stem from an analysis whose findings can-
not be generalized, as they are based on a specific local context and dataset charac-
terized by restricted temporal coverage and stem from the use of robust conditional
correlation which may constrain the interpretation of causality. Therefore, our study
offers an empirically grounded blueprint for future research offering valuable insights
for enhancing equity and accessibility but should be regarded as exploratory and sub-
ject to further validation through broader and longitudinal datasets.

Some further reflections can be drawn from our empirical exercise. First, the
dataset does not include information on individuals who activated the procedure but
never used the taxi voucher, effectively opting out of co-production. Analyzing these
cases would have allowed for a more nuanced and complete picture, particularly

8 Accessed 16/12/2025.
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regarding patterns of non-compliance. Second, our sample is heavily skewed toward
women compared to other vulnerability groups. This imbalance is largely due to the
fact that women are the only group eligible for the measure even at younger ages—a
feature that proved decisive in accessing the taxi vouchers. Familiarity with technol-
ogy and digital skills appear to be crucial for the effective use of the vouchers. Other
categories of beneficiaries, such as elderly men or persons with disabilities, are either
discouraged from using the service o—more likely—require mediation to access it,
as frequently highlighted in the literature on vulnerable people and co-production
(Amann & Sleigh, 2021; Mulvale, & Robert, 2021). For these latter groups, the inef-
fectiveness of the measure is evident. Future initiatives should therefore ensure the
involvement of these vulnerable populations not only in the actual delivery but also
in the co-design of such measures, to better understand and overcome the barriers
posed by digitalization. Future research could explore comparative analyses across
cities or programs.
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