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Abstract

Autonomous ride-pooling implementations have commenced globally, and initiative managers
seek accurate assessments of how and to what extent this novel on-demand transit service reaps
benefits or downfalls for society. However, the societal impact of autonomous ride-pooling re-
mains ambiguous, and without holistically involving society, there is a risk of inaccurate or in-
complete societal impact assessments. This study aims to close this gap by redefining literature-
based societal impact dimensions with Quadruple Helix stakeholders of an autonomous ride-
pooling initiative in Zug, Switzerland. The resulting conceptual framework involves six societal
impact dimensions — Social Equity, Quality of Life, Safety & Security, Economy, Mobility & Transport,
Sustainability, Space & Infrastructure — and three influencing factors — Social Perception & Ac-
ceptance, Business Model, Policy & Regulation. It provides a comprehensive structure for holistic
societal impact assessments in dimensions that go beyond established ones and reflect societal
priorities. Future research should operationalize these societal impact dimensions with robust
indicators, especially the most relevantly perceived Social Equity dimension, and find more

meaningful ways for laypersons to participate in mobility innovation development.
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1 Introduction

As autonomous driving becomes part of transport systems globally, the focus of analysis in-
creasingly shifts from technology (“Does it work?”) to society (“How do people benefit from
it?”). A special case is autonomous ride-pooling, a shared autonomous vehicle (SAV) service,
which combines impacts from autonomous driving, impacts from shared mobility, and usually
also impacts from electric and connected vehicles. The novel service promises societal benefits,
such as increased traffic safety, sustainability, and inclusion. However, there is also a risk of en-
hancing existing challenges, including increased vehicle kilometers traveled, congestion, or acci-
dent fatalities, if travel demand is induced or the average vehicle occupancy (or sharing rate) re-
mains low. At this early implementation stage, the societal impact of autonomous ride-pooling

remains ambiguous and uncertain.

Given cost estimates of $50,000 up to over $200,000 per autonomous vehicle (AV) in sophisti-
cated AV operations (Riggs & Richardson, 2024), public and private stakeholders initiating au-
tonomous ride-pooling services seek assessments of their (potential) societal impact. Determin-
ing if and to what extent the societal benefits of autonomous ride-pooling outweigh the costs
demonstrates its true value and provides an important tool in the governance of SAVs (Zheng et
al., 2025).

Despite its relevance, there is no established societal impact assessment of autonomous ride-
pooling. Moreover, the literature lacks a multi-stakeholder account of relevant societal dimen-
sions to determine the most important impacts, which bears the risk of incomplete or inaccurate
societal impact assessments. This contribution aims to bridge the gap by validating and expand-
ing societal impact dimensions of autonomous ride-pooling from a holistic, multi-stakeholder
perspective. By considering the perspectives of societal stakeholders, the following question is
investigated:

Which dimensions could be considered in the societal impact assessment of autonomous ride-pooling?

In a first step, societal impact dimensions found in contemporary literature are summarized.
These dimensions are then discussed with societal stakeholders in the context of an autonomous
ride-pooling initiative in Switzerland, thereby validating and extending the societal impact di-
mensions, if and where necessary. Finally, a reconceptualized societal impact of autonomous
ride-pooling framework is proposed, providing a structure for societal impact assessments in

key dimensions.
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2 Key Concepts

2.1 The Impact of Autonomous Ride-Pooling

Autonomous ride-pooling is an on-demand transit service using shared autonomous vehicles
(SAVs). A routing algorithm groups multiple trips headed in a similar direction and optimizes
the route for short wait and travel times while allowing passengers to enter and leave the vehicle
as close as possible to their origin and destination (MOIA, 2025a). Non-autonomous ride-pooling
services have launched globally during the past decade, including UberX Share (formerly Uber
Pool, 2014-2020, reintroduced in 2022)!, GrabShare (since 2016)2, and MOIA (since 2019)3. All
three companies have since started to develop autonomous ride-pooling and/or ride-hailing ser-
vices, optimizing flexibility, operational costs, and, as a solution to driver shortages (Zwick et al.,
2022). MOIA is testing autonomous ride-pooling services in Hamburg and introduced an auton-
omous mobility “Turnkey Solution” in June 2025 (Bundesministerium fiir Verkehr, 2023; MOIA,
2025b). Uber and Grab have announced partnerships with autonomous technology companies to
introduce autonomous ride-pooling, ride-hailing, and/or delivery services (Grab, 2025; Uber,
2025).

The widespread uptake of autonomous ride-pooling could impact society in multiple ways and
levels through ripple effects and synergies between effects from autonomous, shared, electric,
and connected mobility (Milakis et al., 2017). Potential benefits include lower travel costs and
travel time, reduced private vehicle ownership and usage, increased average vehicle occupancy,
increased traffic safety, and decreased greenhouse gas emissions. Potential downfalls involve
induced travel demand (with lower travel costs), public transport substitution, or increased ve-
hicle kilometers/miles traveled. These and further impacts are discussed with strongly diverging
outcomes depending on the methodology and context (e.g., Westphal and Blaschke, 2025). In
their systematic literature review, Sheldon and Dua (2024) find that theoretical studies of ride-
hailing (in interaction with electrification, pooling, and automation) tend to report positive envi-
ronmental and energy impacts, while empirical studies report more negative outcomes. Simi-
larly, Silva et al. (2022) compare emissions variations from AVs depending on the case, type of
study/context, and assumptions, with changes in emissions for shared and on-demand AVs

ranging between -87% and +25%. Another review finds variations in energy use from AVs

1 Uber: https://www.uber.com/newsroom/uberx-share/ / https://www.uber.com/en-BD/news-

room/history/

2 Grab: https://www.grab.com/sg/press/tech-product/grabshare-launches-new-enhanced-option-

for-better-matched-rides/

3 MOIA: https://www.moia.io/de-DE/warum-moia
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between -80% (due to ridesharing, platooning, or more efficient traffic flows) up to +300% (if
VMT/VKT increase and larger luxury vehicles with higher speeds are employed) (Greenblatt &
Shaheen, 2015). Most publications focus on environmental, transport-related, and economic ex-
ternalities (Peer et al., 2024; Schroder & Kaspi, 2024). A smaller body on public health and safety,
social and spatial equity, and livability impacts emerges, but these dimensions are under-stud-
ied (Dianin et al., 2021; Harrison et al., 2022; Milakis & Miiller, 2021).

The research landscape on autonomous ride-pooling / SAV impacts still possesses a couple of
gaps: First, societal impacts of SAVs are typically discussed in isolation instead of examining
their interrelations or considering different stakeholder perspectives (La Delfa & Han, 2025). Sec-
ond, the reported societal impacts from SAVs and autonomous ride-pooling vary strongly, em-
phasizing their contingent nature and the need for empirical data from implementations, which
enable more realistic assumptions (Greenblatt & Shaheen, 2015; Narayanan et al., 2020). Most
importantly, data on the uptake and modal shift after introducing SAVs/autonomous ride-pool-
ing are lacking, even though many societal impacts are predicated on changes mobility behav-
iors (La Delfa & Han, 2025). Finally, exploring the long-term effects and social implications of

SAVs/autonomous ride-pooling remains a priority (Milakis et al., 2017).

2.2 Societal Impact Assessment

Societal impact (also known as ‘social impact’) is concerned with the contribution of specific re-
search projects, measures, or policies to different dimensions of society (e.g., social, environmen-
tal, and/or economic). The importance of societal impact stems from the growing need to
demonstrate the difference publicly funded research and development makes for society, and
the utilitarian notion that society can only benefit from initiatives if they are “converted into
marketable and consumable products [...] or services” (Bornmann, 2013, p. 217). Another mo-
tive, as stated by the European Union, is to provide a “coherent analysis of the reasoning [...] be-
hind, and the foreseeable effects of, any proposed measures or policy initiatives”, thereby “im-

proving the quality of legislation” (Collova, 2015, p. 1).

While societal impact assessments are considered essential tools for decision-making, accounta-
bility, and legitimacy, their quantification proves difficult: Neither the causality, nor the geogra-
phy, nor the time frame of societal impacts is clear (Bornmann, 2013). The relatively established
Social Return on Investment (SROI) approach monetizes social, environmental, and economic
impacts, which enables standardization and comparability, but is controversial for assigning
monetary values to non-monetary impacts (Maier et al., 2015). More individualistic assessment
methods provide nuanced pictures, but they can rarely be compared or summed up. Assessment
methods include, but are not limited to, interviews, surveys, focus groups, workshops, and ex-
pert assessments (Smit & Hessels, 2021), and the most commonly assessed impacts are economic
(Bornmann, 2013).

According to Costa and Pesci (2016), societal impact is constructed from multi-stakeholder per-
spectives, which is also why a ‘golden standard’ of assessments is considered unfeasible. In-
stead, their proposed multiple-constituencies approach calls for the active engagement of
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different stakeholders in constructing and assessing the societal impact of a specific initiative,
while accommodating their specific needs (Costa & Pesci, 2016). The importance of active stake-
holder involvement in societal impact assessments is supported by other scholars (Biihrer et al.,
2022; Feor et al., 2023).

2.3 Societal Involvement and Public Participation

For realistic assumptions regarding autonomous ride-pooling services, involving the public in
the innovation development is critical. The potential users of autonomous ride-pooling ulti-
mately determine its uptake and thus help anticipate the likelihood of different societal impacts
(Axsen & Sovacool, 2019).

The Quadruple Helix model emphasizes the role of civil society in innovation development.
More specifically, it proposes that the knowledge of four major actors (‘helices’) should be inte-
grated for innovations to succeed: academia, industry, state/government, and civil society
(Carayannis & Campbell, 2009). By adding the “media-based and culture-based public” to the
former Triple Helix, the model recognizes that values, culture, and the media influence the pub-
lic perception of innovations (Carayannis & Campbell, 2009; Leydesdorff & Etzkowitz, 1998).
The model highlights the democratic participation and co-creation of knowledge and innova-
tions — the “democracy of knowledge” (Carayannis & Campbell, 2009, pp. 208, 222, 226). The
meaningful involvement of civil society (along with academia, industry, and the government)
could lead to more publicly desirable solutions, help overcome implementation challenges, and

legitimize publicly funded initiatives (Schiitz et al., 2019).

The question is how civil society can and should be involved in innovation development. Public
participation is already established within the government and industry helices: Publicly funded
initiatives or legislative processes increasingly require public participation (Bekius et al., 2025).
In research and development, however, public participation is challenging. A recent review of
public participation in sustainable mobility initiatives revealed more than 40 participatory
forms, yet the public still “has a low to moderate voice in influencing sustainable mobility pol-
icy” (Bekius et al., 2025, p. 688). This may be due to inadequate formats that, for instance, require
in-depth knowledge and expertise or are too time-consuming for citizens (Schiitz et al., 2019).
There is a call for creative and democratic governance formats that balance effective public in-

volvement with efficient development processes and operations.
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24  Research Gap

The societal impact of autonomous ride-pooling remains ambiguous, but there is a growing im-
perative to accurately assess it. The substantial financial investments required per SAV demand
a clear justification with societal benefits to secure the support of the public. Holistically engag-
ing societal stakeholders could support this need in three ways:

1. Involving all four helices (civil society, academia, industry, and the government) pro-
vides valuable contextual knowledge, which could lead to more publicly desirable au-
tonomous ride-pooling implementations. This increases their chance of success and the
chance to obtain empirical data for more realistic assumptions.

2. Public participation in the societal impact assessment of autonomous ride-pooling could
establish an effective democratic governance, while maintaining an efficient implemen-
tation process. This addresses the need for more democratic participation in sustainable
mobility initiatives.

3. Integrating the perspectives of societal stakeholders (potentially) affected leads to a
more accurate societal impact assessment of autonomous ride-pooling, which increases
the assessment’s credibility.

Despite the clear importance of societal involvement, this remains a critical gap in the literature.
Current research lacks diverse stakeholder engagement in defining meaningful societal impact
dimensions of autonomous ride-pooling initiatives, particularly in the context of real-world ap-

plications.

This study addresses this gap by (1) systematically involving Quadruple Helix societal stake-
holders from an ongoing autonomous ride-pooling initiative in Zug, Switzerland, and (2) collab-
oratively defining societal impact dimensions with these stakeholders, using dimensions found

in the literature as a starting point.
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3 Materials and Methods

To derive societal impact dimensions of autonomous ride-pooling from a holistic societal per-
spective, a two-step methodological approach is followed: First, an integrative literature review
is conducted to identify existing dimensions in the literature. This approach is inspired by
Nemoto et al. (2021) and Milakis et al. (2017), two highly cited contributions that use integrative
literature reviews to conceptualize the impacts and societal implications of shared autonomous
electric vehicles and autonomous driving, respectively. This results in a conceptual framework
reflecting the societal impact dimensions discussed in contemporary autonomous ride-pooling
literature. In a second step, societal stakeholders (as framed in the Quadruple Helix model) of an
autonomous ride-pooling initiative in Zug, Switzerland, are interviewed, and the Framework
method is applied to validate, extend, and/or reconceptualize the literature-based conceptualiza-
tion.

3.1 Integrative Literature Review

An integrative literature review is conducted to conceptualize societal impact dimensions in aca-
demic literature and industry reports. It is considered suitable for grasping novel and rapidly
emerging topics with diverging views and fuzzy terminology (Snyder, 2019; Torraco, 2016),
which is the case for the societal impact of autonomous ride-pooling. This provides a suitable
starting point to (re-)conceptualize the societal impact dimensions from a holistic societal per-
spective (step 2).

3.1.1  Literature Selection

Literature on societal impact and autonomous ride-pooling was integrated from three databases
(Web of Science, ScienceDirect, Scopus). Three keyword groups were combined: keywords re-
lated to SAVs and autonomous ride-pooling, societal impact keywords, and methodological
keywords containing common methods applied to assess the societal impact. The combination
varied per database depending on the search rules. Results were limited to contributions pub-
lished between January 2020 and February 2025, which reflects the approximate time frame for
autonomous ride-pooling implementations globally and thus contemporary, more realistic con-
tributions (see Section 2.1). As ScienceDirect and Scopus limit the number of search terms, lead-
ing to over 800 results per database, the results were further confined to suitable subject areas
and English records.

Connected Papers to Nemoto et al. (2021) supplemented the results and contributions shared by
interviewees. Duplicates and publications with no access were excluded. All contributions’ titles
and abstracts were screened for their thematic fit to societal outcomes (instead of determinants)
of SAVs/autonomous ride-pooling, which was repeated in the text screening. This resulted in 44
contributions considered for the review (see Table 1 and 2). Notably, only 7 records reviewed
involved civil society stakeholders, only 3 of which involved all four helices. This further high-
lights the need for holistic studies with societal stakeholder involvement to study the societal
impact of autonomous ride-pooling.
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Table 1: Integrative Literature Review Process

Source No. of results
Web of Science 63
ScienceDirect 708
Scopus 902
Connected Papers (Nemoto et al. (2021) 40
Shared by Interviewees 8
Total Records Identified 1721
Records removed after filtering (2020-2025, research disciplines, English or German, access) -673
Records removed after title and abstract screening (societal outcomes of autonomous ride-pooling) -948
Duplicates removed -12
Records removed after full-text screening (societal outcomes of autonomous ride-pooling) -44
Total Records Reviewed 44

Table 2: Literature Overview

Quadruple Helix Involvement (e.g, research consortium, data collection/analysis, funding...)

Source Academia Government Industry Civil Society

Faisal et al. (2019)

Williams et al. (2020)

May et al. (2020)

Faber and van Lierop (2020)

Pfaffenbichler et al. (2020)

Golbabaei et al. (2020)

Pernestdl et al. (2020)

Roukouni and Homem de Almeida Correia (2020)

Narayanan et al. (2020)

Nahmias-Biran et al. (2021)

Nemoto et al. (2021)

Pan et al. (2021)

Eppenberger and Richter (2021)

Horl et al. (2021)

Milakis and Muiller (2021)

Kontar et al. (2021)

Dianin et al. (2021)

Kumakoshi et al. (2021)

Fakhrmoosavi et al. (2022)

Dlugosch et al. (2022)

Alonso Raposo et al. (2022)

XX [IX|IX|IX|IX|IX|X]X|IX|IX|X|X|IX|X|X|X|X]X]X|X]|X
X
X

Harrison et al. (2022)

Unveroéffentlichte Vorschau mit vorlaufigen Daten /

Unpublished Preview with preliminary data

Bitte teilen Sie das Dokument nur nach Freigabe durch Societal Impact

die Autorin / Dimensions of

Please do not share without the author’s consent Autonomous Ride-pooling 8



University of St.Gallen (HSG)
Institute for Mobility

Whitmore et al. (2022) X X

Akimoto et al. (2022) X

Silva et al. (2022) X X

Almlsf et al. (2022) X X

lacobucci et al. (2023) X

McKane and Hess (2023) X X

Nemoto et al. (2023) X X X X
Debbaghi et al. (2023) X X X X
Rahman and Thill (2023) X

Cleij et al. (2023) X X X

Zhong et al. (2023) X X

Arnold et al. (2023) X X X X
Schréder and Kaspi (2024) X

Martinez et al. (2024) X

Peer et al. (2024) X

Dianin, Gidam, Ravazzoli and Hauger (2024) X X X

Letmathe and Paegert (2024) X X

Dianin, Gidam, Ravazzoli, Stawinoga, et al. (2024) X X X
Zeng et al. (2024) X X

Sheldon and Dua (2024) X

Gabriel (2024) X X X

Ferran et al. (2025) X X X

3.1.2  Review and Conceptualization

The societal impact dimensions from the publications reviewed were coded using ATLAS.ti.
Again, special attention was paid to whether they represent an autonomous ride-pooling out-
come (e.g., increased spatial accessibility) or a determinant (e.g., legal permits for SAVs or opti-
mum fleet sizing). The former were collected and described in neutral terms (since it is unclear
whether outcomes will be positive or negative), while the latter were excluded from further
analysis for being out of scope. In addition to the societal dimensions, their sub-dimensions and
indicators were collected and grouped based on their theme to specify possible impacts to be as-
sessed within each societal dimension. A comparative model was created using Notebook LM,
an Al tool that was provided with the same 44 records, which were used to refine the societal
impact dimensions, sub-dimensions, and aspects in the conceptualization.

The resulting conceptual framework organizes the societal impact of autonomous ride-pooling
in six dimensions (Figure 1). The first dimension, Accessibility, Mobility and Equity, deals with so-
cial issues of minorities: (1) the usability of mobility services and the resulting access to mobility
options, daily activities, education, and work, (2) impacts on the travel autonomy and mobility
of non-motorists (e.g., people with disabilities, elderly, children, people without access to a pri-
vate vehicle), and (3) social, transport, safety equity, and the service availability, which is rele-
vant, e.g., for rural dwellers. The second dimension, Public Health and Safety, holistically
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encompasses public well-being by covering impacts on privacy, crime rates, accident rates, and
public health. The third dimension, Mobility Behavior and User Perception, examines behavioral
patterns and the modal shift with autonomous ride-pooling, a pivotal determinant of many
other impacts. It also deals with user perception and acceptance, including the willingness to
share rides, to pay for autonomous ride-pooling, and to spend time travelling. The fourth di-
mension, Economy and Transport System, includes impacts on macro- and microeconomic im-
pacts, such as on employment, productivity, or the total vehicle fleet size. On the other hand, it
deals with the transport system performance, which involves traffic conditions, travel comfort,
or transport revenues. The Environmental Sustainability dimension summarizes impacts on the
environment in three sub-dimensions: natural resource and energy consumption, air quality and
emissions, and transport electrification. The final dimension, Space Development and Land Use, ad-
dresses changes in urban form and infrastructure (e.g., urban sprawl or infrastructure demand),
attractiveness of public spaces, and land use impacts (e.g., relocation or space efficiency).

This multi-dimensional framework showcases far-reaching and long-term implications that au-
tonomous ride-pooling could have for society. Apart from established dimensions, such as eco-
nomic or environmental impacts, it specifically includes social impacts in three of six dimen-
sions, emphasizing that the novel on-demand service is a socio-technical and socio-economic in-
tervention, not just a technological innovation.

Societal Impact of Autonomous Ride-Pooling

Public Health and Mobility Behavior and Economy and Environmental Space Development
Safety User Perception Transport System Sustainability and Land Use
Public Health and Well- o . Resource and Energy Urban Form and
S Consrpiten
* Public health * Travel demand * Productivity = Energy/fuel = Urban growth and
* Well-being = Travel time * Employment consumption/efficiency sprawl
services * Modal split * Transportand mobility = Water consumption * Infrastructure demand
* Access to mobility * Active mobility costs and pollution
options, daily activities, * Public transport use * Total vehicle fleet size + Nature and biodiversity
profession, education « Taxi use impact
" . * Private vehicle use and 5 . - Land Use and
Mobility Safety and Security ownership Air Quality and Emissions
« Travel autonomy and « Traffic safety and = Greenhouse gas = Space demand and
inde[)fznden:e a::.:iden[s U ——— N e.missionf efﬁ::iem?y
« Mobility of non- « Privacy Acceptance fpenssys * Fine particulate matter * Relocation
motorists « Crime emissions = Attractiveness of public
* User acceptance « Transport system « Noise emissions space/region
Equity « User satisfaction efficiency/performance » Light emissions

* Willingness to spend * Traffic conditions and

+ Transportand safety travel time road capacity
equity * Willingness to share * Transport revenue P
* Social equity rides « Travel comfort P it

* Service availability « Willingness to pay

Figure 1: Conceptual Societal Impact of Autonomous Ride-Pooling Framework
Reference: own illustration based on an integrative literature review

3.2  Societal Stakeholder Interviews

To derive a multi-stakeholder perspective of societal impact dimensions, societal stakeholders
from an autonomous ride-pooling initiative in Zug, Switzerland, were interviewed. The initia-
tive by the ZUG ALLIANCE, a consortium of local public and private stakeholders, conducted a
feasibility study on autonomous ride-pooling in Zug and works towards setting up a pilot pro-
ject in the region. All project partners see potential in the technology and consider autonomous
ride-pooling a valuable addition to the existing mobility system. However, only a pilot imple-
mentation could demonstrate in which societal impact dimensions, and under which conditions,

the service creates the greatest benefit.
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3.2.1  Stakeholder Sampling

A purposive sampling strategy was applied to identify and invite societal stakeholders of the au-
tonomous ride-pooling initiative in Zug. Suitable stakeholders were identified through personal
network, desk research, and snowball sampling, and had to meet at least one of three criteria:

1. Local stake: The person has a stake in the Zug initiative, because they are located in
the Canton of Zug (e.g., residences or workforce).

2. Thematic stake: The person has a stake in the Zug initiative because they are con-
cerned with autonomous ride-pooling in Zug (or in Switzerland) as part of their
function (e.g., service providers and suppliers, mobility experts, potential competi-
tors).

3. Extreme user stake: The person has a stake in the Zug initiative because they repre-
sent a special interest or target group of autonomous ride-pooling services (e.g.,

people with reduced mobility and minorities).

In addition to the criteria, all societal stakeholders had to be primary representatives of one of
the four helices in the Quadruple Helix (see Section 2.3). This ensured that all four relevant
stakeholder groups of innovations are involved in the Zug initiative. Based on these conditions,

more than 300 societal stakeholders were invited to interviews.

In the end, 56 stakeholder interviews with 59 people were conducted, three of which served as
pre-tests and one of which could not be recorded due to technical difficulties. The 52 remaining
interviews with an average duration of 57 minutes were conducted online via Microsoft Teams,
Zoom, or in person. Figure 2 provides an overview of how the Quadruple Helix was represented

by the societal stakeholders.

% %
19% 6%
are primarily representarives are primarily academic
of (special) interest groups (11 1} representatives
and/or asseciations Civil Scu:iety

[ ]

2000 *0
[ ]
o0
°
427 Industry .z: Government 3 37
o (1] [ ] o

ety s 99888 888 i prinary govrmetand

public administration/service
representatives

of private companies

Figure 2: Stakeholder distribution across the Quadruple Helix
Reference: own illustration based on Carayannis & Campbell (2009)

322  Data Collection

A semi-structured interview guideline was designed to interactively explore and discuss the six
proposed societal impact dimensions. First, interviewees were introduced to an autonomous
ride-pooling definition. This was important for stakeholders unfamiliar with the novel service
and to establish a mutual understanding. Then, the conceptual framework of the societal impact
dimensions of autonomous ride-pooling was presented and discussed, focusing on dimensions
missing from the framework. The interactive step 3 involved revisiting the societal dimensions,
sub-dimensions, and aspects in more detail. Interviewees were asked to position each sub-di-

mension and indicator of the conceptual framework within a two-dimensional 7-point matrix
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visualized on Miro, where the y-axis represented the perceived importance for the societal im-
pact of autonomous ride-pooling (1 = “very unimportant”, 4 = “neutral”, 7= “very important”)
and the x-axis represented the expected societal outcome from autonomous ride-pooling (-3 =
“very negative outcomes expected”, 0= “no significant outcomes expected”, +3 = “very positive
outcomes expected”). The positioning within the matrix visualized how important individual
societal impact aspects were perceived, and why, and provided insight into assumptions, hopes,
fears, questions, priorities, and missing dimensions from the interviewees’ point of view. The
matrices were not statistically analyzed due to strong subjectivity, limited between-subject com-
parability, and a limited sample size. Nevertheless, they were treated as contextual notes in the
qualitative analysis. In the final stage of the interview, the potential implementation of autono-
mous ride-pooling in Zug was discussed, as well as the interviewee’s attitude, hopes, fears, and
expectations. The interviews were recorded with Microsoft Teams/Zoom, transcribed using Sally

Al and reviewed by the author.

3.2.3  Data Analysis
To validate, extend, and reconceptualize the societal impact dimensions of autonomous ride-
pooling, the Framework method (Ritchie & Spencer, 2002) is applied. This approach originated
in the United Kingdom for applied qualitative policy research purposes and is a widely used
thematic analysis method that comprehensively organizes different perspectives on an issue in
thematic matrices (Kiernan & Hill, 2018; Ritchie & Spencer, 2002). It can be used for inductive,
deductive, or a combined qualitative analysis. The Framework Method was chosen for this pa-
per because it:
1. enables the systematic and deductive validation of the previously conceptualized socie-
tal impact dimensions.
2. allows for the inductive extension and/or reconceptualization of the societal impact di-
mensions.
3. comprehensively visualizes and compares different societal stakeholders’ perspectives

on the societal impact of autonomous ride-pooling, typically in a matrix.

The Framework method follows five key stages (Ritchie & Spencer, 2002): Familiarization with
the data, where the transcripts, field notes, and matrices per interviewee were reviewed. Then a
thematic framework is identified. In this case, the conceptualized societal impact dimensions of
autonomous ride-pooling served as the thematic framework. Its dimensions were used in the
third step to systematically index and sort the interview transcripts in ATLAS.ti: This included
deductively applying the societal dimensions, sub-dimensions, and indicators from the concep-
tual framework to the interview transcripts, but also the inductive coding of emerging dimen-
sions. Moreover, the societal stakeholders’ perspectives (i.e., assumptions, hopes, fears, ques-
tions, and priorities) were collected to contextualize the dimensions. In step four, charting, the
codes were rearranged and sorted to gain a full picture of how relevant the original societal im-
pact dimensions were perceived by which stakeholders, and which new societal impact dimen-
sions were proposed. The final step, mapping and interpretation, involved the construction of

matrices to map the stakeholder groups’ aggregated perspectives on societal impact dimensions.
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4 Findings

This chapter presents the findings from the societal stakeholder interviews and the reconceptu-
alized framework of the societal impact of autonomous ride-pooling. In Chapter 4.1, the stake-
holders” perceptions of the six literature-based societal impact dimensions are summarized, in-
cluding contextual information regarding a potential implementation in Zug, Switzerland. Based
on these perceptions, Chapter 4.2 presents the reconceptualized framework and describes all
changes made to it and why.

4.1 Perception of Societal Impact Dimensions

Across all four stakeholder groups, the dimension perceived as the most relevant is the first one,
called Accessibility, Mobility and Equity. The expected societal impact can explain the high rele-
vance: Many of the interviewees believed that autonomous ride-pooling could provide non-mo-
torists in more rural areas of Zug with a novel, affordable service, when no public transport op-
tion is available (e.g., adolescents at night). The impact on people with disabilities, on the other
hand, was rated moderate, especially by public transport providers, because Swiss public
transport is already designed to be accessible and widely available. It was also pointed out that
the positive societal impact within this dimension strongly depended on the service design: In
the case of minors, whether they could book a service themselves and at what age was ques-
tioned. In the case of people with disabilities, interviewees were skeptical, whether the service
would be accessible, especially the booking via a smartphone app or accessing the autonomous
vehicle without assistance. Furthermore, it was pointed out that the sub-dimensions and indica-
tors discussed had a couple of redundancies, which could be summarized and grouped differ-

ently in line with established definitions of accessibility (e.g., Disability Discrimination Act*).

Another societal impact dimension that was perceived as relevant is Environmental Sustainability.
Some interviewees pointed out that a positive impact on the environment was imperative for
any novel mobility service. However, in the case of autonomous ride-pooling in the canton of
Zug, one of the smaller Swiss cantons, it was felt that the impacts on the environment — whether
positive or negative — could not be substantial, which led to a lower perceived relevance. Re-
garding the sub-dimensions and indicators, one public transport provider representative sug-
gested that further resources should be included in the Resource and Energy Consumption sub-di-
mension (e.g., materials used in the production of vehicles). However, since this study focuses

on dimensions and sub-dimensions, this indicator was not included in the final framework.

4 Federal Office of Transport: https://www.bav.admin.ch/bav/en/home/general-topics/accessible-

public-transport.html
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Economy and Transport System was perceived as the third most relevant societal impact dimen-
sion, but different suggestions were made to reconceptualize it. Regarding the economic sub-di-
mension, it was pointed out that the included indicators mixed macroeconomic impacts (em-
ployment and productivity) with microeconomic impacts (total vehicle fleet size, transport and
mobility costs), which could be separated. Interviewees also stated that the transport system
sub-dimension deserved its own dimension instead of being grouped with the economic im-
pacts, especially in the context of a new transport service as autonomous ride-pooling. This was

acknowledged in the reconceptualization.

The Public Health and Safety dimension received a mixed relevance rating from the interviewees:
While the Safety and Security sub-dimension was rated highly relevant and was often considered
a precondition to the implementation of autonomous ride-pooling (although with both positive
and negative societal impacts expected), Public Health and Well-Being was rated moderately rele-
vant to irrelevant. This can be explained by the expected societal impacts from autonomous ride-

pooling often viewed as insignificant. No changes were proposed within this dimension.

Similarly, Mobility Behavior and User Perception rendered mixed findings. In the Mobility Behavior
sub-dimension, impacts on travel demand and use of different modes were rated relevant, with
varying positive or negative societal impacts depending on the mode and the service availabil-
ity. One important question was whether the autonomous ride-pooling service would end at the
cantonal border or whether it was possible to board the vehicle in neighboring cantons. This is
particularly relevant for the Canton of Zug, which records the highest number of commuters
from other Swiss cantons (40’200 commuters on average), more than half of whom choose to
commute by motorized individual transport (Statistik Kanton Zug, n.d.). User Perception and Ac-
ceptance, on the other hand, seemed too abstract for most interviewees. The indicators within this
sub-dimension were mostly perceived as determinants of autonomous ride-pooling rather than
outcomes, but it was also noted that autonomous ride-pooling could change public perception
and acceptance over time. As the framework intends to make autonomous ride-pooling out-

comes tangible, not their determinants, this dimension was fully reconceptualized.

Finally, the dimension Space Development and Land Use was assigned the lowest relevance on av-
erage. While efficient space use is a high priority in the Canton of Zug, the impacts from a small
autonomous ride-pooling fleet were perceived as insignificant. Moreover, it was noted by can-
tonal administrators and transport planners that potential negative impacts from urban spraw
were virtually impossible thanks to cantonal regulations that control for these impacts, which

makes these societal impacts less relevant.

4.2 Reconceptualized Societal Impact of
Autonomous Ride-Pooling

Based on the stakeholder interviews, the societal impact dimensions were restructured and re-
named. While there were differences in the perceived relevance of the individual societal impact

dimensions, none were perceived as completely irrelevant. Thus, all previous dimensions can
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also be found in the reconceptualized framework (Figure 3). Moreover, as the focus lies on the
societal impact dimensions, not indicators, the reconceptualized framework only shows societal
impact dimensions and sub-dimensions. These provide a frame and leave sufficient room to de-
fine suitable indicators for an autonomous ride-pooling initiative per dimension and sub-dimen-
sion. In the following, the reconceptualized dimensions as well as the newly added influencing
factors are described.
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Figure 3: Reconceptualized Societal Impact of Autonomous Ride-Pooling Framework
Reference: own illustration based on societal stakeholder interviews / Images: University of St.Gallen; Midjourney

421 Societal Impact Dimensions

The Accessibility, Mobility and Equity dimension was renamed to Social Equity, which better cap-
tures what this dimension focuses on. In line with the feedback from the interviews, the sub-di-
mensions were merged into two more comprehensive groups: Usability & Service Accessibility,
focusing on the accessible design of autonomous ride-pooling services, and Spatial Accessibility
and Availability, focusing on how autonomous ride-pooling could improve accessibility to user

groups, such as people in rural areas or non-motorists.

Similarly, Space Development and Land Use is now called Space & Infrastructure, and its sub-dimen-
sions were reconceptualized to avoid redundancies: The new sub-dimension Spatial Design &
Development focuses on more aggregated and long-term regional impacts, such as public space
attractiveness, urban growth, or people’s (re-)location choices for their home and workplace. In
contrast, the second new sub-dimension, Use of Space & Infrastructure, captures more direct im-
pacts of autonomous ride-pooling on space and infrastructure, such as (parking) space or infra-

structure demand (e.g., drop-off areas at train stations for autonomous ride-pooling services).

The Quality of Life, Safety & Security dimension was renamed for an improved summary and de-
scription of its sub-dimensions. Similarly, the Environmental Sustainability dimension and its sub-
dimension Transport Electrification were renamed to Sustainability and Electrification, respectively,

following the stakeholders’ feedback that they could be more concise.
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Two dimensions were completely revised after the interviews: The first one, Economy and
Transport System, was divided into two dimensions: Economy, summarizing Microeconomic and
Macroeconomic Impacts, and Mobility & Transport, containing impacts on Mobility Behaviors (e.g.
aggregated changes in travel demand, modal split, and modal shift) and the Transport System
(e.g., road capacity, traffic, travel comfort). Societal stakeholders pointed out how essential
changes in mobility behaviors and in the transport system due to autonomous ride-pooling are
for many other societal impacts. Therefore, they were reconceptualized as a dimension that is
equally important as the other dimensions. As a consequence, Economy also became a separate
dimension, which led to new sub-dimensions, dividing macroeconomic impacts (e.g., labor and
productivity) from microeconomic impacts (e.g., total vehicle fleet size). The other revised di-
mension is Mobility Behavior and User Perception: Societal stakeholders found it challenging to as-
sess the relevance and outcomes within the sub-dimension User Perception and Acceptance, as it
was felt that this contained determinants of autonomous ride-pooling rather than outcomes.
Therefore, Mobility Behavior was newly categorized in the Mobility & Transport dimension, while
User Perception and Acceptance was lifted from the societal impact dimensions and became an in-

fluencing factor.

4.2.2  Influencing Factors

Almost all interviewees noted that the outcomes in different dimensions depended on three ma-
jor factors. Thus, it was decided that they should be added to the societal impact of autonomous
ride-pooling framework. These factors strongly determine the positive or negative societal im-

pact in all six dimensions, but can also be influenced by the societal impact and each other.

The first influencing factor is Societal Perception & Acceptance. The magnitude of the societal im-
pact of autonomous ride-pooling essentially depends on how many people adopt and perceive
the novel service, and the extent to which they change their mobility habits consequently. This

influencing factor represents the former sub-dimension User Perception and Acceptance.

Second, stakeholders mentioned the role of Business Model design in the societal impact: If the
autonomous ride-pooling service has too long wait times, is not affordable, or is not designed to
be accessible, its societal impact will remain limited. Moreover, if the fleet is too small or man-
aged inefficiently, the societal impacts in the environmental, spatial and mobility, and transport

dimensions will be insignificant, potentially negative.

Finally, autonomous ride-pooling services require permits, including public street permits for
the SAVs or authorization to stop at virtual stops. Therefore, the third influencing factor is Policy
& Regqulation. As stated by the interviewees, policymakers can actively shape the societal impact
by, for instance, giving autonomous ride-pooling fleets priority in traffic or by publicly stating
their support for the novel service, thereby influencing the public perception and societal im-
pact.
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5 Discussion

The involvement of societal stakeholders revealed significant overlaps with societal impact di-
mensions found in contemporary literature, including economic, social, environmental, spatial,
transport- and safety-related impacts, and provides a frame to measure the societal impact of au-
tonomous ride-pooling in dimensions that are perceived as relevant. This indicates that the liter-
ature successfully reflects the primary societal concerns regarding autonomous ride-pooling.
Nevertheless, the stakeholder interviews provided a nuanced reframing of the dimensions and
valuable contextual information for the implementation. For instance, social equity impacts were
perceived as the most relevant and framed for specific user groups (e.g., adolescents in rural ar-
eas), while they remain underrepresented in academic literature (see Section 2.1). This contradic-
tion suggests that the social equity dimension needs to be prioritized, most importantly, with
suitable methods and indicators. Moreover, the interviews revealed important questions regard-
ing the service design (e.g., affordability, availability, vehicle and service design), which should
be regarded in the implementation of autonomous ride-pooling to achieve better public desira-
bility (see Section 2.3).

While the holistic societal approach provided valuable context, methodological challenges arose:
First, the perceived relevance of dimensions, sub-dimensions, and indicators has limited be-
tween-subject comparability, as each stakeholder framed the rating from a different point of
view. A considerable share of interviewees framed the relevance of dimensions as requirements,
e.g., sustainability must be a very relevant dimension, because that is the primary reason to im-
plement novel mobility services. Other interviewees framed the relevance based on the expected
outcomes, e.g., public health is less relevant, as the impact of autonomous ride-pooling will be
minimal. The third group of interviewees rated the dimensions’ relevance based on their prefer-

ences and perceptions.

This constituted a second challenge, primarily with civil society stakeholders: The unfamiliarity
with autonomous ride-pooling likely led to a share of only 20% laypersons in the sample, and
rather unrealistic assumptions during the interviews. As the exact fleet size, price, and service
area of autonomous ride-pooling in Zug were still unknown at the stage of interviews, stake-
holders were forced to make their own assumptions. This led to strong differences, e.g., one in-
terviewee assumed the fleet could not exceed 10 SAVs, while another assumed the fleet could
comprise up to 1,000 SAVs, which inevitably influenced their perception of relevance and ex-
pected outcomes. This challenge was partly addressed by introducing all interviewees to auton-
omous ride-pooling and by answering their questions during the interviews. Nevertheless, it
highlights a critical gap in the democratic governance of mobility innovations: How can societies
collectively make decisions about innovations that are too abstract for a substantial share of the
population? One possible solution could be to provide more precise information regarding the
mobility innovation. Another solution, if the innovation is already available, is to let citizens
gather experiences with the mobility innovation, then engage them in citizen dialogues to collect
their feedback. However, this entails further challenges, such as limited time availability of citi-

zens, further emphasizing the need for novel public participation formats (see Section 2.3).
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6 Conclusion

Autonomous ride-pooling will impact society in several ways, and there is a growing need to
accurately assess whether its positive impacts outweigh the costs and negative impacts. This pa-
per contributes to more holistic societal impact assessments by integrating dimensions from con-
temporary literature with societal stakeholder perspectives in the context of an autonomous
ride-pooling initiative in Zug, Switzerland. It provides an empirical foundation for dimensions
and a more nuanced picture of real-world priorities, questions, and concerns regarding autono-
mous ride-pooling. These could provide a starting point for the implementation and support
more realistic assumptions for ex ante impact assessments. Second, it answers the call for demo-
cratic governance in mobility innovation development, involving Quadruple Helix stakeholders
of the Swiss initiative. Finally, it identifies critical gaps in the democratic governance of mobility
innovations, specifically for laypersons, underlining the importance of finding meaningful par-

ticipation formats for unfamiliar stakeholders in mobility innovation development.

The resulting societal impact of autonomous ride-pooling framework includes six dimensions —
Social Equity, Quality of Life, Safety & Security, Economy, Mobility & Transport, Sustainability, Space
& Infrastructure — and three influencing factors, which were (re-)conceptualized to reflect priori-
ties within society. It provides initiative managers with a tool to structure impacts in the most
relevant societal impact dimensions beyond conventional ones, such as economy, environment,
and transport. Although the holistic approach did not reveal any novel dimensions, it reframed
existing ones. This provides researchers and policymakers with valuable contextual information
and a solid, empirically valid framework, e.g., which societal impacts the public perceives as the

most relevant, and why.

While the methodology did reveal rich insights, its limitations need to be acknowledged, includ-
ing the inherent subjectivity of the conceptual framework and the challenging engagement of
laypersons. The subjectivity was partially addressed in the conceptualization by comparing it to
an Al-generated model and by systematically reconceptualizing the framework based on 52
Quadruple Helix stakeholder interviews. However, the framework analysis relies on single-
coder interpretations, which may have influenced the final dimensions. Moreover, the strongly
diverging levels of familiarity with autonomous ride-pooling among the societal stakeholders
limited the between-subject comparability. Ensuring a minimum level of familiarity with the
concept of autonomous ride-pooling may have enhanced the findings. It underlines a greater

question of how laypersons can effectively participate in mobility innovation initiatives.

This work points to several promising future research directions. First, the social equity dimen-
sion could be prioritized by developing assessment methods and indicators that facilitate its
analysis. Second, the qualitative methodology could be reproduced in a mature autonomous
ride-pooling implementation, where laypersons can experience autonomous ride-pooling in a
real-life setting. This could lead to more in-depth insights. Finally, the framework can be opera-
tionalized with qualitative and quantitative indicators per dimension to comprehensively cap-

ture the societal impact of autonomous ride-pooling initiatives.
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