<]
TUDelft

Delft University of Technology

Automated Vehicles
Changes in expert opinions over time

Kroesen, Maarten; Milakis, Dimitris; van Wee, Bert

DOI
10.1016/j.tranpol.2023.03.005

Publication date
2023

Document Version
Final published version

Published in
Transport Policy

Citation (APA)
Kroesen, M., Milakis, D., & van Wee, B. (2023). Automated Vehicles: Changes in expert opinions over time.
Transport Policy, 136, 1-10. https://doi.org/10.1016/j.tranpol.2023.03.005

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1016/j.tranpol.2023.03.005
https://doi.org/10.1016/j.tranpol.2023.03.005

Transport Policy 136 (2023) 1-10

Contents lists available at ScienceDirect

Tansport Policy

Transport Policy

FI. SEVIER

journal homepage: www.elsevier.com/locate/tranpol

Check for

Automated Vehicles: Changes in expert opinions over time ol

Maarten Kroesen ™, Dimitris Milakis ", Bert van Wee *

2 Delft University of Technology, Faculty of Technology, Policy and Management, P.O. Box 5015, 2600 GA, Delft, the Netherlands
b German Aerospace Center, Institute of Transport Research, Rudower Chaussee 7, 12489, Berlin, Germany

ARTICLE INFO ABSTRACT

Keywords:
Automated vehicles
Panel survey
Expert judgement
Q-factor analysis

Innovations in transportation can contribute to reaching relevant societal objectives (e.g. reduce emissions,
congestion levels and/or risks). To determine which innovations to stimulate (and which not) it is important for
policy makers to assess their effects on beforehand. Expert judgement is an often-used method for this purpose.
Although expert opinions can provide useful input for decision-making, these judgement are potentially subject
to change, for example, due to new information becoming available or because the (academic) discussion about
the innovation in question takes a new turn. Studies that explicitly study stability and change in expert judge-
ments are rare, but highly relevant to determine the reliability of experts’ assessments. To address this gap, this
study assesses experts’ judgments at multiple points in time focusing on the effects of a transport innovation with
potentially widespread societal implications, namely Automated Vehicles (AVs). To this end a survey was
administrated to a group of experts involved in the WISE-ACT project. The results indicate that expert opinions
towards this innovation are generally favorable; AVs are believed to reduce congestion delays, greenhouse gas
emissions and traffic accidents. Although the consulted experts are generally quite stable in their opinions, they
are becoming less optimistic about these positive effects over time. A Q-factor analysis additionally reveals two
clusters of experts, one with a positive and one a negative outlook on AVs. The latter group beliefs that AVs will
lower the value of travel time, thereby increasing travel demand, and, in turn, emission and congestion levels.
Overall, the changing and diverging opinions among experts indicate that the transition to AVs is not necessarily
regarded as a desirable one.

1. Introduction

Transport systems continuously have to adapt to societal changes
and preferences, including demographic, economic and spatial trends,
and trends in accessibility, safety and environmental priorities and
preferences. Transport innovations, both technical and non-technical
(mainly: services) can play an important role in making transport sys-
tems fit for purposes. Many actors, including policy makers, interest
groups and industry have an interest in understanding the societal ef-
fects of candidate future innovations, as well as options to influence such
effects. Effects include travel behaviour impacts, accessibility, environ-
mental, safety and health impacts, and economic impacts (such as for
public transport or vehicle manufacturing companies). Travel behaviour
effects are often an intermediate factor influencing the other factors
listed (Milakis et al., 2017a). But there are more factors. For example,
the environmental impact of hydrogen vehicles depends on the way
hydrogen will be produced, more specifically the way electricity will be
produced, assuming hydrogen will not be made by using fossil fuels, but
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by using electricity.

Empirical research on transport innovations based on real world
implementation is often not possible (because transport innovations are
not or not fully implemented yet). And even in case of innovations
already introduced to the market but being in their early stages of
adoption, the characteristics of innovators and early adopters can easily
differ from the early and late majority of users (Rogers, 2003), and so
can the impacts on travel behaviour and next on other societal effects.

An alternative for empirical research can be expert judgment. And
indeed, forms of expert judgement can play a role in the complex
mechanisms that lead to the adoption or not of candidate innovations
(Feitelson and Salomon, 2004). Expert judgments can be the topic of
research into the possible effects of candidate innovations, but experts
sometimes also have direct contacts with policy makers and politicians,
and are asked by media and via media they can have an impact on so-
cietal and policy debates.

These judgments can change over time, for example due to new
research becoming available, debates amongst experts and others,
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societal debates on the candidate innovations as well as new personal
experiences and changes in personal beliefs (Ralph and Delbosc 2017).
To the best of our knowledge changing opinions on candidate transport
innovations have hardly been the topic of research so far, the exception
maybe being Delphi studies because in these studies the same experts are
asked to answer research questions in two or more waves, and can up-
date their answers based on the answers of others.

Fully Automated Vehicles (AVs) are a candidate innovation that has
received a lot of attention of academics and society during the past
decade or so. Fully AVs (for experts: SAE level 5; SAE-International
2021) are expected to perform all dynamic tasks of driving (e.g. steering,
braking acceleration) under all conditions, either occupied or unoccu-
pied. They could communicate and exchange information with other
vehicles (V2V) and/or with the infrastructure (V2I).

AVs can have many societal impacts (Milakis et al., 2017a, 2021),
including those mentioned above. In October 2017, the project
WISE-ACT (Wider Impacts and Scenario Evaluation of Autonomous and
Connected Transport) funded by the European Union within the
framework of COST-Actions (European Cooperation in Science and
Technology) was initiated (see section 2). WISE-ACT provided us a
unique opportunity to explore to expert opinions on societal relevant
effects of AVs, and to what extent expert opinions on expected societal
impacts could change over time. We therefore initiated a study involving
a three-wave questionnaire distributed to WISE-ACT experts in a period
of three years. More specifically we aim to answer three questions: 1)
What are the experts’ expectations with respect to the societal relevant
effects of automated vehicles? (2) To what extent do experts agree or not
with respect to those effects? And (3) To what extent are expert judg-
ments stable or not over time? This paper presents the results of this
study, focusing on the first two waves. Because of the low response rate
of wave 3 we could not include this wave analyzing trends with any
statistical significance.

Section 2 briefly introduces the WISE-ACT project, followed by sec-
tion 3 explaining the methodology and section 4 presenting the results.
Section 5 discusses the results and presents the conclusions.

2. A brief introduction to wise-act

The four-year WISE-ACT project (13.10.2017-12.10.2021; extended
to 12.4.2022) focuses on the wider impacts of AVs and how they can be
evaluated. The project is funded by the European Unions’ COST program
that supports development of bottom-up research and innovation net-
works, through which research initiatives, researchers and innovators
can connect and share knowledge. The key objectives of WISE-ACT refer
to research coordination (e.g., development of common terminology,
sharing of know-how across diverse localities, comparison of simulation
results and end user preferences from diverse settings, creation of a
roadmap about the wider impacts of AVs) and capacity building (e.g.,
build a scientific community on wider impacts of AVs, develop multi-
disciplinary training programs, bridge distinct scientific fields, act as a
transnational stakeholder platform). The objectives are operationalized
through five working groups (i.e. institutional and regulatory chal-
lenges, social challenges, business challenges, transport system, scenario
development), semiannual coordination meetings of the management
committee and the working group members, webinars, training schools,
themed workshops, idea jam events and short-term academic visits. In
total, 74 experts from 38 European and associated countries participate
in the project with diverse professional backgrounds (e.g., universities,
research institutes, consulting firms) and expertise (e.g., informatics,
planning, geography, economics, engineering, law). WISE-ACT
comprise leading academic experts (e.g. leading research groups, hav-
ing produced multiple scientific papers including highly-cited ones) on
specific aspects of AVs deployment and implications (e.g. traffic, road
safety, travel behaviour, accessibility and spatial structures, planning,
governance) as well as researchers and consultants being highly active
in the field through participation in multiple relevant research projects
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and the production of science for policy reports.
3. Methods
3.1. Data

To assess how experts’ opinions towards AVs and how these have
changed over time, data were collected at three points in time, namely in
December 2018 (wave 1), December 2019 (wave 2) and May 2021
(wave 3), yielding respectively 61, 26 and 15 complete surveys. Nine-
teen respondents participated in waves 1 and 2, while 8 respondents
participated in all three waves. The 19 respondents, who joined waves 1
and 2 formed the subset sample for our analysis of changes in experts’
opinions towards AVs. All participants in WISE-ACT were invited to fill
in the questionnaires.

The WISE-ACT members comprise leading experts on AVs, with a
wide variety of expertise, coming for different geographies in Europe,
and are therefore in the ideal position to assess the impacts of AVs. In
particular, the 19 experts who participated in waves 1 and 2 were
mainly academics (various professor levels and one PhD candidate; 10
participants), research scientists (mostly senior researchers; 7 partici-
pants) and professionals (consultant and planner; 2 participants). Their
expertise was distributed as follows (number of participants in brackets):
computer science (3), artificial intelligence and robotics (2), traffic en-
gineering (2), urban and transport planning (2), transport policy (2),
sustainable mobility (2), urban and regional planning (2), telecommu-
nication engineering (1), transport planning (1), travel behaviour (1),
transport geography (1). In addition, we expected a relatively high
commitment to our study, resulting in high initial response and low
attrition over time. Yet, there are also downsides to using this sample,
which we will reflect upon in the concluding section.

Table 1 presents the number of respondents for each wave and each
possible response pattern. In total, 61 respondents participated in the
first wave.

Table 2 presents the characteristics of respondents in the sample (in
wave 1). The majority of respondents were between 30 and 50 years old,
probably reflecting that the majority of researchers in the area of AVs are
in this age group. 70% were males, while a large share of respondents
did not (wish to) answer the gender question. Not surprisingly, the
majority of respondents had a PhD degree. Respondents come from a
wide range of countries as expected given the geographical diversity of
the WISE-ACT experts.

3.2. Survey measures: societal impacts and confidence ratings

Respondents were first asked to estimate the year in which they
expected that a fully automated vehicle would be available for sale in the
respective country of residence, and the respective years when 50% and
100% of the new sales would constitute AVs. In addition, they were
asked to estimate the share of AVs that would constitute shared cars.

The questions on possible impacts of AVs were derived from the
relevant conceptual model developed by Milakis et al. (2017a), and

Table 1
Number of respondents per wave and response patterns.
Wave 1 61
2 26
3 15
Response pattern: participation (1) or not (0) for each wave (e.g. 100 001 1
means that respondent participated only in wave 1) 010 6
011 1
100 39
101 3
110 11
111 8




M. Kroesen et al.

Table 2
Sample characteristics of respondents in wave 1 (N = 61).
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Table 3
Possible mechanisms underlying the impacts of AVs (Milakis et al., 2017a).

Variable Category % Category Possible mechanism(s)

Age <30 2 1. Traffic impacts Enhanced free flow capacity and decreased capacity
30-50 77 drops (i.e. fewer episodes of reduced queue discharge
>50 16 rate) could increase the road capacity and thus reduce
Do not wish or disclose or missing 5 congestion delays

Gender Female 21 2. Travel costs The fixed costs of automated vehicles will very likely be
Male 70 higher than for conventional vehicles due to the
Do not wish or disclose or missing 8 advanced hardware and software technology involved

Level of education MA/MSc 16 The generalized transport cost (GTC), which comprises
PhD 74 effort, travel time, and financial costs of a trip, on the
Other or missing 10 other hand, is expected to decrease because of lower

Country of residence Germany 10 effort, time, and money needed to travel
Slovenia 8 3. Travel demand The increase of road capacity, the subsequent congestion
Spain 8 relief and the decrease in GTC could lead to an increase of
Israel 8 vehicle travel demand
Austria 5 The decrease of the GTC could enhance the accessibility
Netherlands 3 of more distant locations, thus allowing people to choose
UK 3 such destinations to live, work, shop, recreate, and
Finland 3 subsequently increase the amount of their daily vehicle
Turkey 3 use.

Ireland 3 The increase of AVs for ride-sharing and vehicle-sharing
Portugal 3 systems might negatively influence the use of public
Serbia 3 transport services and active modes, since automated
Other 38 shared vehicles could effectively serve short distance

include first-order (i.e., traffic, travel costs, travel demand),
second-order (i.e., vehicle ownership, land use and location choices,
transport infrastructure) and third-order impacts (i.e., energy con-
sumption, climate change, traffic safety, social equity, economy, public
health). Milakis et al. (2017a) identified the relevant impacts of AVs
through analytical reasoning (i.e. by identifying possible mechanisms
through which the introduction of AVs could have an effect on the
respective factor) and subsequently performed an extensive literature
review to search for available evidence on these impacts. Given the
comprehensiveness of this study, it may be argued that the content
validity of the survey instrument is high, i.e. it is likely that all possible
relevant impacts of AVs are represented in the survey.

The impacts identified by Milakis et al. (2017a) are grouped into 12
main categories. Table 3 gives on overview of the possible mechanisms
though which AVs may effect these (derived from Milakis et al., 2017a).
For each category multiple indicators are identified to cover the cate-
gory as a whole, yielding 38 indicators in total (see Table 5). For each
indicator, the following question was included in the survey: As a result
of the implementation of automated vehicles, I expect that ... [impact]
... will decrease greatly (1), will decrease slightly (2), will stay the same
(3) will increase slightly (4) will increase greatly (5).

Finally, respondents were asked to rate their level of confidence in
rating each of the 12 impact categories. This question was formulated as
follows: Please state your confidence with rating this [impact category]:
Not confident at all (1), somewhat confident (2), moderately confident
(3), very confident (4), extremely confident (5).

3.3. Analysis strategy

To assess experts’ baseline opinions on the impacts of AVs, we used
the data of all respondents of wave 1 (61 in total). Next, to assess
whether respondents changed their opinion over time, we used only
respondents who stayed in the sample (otherwise changes may also be
attributed to changes in the sample composition). Of the 61 respondents
in wave 1, 19 again participated again in wave 2 (note that there were 7
new respondents, who did not participate in wave 1). Paired samples t-
tests are used to assess the significance of the observed differences in
sample means.

Secondly, to explore the heterogeneity in the sample we additionally
conducted a Q-factor analysis. Hence, the data were transposed and
subjected to a principal components analysis, thereby revealing clusters
of respondents that have scored the 38 impacts in a similar fashion. Note

trips or feeder trips to public transportation.

Automated vehicles could significantly reduce
operational costs (e.g. no driver costs) for ride-sharing
and vehicle-sharing services, and thereby reduce the
need to personally own a car.

Due to self-parking capability of (fully) automated
vehicles surface parking lots could be significantly
reduced, enhancing infill development potential and
leading to increased population/employment densities in
central areas

The decrease of the GTC could enhance the accessibility
of more distant locations, leading to increased
population/employment densities in rural areas
Automated vehicles will also be likely to reduce demand
for parking, but additional road capacity may be required
to accommodate new travel demand.

Travel demand for active modes and public transport
may decline resulting in fewer investments in the related
infrastructures

The introduction of automated vehicles might result in
energy benefits because of reduced congestion (more
homogeneous traffic flows/lighter vehicles)

The energy benefits of automated vehicles could be
significantly mitigated by increased travel demand in the
long term.

The introduction of automated vehicles might result in
emission benefits because of reduced congestion (more
homogeneous traffic flows/lighter vehicles)

The environmental benefits of automated vehicles could
be significantly mitigated by increased travel demand in
the long term.

The advent of automated vehicles could significantly
reduce traffic accidents attributed to the human driver by
gradually removing the control from the driver’s hands.
Automated vehicles could offer the social groups that are
currently unable to own or drive a car (e.g. younger,
older and disabled people) the opportunity to overcome
their current accessibility limitations.

Automated vehicles are likely to be quite expensive (at
least initially), thus limiting these benefits to only the
wealthier members of these groups for certain time.
Full vehicle automation could lead to job losses for
various professions such as taxi, delivery, and truck
drivers.

Public health benefits might result from reduced
congestion, lower traffic noise, increased traffic safety,
and lower emissions from automated vehicles.

An increase in vehicle use because of automated vehicles
(either more or longer vehicle trips) could also have a
negative impact on public health, since levels of physical
activity is likely to decrease.

4. Vehicle ownership

5. Land use and location
choices

6. Transport
infrastructure

7. Energy consumption

8. Climate change

9. Traffic safety

10. Social equity

11. Economy

12. Public health
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Table 4
Expectations regarding market share and fleet composition (percentage shared).
Please state the year that you Wave 1 Wave 1 and 2
expect. participants (N =  participants (n = 19)
61)
Median wave 1 Median Median
wave 1 wave 2
a fully automated vehicle to 2030 2030 2030

become available for sale in the
country you live. I
50% of the new vehicle sales to 2040 2045 2050
be fully automated vehicles in
the country you live.
100% of the new vehicle sales to 2055 2060 2070
be fully automated vehicles in
the country you live.
Please state (your belief regarding)
the percentage of vehicles that
will be shared when 100% of the
new vehicle sales are fully

automated.
0% 3 0 5
25% 30 42 40
50% 39 47 40
75% 28 11 15
100% 0 0 0

that we used both respondents who participated in the first wave as well
as those that participated in wave 1 and wave 2, in order to assess
changes in factor membership over time. Unfortunately, only 8 re-
spondents participated in all 3 waves, which we considered as too few to
provide reliable estimates. Hence, the analyses of change are based on
the subset of respondents who participated in wave 1 and 2.

4. Results

4.1. Changes in experts’ opinions on AV market share and fleet
composition

Table 4 presents the descriptive statistics regarding the questions in
which years experts believe that AVs will become available on the
market, when they constitute 50% and 100% of the new car sales and
their expectation regarding the share of the AV fleet that will operate as
shared cars. Note that medians were reported here, because of several
outliers in the estimates. It can be observed that the median year that
experts (in wave 1) believe AVs will become available is 2030 and that
10 and 25 years later (2040 and 2055) respectively 50% and 100% of the
new cars sales will be AVs. The estimates of the participants that
participated both in wave 1 and wave 2 do not substantially deviate
from the wave 1 estimates. However, at wave 2, there is a tendency
among these participants to expect that full market penetration will take
longer (50% and 100% of the new sales at 2050 and 2070). Experts
believe that substantial shares of the AV fleet will be shared cars. At each
wave the majority opts for 50%, closely followed by the 25% option.
Much less experts expect shared vehicles to ever represent 75% of the
AVs fleet, while none believes that all AVs will be shared in the future.

4.2. Changes in experts’ opinions on societal impacts of AVs

Moving on to the ratings of the impact criteria, Table 5 presents the
descriptive statistics (means and standard deviations) of the 38 impacts
for ‘wave 1’ participants (n = 61) at the first point in time and for
participants that participated in both wave 1 and wave 2 (n = 19) at both
points in time (Table 9 in the Appendix provides the complete frequency
distributions for the 38 impacts). To ease the interpretation of the re-
sults, the means are color-coded, with green indicating that respondents
believe that the particular impact criterion will increase and red indi-
cating that the particular impact criterion will decrease.
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The results indicate that -at the first point in time-there are no large
differences between the means of all participants of wave 1 and those
that also participated in wave 2, indicating that respondents that
dropped out rated the impact criteria in a similar fashion (so no selective
attrition). In addition, also for the wave 1 and wave 2 participants the
means at both points in time remain largely the same, indicating that
respondents were generally stable in their assessments over time. Only 3
differences reach statistical significance. Of course, this is also due to the
small sample size.

Experts in wave 1 (strongly) believe that -as the result of the
implementation of AVs-the motorway and urban capacity will increase
(impact criterion 1 and 2), leading to less congestion (3 and 4), but also
more demand for car travel (12 and 13). Assuming shared AVs will
become the norm (see Table 3), respondents expect a decrease in vehicle
ownership (16). Experts strongly believe that AVs will reduce the
number of casualties (29 and 30). Overall, they expect positive effects on
well-being (38), especially for older people (32) and those with dis-
abilities (33). Yet, they also expect that obesity rates will further in-
crease (37).

As mentioned above, respondents in wave 2 have not altered their
beliefs to any great extent, yet the shift on most statements is consis-
tently towards a position that is less favorable about the impacts of AVs
(on e.g., travel time reliability: impact number 5, 6 (see Table 5); trip
effort: 8; variable costs of a trip: 10; the level-of-service of active modes
infrastructure: 23; the risk of serious and fatal casualties: 29, 30; the
welfare of people on low incomes: 31; the disparities in welfare between
vulnerable groups (low incomes, elderly, people with disabilities) and
the rest of population: 34; the overall level of unemployment: 35; the
premature mortality rates: 36; obesity rates; 37; satisfaction with life:
38) with the exception of the total vehicle kilometers traveled (12), the
number of trips by car (13) the energy demand per vehicle kilometer
(25), the greenhouse gas emissions per vehicle kilometer (27), and the
wellbeing of older adults and people with physical and sensory dis-
abilities (32, 33). It may be speculated that the less optimistic views on
the safety benefits are due to reports of vehicles equipped with advanced
driver assistance systems (e.g. Tesla’s autopilot) being involved in
(deadly) crashes. In quite a number of these accidents it has been
claimed that the autopilot was indeed active. With respect to the positive
effects on road capacity, respondents have become significantly less
optimistic (2 and 3). In addition, whereas respondents in wave 1
believed trip travel times (of AVs) would decrease, in wave 2 re-
spondents believe these will stay the same (9).

4.3. Changes in the level of confidence of experts’ opinions

As explained in section 3.2 for each impact category experts also
indicated their level of confidence with rating each impact category.
Table 6 presents the results of these items again separately for the re-
spondents that participated in wave 1 and those that participated in both
wave 1 and wave 2. All mean scores are lower than the level of
‘moderately confident’ (3), indicating that overall experts are not very
confident about assessing multiple impacts of AVs simultaneously. Ex-
perts are most confident about the travel cost and safety impacts and
least confident about the land use, economic and public health impacts.
Similar to the ratings of the impacts (Table 3) the confidence ratings at
the first point in time do not deviate much between participants of wave
1 and participants that completed both wave 1 and wave 2. Over time
experts generally become more confident in their ratings, which is an
intuitively plausible result. With respect to the impacts on traffic,
vehicle ownership and safety the mean scores significantly increase.
Still, on a whole, the level of confidence remains at the below moderate
level.

4.4. Changes in the heterogeneity of experts’ opinions

As can be seen from the standard deviations of the rated impacts in
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Table 5

Evaluation of impacts of AVs by experts.

Transport Policy 136 (2023) 1-10

Impact category

Impact criteria

Wave 1 participants (N =

Wave 1 and 2 participants (n = 19)

61)
I expect that ... [impact criterion] ... will decrease greatly (1) will decrease slightly =~ Mean Std. Mean Mean Mean diff.
(2), will stay the same (3), will increase slightly (4), will increase greatly (5) wave 1 Deviation wave 1 wave 2 (wavT
wave 1)
Traffic impacts 1 ... the motorways capacity (vehicles per hour per lane) 3.7 1.1 4.0 3.7 -0.3
2 ... the urban roads capacity (vehicles per hour per lane) 3.3 1.2 3.4 2.9 -0.5"
3 ... motorways congestion delays (hours of extra travel time due to congestion) 2.4 1.2 2.5 2.9 0.4°
4 ... Urban roads congestion delays (hours of extra travel time due to congestion) 2.6 1.3 2.9 3.3 0.3
5 ... the travel time reliability in motorways 3.6 1.3 3.7 3.7 -0.1
6 ... the travel time reliability in urban roads 3.3 1.2 3.4 3.3 -0.1
Travel costs 7 ... the fixed (capital) cost of owning an automated car 3.5 1.2 3.7 3.5 —0.3
8 ... the effort of a trip 2.0 0.9 2.0 2.3 0.3
9 ... the travel time of a trip 2.5 0.9 2.4 2.9 0.5"
10 ... the (variable) costs of a trip 2.6 0.8 2.7 2.9 0.2
11 ... the value of travel time 3.2 1.2 3.1 3.2 0.1
Travel demand 12 ... the total vehicle kilometers traveled 3.9 1.1 4.2 4.0 -0.2
13 ... the number of trips by car 3.9 1.1 4.3 4.1 —0.2
14 ... the number of trips by public transport 2.9 1.1 2.6 2.5 -0.1
15 ... the number of trips by bicycle, foot 2.9 0.9 2.6 2.7 0.1
Vehicle ownership 16 ... the number of owned vehicles per household 2.3 1.0 2.7 2.6 -0.1
Land use and 17 ... the population density in central areas (inhabitants/square kilometer) 2.9 0.8 2.9 2.9 0.0
location choices 18 ... the population density in suburban areas (inhabitants/square kilometer) 3.2 0.8 3.3 3.5 0.2
19 ... the employment density in central areas (employers/square kilometer) 3.1 0.6 3.2 3.1 -0.1
20 ... the employment density in suburban areas (employers/square kilometer) 3.0 0.8 3.2 3.5 0.3
Transport 21 ... the number of public parking spaces per square kilometer in central areas 2.1 0.9 2.2 2.5 0.3
infrastructure 22 ... the number of public parking spaces per square kilometer in suburban areas 3.0 1.1 3.3 3.6 0.4
23 ... the level-of-service of active modes infrastructure (i.e. length/square 3.4 0.9 3.3 3.0 -0.3
kilometer, maintenance)
24 ... the level-of-service of public transport (i.e. frequency, capacity, route 3.3 1.2 3.0 2.9 -0.1
coverage)
Energy consumption 25 ... the energy demand per vehicle kilometer traveled 2.4 1.0 2.5 2.3 —0.2
26 ... the total vehicle energy demand 2.9 1.2 3.3 3.3 -0.1
Climate change 27 ... the greenhouse gas emissions per vehicle kilometer traveled 2.2 0.9 2.3 2.1 -0.2
28 ... the total vehicle greenhouse gas emissions 2.5 1.1 2.9 2.8 -0.1
Traffic safety 29 ... the risk of serious casualties (number of serious casualties per passenger 1.6 0.7 1.7 1.9 0.2
kilometer, all modes)
30 ... the risk of fatal casualties (number of fatal casualties per passenger kilometer, 1.5 0.7 1.6 1.9 0.3
all modes)
Social equity 31 ... the welfare of people on low incomes 3.0 0.7 2.9 2.8 -0.2
32 ... the wellbeing of older adults 3.7 0.8 3.5 3.9 0.4
33 ... the wellbeing of people with physical and sensory (vision, hearing) disabilities 3.9 0.9 3.8 4.0 0.2
34 ... the disparities in welfare between vulnerable groups (low incomes. Elderly, 3.1 1.0 3.2 3.3 0.2
people with disabilities etc.) and the rest of population
Economy 35 ... overall level of unemployment 3.1 0.7 3.1 3.3 0.2
Public health 36 ... premature mortality rate (deaths/100.000 due to cardiovascular diseases, 3.2 0.8 3.4 3.1 -0.3
cancer, diabetes and chronic respiratory diseases)
37 ... obesity rates (% of people with body mass index>30) 3.6 0.7 3.8 3.7 —0.2
38 ... satisfaction with life 3.4 0.7 3.3 3.1 —0.2

? Mean difference is significant at the 0.10 level (2-tailed).
> Mean difference is significant at the 0.05 level (2-tailed).

Table 5, there is quite some heterogeneity with respect to some of the
impacts of AVs. To assess and understand this heterogeneity we ran a Q-
factor analysis on the 38 impact criteria. A Q-factor analysis is a common
analysis technique in studies that employ Q-methodology (see e.g. Watts
and Stenner, 2005). The analysis is the same as a traditional principal
component analysis, but is based on the transposed data matrix, thus the
variables represent individuals’ patterns of scores on the 38 impacts (of
both wave 1 and wave 2 participants). As a result, instead of revealing
clusters of variables that are correlated, the analysis reveals clusters of
persons that are correlated, i.e. people with similar patterns of scores
across the 38 indicators. A Q-factor analysis thus essentially works the
same as other clustering techniques (like K-means). Its use here is pri-
marily motivated by the relatively large number of indicators (38) which
can be handled more easily by a Q-factor analysis than using traditional
clustering techniques.

Based on the Scree plot (Fig. 1), it could be determined that most
heterogeneity in the scores could be accounted for by extracting two
factors, which could collectively account for 45% of the variance.

After extraction, Varimax rotation was applied to obtain simple
structure (as is common practice in studies that apply Q-methodology,
see e.g. Watts and Stenner, 2005). Based on the maximum factor load-
ings (after rotation) 46 respondents were identified to belong to the first
factor and 15 to the second (in wave 1). Next, standardized factors scores
were computed for each factor. These factor scores indicate how people
belonging to a particular factor -on average-have rated each impact
criterion. Note that, because the scores are standardized, they range
from approximately —2 to +2.

We first describe the different clusters of respondents, followed by
the changes between wave 1 and wave 2. Table 7 presents the stan-
dardized factor scores of both factors. Again, the results are color-coded
to ease interpretation, with green indicating that respondents believe
the respective impact criterion will increase and red indicating it will
decrease.

While the factors show consensus with respect to some criteria, for
example regarding the (positive) impacts on safety (29 and 30), there is
generally quite some disagreement between the factors. Overall,
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Table 6
Level of experts’ confidence in each impact category.

Please state your Wave 1 participants Wave 1 and 2 participants (n

confidence with rating (N =61) =19)
this [1mpfict categoryl: Mean Std. Mean Mean Mean
Not confident at all (1), . .
somewhat confident (2), wave 1 Deviation wave 1 wave 2 diff.
moderately confident (wave
(3), very confident (4), 2-wave
extremely confident (5) 1
Traffic impacts 2.7 0.8 2.5 3.0 0.5*
Travel costs 2.8 0.8 2.8 3.1 0.2
Travel demand 2.7 0.9 2.8 2.9 0.1
Vehicle ownership 2.7 0.9 2.5 2.8 0.3*
Land use and location 2.4 0.9 2.6 2.8 0.2
choices
Transport infrastructure 2.6 0.8 2.7 2.7 0.0
Energy consumption 2.7 0.9 2.8 2.8 0.0
Climate change 2.6 0.8 2.9 2.9 0.0
Traffic safety 2.8 1.0 2.6 3.1 0.4*
Social equity 2.6 1.0 2.5 2.7 0.2
Economy 2.4 1.0 2.7 2.8 0.2
Public health 2.4 0.9 2.6 2.6 0.0

*Mean difference is significant at the 0.05 level (2-tailed).

respondents in factor 1 maintain a more positive outlook on the impacts
of AVs, while respondents in factor 2 assume a more critical stance. In
particular, respondents in factor 2 believe that the value of travel time
will decline (11) thereby increasing the demand for car travel (12 and
13) and consequently also congestion levels (3 and 4). They also believe
that AVs will result in a decline of public transport and active modes use
(14 and 15), thereby increasing the total energy vehicle demand (26)
and greenhouse gas emissions (28). In line with this, respondents believe
that AVs will not lead to a strong reduction in car ownership (16) which
is congruent with their expectation that fewer AVs will constitute shared
cars compared to what members of factor 1 believe (presented in the last
5 rows). Overall, whereas respondents in factor 1 believe AVs will in-
crease well-being of older adults and people with physical and sensory
(vision, hearing) disabilities (32, 33), respondents in factor 2 believe
that AVs will undermine public health (36, 37) and lead to lower
satisfaction with life (38).

Given the panel nature of the data, we could assess whether re-
spondents switched between the two factors over time. Based on the
classification method described above respondents that participated in
both wave 1 and wave 2 were assigned to one of the factors. Table 8
presents the factor membership of these (19) respondents at wave 1 and
wave 2. Most respondents stayed in their respective factor, which is also
in line with the small differences in the mean scores (Table 5). Two
respondents switch from factor 1 to factor 2, while one respondent
switched from factor 2 to factor 1. Hence, a tendency can be confirmed
towards a more critical stance towards the impacts of AVs, but of course
these figures are too small to draw firm conclusions (at the population
level).

As a final analysis we looked at the association between the academic
background of respondents, classified into “engineering” and “social
sciences and humanities”, and factor membership. We believed that
experts with a social science background might be more inclined to as-
sume a system-level perspective on AVs and, as such, also be more aware
of the negative side-effects of AVs (e.g. increasing demand due to
decreasing value of time), while those with an engineering background
would more strongly or rather exclusively focus on the direct benefits of
the AV technology. The results (Table 9) indeed show that this is the
case, 63.6% of the experts with an engineering background belong to
factor that has a positive view of AVs, while 62.5% of the experts with a
social science background belong to the factor with a negative outlook.
It should be mentioned though that the chi-squared test indicates that
the association is not significant (Xz =1.269,df =1, p=0.260), which is
also due to the small sample size.

Transport Policy 136 (2023) 1-10

Table 7
Standardized factor scores reflecting heterogeneity of experts’ opinions on AV
impacts (Factor 1: positive outlook, Factor 2: negative outlook).

Impact category Impact
I expect that ... [impact] ... will Factor 1 (n Factor 2 (N
decrease greatly (1), will =46in =15in
decrease slightly (2), will stay wave 1) wave 1)
the same (3) will increase
slightly (4) will increase greatly
)

Traffic impacts 1 ... the motorways capacity 0.9 0.7
(vehicles per hour per lane)
2 ... the urban roads capacity 1.0 -0.7
(vehicles per hour per lane)
3 ... motorways congestion -1.3 0.5

delays (hours of extra travel

time due to congestion)

4 ... Urban roads congestion -1.2 1.0
delays (hours of extra travel

time due to congestion)

5 ... the travel time reliability in 1.1 0.3
motorways
6 ... the travel time reliability in 1.1 —0.4
urban roads
Travel costs 7 ... the fixed (capital) cost of 0.3 1.3
owning an automated car
8 ... the effort of a trip -1.4 -0.9
9 ... the travel time of a trip -1.0 0.3
10 ... the (variable) costs of a —-0.6 -0.1
trip
11 ... the value of travel time 1.0 -1.1
Travel demand 12 ... the total vehicle 0.5 2.2
kilometers traveled
13 ... the number of trips by car 0.6 2.0
14 ... the number of trips by 0.8 -1.9
public transport
15 ... the number of trips by 0.7 -1.4
bicycle, foot
Vehicle 16 ... the number of owned -1.1 -0.3
ownership vehicles per household
Land use and 17 ... the population density in 0.1 —-0.4
location central areas (inhabitants/
choices square kilometer)
18 ... the population density in 0.4 0.2
suburban areas (inhabitants/
square kilometer)
19 ... the employment density 0.3 -0.2
in central areas (employers/
square kilometer)
20 ... the employment density 0.4 -0.1
in suburban areas (employers/
square kilometer)
Transport 21 ... the number of public -0.9 -1.1
infrastructure parking spaces per square
kilometer in central areas
22 ... the number of public -0.1 0.5
parking spaces per square
kilometer in suburban areas
23 ... the level-of-service of 1.0 -0.6
active modes infrastructure (i.e.
length/square kilometer,
maintenance)
24 ... the level-of-service of 1.3 -1.4
public transport (i.e. frequency,
capacity, route coverage)
Energy 25 ... the energy demand per -1.2 0.2
consumption vehicle kilometer traveled
26 ... the total vehicle energy -1.1 1.8
demand
Climate change 27 ... the greenhouse gas -1.5 0.1
emissions per vehicle kilometer
traveled
28 ... the total vehicle -1.4 1.0
greenhouse gas emissions
Traffic safety 29 ... the risk of serious -1.8 -1.6

casualties (number of serious

(continued on next page)
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Table 7 (continued)

Impact category Impact
I expect that ... [impact] ... will ~ Factor 1 (n Factor 2 (N
decrease greatly (1), will =46 in =15in
decrease slightly (2), will stay wave 1) wave 1)

the same (3) will increase
slightly (4) will increase greatly
)

casualties per passenger

kilometer, all modes)

30 ... the risk of fatal casualties -1.8 -1.6
(number of fatal casualties per

passenger kilometer, all modes)

Social equity 31 ... the welfare of people on 0.5 -0.7
low incomes
32 ... the wellbeing of older 1.2 0.5
adults
33 ... the wellbeing of people 1.6 0.5

with physical and sensory

(vision, hearing) disabilities

34 ... the disparities in welfare 0.2 0.2
between vulnerable groups (low

incomes, elderly, people with

disabilities etc.) and the rest of

population

Economy 35 ... overall level of 0.2 -0.1
unemployment

Public health 36 ... premature mortality rate -0.1 0.6

(deaths/100,000 due to
cardiovascular diseases, cancer,
diabetes and chronic respiratory

diseases)

37 ... obesity rates (% of people 0.4 1.1

with body mass index>30)

38 ... satisfaction with life 1.0 -0.6
Please state (your belief regarding) the percentage of % %

vehicles that will be shared when 100% of the new
vehicle sales are fully automated.

0% 0 13
25% 24 47
50% 43 27
75% 33 13
100% 0 0
Table 8
Factor membership in wave 1 and wave 2.
Wave 2 Total
Factor 1 Factor 2
Wave 1 Factor 1 9 2 11
81.8% 18.2% 100.0%
Factor 2 1 7 8
12.5% 87.5% 100.0%
Total 10 9 19
52.6% 47.4% 100.0%

Table 9
Expert background and factor membership (wave 2).

Factor membership Total

(wave 2)
Factor Factor
1 2
Expert Engineering 7 4 11
background 63.6% 36.4% 100.0%
Social sciences and 3 5 8
humanities 37.5% 62.5% 100.0%
Total 10 9 19

52.6% 47.4% 100.0%
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5. Conclusions and discussion

Important conclusions from our analyses are first that experts in
wave 1 (strongly) believe that -as the result of the implementation of
AVs-the motorway and urban capacity will increase, leading to less
congestion, but also more demand for car travel consistently with earlier
expert estimations (Milakis et al., 2017b) and relevant literature
(Milakis et al., 2017a; Harb et al., 2021). To some extent, they believe
that AVs will reduce the variable cost of a trip and increase the capital
cost of owning a car, which, assuming shared AVs will become available,
is associated with a decrease in vehicle ownership. This is consistent
with the typical outcomes of simulation studies about the possible
replacement of conventional vehicles with shared automated vehicles at
a percentage rate of up to 90% (e.g. Fagnant and Kockelman 2014;
Boesch et al., 2016). However, recent studies suggest that such high
replacement rates are overly optimistic because people tend to prefer
owned rather than shared AVs (Milakis et al., 2021) for instrumental (e.
g., lower total cost of ownership and use, Wadud and Chintakayala
2021; Wadud and Mattioli 2021), affective (e.g., aversion of sharing,
Jabbari and MacKenzie 2020; Wang et al., 2020) and symbolic factors
(Mohammadzadeh, 2021). The experts strongly believe that AVs will
reduce the number of casualties, in line with emerging literature on the
possible positive safety impacts of AVs (e.g., Arvin et al., 2021; Tafidis
et al., 2021). Overall, the experts expect positive effects on well-being,
especially for older people and those with disabilities. Recent discus-
sion papers also expect positive effects of AVs on well-being through
higher travel satisfaction (e.g. lower stress, relaxation and mental
transition) and greater access to opportunities (Singleton, 2019;
Singleton et al., 2020). However, factors such as operation and learning
difficulties, insecurity, distrust, and increased price because of custom
design could compromise those benefits especially for older people and
people with physical and sensory disabilities (Milakis and Van Wee,
2020). Yet, experts also expect that obesity and premature mortality
rates associated with transport will further increase, which is in line with
literature expectations about possible reduced physical activity (i.e.
walking, cycling) in the AVs era (Rojas-Rueda et al., 2020; Sohrabi et al.,
2020).

Secondly, even though most participants were not only interested in
AVs, but also quite knowledgeable in the transport field, they overall
were not quite confident with respect to their assessments of societal
relevant impacts of AVs. Experts, especially those taking a specialist
rather than a generalist approach (e.g. civil engineers vs planners or
geographers), might not be confident in assessing multiple AV impacts
simultaneously or assessing impacts that cross the boundaries of their
expertise given the complexity and system-level uncertainty surround-
ing the deployment of AVs. And maybe even more surprising: despite
participating in WISE-ACT they have only quite limitedly become more
confident with respect to their answers. Obviously, more knowledge
sharing, discussions, presentations within certain field-specific working
groups do not necessarily lead to more confidence in assessing the so-
cietal impacts of AVs. More knowledge sharing within hard-defined
scientific boundaries and respective working groups might not be suf-
ficient to ensure knowledge advancement and subsequently more con-
fidence of experts in assessing highly complex, uncertain or even
“wicked” problems such as the deployment and implications of AVs.
Also crucial in such problems is the collaborative model between
generalist and specialist experts, ensuring that qualities of both ap-
proaches (i.e., breadth and depth of knowledge respectively) are
adequately represented, mutually respected and successfully integrated
towards knowledge advancement (Woo et al., 2021).

Thirdly, respondents are more confident about their assessments of
expected traffic costs and safety impacts, than about their assessment of
more indirect effects, in particular land use, economic and public health
impacts. This could be attributed to the fact that research and conse-
quently available knowledge has so far predominantly focused on first
order impacts of AVs such as traffic and safety, while interest in long-
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term implications has been gradually raised after 2015 (Gandia et al.,
2019), but remain still relatively scarce and certainly inconclusive
(Milakis et al., 2017a; Milakis and Miiller, 2021). Thus, experts might
feel less confident to express estimations for implications with limited
background knowledge. Another explanation could be that indirect ef-
fects at least partly depend on direct effects, implying that uncertainties
about indirect effects must be at least equal to, but likely larger than
those about direct effects.

Fourth, over time the respondents who participated in both waves
have become less favorable about the impacts of AVs. Especially with
respect to the positive effects on road capacity, respondents have
become significantly less optimistic. In addition, whereas respondents in
wave 1 believed trip travel times (of AVs) would decrease, in wave 2
respondents believe these will stay the same. Evidence suggest that (top-
rated) experts tend to be over-optimistic in their assessments (Tichy,
2004). Initial highly optimistic estimations leave room for more realistic
assessments over time as more knowledge on a specific field becomes
available. For example, evidence suggest today that the initially esti-
mated positive impacts of AVs on road capacity (based on studies
focusing on the supply side of the transport system and assuming sta-
bility in travel demand) might be significantly lower because of (a) ex-
pected increases in travel demand due to more and longer trips by AVs
and (b) limited use of shared vehicles (Harb et al., 2021). Consequently,
congestion levels and trip travel times in the AVs era are now more
realistically assessed by taking into account potential impacts of AVs not
only on the supply (e.g. capacity) but also on the demand side (i.e. travel
behaviour) of the future transport system.

Fifth, there are two different clusters of participants, with consider-
able disagreement with respect to the societal relevant impacts of AVs.
Cluster 1 is overall quite positive about the societal advantages of AVs,
whereas cluster 2 is more skeptical. For example, cluster 2 considers that
travel demand and the associated externalities will increase with a
decrease in the value of travel time in the AVs era. Conflicting expert
views naturally arise in this field given that deployment and implica-
tions of AVs are deeply uncertain and influenced by a multitude of
factors. Most importantly they are influenced by the societal acceptance
and the possible policies that will be introduced to anticipate integration
of AVs and their implications in future transport systems. After all, AVs
represent a socio-technical transition of the transport system that will
not evolve in a political vacuum. For example, Cohen and Cavoli (2019)
suggest that a “laissez-faire” compared to a more interventionist
governance approach in fields such as planning/land-use, infra-
structure/technology and service provision would result in less desirable

societal implications of AVs. According to Lyons (2021), these con-
flicting views on “wicked” problems like AVs should be brought together
through carefully designed and novel foresight methodologies (e.g.
emulsion methodology). Such methodologies can promote deep
constructive dialogue between actors with different perspectives to
enrich understanding, promote shared learning, inform interpretation
and co-create principles ensuring positive societal outcomes from the
introduction of AVs into the future transport system.

Sixth, we were a bit disappointed to see the reduction in responses
over time, even though we know most of the invited respondents
personally, and even though we expected a positive ‘self-selection ef-
fects’, in the sense that the respondents must be above average inter-
ested in AVs and societal impacts, because they decided to join the
WISE-ACT community. Although reminders were sent, other retention
strategies could have been employed (Teague et al., 2018). Fortunately,
the results did not indicate selective bias in the responses, as the opin-
ions of the wave 1 only respondents did not differ strongly from those
that stayed in the sample.

Finally, some limitations and future research directions may be
identified. First, this study focused eliciting the expected impacts of AVs,
in future research it would be interesting to also consider experts’
opinions regarding the mechanisms underlying these impacts (Table 2),
and whether these change over time. As AV technologies are indeed
penetrating the market, it is likely that experts also gain more knowl-
edge about these mechanisms. Second, the present study only involved
experts associated with the WISE-ACT program. While all participants
can be considered experts on AVs and the associated impacts, for various
reasons, it would be relevant to consider also experts outside this group.
For one, all experts in this study are based in Europe, yet it may well be
that experts from Asia or North America have very different views,
considering, for example, the fact that the impacts of AVs may also be
different due to demographic, spatial and/or geographic differences
between countries. In addition, the members of the WISE-ACT group
have collaborated with each other within a research project. This may
have influenced their opinions in a particular direction. Finally, it would
be interesting to explore whether the views of experts are similar or
different from those of the general public. Since public support for AVs
likely also influences political support, it seems important that possible
negative side-effects of AVS (e.g. increased travel/energy demand) are
adequately reflected in public discourses on AVs.

Overall, the changing and diverging opinions among experts indicate
that the transition to AVs is not necessarily regarded as a desirable one
by experts. Obviously, this has important implications for the (policy)
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practice, in particular the question whether policy makers should
actively stimulate the development of AVs or not. In this regard, we
believe it is important that AVs are not regarded as a cure for all prob-
lems associated with the car (as in fact, some experts believe some of
these problems may even by aggravated.) As such, it is important that
other solutions are (also) considered, for example, policies that inter-
nalize the external costs of car use (road pricing) and/or policies that
stimulate the use of active modes and/or public transport. While being
less technologically advanced, these modes also have an important role
to play in the transition towards a sustainable and equitable trans-
portation system.
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1 expect that ...

1. will decrease

2. will decrease 3. will stay the 4. will increase 5. will increase

greatly (%) slightly (%) same (%) slightly (%) greatly (%)

1 ... the motorways capacity (vehicles per hour per lane) 8 3 21 44 23

2 ... the urban roads capacity (vehicles per hour per lane) 10 11 30 33 16

3 ... motorways congestion delays (hours of extra travel time due to 26 31 23 15 5
congestion)

4 ... Urban roads congestion delays (hours of extra travel time due to 21 28 30 10 11
congestion)

5 ... the travel time reliability in motorways 11 8 20 33 28

6 ... the travel time reliability in urban roads 10 13 26 36 15

7 ... the fixed (capital) cost of owning an automated car 7 16 20 34 23

8 ... the effort of a trip 33 46 11 10 0

9 ... the travel time of a trip 13 39 33 13 2

10 ... the (variable) costs of a trip 8 41 36 15 0

11 ... the value of travel time 8 23 30 23 16

12 ... the total vehicle kilometers traveled 2 11 21 25 41

13 ... the number of trips by car 2 11 18 31 38

14 ... the number of trips by public transport 10 31 30 21 8

15 ... the number of trips by bicycle, foot 3 28 44 21 3

16 ... the number of owned vehicles per household 20 46 25 5 5

17 ... the population density in central areas (inhabitants/square 2 30 48 21 0
kilometer)

18 ... the population density in suburban areas (inhabitants/square 2 16 41 38 3
kilometer)

19 ... the employment density in central areas (employers/square 0 15 62 23 0
kilometer)

20 ... the employment density in suburban areas (employers/square 3 18 51 26 2
kilometer)

21 ... the number of public parking spaces per square kilometer in central 28 41 23 8 0
areas

22 ... the number of public parking spaces per square kilometer in 8 26 33 26 7
suburban areas

23 ... the level-of-service of active modes infrastructure (i.e. length/square 2 13 38 39 8
kilometer. maintenance)

24 ... the level-of-service of public transport (i.e. frequency, capacity, 10 15 21 41 13
route coverage)

25 ... the energy demand per vehicle kilometer traveled 13 52 15 16 3

26 ... the total vehicle energy demand 13 33 20 25 10

27 ... the greenhouse gas emissions per vehicle kilometer traveled 18 57 13 11 0

28 ... the total vehicle greenhouse gas emissions 15 46 21 13 5

29 ... the risk of serious casualties (number of serious casualties per 54 36 8 2 0
passenger kilometer. all modes)

30 ... the risk of fatal casualties (number of fatal casualties per passenger 56 34 10 0 0
kilometer. all modes)

31 ... the welfare of people on low incomes 5 10 67 16 2

32 ... the wellbeing of older adults 2 3 30 51 15

33 ... the wellbeing of people with physical and sensory (vision, hearing) 2 5 20 49 25
disabilities

34 ... the disparities in welfare between vulnerable groups (low incomes. 3 21 44 21 10
elderly. people with disabilities etc.) and the rest of population

35 ... overall level of unemployment 2 11 67 15 5

0 15 61 18 7

(continued on next page)
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Table 9 (continued)
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I expect that ...

1. will decrease

2. will decrease 3. will stay the 4. will increase 5. will increase

greatly (%) slightly (%) same (%) slightly (%) greatly (%)
36 ... premature mortality rate (deaths/100.000 due to cardiovascular
diseases, cancer, diabetes and chronic respiratory diseases)
37 ... obesity rates (% of people with body mass index>30) 0 0 51 38 11
38 ... satisfaction with life 2 3 56 36 3

Note: the size of the relative frequency is reflected by the intensity of the color.
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