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Summary

Although fully-automated vehicles (FAVs) are not yet allowed on public roads and are barely present
in people’s daily lives, according to experts their wide implementation will happen within the next few
decades. The technology is expected to bring major benefits in terms of safety, traffic flow efficiency
and environmental impact. Furthermore, by eliminating the necessity of actively steering the vehicle,
automated vehicles (AVs) are expected to bring extra free time during the day to perform activities, as
well as increase mobility of some excluded societal groups (e.g. elderly).

However, taking away the burden of driving might also bring negative results. The convenience of the
technology might encourage people to travel further and more often. Moreover, AVs users might
transfer some of the activities from the traditional environments into the vehicle (e.g. work). The
associated rearrangement of daily activity plans might have an impact on travel and residential location
choices, possibly leading to further increase in overall travel distance. In such way, the expected
positive impact of the technology could be compromised.

For that reason, it is necessary to examine behavioural response to AVs, namely the way travel time
will be used in the vehicle and its consequences for daily activity plans, travel patterns and residential
location choices. In order to fill in this scientific gap five focus groups were conducted. The participants
were confronted with a simplified scenario of the future after broad AVs implementation and were
asked a set of questions regarding the aforementioned topics.

It was found that, in contrary to the current modes, time inside AVs will be perceived not in terms of
burden or opportunity, but rather in terms of pure opportunity. The participants perceive AV time as
an extension of either work or private time. In context of daily activity plans it brings about a number
of possible behavioral adaptations. In case of regular commuters, a willingness to use the in-vehicle
time to release pressure from daily life was often identified, whereas people with less stationary jobs
claim that the AV would allow them to bring more flexibility into their daily plans, or move their actual
office or even the entire business into the vehicle.

However, the findings regarding daily activity plans do not provide a clear answer on their impact on
travel and location decisions. At the same time, a number of advantages of AVs for irregular, long
travels was identified, and many participants explicitly expressed their willingness to increase the
amount of such travels. The impact of AVs on residential location choices appears to be limited:
although people are not willing to move because of the AV, they claim it would still play a significant
role in their relocation decisions if it was necessary for other reasons.

Moreover, some AV-specific phenomena were discovered, which might have an important significance
on the actual AV use: namely increased pressure to perform onboard activities and feeling of “being
trapped” in the vehicle. Furthermore, the participants pointed at the striking easiness of making travel
decisions in case of AVs, compared to other modes.

Although the results bring a valuable indication of possible behavioral adaptation to the technology,
one must also take into account limitations of the study. The most important of them is the speculative,
imaginary character of the focus groups discussions, simplified future scenario and subjective
character of qualitative analysis. Therefore, in the future studies on behavioural adaptation to AVs it
is suggested to take a more experimental path, aiming at emulating the actual AV experience as far as
possible. In that way the credibility of the findings from the present study could be further validated
and extended.



1. Background of the study

Despite an immense technological advancement in all areas of life over the last century, the basic
design of a car has not been a subject of any major change. For the driver it still means the same set
of activities as fifty or more years ago: step inside, turn the key and get from point A to B, meanwhile
paying attention to traffic, unpredictable behaviour of other car users, congestion, following the right
route and finding a parking place. In such circumstances, the time spent on travelling is usually treated
as disutility. This seems to be justified since the driver has to bear the opportunity cost of other
activities that could be carried out during the time spent on driving.

However, this way of treating travel time is likely to change soon, due to a major new car technology
that has appeared on the horizon in recent years: the concept of automated vehicles (AVs). In general,
the notion of AVs encompasses vehicles that are capable of sensing its environment and navigating
without (or with limited) human input. In the following three subchapters, the technology will be
shortly introduced, including its current state of development, prospects and expected benefits.

1.1. AV definition and levels of automation

The automation of driving process can be realised to various extent. A few taxonomies have been
developed to classify AVs, distinguishing the possible automation levels. The most commonly used is
the one proposed by the Society of Automotive Engineers. According to this classification, a vehicle
can be categorized into one of five levels of automation: the first being simple driver assistance (e.g.
braking assistance), and the fifth meaning fully automated vehicles (FAVs) without any input required
from a human driver (SAE, 2016).



No
Automation

Driver
Assistance

Partial
Automation

Conditional
Automation

High

Automation

Full
Automation

Narrative Definition

Human driver monitors the driving environment
The full-time performance by the human driver of all aspects of the

dynamic driving task, even when enhanced by warning or intervention

systems

The driving mode-specific execution by a driver assistance system of
either steering or acceleration/deceleration using information about
the driving environment and with the expectation that the human
driver perform all remaining aspects of the dynamic driving task

The driving mode-specific execution by one or more driver assistance

systems of both steering and acceleration/ deceleration using

information about the driving environment and with the expectation

that the human driver perform all remaining aspects of the dynamic
driving task

Automated driving system (“system”) monitors the driving environment
The driving mode-specific performance by an automated driving system
of all aspects of the dynamic driving task with the expectation that the

human driver will respond appropriately to a request to intervene

The driving mode-specific performance by an automated driving system
of all aspects of the dynamic driving task, even if a human driver does

not respond appropriately to a

request to intervene

The full-time performance by an automated driving system of all
aspects of the dynamic driving task under all roadway and
environmental conditions that can be managed by a human driver

Execution of
Steering and
Acceleration/
Deceleration

Human driver

Human driver
and system

System

System

System

System

Table 1. Levels of vehicle automation (SAE, 2016)
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1.2. Prospects of AVs

Currently, FAVs are not yet present on public roads (neither are allowed by law) and for someone used
to the way the transport system currently works, the technology might seem to be a futuristic dream
rather than a real option in any near future. To show the relevance of the study, the AVs state-of-art
and development prospects are briefly discussed in this section. This is followed by a short discussion
of the most praised benefits of the technology.

1.2.1. Predictions of car manufacturers

Over the last decade, a significant advancement has been made in development of various automated
driving technologies. This trend can be exemplified by testing of Google autonomous car on public
roads, or by large investments and research efforts made by more and more actors in the automotive
industry. Most of the companies involved in developing AVs announce their introduction by year 2020
or sooner, while some of them claim to be ready for mass production by 2030 (Chan, 2017). In the
table below the latest AVs developments and the predicted market introduction dates are presented
for the major automotive companies. However, it has to be noted that most of them do not specify
the exact level of automation.

Organization Confirmed and predicted product Predictions of readiness for
introduction autonomous vehicles
2016 — Piloted Driving Full AV by 2021
BM 2014 — traffic jam assist Available by 2021

2014 — automated parking

Bosch 2017 — Integrated Highway Assist Auto Pilot by 2025
2020 — Highway Pilot

Continental Available by 2020

2014 — Intelligent Drive Available by 2020
Benz

2015 — fully assisted parking To mass produce AV in 2021

2017 — Super cruise

2015 - Driverless Pod prototype Available by 2018
Available by 2020
Available by 2030

Mobile Eye 2016 — technology ready for OEMs

Nissan 2016 — traffic jam pilot Available by 2020
- 2018 — multiple lane control

Tesla 2015 - Lane Assist + ACC Self-driving 2020-2025
- 2016 — highly autonomous
Mid 2010s — highly autonomous

Volvo 2015 — traffic jam assist Zero fatality cars by 2020
2017 — Drive Me FOT in Sweden

Table 2. Current AV technology and introduction predictions for major automotive companies (Chan, 2017)

1.2.2. Predictions from scientific literature

Although the car manufacturers do not provide extensive information about the automation level,
predictions regarding this aspect can be found in scientific literature. As concluded by Underwood
(2014), the first market introduction of FAVs will happen not earlier than 2025. Using Delphi



methodology, he engaged twenty experts in robotics, transport and automotive engineering to predict
the most probable date of introducing AVs with various levels of automation to the market. The results
are shown in the figure below.

5 FULL AUTOMATION .
(Driver not required, e.q., robotic taxi) I E Autonetion @—.
Freight
- F'Iamnning Highw
g '. ¢ @ & Surtace
=
= Shuttle Freeway
% (failsafe)
E 4 HiGH AUTOMATION
Freeway
(driver fallback)
3 CONDITIONAL AUTOMATION
. " " Y & " & L " - a . A
2015 2020 2025 2030 2035

Figure 1. AVs market introduction predictions from experts in the field (Underwood, 2014)

The median response is presented for each kind of automation together with the interquartile range.
As it can be seen, for FAVs the discrepancy among the experts is quite high, resulting in 10 years range
for the implementation year (most optimistic predictions for year 2025). Despite lack of consensus
among the experts about the exact date, it is important to note that eventually only one of the
respondents claimed that FAVs would never be introduced to the market. It shows growing confidence
in the technology, legislation and users acceptance and proves that FAVs have to be treated as a
realistic option on public roads within next decades.

1.3. Expected benefits of AVs

Thanks to technological advancement offered by AVs, their introduction is expected to bring a number
of benefits. Below, the most prominent advantages raised by AVs advocates are shortly discussed.

Traffic flow

Perhaps the most researched benefit so far is the impact of AVs on traffic capacity. Automated driving
will be able to reduce congestion by predicting traffic conditions downstream, lowering the chance of
a traffic breakdown and increasing the outflow of a queue (thus reducing time of congestion
clearance). The most optimistic predictions forecast that the reduction of congestion might reach up
to 50% (Hoogendoorn et al., 2014). This percentage might be even higher as the level of vehicle-to
vehicle and vehicle-to-infrastructure communication increases. Further improvements of traffic flow
might be obtained by implementing innovative solutions, e.g. multiplatooning or smoothening traffic
at the intersections. Thanks to communication between vehicles and infrastructure it will be possible
to either merge AVs into very tight platoons right after green light appears (Clement et al., 2004) or
even completely eliminate the need for traffic lights (Kamal et al., 2015).

Energy consumption and air pollution

The aspect strongly related to the enhanced traffic flow is fuel efficiency and energy consumption.
Milakis et al. (2017) state that AVs might bring large improvement in this respect thanks to more
homogenous traffic flows, reduced congestion, less idling time due to less congestion, and reduced air
resistance due to shorter headways and multiplatooning. Furthermore, energy consumption might
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also decrease thanks to improvement in safety. It would allow producing less heavy and solid vehicles,
consuming less energy.

Safety

Currently, more than 90% of traffic accidents are caused by human factors (National Highway Traffic
Safety Administration, 2008). For that reason, some of the advocates of automated driving state that
it will reduce crashes by 90% (Fagnant & Kockelman, 2015). AVs will be equipped with a number of
safety systems predicted to literally eliminate the risk of a crash. They include technologies like collision
avoidance, lane keeping and lane change assistance, longitudinal speed assistance and intersection
assistance (Milakis et al., 2017).

Social equity

Currently, some vulnerable groups in society, like children, disabled and elderly might suffer social
exclusion due to lower access to mobility services (Lucas & Jones, 2012). AVs are expected to increase
mobility of these groups. Eby et al. (2016) conducted a review of a number of various AVs technologies
under development with the potential to increase mobility of older people. It was concluded that it is
indeed very likely that thanks to these technological advancements elderly will maintain high mobility
up to a very advanced age, despite of declining functional abilities.

Removing the burden of driving

Perhaps the most obvious, but also one of the most attractive benefits of AVs is taking away (at least
to certain extent) the necessity of actively controlling the vehicle. In case of FAVs this element of car
travel will be completely eliminated, giving the user freedom to perform a broad range of activities on-
board. The advocates of the technology claim it will allow people to spend travel time more
productively or will simply bring more free time during the day, improving the overall quality of life.



2. Introduction to the research problem

The problem being at the core of the present study is behavioural response to AVs. The central
question regarding this topic is how the future AVs users will spend time inside their vehicles. Individual
decisions in this matter might have significant consequences on the high level.

In the present chapter, this possible impact is explained in two steps. First, the question of aggregated
impact of AVs is addressed. In this context, the importance of behavioural adaptation of individuals is
highlighted. In the second step, the focus is narrowed down to a single AV user. A few examples of
possible AV-driven rearrangements in an individual daily activity schedule are discussed, and the way
they might impact travel and location decisions. Moreover, a short discussion of relevant literature is
conucted. In such way the introduction arrives at the research problem, which is then formalised in a
separate subsection.

2.1. High-level impact of AVs

Considering the relatively soon implementation of AVs, the question requiring an urgent answer is
“What will be their influence on our life?”. The impact of AVs has to be analysed on multiple levels,
depending on the scope and time horizon. To structure the discussion on the effects of this technology,
Milakis et al. (2017) proposed a ripple model showing first-, second- and third-order effects of
automated driving. The model is meant to conceptualize the way automated driving effects can
sequentially diffuse from directly affecting traffic conditions and travel cost and choices, to a wide
range of societal implications on economy, land-use or energy consumption.

[monetary, travel time, value of time)

Figure 2. Ripple effect of automated driving (Milakis et al., 2017)



There is a rather strong consensus about the AVs benefits presented in chapter 1.3 in engineering
terms — the technological advancement provided by AVs is indeed very likely to have a positive impact
on traffic flow, energy consumption, safety etc.. However, the aggregate impact of AVs is still a matter
of scientific dispute. The reason for that is the fact that any predictions about broad, long-term effects
are impossible to make in isolation from the human factor. One of the major advantages of AVs for an
individual user might also be the greatest problem of the technology on a large scale, namely the
unprecedented freedom to perform activities on-board. The diagram below shows how the choice of
activities performed inside AVs can manifest itself on the aggregate level.

Activities inside T)
AVs S
Q
The focus (scope) of —_—
] ©
the present study S
2
Daily activity Travel and P
plan location choices ©
C
Vehicle design Transportation system Land use
- Size - Vehicle miles travelled - Spatial distribution )
- Performance - System capacity - Land regulations >
- Fuel - Public transport quality - Real estate i"
(]
)
©
(oT0]
(]
o
o0
o]4]
<

Energy .. . . Fuel
{consumption} [ Emissions J {Energy mtensﬂy} [ intensity

. - Transportation and Environmental
Individual decisions
: : land-use impacts E impacts

Figure 3. Relation of activities inside AVs and long-term AVs impact. Based on Gucwa (2014)

As it is shown in the figure, the activities performed inside AVs influence travel and (residential)
location choices, both directly and by affecting daily activity plans. This relation is the focal point of the
study and the diagram above allows to see its location in the broad context. Its exact nature will be
discussed in more detail in the next subchapter, when zooming in on behavioural adaptation to AVs
on the individual level. At this point, for the sake of research problem introduction, it is more important
to focus on the impact of these individual decisions on the aggregate level: transportation system,
land-use and environment.



The orange rectangle represents the aggregate impact of AVs on transportation and land-use. It
consists of three smaller subcategories: impact on vehicle design, transportation system and land-use.
Regarding the vehicle design, it is expected to be determined by the user’s purpose. For example,
installing a desk inside the AV might be the wish of a person willing to work inside the vehicle, whereas
someone who is planning to use the AV for long, overnight trips might want to have a bed available.
Thus, the choice of interior depends on travel decision, e.g. travel distance or time of day. Design of
the AV interior has further impact on the size of the vehicle. Moreover, installing certain kinds of
facilities might have impact on the actual vehicle operations. For instance, an AV with a massage chair
or a fridge will require more energy. In such way performance of the vehicle can be affected, and
consequently its fuel consumption.

Another transport-related aspect is the impact of AVs on the transportation system itself. It is likely
that releasing (or alleviating) the burden of driving and providing unprecedented freedom to perform
activities will make AVs more attractive than traditional cars. In such way the generalised cost of travel
by AVs will be reduced compared to conventional cars and might convince people to travel more
frequently and to more distant locations. Next to this direct impact of AV activities on travel decisions,
this influence might also manifest itself via changes in daily activity plans: rearrangements of daily
schedules might lead to more travel on everyday basis. On aggregate level, it could manifest as increase
of the system-wide amount of vehicle miles travelled (VMT). This aspect was already addressed in
multiple studies. Depending on the assumed penetration rate, value of time for AVs, vehicle-sharing,
and capacity of public transport (PT) network, the increase of VMT is predicted to be from 4% (Childress
et al., 2015) up to even 27% (Milakis et al., 2015). Obviously, such drastic increase poses the question
whether the current capacity or transport system is able to handle AVs implementation. This issue
becomes even more urgent considering possible mass exodus of current PT users to AVs. Such modal
shift is likely to happen if the freedom and convenience offered by AVs to the users will prevail over
the advantages of PT. In case such shift happens, deterioration of PT quality is likely to follow.

The last remaining transport-related impact covers possible changes in land-use. If travelling by AVs
will bring little to no disutility to the users, they might choose residential locations further from their
workplace, in order to reduce living costs and improve life quality. Commuting time could be then
spent in a more productive way, consequently increasing the acceptable commuting duration. This
would have impact on long-term spatial distribution of residential areas. The attractiveness of
suburban areas could increase, possibly intensifying urban sprawl. Such tendency would be further
manifested by increase in VMT and could require preventive actions in form of new land regulations.
Moreover, the growing demand for real estate in remote areas might bring increase of prices, having
impact on the housing market.

The aggregated effects of AVs on transportation and land-use find further manifestation in aggregated
environmental impact, represented by the green rectangle. Most importantly, energy consumption is
strongly affected by the value of VMT. More frequent and longer travels would also increase emissions.
This environmental impact is a result of the influence of AVs on transportation system and land use.
Furthermore, also the AV design has environmental impact: it affects energy intensity, namely
Energy/VMT. Another environmental factor reflects the kind of resources used to supply the transport
system, and is expressed by fuel intensity (Liquids/Energy). If AVs will not be electric, people switching
from PT to AVs might cause an increase in use of fossil fuels. The direction and magnitude of the energy
impacts is difficult to assess. Brown et al. (2013) estimated possible impacts range from nearly 90%
fuel savings (if only energy benefits occur) to more than 250% increase in energy use (if only energy
increases are considered).
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The above relation between individual decisions and broad AVs impacts provokes to ask the question
whether the technology with so many potential benefits will eventually be indeed beneficial for the
society as a whole, or maybe quite the opposite. It is impossible to give a reliable answer to this
guestion at this stage, it is however possible to imagine how the positive scenario might turn into a
quite pessimistic one. In the table below, some of the expected benefits of AVs are juxtaposed with
the way the aggregated behavioural adaptations of individual users might in fact transform them into
negative high-level impacts.

Predicted positive impact Behavioural adaptation Possible negative impact

Increased safety will allow to
produce less heavy vehicles,
leading to less energy
consumption

Possibility of using AV as a courier
saves people’s time

AVs provide more flexibility and
better accessibility

AVs provide better comfort and
privacy than current modes

Providing elderly, disabled and
children better access to mobility

Possibility to spend travel time
inside AV more productively

No need for searching parking
place — AV drives away and parks
automatically

AVs improve efficiency of traffic
flow, thus reducing travel time

Users design the interior
according to the activities
they would like to perform
inside

People send AVs for carrying
out extra tasks, located
further away

People use AVs instead of PT
and active modes (e.g. for
egress trips)

People switch to AVs from
PT or car sharing

The groups in society with
limited access to mobility
use AVs instead of PT

People decide to do some
share of their work in the AV
so they can live further from
the workplace

People travel more
frequently and to further
destinations

People travelling more
frequently to destinations
with parking problems
Induced travel demand for
AVs, reinforced by the
freedom to perform
activities in the vehicle

The size of the vehicles might
increase, causing more energy
consumption

A lot of empty AVs on the
roads: increase of VMT

Decrease of PT service quality,
increase of VMT, possible
health deterioration

Urban sprawl with all its
negative consequences (e.g.
increased VMT, energy use)

Increase of VMT

Congestion in city centers

Exceeding road infrastructure
capacity

Table 3. Possible influence of behavioural change on AVs impacts

To know whether such transition from positive to negative impact might occur in reality it is necessary
to explore behavioural adaptation on individual level, represented by the purple rectangle at the top
of Figure 3. In the next section, the focus is narrowed down to this level to explain more elaborately
how this adaptation might proceed.

2.2. Behavioural adaptation to AVs on individual level

As already indicated, the impact of AVs might be twofold: either realized directly, or indirectly - through
rearrangements of daily activity plans. These two ways will be now addressed separately in more
detail.
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2.2.1. Directimpact of AVs on travel and location choices

This kind of impact is represented by the highlighted relation in the below diagram representing the

research scope:
Activities inside
AVs

Daily activity Travel and
plan location choices

Figure 4. Direct impact of AVs on travel and location choices

In case of direct impact, the influence of AVs activities concerns single and rather irregular travel
decisions. Thereby, it refers to situations when daily activity plans are less rigid, e.g. weekends or
holidays. An example could be leisure trips, for instance a day trip to a distant theme park. Whereas
now the frequency of visiting such place might be limited by the burden associated with travel, it can
increase when an AV is available. Similarly, travel distance might increase: perhaps a better, more
attractive theme park is available even further, entailing extra two or three hours of travel. Whereas
currently the travel might be too burdensome to choose this destination, with an AV it could be made
thanks to the possibility of spending the in-vehicle time on desired activities (e.g. sleeping). Moreover,
due to such convenience, living very close to “civilisation” does no longer bring a very apparent benefit,
especially for people who do not commute: they might then choose to live in more distant and desolate
areas.

2.2.2. Impact of AVs on travel and location choices through daily activity plans

The indirect impact of AVs on travel and location choices is covered by the highlighted part of the

diagram:
Activities inside
AVs
Daily activity Travel and
plan location choices

Figure 5. Indirect impact of AVs on travel and location choices

In case of AVs it is also possible that the time spent inside the vehicle might be treated as extra,
“neutral” time available during the day. In that case the AV could serve as a sort of extension of
traditional environments, e.g. a house or an office. Consequently, some of the activities traditionally
performed in these environments could be transferred into the vehicle, thereby affecting daily activity
plans of AVs users. Apart from moving activities completely from the “normal” environments into the
AV, it is also possible to extend their duration. An example of activity transfer is shown in the picture
below.
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Figure 6. Example of a daily activity plan rearrangement (1)

The diagram shows an exemplary daily activity plan. In this example, some part of daily activities
(morning routine and afternoon leisure) is transferred into the AV, which creates extra time during the
day for performing other actions. For example, it could be utilized for extending other activities, e.g.
longer sleep in the morning, or for performing extra activities, e.g. socialising or pursuing hobbies in
the evening. Thus, the time would be then used to improve life quality. A variation of the above daily
activity plan could include working in the AV. If the time spent in the vehicle would be accounted as
working hours, the time spent daily in the office could be reduced. This concept is presented in the
diagram below.
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Figure 7. Example of a daily activity plan rearrangement (2)

Similarly as in previous example, certain amount of extra time becomes available during the day. The
key question regarding this kind of rearrangements is how people will use this extra time. As already
mentioned in case of the preceding diagram, it might simply serve as private time for spontaneous use
and be utilised to improve life quality. However, it might also be utilised for extra travel.

It has to be noted that the above examples present commuting-based rearrangements. However, also
more complex modifications of daily activity plans are possible. The situation presented in the picture
below is an example of such case. The following diagram is an extension of the first one. In this case,
the person has one more activity in the schedule for the day: picking up a friend from the airport in
the late afternoon. With a conventional car, the daily plan could be to first go home after work, spend
the afternoon on leisure, in the evening go to the airport and bring the friend back home. However,
with the AV the day can be organised differently. The person can go to the airport straight after work
and wait for the plane in the AV on a parking lot, while spending time productively
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Figure 8. Example of a daily activity plan rearrangement (3)

inside the vehicle. The advantage of this scenario is maintaining continuity of the performed activities.
With the conventional car, the time after work is split into small ‘chunks’ of time spent inside and
outside of the car, which is not the case for the AV. Such continuity might be important for performing
some activities, for example sleeping, working or watching a movie, all preferably not interrupted. It
has to be highlighted that in the last example of daily activities rearrangement, the travel distance is
in fact shorter than for a conventional car, leading to actual reduction of VMT on the aggregate level.

This fact, together with the previous examples clearly shows that the interrelation between activities
in AVs, daily activity plans and travel and location choices needs to be closely examined in order to
predict high-level impacts of AVs. In that way the introduction arrives at the research problem which
is properly formalized further in the current chapter, after discussion of existing literature.

For the sake of clarity, knowing the nature of all the relations represented in Figure 4, it is now possible
to explain the direction of the arrows. Contrary to what is presented, one might argue that the included
relations are bidirectional: certain activities might be performed in AVs as a consequence of a particular
daily activity plan, travel choices or residential location. Similarly, certain residential location might
determine the activity plan. However, in the context of this study the freedom to perform activities in
the AV is treated as a reason for potential changes in travel and location choices. It is therefore the
source of this change. It is captured by Figure 4, thus the relation between activities in AVs and travel
and location choices is presented as unidirectional (from the cause to the effect).
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2.2.3. Travel time use in AVs - existing literature.

So far, very little attention has been devoted to the possible use of travel time in AVs. Yap et al. (2016)
made an attempt to assess attractiveness of AVs compared to other modes, focusing on using the AV
as egress mode for train trips in the Netherlands. Contrary to their initial predictions, the respondents
assign on average more disutility to the time spent in AVs than in conventional cars. The possible
reasons suggested by the authors are difficulty to imagine the AVs benefits, safety concerns and short
distance of egress train trips: they do not allow to fully appreciate the possibility to perform activities
in AVs. Similar conclusions were made by Cyganski et al. (2014), who examined perception of AVs by
an online survey, with focus on in-vehicle time use. Only a minor share of respondents declared the
possibility of working in AVs as an advantage. It was mostly the point of view of people who already
work while commuting. Also other participants claimed to replicate their current behaviour, e.g.
gazing, conversing or listening to music. The authors speculate about similar underlying reasons for
these results as those suggested Yap et al. (2016). The fact that respondents tend to duplicate current
travel behaviours for AVs rather than coming up with new, unique ideas was also indicated by Kénig &
Neumayr (2017). Kyriakidis et al. (2015) examined on-board activities with a large online survey,
showing that respondents were willing to spend AV time actively (e.g. on reading, eating or using
mobile phone) rather than doing nothing. However, the survey was designed to compare willingness
of respondents to perform activities in AVs of various level of automation, which allows rather for
comparison between different levels than deriving general conclusions on AVs activities, especially for
FAVs.

2.2.4. Travel activities in other modes of transport

Since the existing body of knowledge on AVs activities is so scarce, it is informative to analyse available
literature on perception and use of travel time in somewhat similar modes of transport (e.g. trains). It
is expected to shed some initial light on possible travel time use in AVs.

Ohmori and Harata (2008) examined activities carried out by Tokyo train passengers during their daily
commute. Based on observation and questionnaire, they found out that train environment, travel
duration and type of working hours affected participation rate for different types of activities. When
having a seat, people were performing activities requiring certain amount of personal space (e.g.
reading, sleeping, using mobile phones) compared to when they had to stand (e.g. thinking, observing
the scenery, doing nothing). In high-class trains with improved level of privacy more people were
eating, drinking, and engaging in work-related activities. As for temporal characteristics, apart from
travel duration, it was also found relevant whether the travel is seamless or requires an interchange.
Some activities might be fragmented into smaller pieces over time and space, while others require no
interruption (e.g. reading or sleeping). Furthermore, the more flexible working hours, the more
passengers engage in work-related activities. Some of these conclusions might also be found in work
of Gripsrud and Hjorthol (2012), who examined train activities of commuters and business travellers
in Norway. For both groups, work is the most frequent travel activity. It was found that for working
during travel not only work flexibility is relevant, but also whether the travel time is accounted as
working time. Again, privacy was found to be an important factor: access to a ‘silent’ train
compartment facilitates working. Also the facilities available during travel bear importance. Access to
ICT (most importantly Internet) is usually a necessary prerequisite for work: it allows to turn almost
any environment into a mobile office (confirmed by other studies, e.g. Tang et al., 2017). Gripsrud and
Hjorthol (2012) also point at increasing fragmentation of activities due technological advancement. It
is possible to conduct some of them at more spatially and temporally scattered locations, which found
confirmation in multiple other studies (e.g. Ben-Elia et al., 2014; Lenz & Nobis, 2007). If no electronic
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devices and sockets are available, people in trains seems to engage rather in non-work activities, like
enjoying the view or listening to music (Yosritzal & Adji, 2017). The significance of ICT for travel
activities has grown significantly over relatively short period time. Lyons et al. (2007) stated, that “the
majority of rail passengers who are equipped with these two items that potentially create the mobile
office do not use them”. However a follow-up study conducted almost a decade later showed “a fall
of paper based technology” and considerable growth of ICT usage among rail passengers (Lyons et al.,
2016).

A matter closely intertwined with onboard activities is travel time perception, namely the perceived
role and value of travel time. Generally, performing activities tend to increase the perceived value of
travel (Lyons et al., 2007; Ettema et al., 2012). Moreover, in contrary to the classic way of treating
travel merely as a derived demand, a number of studies concludes that travel time might have positive
value itself. Mokhtarian et al. (2001) identified three ways how positive utility might be derived from
travel: “1. the activities conducted at the destination; 2. activities that can be conducted while
travelling; 3. the activity of travelling itself”. It implies that travel decisions might be made to some
extent for the sake of travelling, and limited activities when on the move might not bring disutility. Jain
& Lyons (2008) propose the notion of “travel time as a gift”. They distinguish two types of travel time
role: “transition time” (a need for experiencing distance and the opportunity for gearing up to the
destination’s demands) and “time out” (escape from the obligations created through co-presence or
fixed space that enable time for a ‘backstage’ time to be oneself or a specific activity (e.g. reading)).
Several studies focused particularly on satisfaction with travel, finding that it depends not only on the
in-vehicle activities but also on the purpose of the trip (Beirdo & Sarsfield, 2007) and mode of transport
(Lancée et al., 2017; Morris & Guerra, 2015).

2.3. Problem definition

In the present section the research problem is formalized in four steps. First, the problem statement
is presented: it explains what is the problem and why it is relevant. Secondly, the exact knowledge gap
within the identified problem is described. In the subsequent section the research motivation is
addressed: it serves to introduce the purpose behind the study. Lastly, the research questions are
presented and discussed.

2.3.1. Problem statement

Automated driving is developing rapidly: experts claim that introduction of FAVs on the market is going
to happen around year 2030. Thanks to technological advancement, AVs are expected to bring
significant improvement in overall safety, traffic flow, energy-use and access to mobility. Eliminating
the burden of driving is also a crucial benefit of the technology.

However, a lot of uncertainty exists regarding long-term effects of AVs on a large scale. The aggregated
impact on transport system, land-use, energy use and environment are mostly unknown and depend
on human adaptation to the technology. The convenience of AVs and freedom to perform activities
on-board might encourage people to travel more. Either by directly influencing travel and location
choices, or by affecting them through changes in daily activity plans, AVs might increase the overall
VMT, having impact on environment and the whole transport system on aggregate level.

In such way the problem statement emerges: AV technology is approaching quickly, thus predictions
are needed about its high-level impact. However, it is impossible to make any accurate forecast
without taking into consideration behavioral adaptation to the technology.
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2.3.2. Knowledge gap

Behavioral adaptation to AVs is identified as the broad knowledge gap, which the present study aims
to fill. Despite crucial importance of this topic, it has not yet been treated in scientific literature with
sufficient attention. The way of utilizing the in-vehicle time and its impact on daily activities is identified
by Milakis et al. (2017) as a “critical knowledge gap”.

Within this broad gap a number of smaller gaps exists, which are addressed by the current research.
First of them is the question what kind of activities will be performed in AVs and under what
circumstances. Part of this question is also the perceived role of AV travel time. Secondly, it is unclear
how people’s daily activity plans will be affected by in-vehicle activities. Within this gap also further
gaps can be distinguished: whether the activities will be transferred into the AV from outside the
vehicle; whether there will be a rearrangement of activities within the day; and how people would be
willing to use the “extra time” provided by AVs during the day. The impact of AVs on travel and location
choices has also not been properly addressed so far: neither as a direct effect of AVs, nor as indirect
effect caused by daily activity plans adaptation.

2.3.3. Research motivation

Conducting the present study is motivated by two purposes.

Firstly, the outcome will be used as an input for a stated choice experiment. The experiment will be a
part of a research conducted by Baiba Pudane, a TU Delft PhD student. Her research goal is to explore
effects of automated driving on people’s medium- and long-term travel and location choices. The PhD
thesis is a part of STAD research project (Spatial and Transport impacts of Automated Driving). The
goal of the project is to explore the implications of autonomous driving technologies on accessibility,
spatial development and mobility in the future. The present study is expected to give answers about
what activities might be rearranged in what way and in which circumstances, which will serve as basis
for the stated choice experiment questions. Eventually, the results of the experiment will be used as
an input for a quantitative model allowing for utility calculation of activities inside/outside AVs.

Secondly, the work is expected to help policymakers to make better informed policy decisions
regarding AVs in the future. The outcome of the research is expected to bring knowledge about the
potential problems regarding AVs. Some areas which will likely require regulation are: infrastructure
development, land-use policies, regulations of car-sharing or use of empty AVs on public roads.
However, it has to be noted that the present document does not aim at providing very speccific policy
recommendations, but rather at identifying potentially relevant issues regarding AVs.

2.3.4. Research questions

The main research question is designed to capture the ultimate, overarching goal of the study. It is
therefore formulated as follows:

What is the expected impact of activities performed inside AVs on travel and residential location
choices?

In the context of the earlier presented triangle representing the study focus it addresses the following
elements:

18



Activities inside
AVs
Daily activity Travel and
plan location choices

As explained already (and as it is apparent in the triangle), the impacts visualized above might be
realized in either direct and indirect way. However, at the core of both these options are the activities
inside the AV, being the very source of possible impacts on travel and location choices. For that reason
this element of the triangle requires particular attention. Therefore, two separate sub-questions are
devoted to this topic:

1. How will AV travel time be perceived by the AVs users compared to conventional modes
of transport?

Answering the first sub-question is expected to bring information on the possible role of AV travel
time. Considering various roles of travel time currently proposed by the literature, it is necessary to
understand how the AV travel might be perceived. One of the considerations is whether it would
indeed be seen as extra private time during the day (as speculated in the introduction), or rather still
as regular travel time. The latter option rises more possibilities: would it serve as the aforementioned
“transition time” or “time out”, or would it have yet some different role. Gaining insight into the AV
travel time perception will serve as a basis for further exploration of possible AVs activities.

2. What activities are expected to be performed by AVs users on-board?

The second sub-question directly addresses one of the key research gaps, namely the kind of activities
to be performed in AVs. In that way, the first two sub-questions cover the upper rectangle in the

triangle:
Activities inside
AVs
Daily activity Travel and
plan location choices

Answering 1%t and 2" sub-question will provide the knowledge necessary to answer the main question
regarding the direct impact of AVs activities on travel and location choices. However, in order to find
the indirect impact it is necessary to first explore the impact of in-vehicle activities on daily activity
plans. This element is covered by the 3™ sub-question.

3. What is the expected impact of activities inside AVs on daily activity plans?
The above question aims at exploring possible activity transfers, activity rearrangements throughout

the day and use of “extra time” gained thanks to the AV. The 3™ sub-question covers the following part
of the triangle:

19



Activities inside
AVs

Daily activity Travel and
plan location choices

In this way, by asking the main question supported by the sub-questions, the whole scope of the study
is covered.
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3. Methodology

To capture behavioural changes underlying second- and third- order effect of AVs, Milakis et al. (2017)
propose to use a mix of qualitative (focus groups, in-depth interviews) and quantitative (stated choice
experiments) methods. According to them, they serve well to examine the impact of AVs on aspects
like travel comfort, value of time, travel and location choices, and utilization of time when on the move.
Taking this into account, for the purpose of this study a qualitative approach was chosen, more
precisely focus groups (hereinafter abbreviated as FGs) followed by content analysis. These two
methods will be now addressed separately in more detail.

3.1. Focus groups

FGs are introduced below in four steps: first, a general description of the method is provided, followed
by the rationale for using it for this particular study. This is followed by addressing the applications of
FGs in AVs research up to now. In the next step, various properties of FGs are described in more detail,
both from theoretical perspective and in the context of the present study. Lastly, the scenario which
was presented to the FGs participants is addressed.

3.1.1. General introduction and rationale for application

Below, a basic introduction of FGs is provided, followed by justification of applying them for this
particular study. These two elements are addressed in separate subsections.

3.1.1.1. Focus groups basics

FGs is a method of collecting qualitative data, based on group interviews. The difference lies mainly in
the way the participants are involved in the discussion and the role of their interaction in data
gathering. Although group interviews are often used for quick and easy way of data collection from
several respondents simultaneously, FGs emphasize group interaction as the key element of the
method (Kitzinger, 1995). The participants need to react on statements from the others and make
connections to various concepts appearing throughout the FG. To facilitate the discussion and
emergence of new ideas, the questions in a FG are usually more open-ended in comparison to surveys
or classic interviews. FGs can also be used to observe non-verbal behavior of the participants, which
can be a significant source of data in some cases (e.g. observing reactions of men and women when
discussing gender equity) (Nagle & Williams, 2008).

The nature of FGs makes them a particularly suitable method for exploratory studies in new,
unexplored areas. According to Freitas et al. (1998), FGs “are advisable for generating ideas for
investigation or action in new fields; for generating hypotheses based on the perception of the
participants; to evaluate different research situations or study populations; to develop drafts of
interviews and questionnaires; to supply interpretations of the participants' results from initial studies;
and for generating additional information for a study on a wide scale”. Thanks to their versatility, FGs
were applied in the past in exploratory studies in many various areas: education, political science,
public health, marketing and many kinds of sociological research.

FGs can be used both as a stand-alone method, as well as applied together with other methods, both
qualitative and quantitative. Most frequently they are combined with either in-depth interviews,
individual interviews or surveys (Morgan, 1996). According to Masadeh (2012), FGs are commonly used
in some studies because of their ability to generate items for developing a questionnaire. In such cases
often the primary goal of the FG is not to generalize, but to serve as an exploratory step in the research
framework, aiming at providing input for the subsequent survey design process.
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3.1.1.2. Rationale for applying focus groups to AVs research

The characteristics of FGs make them a suitable tool for exploring the topic of AVs. So far, scientific
research about people’s attitude towards AVs used methods like surveys or interviews (Becker &
Axhausen, 2017). For exploring a technology which is still in its infancy such methods have significant
downsides. Most importantly, as already mentioned, people seem to have difficulties with imagining
how AVs would actually work and what impact they could have on their lives (Yap et al., 2016). That
causes the respondents to duplicate current travelling behaviours in their answers rather than truly
account the uniqueness of AVs and produce new ideas (Konig & Neumayr, 2017). FGs solve this
problem by group interaction and proper moderation of the discussion. Participants can explore the
topic of AVs deeper and from different perspectives by reacting to each other’s ideas, and are
supported by the moderator to understand the subject correctly.

Another disadvantage of surveys and interviews is that they are built on initial preconceptions and
knowledge of the researcher. For example, questions asked in a survey are often based on existing
knowledge and expectations of its creator, thus might be biased and not lead to any new insights. FGs
allow to collect knowledge in a more inductive way, by confronting the participants with open-ended
guestions and letting them explore them in a rather unconstrained manner. This can often lead to
emergence of new, previously unknown results.

Lastly, as already mentioned before, for this study the FGs will also be used as input for the subsequent
stated choice experiment. The fact that FGs are a widely used method for gathering data for survey
design is another argument for applying it in this case.

3.1.2. Existing applications of focus groups in AVs research

A number of examples of applying FGs to AVs research can be found in the existing literature. Level of
importance and exploitation of the method differs per study, but in principle it was used in
combination with other methods, like surveys, workshops or individual interviews.

Robertson et al. (2017) applied FGs along with an online survey to explore behavioural adaptation of
Canadian car drivers to not fully-automated AVs. They conducted FGs consisting in total of 25
participants. The purpose of applying the method was in this case providing contextual information
used for interpretation of the survey results, as well as exploring different perspectives on AVs. For
that reason, the groups were distinctly segmented: two groups consisting of drivers, one of non-driving
adults older than 65 years old and one group including people unable to drive due to physical
inabilities. The authors claim to achieve representativeness of the groups in terms of age, gender,
education and income. From the conclusions it is apparent that FGs were used as a supplement for the
survey, since only very general findings were derived based on them. The results were mostly used to
explain the reasons behind the answers given by the respondents in the survey. As a potential problem
of FGs, Robertson et al. (2017) mention possible bias of the participants, who might educate
themselves on the discussed matter prior to the discussion, if the topic is revealed to them beforehand.

FGs were also used to lesser extent by Daziano et al. (2017), who conducted two of them as an input
for survey design leading to a discrete choice model. Their goal was to explore preferences and
attitudes towards AVs among randomly selected potential car buyers. In this case, the researchers
decided to invite a relatively high number of participants (12 and 15). Next to rather common
statements about benefits and dangers of AVs, the safety of new technology appeared to be the most
vital topic of the discussions, causing a lot of controversies and differences among the participants.

Silberg et al. (2013) used FGs to explore the willingness to use AVs, as a part of a large research project.
For that purpose three two-hours long FGs were conducted, involving in total 32 participants. Although

22



the authors justify applying FGs by the qualitative, directional character of insight they provide, in
contrary to Robertson et al. (2017) they also emphasize that the conclusions cannot be treated as
representative for wide population. The goal was to examine opinions of people coming from various
geographical and cultural background, therefore residential location was the factor used for
segmentation and three diverse cities were chosen to conduct the discussions (Los Angeles, Chicago,
Iselin). For the sake of consistency and comparison between the groups, characteristics like age, car
ownership, education and income level were kept homogenous across the groups. Three main findings
are brought up by Silberg et al. (2013): first, improvement of life quality is a strong incentive for the
consumers for AVs adoption, secondly, the radical change of automotive technology might open
opportunities for entering the market for new, high-tech companies and lastly, high possible impact of
AVs on Mobility on Demand services. Regarding the respondents, the authors concluded that
receptivity to self-driving is influenced by characteristics like age, gender, residential location, affinity
to driving and kind of currently used car (premium or mass market).

3.1.3. Properties of focus groups

Various elements of FGs, which have to be taken into account when designing the study are addressed
in this section. Each of these properties is discussed in a separate subsection: first from theoretical
perspective, and then in the context of the present study.

3.1.3.1. Number of groups

Determining the number of FGs to conduct is related to the notion of saturation (Krueger & Casey,
2009). This term describes the point when new FGs do not bring any new data and the outcome starts
to be repetitive. Ideally, FGs should be carried out until the point of saturation is reached, which usually
happens after 4 to 6 groups. However, there are examples of studies involving as many as 52 groups
(Morgan, 1996). In reality, the number of groups depends on the design of the study and available
resources (time and money). The design determines how many different categories of participants will
form the groups (e.g. for the purpose of comparison between different groups) and whether the
qguestions will differ among the groups. For example, single-category design (involving only one
category of participants for all groups) requires less FGs to achieve saturation than multiple-category
or double-layer design, which aim at comparing design for different groups or asking various sets of
questions (Krueger & Casey, 2009).

The present study can be treated as single-category design: the focus is on commuters, which is
addressed more elaborately in the next section. Although different subcategories of participants are
distinguished, the primary reason for that is not comparison of various groups, but rather generating
richer data and facilitating discussion. Thus, according to the rule of thumb (4 to 6 groups) 5 groups
were organized. This choice was also determined by limited budget for recruiting participants and time
constraints.

3.1.3.2. Number of participants

Although the rule of thumb says the number of participants in a FG should be between 6 and 12
(Onwuegbuzie et al., 2009), examples of successful FGs as small as 3 and as large as 31 are known
(Masadeh, 2012). In general, smaller groups are more appropriate for emotionally charged topics
generating a lot of involvement, and larger groups work better with more neutral topic entailing less
personal connection. However, the decision results in a trade-off between investigating more in-depth
the opinions of single participants and getting more variety of viewpoints. Larger groups might also
intimidate some people and create uncomfortable atmosphere for sharing personal thoughts.
Depending on the topic, the size of the group also influences difficulty for the moderator (Morgan,
1996). Krueger and Casey (2009) define the optimal number of participants as 5 to 8, recommending
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considering the following factors for determining the group size: the purpose of the study (understand
an issue or behavior: fewer people, pilot-test an idea: more people), complexity of the topic (more
complex: fewer people), participants’ level of expertise (more expertise, fewer people), participants’
level of passion about the topic (more passionate: fewer people) and number of questions (more
questions: fewer people).

In the present study, it was decided to keep the groups relatively small. One reason is that the goal is
to explore behavioral response to a very innovative technology. Secondly, high complexity of the topic
favors rather small groups. Thirdly, finding participants both by an advertisement and a marketing
company brings risk of self-selection of people either interested in the topic or inclined for group
discussions. The fourth reason is relatively high number of questions and the planned duration of 1,5h
per group. Lastly, budget constraints and relative inexperience of the moderator with FGs were also
arguments for lower number of participants. Eventually, the first group consisted of 7 participants. It
also served for testing the research setup for the subsequent groups. It was concluded that, due to
complex nature of the topic, such number poses too great challenge for the moderator. Therefore, for
the remaining groups the number of participants was reduced to 6.

3.1.3.3. Choice of participants

The choice of participants is driven by the study purpose. Most importantly, the researcher should
decide what kind of people are able to bring significant insight about the topic of interest (Freitas et
al., 1998). Another challenge is finding the right balance between homogeneity and heterogeneity of
the participants. On one hand, to facilitate the discussion the group should be reasonably homogenous
regarding background and socio-demographic characteristics. On the other hand, a too homogeneous
group might bring less interesting or superficial result, because no different points of views will be
confronted. The most common factors used to divide the groups are age, gender, ethnic group and
social class (Freitas et al., 1998). Of course, this choice depends on the subject of the study. For
example, age and gender might be relevant for discussing abortion, while they could have less impact
in a discussion about e.g. acceptance of a new technology. Although too much heterogeneity within a
group is not advised, it might be introduced across the groups deliberately, for the purpose of
segmentation. Segmentation means consciously varying the composition of the groups. The most
obvious kinds of segmentation capture something about the research topic itself, for example if gender
differences are of interest, then the groups might be divided into male and female groups. Two main
reasons for introducing segmentation is creating a comparative dimension to the analysis and
facilitating the discussion by increasing homogeneity of the groups (Morgan, 1996).

In the present study, the purpose of the research was decisive for the participants choice. Focus of the
study on daily activity plans is the reason why only regular commuters were considered: due to regular
travel patterns they are particularly interesting in the context of daily activities rearrangement.
Furthermore, commuters constitute a very large group in the general population, thus their individual
decisions have a significant impact on aggregate level. Because AVs are not considered a controversial
or personal topic, the sociodemographic characteristics were not included as a criterion and were
random. Differences in educational level, career status or age were considered as potential obstacles
for a smooth discussion. However, taking into account Dutch culture of speaking up and open
discussion, these concerns were eventually rejected.

Eventually two factors were chosen to determine groups composition: transport mode and travel
duration. The mode was diversified within every group to facilitate the discussion. Two modes were
considered: private cars and PT. The users of the latter already have the opportunity to perform a quite
broad range of activities when travelling, whereas car drivers are more limited in that respect. Thus,
travel time perceptions of these two groups might be significantly different and confronting them is
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expected to bring interesting insight. Users of active modes were excluded for the sake of sufficient
homogeneity of the groups: short travel time and distance of active modes trips could make it difficult
to see benefits of AVs and hinder thoughts exchange with other participants.

Travel duration served to bring variety between the groups: it was diversified between the groups, but
not within them. According to literature, in-vehicle time is the major factor influencing the kind of
performed activities (Ohmori & Harata, 2008). It was therefore expected that also activities in AVs
might depend strongly on this factor. Thus, commuting time was used for segmentation of the groups:
one group consisted of people with short commuting time (approx. 30 minutes), one people with long
commuting time (approx. 1 hour) and two groups mixed both these kinds of participants together. The
reasoning behind such choice was to examine ideas of both the groups separately, and also explore
possible difference of viewpoints.

The criteria described above do not apply to the first FG, which consisted of TU Delft students. The
purpose of it was not only to gather data, but also to test the setup for the remaining FGs. In that way
any necessary adjustments could be made for the groups composed of people selected by the relevant
criteria described above (transport mode and travel duration). Still, the group consisting of students
was treated as a valuable source of data and was considered on equal terms with other groups during
data analysis.

3.1.3.4. Questions

FGs questions must fulfil a number of basic requirements. They should be clear, short, open-ended,
easy to say and one-dimensional (so that the meaning is not a subject for interpretation). Furthermore,
also the course of questioning is important. Typically it includes a few categories of questions: opening
guestions (not related to the subject of discussion, used to make participants more comfortable),
introductory question (used for introducing the actual topic), transition question (move the
conversation towards the key questions), key questions (regarding main point of interest) and ending
questions (bring closure to the discussion and allow for reflection). It is important to prepare a right
number of questions for the planned FG duration - there should be sufficient time for answering each
of them. When estimating required time it is necessary to consider complexity and category of
questions, FG size, participants’ expertise and the required depth of discussion for each question.
Usually, the time spent on one question varies between 5 and 20 minutes (Krueger & Casey, 2009).

In general, questions should remain rather consistent throughout the FGs: it not only enables to
compare answers across the groups, but also makes it easier to achieve saturation. If the questions are
kept consistent, during the analysis themes and patterns emerge more clearly from the data. However,
there are two cases when it is wise to change questions. First, when the question does not work: it
creates confusion or does not lead to any useful answers. Second, when saturation for the particular
guestion clearly occurred and the answers stopped bringing any new knowledge. In such case there is
more to gain by changing the particular questions, building on knowledge from the previous groups
(Krueger & Casey, 2009).

In the present study, the list of questions was based on the recommended course of questioning
presented above. Considering the time required for various questions, the single group duration of
1,5h and the number of 6 participants per group, it was decided to ask 10 to 11 questions per group.
Since the research goal was not to compare, but rather to explore, more flexibility in adjusting the
guestions was assumed. Adjustments were necessary especially after the first FG, to eliminate
qguestions which were unclear or led to overlapping answers. To facilitate understanding of the
guestions by the participants, each of them was also presented on a screen during the discussion,
accompanied by a graphical visualisation of the question meaning (if possible to visualize).
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The list of questions for one of the groups (4th FG) is presented below. Although the questions were
slightly changed throughout the process for the reasons mentioned above, the list can be seen as
representative for the general line of questioning during all the FGs. Each of the questions is supported
by a short comment explaining the purpose of including it in the list.

. Quetion | Pupose

1. Introduce yourself briefly
2. How do you travel normally?
- Train/car/...?
- How long does the trip take?
- What do you do during the travel?
3. Are you satisfied with how you use your travel
time or would you like to use it differently?
Travel time is for you:
- Time to relax
- Time to do something
- Wasted time
- Time to kill
4. Imagine that you travel with an AV. What are
pros and cons in comparison to your normal
way of travelling?

5. Imagine that you have an AV and can arrange
the interior the way you want. What would you
like to do when travelling and why?

6. Would you like to perform in the AV activities
which you normally do in traditional
environment like home or work? If so, do you
think you can save time for other things which
you would like (or have to) do?

7. Would you change anything in your daily
routine if you had an AV?

8. Would you travel further or more frequently
to perform activities if you had an AV?

9. Would an AV be a good alternative for trips
which you usually do by a bike or PT?

10. Would you like to move if you had an AV?
- If yes, where to?
- If no, imagine you need to move (e.g.
because of a job). Would an AV
influence your decision?

11. Would an AV make your life better or

worse?

The opening question, used as an ice-breaker.
An introductory question. Its purpose is to make
people think about travel time, namely the way
it is spent and whether it could be spent
differently.

Same as question 2.

A transition question: it shifts the discussion
towards AVs. It is supposed to make people think
about how AV travel would feel compared to
their usual mode of transport, and consequently
what would be possible to do inside.

First of the key questions: aims at answering the
1%t and 2™ research sub-question.

The second key question: aims at answering the
3" research question.

The third key question: aims at answering the 3™
research question.

The fourth key question: aims at answering the
main research question.

The question was added for this specific FG as an
extra question, when saturation was detected in
the results from previous group. It was supposed
to possibly bring interesting insights regarding all
the research question.

The fifth key question: aims at answering the
main research question.

The ending question. It has a broader, more
open character: aims at prompting the
participants to reflection on what has been said.

Table 4. A representative list of FG questions (the list coming from the 4th FG)
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3.1.3.5. Moderation

Another important aspect of FGs is the choice of moderator. The moderator is responsible for asking
guestions, facilitating the discussion, prompting people to speak, requesting too talkative participants
to let others talk and encouraging all the group members to participate (Onwuegbuzie et al., 2009).
The key aspect regarding moderation is the moderator’s level of involvement. At one extreme it can
be low and their role might be limited to basically asking the questions to the participants. On the
other hand, it might be very significant, so that the dynamics and content of the discussion are under
strict control. The choice of moderating style depends on the study purpose. If it has exploratory
character or involves subsequent content analysis, less moderator’s involvement is advised, whereas
if the purpose is to compare results from various groups, more structure and consistency is required,
thus more strict way of moderating (Freitas et al., 1998). Besides, the level of moderation also depends
on number of questions and participants. The larger the group and the more questions, the higher and
stricter moderator’s involvement has to be (Morgan, 1996).

In the present study, determining the right level of moderation was a challenging task. On one hand,
exploring an unknown area and generating new insights were considered the goal of the study, which
is an argument for less moderator’s involvement. On the other hand, the research is focused on
activities inside AVs and their implications, therefore the FGs should be concentrated around this
particular topic. It was therefore important to keep the participants focused on activities and not let
them be confused by discussing aspects less significant in this context, e.g. safety, car sharing or
technical characteristics. To some extent, diverging to these areas was already limited by the scope
(the used scenario). However, letting people explore these areas collectively to some extent could also
bring insights relevant for the main interest of the study. Therefore the participants were also allowed
to diverge slightly from the main questions to other areas, however were reminded to return to the
question if the digression was deemed as not leading to any valuable outcome.

3.1.3.6. Contribution of third parties

FGs required an experienced interviewer with good intuition. Furthermore, it had to be a Dutch native
speaker to allow easy communication and free expression for the Dutch participants of the groups.
Niek Mouter, an assistant professor at TU Delft, kindly volunteered to be the moderator, being a
person fulfilling both these requirements. Because of relevance of the study for Baiba Pudane, she was
directly involved into technical aspects of FGs organisation, namely contacting the marketing company,
catering, setting up the recording. Questions presented to the participants were also discussed with
her prior to each FG. The transcripts were prepared and translated into English by a Dutch student
assistant, Dion Munsters.

3.1.4. Scope of the used scenario.

Because the explored technology is basically not yet present in daily life, the FGs have a purely
speculative character. Due to revolutionary character of AVs and high number of uncertainties, the
participants could feel confused and get distracted by the aspects of AVs irrelevant for the present
study. Therefore, the scope of the discussions had to be limited. It was achieved by properly adjusting
the scenario presented to the FGs participants. It facilitated the discussions to revolve around the core
topic (activities) and prevented diverging to topics irrelevant for the study (e.g. security or legislation).
Below, various aspect of the applied scenario will be addressed in more detail.

The participants were presented with a long-term scenario, in which the penetration rate of AVs is
equal to 100% and no traditional cars are available. Furthermore, lower levels of automation were
excluded due to their negative influence on the range of possible in-vehicle activities: only FAVs were
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considered. As a consequence, it was also assumed that all the necessary infrastructure exists and
there are no unresolved legal issues around AVs. These two aspects were also left out in the FGs.

In reality a serious problem regarding AVs might be user’s acceptance, affected by the feeling of lack
of control, as well as safety and security concerns. In the FGs scenario AVs were assumed to be 100%
safe and the possibility of malfunctions or cyberattacks was excluded. Although the assumption of AVs
being 100% safe is quite unrealistic, they are still expected to bring a major improvement in that
respect. Since eventually they are expected to still be much safer than conventional cars, such
assumption can be seen as justified.

Another assumption is that AVs are affordable for everyone and their operational costs are equal to
traditional cars. In reality costs would likely have influence on the amount of travel, however the
nature of the research is qualitative and focuses rather on non-monetary factors. This assumption can
still be justified by the predictions existing in the literature. Although the fixed cost of AVs might be
initially significantly higher than for conventional vehicles, the scale effects will cause a drop in price
as the penetration rate increases. Fagnant and Kockelman (2015) claim that difference in price will go
down to 3000S$ for 90% penetration rate. Also the operating costs are expected to be within range of
0.50$/mile, which is comparable to the cost of operating traditional cars (Litman, 2017) .

Another confusing aspect could be car-sharing: it potentially reduces the flexibility that comes with
AVs and makes the range of possible activities narrower. Still, an increase in car-sharing is one of the
widely discussed possible impacts of AVs. For that reason it was not completely eliminated from the
scenario, but was also not explicitly mentioned to the participants. In principle, some freedom to
discuss this aspect was given, but if it did not lead to any relevant insights the participants were
reminded by the moderator to return to the main topic of the discussion.

Similarly, availability of PT was not explicitly determined prior to the FGs. Similar as for car-sharing, the
participants were also given some freedom to discuss it.

Lastly, it was inexplicitly assumed that society will not be different from today in terms of working or
leisure habits. This assumption is justified by the expected implementation date of fully-automated
AVs, which is within the next 30 years. Although it is still a relatively distant date, assuming no drastic
changes in society in that time is fairly reasonable. Thus, the considered scenario assumes the world
to look pretty much like today, except for the wide presence of AVs.

All the assumptions are presented together in the list below:

AVs penetration rate 100%
Presence of conventional cars No conventional cars
Level of automation Only 5th (fully-automated AVs)
Infrastructure required by AVs 100% available
Legal issues regarding AVs 100% solved
Safety of AVs 100% safe
Security of AVs 100% secure
Price and operational costs of AVs Equal to conventional cars

Not explicitly mentioned to the participants, discussion

Car-sharin .
& allowed to a limited extent
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Not explicitly mentioned to the participants, discussion
allowed to a limited extent

Condition of society No different from today

Availability of PT

Table 5. Assumptions in the scenario presented to the FGs participants.

3.2. Content analysis

Although there is abundant information available on how to conduct FGs, information on how to
analyze them is rather scarce (Onwuegbuzie et al., 2009). Since FGs produce qualitative data, one of
common techniques for qualitative analysis might be applied. For the purpose of the present study
content analysis was used.

Content analysis is a method allowing for a systematic and objective description of phenomena in
qualitative data. In the process of content analysis words are distilled into fewer content-related
categories. The goal of the analysis is to achieve a condense and broad description of the phenomenon:
the outcome consists of concepts or categories describing it. These concepts and categories are
eventually used for building a model or a conceptual map, which are the final result of the analysis (Elo
& Kyngas, 2008). The process of analysis consists of three main stages: preparation, organizing and
reporting. Apart from that there are no systematic rules of analyzing the data.

Selecting the unit of analysis
Preparation

phase
Organising
phase
Model, conceptual system, Presentation of
conceptual map or categories the results

Figure 9. Inductive content analysis process (Elo & Kyngas, 2008)

During the preparation phase the unit of analysis is chosen. Depending on the level of detail of analysis
it can be a word or a theme. The unit of analysis can consist of more than one sentence and contain
multiple meanings. In such case the process of analysis might be difficult and challenging, but on the
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other hand, analysis that is too narrow may result in fragmentation of results. At this stage the
researcher also has to decide whether the latent content will be analyzed, namely taking into account
silence, sighs, laughter, posture, etc. Last step of the preparation phase is an attempt to make sense
of the data as a whole, which is done by reading transcripts several times. The goal is to become
immersed in the data. The unit of analysis used for the purpose of the present study were usually single
statements of the participants, consisting of one to few sentences. In some cases an exchange of few
sentences between the participants was used: it allowed to capture the context in which particular
statement was expressed. Latent content was not analyzed, because it was found not relevant for this
particular study.

Next step in the process is organising phase. It includes open coding, categorizing and abstraction.
During the open coding phase notes and headings (“codes”) are written in the text while reading it.
This is repeated until all the relevant aspects of the data are captured. All the codes and corresponding
fragments of text are then organized in coding sheets. The exact design of a coding sheet might differ,
but the purpose is to gather all the codes with relevant quotations together in a systematic way, in
order to facilitate the following process of categorization. A list containing all the codes with exemplary
guotes can be found in . During the categorization the codes are grouped into higher-level
headings. This step includes reduction of the number of existing codes, by grouping them or merging
them together into broader categories. The main goal is however not reducing the data, but classifying
it as “belonging” to a particular group. This classification depends on the researcher’s interpretation
and is a result of iterative process of comparison of data and categories. Finally, a general description
of data is done through the process of abstraction. In this step subcategories with similar events or
incidents are grouped together into categories, and those are grouped into main categories. The
process of abstraction can continue as far and deep as it is reasonable and possible. An example of
abstraction is shown below.

Sub-category Generic category Main category
Cold symptoms~.__ */ \
> Temperature variation
Heat symptoms—— \

\ / \
‘\ / \
\

- - \

\

\

TN Y

Decrease of mood
Tiredness —_° Darkness \| Threats of the northern
Weakness 7 /| physical environment
Apathy N4 N4
Difficulties to move outside ‘.,// \ ,.r“'
Snow-blindness — Show & ice }
Snowbound \ )
Risk of fall 7/

Figure 10. An example of the abstraction process (Elo & Kyngas, 2008)

To show how the above process was applied in the present study, an example of the consecutive
analysis steps for a small part of the data is presented in

Presentation of the results is usually done in a form of a model or map of categories, showing the
interrelations between them. The categories and interrelations are further provided with a written
explanation of the conceptualization. The statements made in the presentation of the results are
backed up by including relevant quotations.
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The method might be used in two ways: inductive or deductive. The choice of approach is determined
by the purpose of the study. In case there is not enough knowledge about the researched
phenomenon, or the knowledge is fragmented, the inductive approach is recommended. In inductive
content analysis the categories are derived from the data, without using any previous knowledge or
preconceptions. It is therefore useful for building new theories or exploring unknown phenomena.
Deductive approach is built on previous knowledge and can be used for e.g. theory testing. While the
deductive approach moves from the general to the specific, inductive content analysis moves from the
specific to the general, eventually combining the single observations and categories into a larger
general statement.

For the analysis of the FG in this study in principle the inductive approach was used. The reason for
that was scarcity of preexisting knowledge on the researched topic and explorative character of the
study. The goal was to generate new insights and build knowledge, therefore it was necessary to
choose an approach not based on any existing preconceptions. However, it has to be also noted that
data analysis was driven by the attempt to answer the research questions. Thus, some initial directions
were required and might be seen as preconceptions (e.g. focus on travel time activities, daily activity
plans, etc.). Still, in principle data analysis was inductive and also data not falling directly into the most
relevant areas was coded and used to derive final conclusions.
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4. Results

The results section is structured in accordance with the diagram representing the core of the research.
The three coloured elements in the figure below are addressed separately:

Activities inside
AVs

Figure 11. Structure of the results
The key element of the diagram are activities inside AVs: the other elements are seen as dependent
on this central theme. Thus, it is elaborately addressed in the first place. Section presents the

identified mechanism determining perception and use of travel time, for both conventional modes and
AVs. In that way the first two research sub-questions are addressed.

Secondly, the focus is zoomed out from merely discussing the AVs activities to addressing their actual
impact on daily activity plans. Section 4.2 is dedicated to the impact of the former on the latter. In that
way it covers the third research sub-question.

Eventually, the overarching interest of the study is addressed, namely the possible impact of AVs
activities on travel and residential location choices. First, results regarding travel choices are presented
in section 4.3. The location choices are discussed separately in chapter 4.4. The two sections use the
knowledge from preceding chapters to address both direct and indirect effects of AV activities on travel
and location choices. In that way, the both sections cover the main research question.

Important information for the reader

To justify the statements made throughout the results, they are supported by quotations coming from
the participants. They are included all through the chapter in italics and are clearly distinguished. To
keep the results concise, the number of quotes was limited in the main text of the document. In many
cases multiple quotations supporting one particular statement or concept exist: those not included in
the main text can be found in Appendix A. Whenever the extra quotes are available, it is indicated in
the results by a reference A.X, where X indicates the location of the relevant quote in the mentioned
appendix.

Furthermore, it is important to note that in the FGs the participants make two sorts of statements:
either sharing general and abstract ideas, or making claims about their own life and behaviour.
Although both of these are valuable and were included in the analysis, in some cases it is informative
to look closer at a specific personal story and the associated context. In such case the quotes were
placed in an additional orange box with a 'ﬁ‘ symbol. In case a general concept emerges from the
discussion, it is presented separately in an orange box and marked by a @ symbol.

The authors of the quotes are explicitly named. The original names were changed. When reading the
results, it is possible to keep track of each individual participant. Sociodemographic data, as well as
summary of their statements are available in a table in Appendix B.
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4.1. Travel time use mechanism

Based on the findings coming from the FGs, travel time use was conceptualized as a variable dependent
on three elements: internal characteristics of travel timespace, personal characteristics of the traveler
and external incentives to perform activities. The picture below represents this way of looking at a
travel situation.

([ ([
Origin Destination
Time g

Figure 12. Conceptualisation of a travel situation

All the elements of the conceptualization are represented with separate colors. The travel timespace
represents the characteristics of the travel environment available to the traveler for a certain time.
The travel timespace contains the traveler possessing certain . The traveler
has the possibility to perform activities within the travel timespace. However, what exactly is done
during travel depends not only on the traveler and travel timespace but is also influenced by external
factors: circumstances not related to personal characteristics of the traveler nor the travel timespace
properties, but external to both of them. These three elements together have impact on the actual
perception and use of travel time.

The above framework will be used throughout the results section to structure the discussion on travel
time use. It has to be noted that a matter as intricate as travel time use is difficult to conceptualize
unambiguously. One can easily argue that some elements which were assigned to one of the defined
categories belong to a different category or create a category on its own. One of such concepts could
be comfort of travel: is it an inherent property of travel timespace, or perhaps rather a relative
impression, depending on individual personal perception? Or perhaps all the elements can be
eventually seen only as a manifestation of characteristics of the particular person, and there are no
“external” or “internal” elements?

III
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Thus, the presented way of looking at travel time use needs to be seen as a subjective point of view of
the researcher, serving as a starting point to structure the discussion, rather than a rigid conclusion
about the nature of this phenomenon. Building on this concept, it is possible to look closer at travel
time use. The figure below presents an expansion of the above travel conceptualization into travel
time use mechanism:
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Figure 13. Travel time use mechanism
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As it can be seen in the diagram, the travel time use mechanism consists of two tiers: the lower
contains the factors influencing perception and use of travel time, and the upper explains how exactly
these factors combined together result in perceiving and using travel time in certain way.

In the following sections, all the elements presented in the figure will be discussed in more detail. First,
the lower tier will be addressed: all the three large groups of travel time determinants will be discussed
separately. Secondly, the discussion will arrive at the upper part of the travel time use mechanism:
perception and use of travel time. The numbers of chapters addressing each particular element can be
found in the above diagram.

It is important to note that the discussion of current travel modes and AVs must be intertwined to a
fairly large degree. The FG participants built their statements by combining current experience with
imagination, due to lack of any actual experience with real AVs. Therefore, it is impossible to talk about
AVs in complete separation from current travel time use. For that reason, the majority of discussed
factors is addressed both in current and future (AV) context. The discussion diverges more clearly into
these two areas when addressing the upper tier of the mechanism: travel time perception and use.
This part is discussed separately for both current modes and for AVs.

4.1.1. Characteristics of travel timespace

First group of factors determining perception and use of travel time are the characteristics of a given
travel timespace. They were categorized into two groups: temporal characteristics and travel
environment. All the factors will be addressed now separately, order as indicated in Figure 13.

4.1.1.1. Travel duration

The amount of time people spend on travelling is one of the main factors determining their activities.
However, it has to be stressed that it is a highly relative one. It is basically meaningless if considered
only on its own - in complete separation from other factors. The impact of travel duration on
perception and use of travel time is only relevant in context of intricate combination of all other
circumstances. Keeping that in mind, in general it can be stated that in case of short travel duration
there is a tendency to simply kill the time, but as it becomes longer there is a better opportunity to
spend it in a purposeful way. (A.1)

CAROLINE: “I think it (use of travel time) really depends on the travel time, how long | am
in a train? Or in a car? Or bus? (...) Maybe it is because | don’t regularly travel and the
travel time is not too long. | do not find it productive.”

Taking this into account, in case of short trips (e.g. daily commuting) the potential of carrying out
activities inside AVs should not be overestimated. (A.2) It has been recognized by the participants
that having an AV might in fact not have much influence on daily routines of people with short daily
travel times.

PAULIEN: “I think if you drive very short distances, every day, then you do not change that
much (with AV).”

Short travel time also brings the risk that a particular task carried out in the AV will be not finished
when arriving at the destination, and will have to be interrupted. Currently, some people feel anxious
if the travel duration is different than expected (A.3). This uncertainty might discourage AV users from
undertaking more engaging and time-consuming tasks (A.4). Actions requiring relatively long,
uninterrupted travel time, (e.g. watching a movie, work tasks demanding steady, extended
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concentration) might be performed in AVs less willingly, unless the traveler is able to continue the
activity after reaching the destination.

LAURENS: “Also that it (the AV) is linked to home... So that when | start watching a movie
in the AV and | arrive at home, | do not think: how am | going to watch further? That it is
connected to my home and that | can walk inside and | can watch further immediately.”

Potential advantage of AVs lies in the possibility of extending travel time by the user in case of time

shortage. The fact that sometimes the traveler might want to prolong the journey to finish an activity
hints at the chance of performing activities in a parked AV. This concept is presented in the figure

below.
Currently: Q
y Activity interrupted

3

Activity extended in the
With AV: f\ parked AV

Time

v

Figure 14. Possibility of extending activities in a parked AV

It has to be noted that the above idea is hypothesized: it was not expressed explicitly by any of the
participants of the FGs.

4.1.1.2. Travel continuity

The notion of travel continuity captures whether travel time is smooth and uninterrupted, or
fragmented (for example by transfer between modes). For some participants fragmentation of daily
trips is a major obstacle to perform activities when travelling. Sometimes, even though the trip is
relatively long, still the fragmentation makes any activities impossible (A.5).

CAROLINE : “If I have a transfer on my way | don’t do anything because | am just waiting
for changing the trains or changing the bus.”

People seem to acknowledge the AVs benefit of merging multiple short trips into one smooth journey.
They recognize the improved chance to perform activities during the travel.

NORBERT: / could see that (the AV) as a big advantage, you do not have to wait, you do
not have to switch, there are no people making phone calls.

The idea can be conceptualized as follows:
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Currently: Travel too fragmented to perform activities

With AV: Continuous travel from A to B — more space for activities

Time

v

Figure 15. Benefit of AVs in terms of travel continuity

Such merging is especially advantageous for people using PT on daily basis, since those are most
affected by travel discontinuity. Thus, it is possible that the advantage of continuous travel time will
make current PT users more willing to use AVs instead (A.6).

PAULIEN: “It (the AV) would be an alternative for me if | had to take the bike and change
to the bus and the metro, 2 times or 3 times. That is not a direct connection. Then you are
on the road for one hour instead of 20 minutes. Then | take the AV.”

4.1.1.3. Privacy

Besides the temporal aspect, the travel timespace also captures characteristics of travel environment,
namely properties of the space to which the traveller is exposed. One of them is privacy. It is relevant
almost exclusively for PT users. It refers to presence of other people (unfamiliar to the traveler) in the
travel environment. Low privacy limits the range of possible activities. In case of heavy overcrowding
there is basically no much other choice than to kill the time.

ELISABETH: “I would like to use my time in PT differently. But | often travel at peak hours,
I don’t like to open my laptop, then you're on your cellphone for a bit, just on the internet
doing nothing. (...) | think it's good at other times in PT, but it's just not a good idea at peak
hours.”

The participants recognize the advantage of AVs over PT in that respect (A.7). The AV is perceived by
the participants as a confined, private space. It allows to focus better and creates a good environment
for work, for example with a laptop.

BART: “I would say AV will be different from PT, because in PT | don’t put my laptop out.
(...) | will take the AV as a mini office space, movable office space, and do office work that
does not need any interaction with people. So it is different because it is confined
environment where | can concentrate.”

The privacy provided by the AV could also allow people to perform some brand new activities.

CAROLINE: “I think in my AV | would do something for what | never have time. For example,
maybe use the car as a karaoke salon. | will sing, but now | don’t have time to do that.”
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4.1.1.4. Comfort

The comfort factor is understood as the physical sensation of the traveler when being in the travel
environment. In this sense it represents things like level of noise, temperature, how comfortable the
seats are etc. It is also related to presence of other people — in case of overcrowding it might be
necessary to stand in the vehicle, which reduces the comfort.

“LINDA: | am annoyed by my train journey, especially if it is busy and you have to stand,
then you can’t even read a newspaper. {(...)

Compared to conventional modes, AVs are expected to provide much higher level of comfort. Again,
the advantage is especially prominent when comparing AVs to PT.

NORBERT: “(...) You have the comfort of your own room, no noise, no people who are
calling, you do not have that.”

Of course the feeling of comfort is a highly subjective matter and one could argue that it should be
seen rather as a personal characteristic than a property of travel environment. However, eventually it
is always a function of the latter, thus it is still categorized as one of the travel timespace factors.

4.1.1.5. Facilities

Accessibility to facilities has important impact on the range of possible activities. Currently, the variety
of facilities available to the traveller is rather limited. For car drivers it is mostly just a radio. For PT
users an important facility is Internet which is sometimes available in the vehicle.

DANIEL: “Sometimes you get lucky when there is Internet inside the trains, then | read
twitter.”

For AVs the significance of facilities is expected to be more crucial, due to more freedom one has to
use them during travel. The participants came up with many ideas of sophisticated facilities they
would like to have inside their vehicles if they could design them to their own taste (A.8).

“ELISABETH: A kind of work consultation. | mean your colleagues are also on their way
home, you can just do it on the way.

JELMER: In your AV, skype.

GABRIELLE: Yes a good screen and a good sound system.

FELIX: Massage chair.

JOHANNA: Imagine a kitchen in it, you can prepare everything, you're home, eat
everything, everything's done.”

As stated in the FGs, depending on the facilities the AV might resemble either work space or home
space, (e.g. for relaxation) (A.9).

PIETER: “I think it has to do with how the design of the car will look like, it will become a
relaxation room or it will become a working space.”

An interesting observation showing the high significance of AV facilities is the idea, that renting a
suitably equipped vehicle might be in fact more appealing than having an own AV. Depending on the
specific purpose of the person during a particular travel, an AV with a suitable interior could be rented
(A.10).

38



ANDRE: “I don’t think people will have an AV with one interior. You just order a car and
that you want to sleep, then a car with a bed comes in. Or | want a car with a desk or
something. | don’t think people would have their own car. You can just order a car. You
know the blue bicycles in Delft. (...) That’s how | see it. That will be fun. Or maybe one with
friends, with a bar.”

The option seems to be appealing especially for specific, irregular travels, e.g. overnight trips to distant
locations (a bed inside) or travelling with friends or relatives for leisure purposes (AV as an
“entertainment room”).

4.1.1.6. Size of the vehicle

Whereas the significance of vehicle size was not explicitly mentioned for current modes of transport,
in case of AVs it was expressed on a few occasions. On one hand, size is an obvious limit to the facilities
that can be fitted inside the vehicle.

“NORA: A relaxed chair or something.
NIEK: Well, it has to fit, | do not think it all fits.”

On the other hand, the size also determines the way AV environment is perceived, having effect on
the perceived range of suitable activities to be performed on-board.

“DANIEL: You can convert the AV to bar, and start drinking some alcohol.
BART: | don’t feel like a car is a...maybe a big car, the size of a room can be a good place
for a lunch with colleagues.”

The above quote shows that the vehicle size will most probably have a psychological impact on the
traveller. This matter is addressed more in detail later, when discussing perception and use of travel
time for AVs.

4.1.1.7. Seatbelts

The last factor belonging to travel timespace refers to freedom of movement during travel. Currently,
seatbelts reduce mobility of car users, however those are still limited anyway by other factors, e.g.
necessity of steering the car. In case of AVs, the impact of seatbelts on the activities might be more
prominent.

GABRIELLE: “I have another question: are there any belts in those cars? | ask myself that.
I'm gonna do this, I’'m gonna do that. But when you sit there, constricted...”

PAULIEN: “Yes, but also for the passengers, you are just playing a game inside the car and
then the car suddenly brakes. How does that work?”

It also needs to be noted that seatbelts can be seen as an element of the Comfort factor. However, the
current definition of Comfort does not explicitly cover constriction of moves when travelling, which
is the main impact of seatbelts. Such constriction is expected to have a different significance for the
range of activities than the elements composing the Comfort factor, thus seatbelts are treated as a
separate factor.
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4.1.2. External factors

Another group of factors in the travel time use mechanism are the external factors. Those are not
connected in any way to the act of travel itself. They are also different from personal characteristics:
while all personal characteristics (in the sense they are defined in the travel time use mechanism)
represent different aspects of traveller’s attitude to the act of travel, external factors capture those
elements which are separate from it.

4.1.2.1. Job characteristics

First of these elements are characteristics of the performed job. One important distinction is whether
the job is stationary or non-stationary. Stationary jobs require being daily in a single specific location
at a specific time.

LAURA: “Yes, | drive a lot in my car, | have to go to the office every day and if the travel
time is shorter, that would be ideal.”

On the other hand, non-stationary jobs entail travelling to multiple locations.

“KOEN: Yes, of course, | travel to work by car. One time it takes an hour the other time two
and a half hours. It is a bit mixed during the week. (...)

MODERATOR: As a business consultant you obviously have to go to multiple destinations.
KOEN: Yes. Multiple locations.”

Consequently, stationary jobs are characterized by regular daily commuting, whereas for non-
stationary jobs travels have irregular destinations and intensity. Another important job-related factor
is whether travel time is accounted as working time by the employer. If not, some people do not see
the benefit of working when travelling.

ANDRE: “On the other hand, if | am going to work, why would | also work in the train?”

This aspect is also relevant for working in the AV.

FELIX: “If your employer also takes into account that your travel time is also your working
time, then you can also stop earlier. Then you take that into the AV so you do not have a
disadvantage at all from the travelling.”

4.1.2.2. Flexibility of daily activity plan

This factor represents how rigid a particular daily activity plan is, namely how much flexibility one has
in changing the initial plans and shaping them dynamically as the day unfolds. Of course, people having
stationary jobs have the most rigid plans. They can easily develop certain travel time routines. People
with less stationary jobs have usually more freedom in redefining their schedules. Still, among the non-
stationary jobs different levels of flexibility occur. For example, a participant working as a pedicure
specialist has a predefined set of locations which have to be visited throughout the day at specific
times:

“PAULIEN: | work for myself as a pedicure specialist. (...) | travel back and forth with the
car all day long.

MODERATOR: So not at a fixed location.

PAULIEN: No, at people's homes.”
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The more random and entrepreneurial the job becomes the more flexibility one has in shaping daily
plans “on the go”.

NICOLE: “Well, | am satisfied (with my travel time) one day, then | get everything done.
The other day | am not satisfied, because | do not have a permanent working place. I travel
everywhere. For me, every day is different. Every day is a surprise. It depends on the time,
one time you can do a lot, for example learning. But very often when my travel time is
interrupted, you will not get into that flow. If you know that you have to go to work every
day for 20 minutes or half an hour, then you have some time for yourself. But for me that
is different every time. If | know that | have to be in the car for an hour, then | can also plan
something, then | will do this and that. So that really changes. But | try to get done as much
as | possibly can in the car.”

This factor is especially significant for AVs — the more flexible the daily travel pattern the more room
for various rearrangements. AVs might be found especially attractive by people with less rigid and
predictable daily patterns. This fact is elaborated more when discussing the impact of AVs on daily
activity plans.

4.1.2.3. Time pressure in daily life

Time pressure in daily life was found to be one of major determinants for travel time use. If a certain
activity causes such pressure, it can either be performed during travel, or more time can be “made”
for it by performing some other activities when on the move. Currently, the activities that are
transferred are rather unsophisticated, due to all the limitations of current modes. The example below
shows how time pressure causes transferring eating into the car.

PAULIEN: “What | do on the way is often eating a sandwich, because otherwise | do not
have time for it. Occasionally | stop and to do some grocery shopping. But only eating in
the car.”

In case of AVs the opportunity to transfer various activities into the vehicle will be much more broader,
therefore time pressure is likely to have more impact on travel activities.

CAROLINE: “I think in my AV | would do something for what | never have time. For example,
maybe use the car as karaoke salon. | will sing, but now | don’t have to do that. So | don’t
substitute that time, the working time. So | use it for something that | have never get time
for.”

4.1.2.4. Transferability of activities

Even if time pressure might be released by performing some of activities during travel, in order to do
so the particular activity must be transferable into a vehicle. For example, since work is often a source
of pressure, performing (some part of) it on the move could be beneficial. However, not all jobs are
equally suitable to do when travelling and many of them are not even transferable at all (A.11) .

MAARTEN: “The moment you have an AV, and you could work a lot in it, (...) it must be
possible for your work. Because if you work at Hema (a Dutch store chain) then you can
do nothing at home, maybe some administration, that might be possible. But | really do
office work, so at the moment | could do that in the AV.”

Of course, transferability is also relevant for non-professional activities. Certain activities require
specific environment: it is impossible to swim or ski even in the largest possible and best equipped AV.
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4.1.3. Personal characteristics

The last group of factors are personal characteristics of the traveller. It consists of individual features
of the person, relevant for how travel time is perceived and used. They can be divided into two
categories: psychological and non-psychological. Below, each factor is addressed in more detail.

4.1.3.1. Attitude towards driving
A lot of people find driving enjoyable. Some car users appreciate travelling by car and find it a valuable
time, even though their activities during travel are highly limited.

CHRIS: “Yeah, I like driving. Then I listen to music or radio or just do nothing, just take care
of driving.”

On the other hand, some people are unhappy with driving, because they need to constantly pay
attention to the road (A.12).

MAARTEN: “For me, travel time is really loss of my time. | think car driving is not really
relaxed, especially when it is busy, then | notice that | do need a lot of focus to look at the
road. (...) | would certainly spend my time more efficiently if that would be possible.”

Whether driving a car is enjoyable or not depends not only on attitude to driving itself, but also on two
other factors. One of them was already mentioned, namely travel duration. Usually people enjoy
driving more if travel time is relatively short.

JOHANNA: “Yes, I really like to drive the car, so | really like it as relaxation. Those 20-25
minutes to my job, (...) | always like it. (...) Only if | really have to drive big distances, for
example to my parents, for 50 minutes, | think it's a bit boring.”

The other factor is congestion, which is discussed more in detail separately, right after attitude towards
driving.

LINDA: “Yes, another disadvantage (of AVs): driving itself can also be quite nice, if you are
not in a traffic jam. | also know people who, on Sundays, not the typical Sunday driver, but
who just drive a bit on Sunday, just for fun.”

The participants see the advantage of AVs in taking away the burden of steering the vehicle and paying
constant attention (A.13).

PETRA: “It (AV) is better, because now you do everything quickly, you can do it more
relaxed by then. It is more free, you are comfortable, you do not have to pay attention to
traffic. (...) The haste disappears.”

However, the elimination of the act of driving might be seen as a disadvantage for people who are
currently fond of it. This fact was recognized by the participants, who think that some people might
miss driving a regular car.

MAARTEN: “I think it only gets worse for people who really like driving a car, or find it
exciting. | think that it can become worse for them, a kind of hobby that disappears.”

ELISABETH: “Just the driver role, I'm going to miss.”
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However, although the act of driving has currently positive influence on travel time perception for
many drivers, it cannot be concluded that the absence of this act in case of AVs will bring any disutility.

4.1.3.2. Attitude towards congestion
Congestion is one of the factors negatively influencing pleasure from driving, even for people who
normally find car driving relaxing. When being stuck in a traffic jam, very often travel time is
immediately seen as lost time (A.14).

“RENATE: At first | don’t think that it (travel time) is lost time. But as soon as you stand
still it is a lot more annoying. That gives a very different feeling.

PIETER: At the moment you are stuck then it will be lost time.

PAULIEN: Totally agree.”

Due to this feeling, people in general seem to feel pressure to perform activities during congestion.

“NORBERT: Yes, and quality of life. If you often get stuck in a traffic jam, | never have that
myself, it seems to me, that you can get pretty grumpy about it.

NORA: A little depressed, but actually you just have to leave it behind you, otherwise you
really get frustrated.

NORBERT: You cannot really do something.

NIEK: Yes you're stuck.

NORA: You have to pay attention, you have to concentrate. Yes, you cannot really do
something. You also see people who are doing their make-up in the car.

NIEK: | even see people working.

NORA: That is bizarre.

PAULIEN: Usually everyone immediately gets on their mobile phone.”

Again, this phenomenon and its significance is discussed more elaborately when addressing perception
and use of travel time (4.1.4). AVs are expected to remove the negative influence of congestion on
travel time perception. According to the statements of the participants, it would no longer be a reason
to see travel time as wasted.

PIETER: “If you could spend your time in the car useful, at that moment, instead of
watching the road, that would be fantastic. (...) It could be incredibly useful, because it is
also the stress you experience, it is simply incredibly exhausting. Continuously have to pay
attention, in case of congestion, during traffic jams. Cars can suddenly come from
everywhere. You get all sorts of crazy situations when driving in a traffic jam.”

However, congestion could still bring disutility in case of strict time constraints (e.g. by causing risk of
being late at the destination). Such problem was also explicitly recognized in the FGs:

LAURENS: “The example (from the FGs introduction movie) that the AV goes straight to
the airport and you can take a nap there, | do not worry about that. But when it first goes
home, and then he arrives in such a traffic jam, towards the airport, although it is
automated, the person inside is still stressed because it has to be fast. Because he has to
be at the airport on time. Then you are still tense in an AV.”

It has to be noted though, that the scenario used in the FGs assumed a flawlessly working transport
system with smooth traffic flows. Therefore, although such problem was mentioned by the

participants, it was excluded from the study scope.
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4.1.3.3. Social satisfaction with travel

It was observed that people assign certain social value to the act of travel. It was not expected prior
the FGs, but appeared repeatedly during the discussions. However, although the social element
certainly plays a role in the act of travel, its exact nature remains unknown.

On one hand, travel time can be seen as quality time if it is spent with friends or family (A.15). This
social dimension of travel is something that could be already expected. However, also social
interaction with random people (strangers) seems to bring utility to the travel. Being around others,
eye contact and casual interaction is seen as a valuable travel experience. It bears significance for both
car and PT users (A.16).

BART: “Another disadvantage (of AVs) is that we may not go to the train stations anymore.
So there is a bit of breaking some social aspects. | have good memories from train stations.
There are people, we can go and have a coffee, buy a journal, and wait for the train. It is
a pleasant time, when we can see people.”

AVs might bring deterioration to this aspect of travel. Using such vehicle was compared to travelling
in a “bubble”.

BART: “I am afraid that if we use AVs all the time we will find ourselves in bubbles. We go
from point A to B in an isolated way. So there may be no be much room for interaction and
unpredictable things. Like it may be too deterministic, less exciting.

This “property” of AVs not only reduces social interaction with other people, but also makes life more
deterministic in general. It is captured by another factor — “travel ennui”.

4.1.3.4. “Travel ennui”

Currently, the scenery during travel is constantly changing, making the travel experience more
interesting and unpredictable. Moreover, it is possible to get lost or to spontaneously diverge from the
planned route, e.g. to explore unknown areas. On contrary, AVs are characterized by an isolated, “A to
B” manner of travel. They are expected to take away the element of spontaneity associated with the
traditional way of traveling. The participants are afraid that travelling might become more boring and
less bearable, compared to current modes (A.17).

“KOEN: | sometimes when | travel for my work, then | sometimes pick a village and then |
walk through the center. But, now you enter the address and you go to where you have to
go without stops.

MODERATOR: Unexpected things.

KATRIEN: Yes, they are not there anymore, | think.”

Similarly to the social aspect of travel, the exact influence of “travel ennui” on travel time perception
and use is difficult to determine. The possible impacts of these factors are discussed in more detail
when addressing perception and use of travel time for AVs.

4.1.3.5. Perception of safety

For travel time use it is important how safe the traveler feels when performing particular activity on
the move. This perception of safety is significant only for some modes, like car or cycling, whereas it
has no influence in case of PT or train (they are very safe). Currently some activities in the car are
perceived as too risky - people might resign to perform them for that reason.
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KATRIEN: “I think that there is a lot more possible, now people also do everything that is
not allowed in the car. | see that continuously, | see people with open laptop when driving,
on the 2nd and 3rd lane with 130/140, then | think: okay...”

For the purpose of this study it was assumed that AVs are 100% safe, however in reality perceived
safety could be a significant factor limiting range of activities performed in AVs.

LAURENS: “My point remains, even if it is completely automated, | also think it is important
that the person remains in control, at all times. Why? An automated system can have
looked at all safety scenarios, but there is always a scenario that is not programmed.”

Certain activities which fully take the attention of the traveller from the road, e.g. sleeping, might be
performed in AVs less willingly. As the perceived safety increases, people might be willing to engage in
more absorbing activities. This possible relation can be conceptualized as follows:
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Figure 16. Hypothetical relation between perceived safety in AV and performed activities

The above relation is hypothetical: the activities presented in the figure do not come from the
participants statements and were chosen subjectively. It is well possible that perception of AVs safety
will increase in time, provided that their wide implementation will prove safety of the technology.
Otherwise, the AVs users might stick to less absorbing activities on-board.

4.1.3.6. Motion sickness

Next to psychological characteristics, also non-psychological personal characteristics were identified.
In the FGs only one such characteristic was mentioned: motion sickness. It was indicated only twice in
the discussions, appearing in both current and future (AV) context.

CAROLINE: “l used PT regularly and | used to have a presentation, so | could use that time
for getting ready for the presentation. And it was very useful. Yeah... Despite of the fact
that | feel dizzy when | do something when | am moving. But | could use that time just to
get prepared for my presentation.”
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RENATE: “I must say something about reading (...) So, | cannot actually read a book inside
the car because | will get sick. Watching a movie is still possible, | would still do that. But,
I hope that I will not suffer from it anymore. | never tried that behind the computer.”

Despite of little attention devoted to this topic in the FGs, its significance might be high. It is presumed
that majority of participants was in fact not able to accurately imagine how performing discussed
activities in an AV would feel like, thus so little discussion about motion sickness.

4.1.4. Perception and use of travel time

After addressing the factors determining travel time perception and use it is possible to arrive at the
upper tier of Figure 13. The way travel time is perceived and used turned out to be remarkably different
for both current modes and the AV. Therefore, these two will be further discussed separately.

4.1.4.1. Perception and use of travel time currently

Regarding the current situation, most importantly it has to be noted that travel time is clearly seen as
a different kind of time than “normal” time outside the vehicle - its relative value is lower. This fact
finds direct confirmation in some statements of the participants. An example is using the time for
activities for which “normal” time is too valuable:

III

GABRIELLE: “I'm using travel time to do something fun, for example, people | have not seen
a long time, | can call them when I’m in the car (...) But then | don’t think it is lost time. If |
have to do that at home otherwise, then | find it lost time to call people.”

The reason for such treatment of travel time is a result of a psychological mechanism involving the

factors addressed in the preceding section (see Figure 13). A more detailed version of the mechanism
is presented in the figure below.
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Figure 17. Interaction of various travel factors for current modes of transport.

The red, yellow and green rectangles are the earlier identified factors, and the blue rectangles
represent the way they interact together determining travel time perception and use. The colours
correspond to the Figure 13. For clarity, all the external factors are combined into a single green
rectangle. Social satisfaction with travel and “travel ennui” are not included, because their possible
role is too ambiguous and difficult to determine in context of the above diagram.

The factors on the left side of the figure determine how much the travel time resembles “normal” time.
The more it does, the higher the “quality” of travel time, which increases the feeling of remorse if time
is not used productively. Whereas most of the presented relations are self-explanatory, the positive
impact of congestion on safety might seem confusing. It has to be clarified, that in context of the above
figure “safety” refers to the perceived safety of performing activities on-board. Thus, although driving
itself might not get safer as congestion intensifies, performing activities is seen as safer due to lower
speed, or even being in standstill.

I"

The remorse is not only affected by the resemblance of travel time to “normal” time, but also by the
three factors at the bottom of the diagram. For car drivers, the attitude towards driving plays an
important role: a person fond of driving feels less remorse than someone finding car steering
burdensome. As explained earlier, attitude towards driving depends also on congestion and travel
duration. Furthermore, the more external incentives to perform activities and the longer the travel,
the higher the remorse.

As the remorse increases, pressure to perform activities also grows. In consequence, the time in the
vehicle is spent in a more active way. Performing an activity both reduces the remorse, and works as
a positive feedback for resemblance of travel time to “normal” time. The last of these relations
captures the bidirectional nature of travel time perception and travel time use. For example, the fact
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that a person is working during travel might be realised in two ways. On one hand, it might originate
at the factors on the left side of the picture. Due to their certain combination travel time might
resemble office time. Thus, the traveller might perceive travel time as office time, and work during the
travel. On the other hand, the factors directly affecting remorse might be decisive. If external pressure
to work is high enough, working during travel becomes a necessity. As a result, travel time is still
perceived as office time, but the perception arises from external factors rather than properties of the
travel timespace. It shows that the relation between perception and use of travel time is mutual: either
people do something during travel, because their perceive travel time in a certain way, or the other
way around.

The diagram is valid for both car and PT users. For car drivers, factors like travel continuity, privacy and
comfort resemble conditions during “normal” time, thereby increasing the remorse. However, the
driver is very limited regarding activities by steering the vehicle. For that reason, in case of car travel
the key factor is pleasure from driving. In uncongested conditions driving is more enjoyable and it is
less safe to spend time actively due to high speed. It serves as a psychological “excuse” to not feel the
remorse. As a result, many people claim to enjoy driving, unless congestion happens.

CAROLINE: “Usually people like driving if there is no traffic jam”
When congestion appears, the feeling of safety increases —the car is basically in standstill and constant
attention and steering is not required. Moreover, the pleasure from driving diminishes - the remorse
resulting from high resemblance of travel time to “normal time” is no longer counterbalanced by the

joy of driving. Consequently, remorse and pressure to perform activities increases, reinforcing the
positive loop in Figure 17. Statements coming from the participants illustrate this mechanism:

Travel time perception: i ﬂ
RENATE: “Well at the moment | think it, | also drive at times that it is generally E

Remorse

, then | find it, if it does not take too long, | also find it kind of iTr' Qucation
. If it all just goes nice then | just think, good. Music on, my cappuccino. Then iFaciIities
I do not think it's all that bad.” (indirectly
:privacy,comfort)
Activities: |
RENATE: “And indeed and you think: oh, I still have 1. . .
to send a WhatsApp, so then | do that. but it’s useless E

time, especially when you are standing still.”

The above participant perceives travel time as time to relax, at least in uncongested conditions.
However, when congestion appears, travel time is perceived rather as time for action (or time to kill).
Quite opposite example comes from another participant, who used to be exposed to heavy congestion
on a daily basis:
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)

Tr. duration

Travel time perception:

ARJUN: “l used to drive car in my country, in India. It is the second most populated
country in the world as you know. | used to face . (...) People
keep on honking. | used to get suck up at traffic for two hours. (...) It’s normal. To
get stuck for two hours, yeah. (...) | don’t think it (travel time) is productive, it is
totally unproductive. So, even if | could work on my laptop | would prefer to send
some mails, which could be short tasks I can finish when travelling.”

Remorse
E

xt. incentives

Activities:
“MODERATOR: What do you do when you have these congested moments?
ARJUN: I get frustrated that’s all.”

Remorse

In case of the above participant, exposure to heavy congestion for a long period of time caused strong
remorse. At the same time, the range of possible activities is heavily constrained by the act of driving.
The time is considered by the participant as wasted.

Figure 17 is relevant not only for car drivers, but after removing car-specific factors (attitude to driving
and congestion) holds also for PT users. Their absence eliminates the negative, counterbalancing
influence of pleasure from driving on the remorse. Thereby, in comparison to the car, the impact of
factors in the left part of the diagram becomes more prominent. Some of them make travel
environment more resembling “normal environment” than in case of a car: absence of seatbelts,
vehicle size, safety and motion sickness. Some others have more negative influence on the
resemblance, like travel continuity, privacy, comfort (the last two depend however also on specific PT
circumstances). Compared to a car, on-board facilities gain importance: the traveller is less constricted
and has more freedom to use them. Some of the factors are exemplified in the following example:

Travel time perception: E .
DANIEL: “I think for me it (travel time) is something between productive and w
unproductive. | can’t say it is totally unproductive, because if | have this time at iRemorse
home, | have wasted this time completely even worse than when being on a i
train. It is not totally unproductive as well, because at least | can check the |
Internet. ” E

Activities: :

DANIEL: “I often use the train. To commute through the Netherlands or to the i
airport. But inside the train | do approximately the same as when | am riding a E
bicycle. | listen to music or audiobook. Or just stare through the window. i
Sometimes you get lucky when there is internet inside the trains, then | read iFacilities
twitter. E
MODERATOR: At some places, yeah E
DANIEL: It is not always an option in all trains. On early mornings | can’t do much, E

and then | just sleep. | try to sleep, it is not always... |
MODERATOR: You start early? i
DANIEL: Sometimes at 5 i
MODERATOR: Seriously? Why? 5
DANIEL: Because I need to go to Eindhoven. (1,5 hour journey)” ETr‘ duration
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The above participant treats travel time in the train as time to kill. He takes advantage of the facilities
in the vehicle to use Internet on his phone during a relatively long journey. Still, he does not feel the
remorse for not spending this time more productively. The reason is presumably the fact that train
environment bears little resemblance to any “normal” environment, but also the early time of day.
Another example below shows a PT user annoyed by the travel time, if it does not allow to perform
some pending tasks. In this case, perception of travel time is on the verge of time to kill and wasted
time.

Travel time perception: i
LINDA: “I usually travel by train. I live in Rotterdam and | have to go to The Hague, i w
then the car is not really an option. (...) | live on the eastern side of Rotterdam so |
have to switch, so it's a short piece that I travel. It is an hour or so from door to iTr. duration
door. I cycle a bit, then the train, then switch again, another train, then a tram. iTr. continuity
So a lot of fragmented trips.” :

LINDA: I am annoyed by my train journey, especially if it is busy and you have to iggm?gﬁf orivacy

stand, than you cannot really read a newspaper. And the fact that | have to make 1. continuity
switches leads to the fact that | cannot really do anything, prepare for work or
whatever. It could be more optimal, that what | do, | adapt to the possibilities that
| have at that moment.

MODERATOR: What would you like to do then?

LINDA: Well, in some cases, really reading something, or having a telephone
conversation, answering my mail is partly possible on my mobile phone. This is
easier when you are sitting down compared to when you are standing. If the
train is slightly smaller than planned, that is rather annoying.

MODERATOR: And of course you have small, short trips.

LINDA: Yes, that makes it all even more annoying, you do not start reading
something that you have to read for your ten-hour conversation, you do not just
do that, that's a bit tricky.”

Ext. incentives

Comfort

Vehicle size

Remorse
E

xt. incentives

Activities:
LINDA: “So what | mostly do when | travel, especially at night, watching Facebook,
reading some news in the morning and staying up to date. Sometimes watching a
movie or whatever.”

By applying similar analysis to all FG data, it was found that through interplay of various factors a
traveler might belong to one of four different travel time perception categories. On one hand, mostly
depending on travel timespace and personal characteristics, travel time can be seen as a burden or as
an opportunity. On the other hand, it can be spent in either active or passive way. This is determined
primarily by external factors. In that way, perception of travel time can be classified into following
categories: time for action, time to relax, time to kill and time wasted. This categorization was
proposed by Baiba Pudane prior to the study. It is also applied in the analysis of the actual results,
because it fits and explains properly different attitudes of the FGs participants. The four categories are
presented below.
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Wasted Time to
time relax
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Opportunity

Figure 18. Categorization of current travel time perception

The four categories are shortly discussed below. It is important to note, that a particular traveler is not
assigned to one of these categories once and for all. The assignment changes dynamically, depending
on the dynamics of the factors. Consequently, a single traveler might even switch the category a couple

of times during a single journey.

Time to kill

On one side of the horizontal axis are those who see travel time as a burden. Within the group, two
categories can be distinguished. One of them includes those perceiving travel time as time to kill. For
these people, the common element is treating travel time as necessary burden. The travel has to be
made anyway so at least the time can be made more pleasant by performing simple activities, e.g.

listening to the radio.

Travel time perception:

NORA: “For me, travel time is normal. It's in my system. | do not see how | can change
that, | have to go to work anyway. Whether there is a traffic jam or not, | have to go
there anyway. I'm just going there and I'm not worried about it. (...) So | am just satisfied

with my travel time, the distance is not that far.”

Activities:

NORA: “ Yes, then you get stuck (in case of congestion). Then you can do nothing but
wait quietly. | never look at my mobile phone on the road. | do not do that. So | just focus
on the road. So I'm not busy with other things when | am on my way, yes, paying

attention and driving a car. (...) Music as well, 100% NL and then sing along.”

)

In case of “killing” time, it can be concluded that the activities are dictated by travel time perception
rather than the other way around. A very limited environment is available for certain time: possibilities
are constrained, therefore the best one can do is to reduce the remorse by killing the time in a rather
random manner. Moreover, this fact is rather accepted and not usually seen as something negative.

People belonging to this group feel mostly satisfied or neutral about their travel time (
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“MODERATOR: So André, if we go back to your book reading, playing with your phone
(during travel time). Do you think it is productive? You can say yes and then you are
finished. But if it is unproductive, can you also think of how you would utilize it otherwise?
ANDRE: It is not really productive, | would say. | could use the time to prepare homework
or studies. That would be a more productive way to spend it. (...)

MODERATOR: (...) But you are happy with the way you spend your time during the trip?
Don’t want to really change it?

ANDRE: No, | am quite happy with it.”

Wasted time
Another group perceiving travel time as a burden are those who see it simply as wasted time. Often
they do not pursue any activities. However, even if they do, their perception of travel time is clearly

negative: it is a source of stress and frustration. (A.19)

Travel time perception:
MAARTEN: “For me, travel time is really loss of my time. | think car driving is not really w
relaxed, especially when it is busy, then | notice that | do need a lot of focus to look at
the road. The same holds for cycling, it is not like: | do it for relaxation. It is more that you
have to do it to get to work. But to really say that | find it relaxing, or that | think | spent
that time useful: no. | would certainly spend my time more efficiently if that would be
possible.”

Activities:

MAARTEN: “/ usually listen to the radio. Sometimes | also listen to a podcast. On the bike
it is actually the same, also a podcast or audio book.”

In this case the impact of travel time use on travel time perception seems to be more prevalent than
the opposite relation. Even though other factors also play an important role, it is mainly the inability
to use travel time productively that makes this time “wasted”.

Time for action

People being on the opposite side of the horizontal axis see travel time as an opportunity. Those who
choose to spend it actively perceive travel time as time for action. Within this group a few different
types of travelers can be distinguished.

For some people, the fact that travel time has a lower value than “normal” time makes it particularly
suitable for certain activities. Those activities, if performed in other circumstances, would be seen as

a waste of time.
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Travel time perception:
GABRIELLE: “I'm using the (travel) time to do something fun, for example, people | have
not seen in a long time, | can call when | am in the car. (...) But then | do not think it is
lost time. If | have to do that at home otherwise, then | find lost time to call people.”

Activities:
GABRIELLE: “If I drive my car, | use my phone but then with Bluetooth. | think that's easier,

so | can talk a little longer and more relaxed with people. If | go by train then I do a lot of
work on my phone.”

In a similar way, for some people the act of travel itself is a stimulation to perform activities. The
mechanism resembles the one in the above example: travel time is a “special” kind of time, which
makes it particularly suitable for certain activities.

Travel time perception:
BART: “Yeah, (travel time is) quite productive, actually in PT | used to read quite a lot, w
more than when | am at home. So, when | travel, | used to, | don’t know, maybe it’s
psychological, | used to read a lot. (...) Yeah, the aspect of moving and changing places
make me willing to read. (...) We are changing places so we change environment and it
gives the will, | think, to see differences, different experiences, traveling is an experience.
Reading is an experience as well. It is a kind of travelling. (...) Yeah, it is quite stimulating.”
Activities:
BART: “l used to take PT. So mainly | used to read. And sometimes just looking at the
landscape. (...), looking around.”

What seems to be common for all the people perceiving travel time as time for action is that there is
a certain routine which they follow when travelling. The actions are not spontaneous, but rather
regular and planned. The time is not spent purposelessly and randomly, like in the case of people who
see travel time as a burden.

Travel time perception:
NORBERT: “I really like it (using travel time) this way. Especially in the morning. In the w
afternoon I’'m usually fatigued, so | care less. But then | also like what | do, whatever | do.
Often | do nothing, I'm tired too. No, | would not know how that could be more pleasant.
I like it as it is at this moment.”
Activities:
NORBERT: “In the morning | read the newspaper, nothing else actually. In the afternoon,
every now and then the newspaper, usually my phone or | do nothing, listen to music. (...)
It is (reading the newspaper) for my work, | must of course stay updated about news. But
I also find it very relaxing. It is a very nice ritual, very relaxed.”

Another type of people seeing travel time as time for action are those who spend a lot of time on
travelling. It is often related to the type of performed work: for some people travel time is in fact their
working time. Generally speaking, people travelling a lot feel higher remorse for not using travel time
productively, thus they spend it more actively.
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Travel time perception: w
JELMER: “The rush you have, that can be quite stressful, quite a lot even, if you drive, two
phones, one on the app and the other one on google, then you are sending a WhatsApp,
next moment someone sends you a message. And then you're half in traffic jam. Then |
get stressed pretty fast indeed. (...) If I'm stressed then everything goes wrong. Then |
make mistakes.”

Activities:

“JELMER: Yes, to my big shame, | have to admit that | send WhatsApp’s behind the
steering wheel, but it is not possible to do it different for me, it’s for my work. On my
way, | make calls, | try to put it on Bluetooth, with calls, | usually do. Often my boss sends
me a WhatsApp to me, that's the only time | have contact with that man (...), someone
has called in sick, | have to arrange a new guy. And | actually travel throughout the
country. Amsterdam we have people, Tilburg and the Hague, we have people, so all the
work projects have to be done, and on the way I'm just calling.

MODERATOR: You are just working in the car?

JELMER: Yes

MODERATOR: And is there a moment of rest, or does it almost never occur?

JELMER: Almost never, | also eat on my way and then I'm at the Mac, then I'm with my
computer.”

The example above addresses working in the car, which is often stressful. In this sense travel time is a
“burden”, but in the sense of “usefulness” of time, which is captured by the Figure 18, it is considered
as opportunity ( ).

Time to relax

The fourth, last category of travel time perception consists of people who see travel time as time to
relax. Those are the ones perceiving travel as opportunity, and at the same time choosing to spend it
passively. Pleasure from driving often determines belonging to this group ( ).

CHRIS: Yeah, | like driving. (...) | love to drive, and also I love to bike. Less PT. | don’t like
so much PT. So | prefer either bike or drive. (...) Yeah, of course when you are driving, you
don’t do anything you’re just driving. | cannot do any work.

Travel time perception: ﬁ

MODERATOR: But it makes you happy, you said so.

CHRIS: Yeah
Activities:

CHRIS: “Then (when driving) I listen during the driving to music or radio or just nothing,
just take care of driving.”

PT travelers perceiving travel time as time to relax, see the travel as a resting moment. It is a private
moment during the day to calm down and rest. Some participants stressed the importance of having
such moment in the daily routine ( ).
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Travel time perception:
CAROLINE: “For me the work should be done in the office, the time during the PT or w
cycling is for myself. | just want to concentrate, be free, it is a kind of a rest.”
Activities:
“CAROLINE: [ prefer to do nothing.
MODERATOR: OK, and if you are doing nothing, what is doing nothing?
CAROLINE: Just check on my phone, or talking to, if | have a company. Talking or yeah.”

4.1.4.2. Perception and use of travel time for AVs

From the FGs it becomes clear, that for AVs travel time will be perceived differently than for current
modes. This transition of perception is introduced below in two steps. First, the new (AV-specific)
categorization of travel time perception is presented. Secondly, the reasons behind this change are
addressed, namely the change of meaning and significance of the factors. Moreover, the transition of
travel time perception entails two AV-specific phenomena, presumably having important significance
for the actual AVs use: a feeling of being “trapped” in the vehicle and increased pressure to perform
activities when travelling. These aspects will be addressed in the last part of this subchapter.

New (AV-specific) categorization of travel time perception

Currently, the way travel time is perceived highly depends on the mode of transport. In case of AVs
the advantages of various modes are combined. It means both removing the existing disadvantages of
a car (e.g. necessity of driving) and PT (e.g. limited privacy) and combining their benefits (e.g. flexibility
of a car and freedom to perform activities in PT). A common way is then treating the AV as a kind of
‘private PT’. This point of view appeared frequently during the FGs (A.23).

LINDA: “Well, I really see it as a kind of individual PT, individual automated transport. The
two conveniences of the current means of transport are combined, in PT you do not have
the worry about the fact that you have to pay attention in traffic, you have the freedom
of: | get into the car when it suits me and that car is ready for me at front of my door.”

In case of this “new mode”, different factors are decisive for travel time perception than for
conventional modes. One of the most obvious is the interior. Depending on the internal design, the AV
can resemble either home or work environment. This way of thinking was very common during the
discussions.

ELISABETH: “Yes, it will be a kind of extension of your work or of your home.”

LAURENS: “Yes, it's just convenience, it's an extension of what you're doing.”

RENATE: “It will also be an extension of home, because at home you just do what you feel
like doing. This will also be like that.”

LINDA: “If you switch mentally then you are somewhere else.”

GABRIELLE: “Yes, it's an extension of your office then, actually.”

If the vehicle is seen as extension of either home or work, travel time is perceived in terms of
opportunity rather than a burden. Therefore, the horizontal axis in Figure 18 does no longer represent
burden and opportunity, but only different dimensions of opportunity: on one hand opportunities of
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work environment, on the other hand opportunities of home environment. Based on that, the

categorization of travel time perception for AVs is proposed as follows:

Active @
Time to Time for
work hobbies/chores
Work Home
extension extension
Time for a Time to
break relax
Passive

Figure 19. Categorization of attitudes towards travel time for AVs

It is important to note that terms “work” and “home” refer here rather to activities than places.
Namely, when serving as a “home extension” the AV is not an extension of the house as such, but
rather an extension of private life. Thus, also private activities not associated primarily with home are
included in this category, e.g. exercising (associated rather with a gym).

Transition from the current to the future (AV-specific) travel time perception

Although the new categorization is justified by some explicit statements cited above, it requires more
precise explanation. To justify why the “new” categorization is more suitable for AVs than the “old”
one, it is necessary to address significance of each factor for both AVs and conventional modes.

In this section, the impact of every factor is visualised in the context of both “old” and “new”
categorization. However, it is impossible to visualize the impact of all the factors. Therefore, different
cases were distinguished and visualized in a different manner. Meaning of all the graphical elements
is addressed in the table below.

Element Meaning
1. Impact of the factor on falling into specific travel time perception category
exists and can be conceptualized. This is the case for most of the factors.

2. Impact of the factor on falling into specific travel time perception category
exists but cannot be conceptualized. These are the factors which have impact
but it cannot be determined in separation from other factors.

An example is travel duration. If it is short, the travel can be seen either as Wasted
time (not enough time for desired activities), Time to kill (because it is not long
enough for desired activities it is killed), Time for action (short time can be perfect
for e.g. checking mailbox) or Time to relax (short commute might be ideal e.g. for
' a quick relaxation). Similarly, in case of long travel time it can be either seen as
Wasted time (e.g. if the travel time is very long but there are no facilities available
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for a desired activity), Time to kill (e.g. long travel by bus — comfort and privacy
might not allow for the desired activities), Time for action (e.g. long travel in a
train might be a perfect opportunity to use laptop and catch up with work) or
Time to relax (the same train travel can be used for a long sleep).

3. Impact of the factor on falling into specific travel time perception category
cannot be claimed to exist with any certainty.

An example can be social value of travel. Based on the statements of participants
it clearly has some importance in the act of travel. However, it is impossible to
say if it has any impact on travel time perception in the context of the presented
categorizations.
4. If a factor has no impact on travel time perception (or a certain category of it)
no colour is used in the diagram — such fragment is left blank. This element is only
applied to AVs — for them some factors lose their relevance. It has to be stressed
that “losing relevance” in this context means, that the particular factor is no
longer relevant for whether travel time perception for AVs falls into one
perception category or another. For example, comfort is still relevant as such, but
itis assumed to be on such high level, that it creates equally suitable environment
for all the travel time perception categories.
An arrow is used to explain the transition of travel time perception, in case the
’ “old categorization” is applied to AVs. It represents the “movement” of the
traveller from a certain category to another, when using an AV instead of

conventional modes.
Table 6. Graphical elements used in the travel time perception diagrams

It is important to remember that ultimately travel time perception is a result of an intricate interplay
of all the factors (see Figure 17). Moreover, also factors not identified during the FGs or simply random
(e.g. personal character) play a role. It is impossible to say exactly how different combinations of all
the factors lead to perceiving travel time in one way or another. Thus, it has to be stressed that the
impact of each factor is addressed in complete isolation from all the other factors. For example, if
travel is uncomfortable, it does not mean immediately that travel time is perceived as wasted.
However, ignoring the impact of all the other factors, one could conceptualize the impact of comfort
this way. Keeping this assumption in mind is crucial to avoid confusion.

Moreover, the applied graphical method does not allow to fully capture the complexity of some
impacts: certain simplifications are required. The distinctions active-passive and burden-opportunity
were considered in a discrete way: the intention of the diagrams is not to go as deep as various “levels”
of these distinctions, e.g. influence of a factor on using time in less/medium/more active way, or
perceiving time as a light/medium/heavy burden. Impacts on that level are not included in the graphs.
Instead, the scope of the diagrams is on the level of the travel time perception categories: they show
the impact of each factor on belonging to one category or the other.

Below, the diagrams for every factor are presented, addressing their meaning both in case of “old”
(left) categorization and the “new” (right), AV-specific one.
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Travel duration

Active Active

Long
Long

Burden
Home extension

Opportunity
Work extension

Passive Passive

Travel duration plays important role for both conventional modes and the AV. However, it is quite
meaningless on its own: its impact cannot be determined in separation from other factors. Because
the burdensome influence of multiple other factors diminishes or disappears in case of AVs, the
context to which travel duration is applied makes it unjustified to treat time as wasted.

It could still be argued that very short or very long travel duration could result in seeing time as wasted.
However, it is assumed that it can happen only up from a certain minimum travel duration — very short
trips do not bring enough disutility. On the other hand, for very long travels it is possible that after long
enough time the AV user will either lose mental capacity for the task performed on-board or get tired
with the confined space of the vehicle. Although this inconvenience was recognized by the participants,
it seems to not be strong enough to treat the time as wasted. Thus, for AVs an “outflow” of people
perceiving travel time as wasted to other categories is visualised.

For the diagram on the right the impact is quite straightforward: different travel durations are
appropriate for different activities in different circumstances

Travel continuity
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Travel continuity loses its significance for AVs. It can no longer be a reason why the travel is a burden,
which is visualised in the diagram on the left. The factor is no longer relevant for AVs.
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Similarly, also privacy becomes irrelevant for AVs — they provide full privacy (at least if they serve as

private vehicles, like in the FGs scenario)
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Also comfort loses its relevance. Comfort is expected to be remarkably higher for AVs than for
conventional modes (comfortable seats, no noise, no need to stand, self-designed interior etc.). In the
sense this factor is defined it is seen as irrelevant for AVs.
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Facilities still maintain an important role for AVs. If they do not allow for performing the desired
activity, it is undesirable from the point of traveller. However, in AVs still a broad variety of actions is
possible. It is always possible to perform a range of alternative activities, still likely to bring positive
utility. Therefore, the worst considered case is that AV time would be treated as time to kill.

In case of the AV-specific categorization on the right, facilities on-board are decisive for whether AV is
more suitable for work or for home activities. Whereas working usually requires no more than a desk
and comfortable seat, for non-work activities the range of required facilities might be much broader:
it might range from a gym set to a large TV screen. Thus, impact on this category cannot be
conceptualized in this diagram. For more passive ways of spending travel time the interior must be
facilitated in a manner resembling home: e.g. with a bed.
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Seatbelts are still likely to have significant influence on time perception for AVs. For that reason there
are no arrows in the left diagram — it is assumed to hold also for AVs. For the diagram on the right, it
is assumed that whereas working (e.g. on a laptop) does not require that much freedom of movement,
some private activities might do (e.g. physical exercise). Thus, the impact is more ambiguous. More
passive activities require little freedom of movement.
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Size of the vehicle
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Size of the vehicle is expected to still have impact for AV, therefore no arrows are added on the left.
The exact impact is however difficult to assess, which is captured in the right diagram. From the
statements of the participants it is clear, that the size of the AV has its psychological impact. However,
it cannot be addressed in this graph - it is elaborated more when discussing the feeling on being
“trapped” in the AV.

Job characteristics
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Job characteristics address whether the job is stationary or non-stationary. Although the impact of
this factor cannot be shown exactly in the diagrams above, again the context to which it is applied
makes it unjustified to treat time as wasted (similar as travel duration). The impact of this factor
becomes more prominent in the section 4.2 — “Activities in AVs and daily activity plans” — it gains
meaning with this specific background.
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Flexibility of daily activity plan
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Type of daily travel pattern describes whether daily trips have form of simple commuting or are

intense and irregular. The above description for job characteristics also applies to this factor.

Time pressure in daily life
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Time pressure in daily life is significant for both conventional modes and AVs. For the former, in case
of no pressure travel time can be either killed or used for relaxation. In case pressure appears, if it can
be released during travel, travel time becomes time for action. It can be done either by performing the
very activity causing pressure or by performing some other activity (and saving time). If time pressure
cannot be eliminated in any of these ways, the time is categorized as wasted. For AVs, the range of
possible activities is so broad, that the arrows represent the “outflow” from the category Time wasted
to other categories.

The broad possibilities are represented in the diagram on the right. The origin of time pressure is
decisive for whether travel time is treated as time for work or private chores. In case of no pressure it

is assumed that travel perception might belong to each category with equal probability.
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Transferability of activities
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Transferability of activities is treated as a discrete value — the desired activity can either be transferred
to the vehicle or not. Some actions require being at certain locations and cannot be transferred by any
means (e.g. playing football or working as a shop assistant). The significance of this factor for both
diagrams is fairly straightforward: if the given activity can be transferred, travel time is perceived as
time for action. Otherwise, it belongs to one of three other categories with equal probability. This
distinction still holds for AVs, thus there are no arrows on the left. In case of AV “action” is further
broken down into “work actions” and “home actions”.
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Attitude towards driving is only relevant for current modes, specifically for car drivers. For AVs the
factor is considered as irrelevant, therefore no arrows are present and the right diagram is empty.
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Attitude towards congestion
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Similarly, attitude towards congestion is deemed irrelevant for AVs. Whereas currently it creates
pressure to perform activities and gives a feeling of wasted time, for AVs it is not expected to have any
impact. It would most probably be still relevant if congestion would lead to negative time effects, e.g.
being late for an appointment. This is however out of the research scenario — it was assumed that the
whole technology works flawlessly, including traffic flows.

Social satisfaction with travel
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“Travel ennui”
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Social aspect of travel and “travel ennui” are both factors which certainly play their role in the act of
travel. However, due to ambiguity of these factors it is impossible to say anything about their actual
impact in the context of the above diagrams. Their possible significance is addressed more elaborately
later in the current section, as a part of “trapped in the AV” phenomenon.

Perception of safety
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Perception of safety is seen as a factor relevant for both categorizations. However, it has to be once
more highlighted that in the FGs scenario AVs were assumed to be 100% safe. Therefore, this aspect
was ignored by the participants. However in real life, which the diagrams aim to capture, safety would
still be important. The less safe the AV is perceived, the more passive travel time use is assumed (with
the exception of sleeping).
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Motion sickness is a significant factor, however it was practically neglected in the FGs. The more prone
the person is to motion sickness, the more the travel becomes a burden and activities become more
passive. This fact is represented in both diagrams. Moreover, different severity of motion sickness for
various activities is taken into account in the diagram on the right. This distinction was made because,
in comparison to conventional modes, AVs provide a much broader range of possible activities.

From the above diagrams it becomes apparent that multiple factors change their significance for AVs,
shifting travel time perception more in the direction of opportunity rather than a burden (which is
represented by the arrows). Combining this shift with the impact of external factors leads to perceiving
the AV as an extension of either work or home.

Moreover, a number of factors becomes irrelevant for AVs travel time perception. Furthermore,
significance of some factors was difficult or impossible for the participants to express. Some of them
are too intangible, e.g. social aspect of travel. Although it was recognised as a significant element of
travelling, its exact value remains unknown:

NORBERT: “(...) Currently, you walk around a bit on the platform, or see who is in the
subway, in the train, you watch what people look like, you hear how people talk (...). (In
PT) something strange happens and someone makes a joke about it, that's a funny
moment right? And all those kind of moments you will miss. | don’t think people like to
meet each other when traveling by PT, but it is becoming more individualistic (with AV).
What the essential value of it is, | am not sure.”

Some other factors were impossible to imagine accurately (e.g. importance of seatbelts) or were simply
neglected by the scenario of the FGs itself (e.g. safety). Therefore it is important to keep in mind that,
in the FGs context, the participants built their statements on AVs use based on a limited number of
factors. Although the mentioned factors appeared during the discussions, it was either incidental or
raised as a general remark. Their impact on the overall discussion on the activities, activity plans and
travel decisions was very limited. To illustrate the factors which played major role in the discussions,
both the irrelevant factors and those likely underestimated are highlighted below in the diagram of
travel time use mechanism.
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Figure 20. Travel time use mechanism for AVs
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After leaving out the highlighted factors, travel time use is determined predominantly by external
factors and the AV interior. A specific role is played by travel duration — it allows the timespace to
materialize as either home or work extension, depending on external factors and facilities. However,
it has to be noted that although such dichotomous way of looking at AV time reflects the way the
participants were mostly thinking in the FGs context, it might not fully hold in reality. The fact that
some burdensome factors become irrelevant and others are difficult to grasp makes it impossible to
imagine how travelling in the AV would actually feel. Although these factors were largely neglected
when talking about activities in AVs and travel and location decisions, their possible impact can be
expressed by two AV-specific phenomena: increased pressure to perform activities and a feeling of
being “trapped” in the vehicle. These two concepts will be now addressed in more detail.

“Trapped” in the AV

Presumably due to a combination of psychological factors and limitations of AV interior, people still
assign certain disutility to the time spent in such vehicle. The AV interior is still a confined, isolated
space, which might cause a sort of claustrophobic feeling.

ELISABETH: “Because you're just locked up. | mean you can do a lot, you can have a lot of
contact, but of course not really. Of course you can shop on the web or cut your stuff.
You're just locked up in a small physical space.”

Similar statements appeared frequently in the FGs (A.24). In the diagram below, the factors which
seem to be relevant for this feeling are presented. All these factors can be deemed as underestimated
in the FGs discussions. “Travel ennui” is represented by “Intensity of unexpected external stimuli” (to
show the direction of influence), other elements are self-explanatory.

A
- +
+

Intensity of Satisfaction
. Proneness to - . .
Size of the unexpected . Constriction with social
motion
AV external ) by seatbelts dimension
. . sickness
stimuli of travel

Figure 21. Factors influencing the feeling of “being trapped” in the AV

It can be further hypothesized that the feeling of being “trapped” is not only dependent on the five
above factors, but is also a function of travel duration and frequency. Whereas the factors in the figure
directly cause the “trapped” feeling, it cannot be stated that more frequent or longer travelling itself
makes one feel more “trapped”. These are rather secondary factors, which together provide a context
in which the above mechanism might be more or less intense and burdensome. This relation is shown
in the diagram below (travel frequency and duration combined constitute “travel intensity”):
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Figure 22. Travel intensity and the feeling of “being trapped”

The above relation is hypothesized based on statements from the FGs, particularly those regarding
“Travel ennui” and Social satisfaction with travel. Although they do not point it out directly, they hint
at significance of these factors especially in case of daily travelling. Thus, it is presumed that AVs might
be a better alternative for less regular, special travels rather than daily commuting. In fact, in case of
such travels being isolated might be seen as a benefit, while it likely becomes more burdensome on a
regular basis, e.g. in case of commuting.

The phenomenon of being “trapped” shows that in reality travel time perception for AVs might not
always vary between categories “home extension” and “work extension”. Presumably, the higher is
the burden of being “trapped”, the less accurate is treating travel time as any of these extensions.
Thus, although such dichotomous categorization reflects people’s way of thinking in the FGs, in reality
this “discrete” distinction is unlikely to hold at all times. The longer and more frequent the travel, the
more it could resemble a burdensome “trap”, as in the figure below.
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Figure 23. Hypothetical impact of “being trapped” feeling on travel time perception for AVs
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Increased pressure to perform activities

Another AV-specific phenomenon is the possibility of increased pressure to spend travel time actively.
Similarly to the feeling of “being trapped”, it is related to the factors underestimated during the FGs,
but also to those which lose their relevance for AVs. The figure below is a new, AV-specific version of
Figure 17. Factors deemed irrelevant were removed, and the underestimated factors were coloured

grey.
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time to “normal” time perform activities
Safety
Motion .
. Remorse for not using
sickness

time productively

External incentives Travel

to perform activities duration

Figure 24 Increased pressure to perform activities for AVs.

As it can be seen, pleasure from driving no longer counterbalances the remorse. Multiple factors
reducing resemblance to “normal” time lose their significance: they either become irrelevant or are
underestimated. As a result, the impact reducing the remorse and pressure to perform activities
weakens. Moreover, as travel duration increases and external incentives intensify, more and more
pressure appears and reinforces the loops. Similar kind of pressure mechanism was earlier addressed
for car drivers in case of congestion. The participants recognized it also as a potential threat of AVs:

ERIC: “The expectation pattern is present, you cannot choose anymore. You may want to
spend some quality time with your partner in that car if it drives on its own. You can just
say there's nothing to check, data and that kind of things. What you just said, | also
understand that, email, if the content of the email is not positive, you are really busy in
your head with that email. Definitely, if you're behind the wheel, if you drive an electrical
car, of course, you're supposed to do it anyway. You almost have to...”

It was pointed out, that even though some of the participants expressed the willingness to use AVs for
relaxation (as a home extension), in fact the travel time might be used for work anyway (A.25).

“PETRA: That's what | am wondering about, because | also think people will work more
because of this. So people can use that time to relax or to work even more.
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PIETER: Yes, that is correct. You will work for more hours. Not only the hours in your car
but also the hours after or before you work at home or at the company. Yes, then you will
work more.

PETRA: You can plan it differently or more useful, | understand that, but I think it's a pitfall
for people to misuse that time. Then | think that you only get overworked.”

Pressure to work might be also increased by external incentives, coming from the employer. An
expectation might arise that the employee will also work during travel. The work pressure might be
also driven by the employees themselves. If some will start to spend the AV time on working, others
will have to follow in order to “keep up”, thus reinforcing the “AV rat race”.

“RENATE: And if you like to work, you put a desk in it.

MODERATOR: It is interesting, what do you think of Petra's comment, that it might also
be a pitfall.

PIETER: Yes, that chance is quite big, because the hours you're in the car, that's working
hours. (...) Of course, your employer may also expect that you work inside the car. You have
an AV, so you can work in the car for 3 hours.”

Due to the mechanism of increased activity pressure it is possible, that instead of improving the
quality of life AVs could eventually lead to its deterioration.

“MODERATOR: Yes, that is also interesting, | personally find that interesting. How this will
look like. What working days will look like. And for you, will life become better or worse
with AV?

RENATE: Yes, better, if we don’t misuse it.”

4.2. Activities in AVs and daily activity plans

After addressing the general mechanism of travel time use, it is possible to focus on travel activities in
a broader context, namely on their interrelation with daily activity plans. Whereas the preceding
discussion concerned also travel time use for conventional modes, the remaining part of the document
concentrates only on activities in AVs.

As already noted (see Figure 20), in case of AVs three main factors play a role in determining travel
time use and perception — AV interior, travel duration and external factors. Taking this into account,
the identified roles of AV travel time in the context of daily activity plans are presented in the figure
below. The diagram is structured with respect to external factors: time pressure in daily life and job
characteristics. Travel duration is inexplicitly expressed by job characteristics. The interior
characteristics are captured by showing as which of the two (work or home) extensions the AV serves
in each case.
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Figure 25. Identified roles of AV travel time in the context of daily activity plans.

In the following section, each of the categories shown in the above figure will be addressed separately.
To structure the results, first behavioural adaptations for regular commuters (stationary job) will be
addressed, followed by possible adjustments for people with irregular daily travel patterns (non-
stationary jobs). Moreover, it was also found, that some participants exhibit scepticism about the
actual impact of AVs on daily plans. This is shortly addressed in the subsection 4.2.3.

4.2.1. People with regular commute

For regular commuters six types of behavioural adaptation were identified, depending on whether
time pressure exists in daily life and where it originates: it can be created either at work or at home (in
private time). Below, various adaptations of daily activity plans are addressed, first for pressure
originating at home, through cases when no pressure exist in daily life and arriving at the case when
pressure originates at work.
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4.2.1.1. Releasing time pressure from private life

Time pressure is generated in private life if there are too many non-work related activities and not
enough private time. In that case travel time in AVs can be used to release it. Due to insufficient time,
some of daily chores are performed under time pressure. To make daily life less hectic it is possible
to transfer them into the AV.

RENATE: “For example, if | talk about traveling with children, | would really like to practice
with my daughter while traveling. Speech therapy. Then we have had that while traveling.
Because now it is always such a hassle. Food must be prepared, go in bath, then this, then
that. That would be a big deal for me. Yes, if | can do that in there, yes.”

A frequent problem is lack of time for morning activities, which are done in a hurry or not done at all.
Currently, some people do not eat breakfast at home or do their make-up in the car due to lack of time
in the morning. AVs will allow for transferring such activities into the vehicle. (A.26)

NIEK: “If you do not have time in the morning to have breakfast, you can do it on the road.
Easy in the car.”

A variation of this behavioural adaptation is transferring the morning routine to the AV in order to
extend sleep duration in the morning. (A.27)

“ARJUN: I’ll get five more minutes of sleep in the morning. At home, so | can sleep for 5,
10 more minutes. And | can get ready in my AV.

MODERATOR: So the AV saves you time.

ARJUN: Yeah.”

This idea can be conceptualized as follows:

Currently:
Sleep shortage/lack of time for morning routine

With AV:

Morning routine in the AV and
r—\ extra sleep in the morning

Time

v

Figure 26. Morning routine transfer

Another kind of home-generated time pressure arises due to postponing time-flexible duties in time.
Whereas for some duties certain fixed time of day is assigned (e.g. morning toilet), some duties can be
(and often are) postponed in time. The time to carry out such activities is often difficult to find, and
constant putting them off eventually creates time pressure. Example of such activities can be paying
bills, paperwork, etc.
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“FELIX: Then I get another one. My administration that I've been wanting to do for weeks,
stacks of posts that need to be cleaned up. That's all possible (in the AV).

MODERATOR: Some things that need to be done.

ELISABETH: Yes, | think that | would do that too, the administration which is already stupid,
if you do it on the way, you have already done it when you are on the way.”

Time pressure in daily life does not only concern chores - also leisure activities might be negatively
affected by it. On one hand, leisure time can be spoiled by pressure caused by other activities, e.g. the
necessity to go to sleep at a certain time. Transferring leisure to AVs might release this pressure and
bring more enjoyment to fun activities.

FELIX: “At the end of the day watching quickly an episode (of TV series), which results in
staying up until midnight (...). So | can just do that in the AV. Then | think you're spending
more time on leisure activities, | feel so busy that | have to watch my series in a rush. So
now it's not really relaxing if I'm watching an episode at home. So | would indeed do that
in the AV.”

The extreme situation is when time pressure in private life is so high that it causes lack of time for
leisure activities. In such case, AVs could “liberate” extra time that might be used for that purpose.

CAROLINE: “I think in my AV | would do something for what | never have time. For example,
maybe use the car as karaoke salon. | will sing, but now | don’t have to do that. So | don’t
substitute that time, the working time. So | use it for something that | have never get time
for.”

4.2.1.2. Saving private time

In case no time pressure appears in daily life, AV travel time can be used in various ways. One of them
is taking the advantage of the AV to save private time. This type of behavioural adaptation bears some
resemblance to the preceding one, but it does not contain a clear time pressure element. Certain
activities are performed during travel to gain extra private time — not to release explicitly existing time
pressure. However, it is possible to argue that if one decides to save private time anyway, it is still an
indication of private time shortage. Thus, this role of travel time is stretched in the diagram over two
time pressure categories: no time pressure and pressure generated at home. The obtained extra
private time might be used for other activities, but it is not clear for what exactly.

ERIC: “Because you save time, that is why you have time, so if you step out of the car, you
now have more time to do other things that you might not do at the moment.”

Saving time might be realised in various ways. One idea is performing inevitable daily chores during
travel time. An example is cooking, which occupies part of daily private time for people who dine at
home. By transferring (part of) the cooking into the AV, this private time can be saved and used e.g.
for leisure.

“MODERATOR: Yes, you can cook and you do not have to cook at home anymore.
JOHANNA: Or cut indeed.
MODERATOR: Yes, indeed, cut.”

MAARTEN: “Peel the potatoes.”
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PIETER: How about preparing food in the car (...). Then you arrive and then the food is
ready.

The idea can be conceptualised as follows (yellow represents chores):

Currently: Unavoidable daily chores occupy part of private time @

With AV: The chores are transferred into the
vehicle and private time is saved

Commute

Time

v

Figure 27. Transferring daily chores to the AV to save private time.

A variation of this concept is doing the regular workout in the AV instead of in a gym. The idea of using
the vehicle as a mobile gym appeared a couple of times during the FGs.

“KOEN: Yes exactly. That would be nice, if you can work out right when you leave from
your work.

LAURA: Then you do not have to go to the gym anymore, that's possible in the car.

KOEN: And then you can go home right away.”

Next to the possibility of transferring activities originating on private side of life, there is also the
opportunity of saving private time by transferring work to the AV. Using commuting time to work
would reduce the time that has to be spent in the office and save time for private activities. (A.28)

KOEN: “Start working earlier. Then | am more at home. Then | have already spent two
hours on work. Then | have more time left for myself in the evening. Then you could eat
with friends. More often to the gym. More often to the cinema. Those kind of things. So
you adjust things for your social life. But for work, yes, you can work in the AV.”

Theoretically, in such way the daily amount of private time could be extended by the duration of total
current commuting time. This concept can be visualized as follows:
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Currently: Commuting takes away a portion of private time every day. @

With AV:

Work is transferred into the AV and commuting is done at
different time of day. In that way extra private time is gained.

L N _ £

Time
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Figure 28. Saving extra private time by working during commute.
Saving time in this way might lead to further rearrangements of activities in private time:

GABRIELLE: “Yes, if I'm home earlier, say 20-30 minutes, then I'm at the gym earlier. That's
another bonus.”

Of course using AV travel time in this way depends on whether travel time is accounted as working
time by the employer or not. If not, people are not willing to use the AV for work in case there is no
explicit time pressure originating at work. Another necessary prerequisite is transferability of work:
not all jobs are equally suitable to perform in a vehicle.

4.2.1.3. Same role as now (behaviour replication)

Another type of behavioural adaptation in case of no time pressure in daily life is simply replicating
current travel behaviour. On one hand the willingness to do so is typical for people who are satisfied
with current travel time use and daily activity plans. Furthermore, if a well-established travel routine
exists, the chances are higher that the person will be willing to replicate the behaviour (A.29).

Current travel behaviour:

NORBERT: “My journey lasts from door to door, forty-five minutes to an hour. In the

morning | read the newspaper, nothing else actually. In the afternoon, every now and

then the newspaper, usually my phone or | do nothing, listen to music. Yes that is it.”
Current satisfaction with travel time:

NORBERT: “Yes, it is for my work, | must of course stay updated about news. But | also

find it very relaxing. It is a very nice ritual, very relaxed. (...) | really like it this way ”

Behaviourin AV:
NORBERT: “No, I do not think | would change anything. Ideally, you could do everything,
in such a car. Brushing your teeth, putting on your lenses, everything. For me personally,
the difference would not be that big. | do not have to concentrate at all in the morning.
I'm just going to sit down. How | would spend my time would not be very different.”
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On the other hand, an important reason for behaviour replication can be difficulty to imagine any
possible activity rearrangements. The idea of travelling in an AV is so abstract that some participants
cannot get a clear idea about the potential use of time in the vehicle (A.30).

[
Current travel behaviour: w

LAURA: “l vary between car and train. By train | travel back and forth to Rotterdam within
half an hour. Ideal. | spend an hour when traveling by the car. You're just an hour on the
road, you're in a traffic jam. It is completely jammed in Rotterdam. | just listen to my
radio. When | am on the train, | am very relaxed. | do not prepare work in the train, | do
not need that for my job. | call my sister.”

Difficulty to imagine:
LAURA: “I do not sit in a car very often. (...) | do not think that | can save a lot of time in
the AV. | drive to my father in Utrecht for an hour, then | do not know what to do. Yes,
look outside. (...) Yes, | find it very difficult, what am | going to do in such a car?”

Behaviourin AV:

LAURA: “If | can sit in it, | just sit and look outside and | think, enjoy nature.”

Another possible reason might be also lack of external incentives to change anything in daily activity
plans, e.g. lack of time pressure, or having a job which is not transferable. In such case, replication of
current behaviour might also be one of the possible responses.

4.2.1.4. Extra private time for spontaneous use

Some of the participants claim that they would treat AV time as extra private time. It would not be
used to transfer or rearrange any of daily activities, but would rather serve as an extension of private
time, for random use. Again, this behavioural adaptation is characteristic for people with less busy
lifestyles, who do not seem to encounter pressure in daily lives. It has to be noted that great majority
of people falling into this category can be assigned to “time to kill” category of current travel time
perception. Some of them still perceive AV time in the same way:

NORA: “I would look at my tablet or cell phone or something. Yes then I'm going to watch
a movie on my tablet. Then | would indeed.. yes, then | use YouTube. Well, | don’t know,
or watch a TV program.”

Others however say explicitly that they would use this time to relax or leisure. (A.31)

“JOHANNA: Yes, it always takes (travelling) a lot of time, so it's time to kill.

ERIC: You do not kill time, you just have to enjoy. The freedom itself is nice, when | get in,
I'm just going to do nothing or I'm going to eat or have a conversation, maybe even in the
AV.”

Some people state that their choice of activities in the AV would be spontaneous and dependent on
their current mood (A.32). Depending on the mood, the time can be spent in either active or passive
way.

LAURENS: “I would like to have multiple choices. Suppose | have a stressed day, then | want
a massage chair and just my favourite music in the background. But indeed, another day |
still have energy left, and then | want to exercise. (...)
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That has to do with my mood, when | have a dip about my work, then the last thing | am
waiting for is a customer who calls me and asks me something. But if I'm in a good mood,
| want to have something to watch, listen to, or whatever. (When having bad mood), then
I would just want something that relaxes me, while I'm just on my way to work.”

This type of daily activity plan adaptation can be conceptualised as follows:

Currently: @

With AV:

AVs time serves as an extension of private time for random use

Time

v

Figure 29. Extra private time for spontaneous use

The distinctive characteristic of this category of behavioural adaptation is that AV travel time is always
perceived in terms of home extension, and serves exclusively for leisure. Thus, it is simply extra free
private time during the day.

4.2.1.5. Transition time

Another idea in case of no time pressure in daily life is using commuting time in the AV as transition
time between home and work. This way of using travel time appeared also in reference to the current
use of travel time.

CHRIS: “It (the activities during travel) depends on when and how long. For example if you
travel by PT, it depends when. If it is in the morning, and for instance for 20 minutes, it’s
good time because usually when | start working or turn on the electronic devices, first |
read the news, check my email, so if it is in the morning for 20 minutes it is good.”

Statements of some of the participants hint at similar use of trave time in case of AVs.

RENATE: “I would work inside the AV, on my way to work, so preparatory work.”

LINDA: “For me, it would be more efficient use of time, your working time starts as soon
as you get out of the door. On the other hand, your free time starts again when you step
out of the door at work, or that last bit of work time you can do it on your way home. So
that ultimately gives you more free time so you can be more relaxed in it.”

BART: “I think | would check the news in the car. And do things | can do on my own, for
work like - checking emails.”

This concept can be visualised as follows:
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With AV:
AV time serves as transition time between work and private life
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Figure 30. Using commuting time in AV as transition time between home and work.

4.2.1.6. Maintaining work-home balance

In case if time pressure appears in daily life due to work, a common response is to use AV travel time
in order to release it and maintain work/home balance. Those who belong to this category would like
to have a clear separation between professional and private life. In case of excessive work, this balance
can be disrupted. In order to finish job tasks it might be necessary to take them home. The participants
see the opportunity to finish the work in the AV (A.33).

“JELMER: It also works the other way around, if you want to go home, at 6 o'clock 7 o'clock,
and | have such a pile of work, | can do it in a rush, or | can take it too.

ELISABETH: You can just take it in your car.

JELMER: By the time I'm at home, everything is done properly.”

As claimed by some participants, the advantage of this activity transfer is to feel “really at home when
being home” — the conflict arising between working and private time is eliminated (A.34).

JELMER: “Yes if that is possible, | don’t have to take my laptop home. Then my wife is also
a lot happier. Sure. (...) Yes, | really think that's an advantage, but you are really at home
when you are at home.”

The concept of using AV travel time to maintain work/life balance can be illustrated as follows:

Currently: Work is taken home: Q
work/home balance is disrupted
With AV: Work is finished during commuting:

work/home balance is maintained

Time

v

Figure 31. Using the AV to maintain work/life balance

79



Of course, to use the time this way it is again required that the professional tasks are in fact
transferable and suitable to perform during travel time.

4.2.2. People with irregular destinations and travel intensity

Another broad category of people who need to be distinguished in the context of daily activity plans
are those whose daily plans are not defined by a simple commuting routine, but rather by irregular
travel patterns in terms of both destinations and intensity. The people belonging to this category are
those holding more flexible, non-stationary jobs. Within this category, three different types of
behavioural adaptations were identified.

4.2.2.1. Flexible scheduling
In general, the participants noted that AVs might be especially beneficial for busy people with hectic
lives and dynamic agendas, spending a lot of time on travelling to various destinations. (A.35)

LAURENS: “I think it can be very interesting for business people, to be able to make
conference call or appointment, to have a video conference. Or answer an email as Koen
said. But they can also see their agenda, what their day looks like, whether they have to
reschedule an appointment.”

For this kind of people the flexibility provided by AVs might be particularly advantageous. In case when
every day is different and the plans might change dynamically, the AV provides the freedom to shape
daily schedules on the move.

JELMER: “You are working efficiently regarding your time schedule, you keep your own
anatomy in traffic, so you can just change your calendar on the spot”

It seems to be an especially beneficial option for entrepreneurs and people living independent
lifestyles, who decide fully on their own how each of their days will look like. An example from the FGs
is presented below:
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Occupation:

NICOLE: “I am a freelancer, | actually work with women. We enrich the lives of women.
It is about image coaching and skin care advice.”

Current travel routine:
NICOLE: “From January on | am going to expand my business, so because of my own
activities | am more on the road than at home. And | have a son who plays soccer. We
live in <removed> but he plays soccer in <removed>. So a lot on the road, also in
weekends. | think | am only at home for eating and sleeping. (...) | do not have a
permanent working place. | travel everywhere, for me, every day is different. Every day
is a surprise.”

Current travel activities:

NICOLE: “If it is shorter, | call hands free and listen to music. If it is a longer trip, like next
Friday | have to go to Helmond, then | do self-study. Then | switch between my music and
study (...) for my work, for that it is about image coaching and some motivational things,
about storytelling and how to present yourself.

NICOLE: “For me that is different every time. If | know that | have to be in the car for an
hour, then | can also plan something, then I will do this and that. So that really changes.
But I try to get done as much as | possibly can in the car.”

AV use:

NICOLE: “If it was an AV, | would do everything differently. More efficient working.{(...)
Now I am limited, would | go there or would | go there? Now | can shift the appointments,
then | try to merge them with another appointment.”

Flexible scheduling allows for dynamically adjusting the plans and optimising the daily plan on the
move. In that way also possible time pressure could be more easily reduced from daily life. It can be
noted that this particular person already strives to spend the time in the vehicle as productively as
possible. This fact was already acknowledged before, when discussing the influence of travel duration
on the remorse for not using productively. In general, people with longer travel times seem to see
higher benefit from AVs — presumably due to their current travel experience.

4.2.2.2. AV asaworkstation

Among non-stationary jobs are also those which do not have entrepreneurial character. The flexibility
of rearranging and shaping the daily plan on the move is limited, yet still intense travel between various
destinations is required. Travel time often means then simply working time. A significant share of
professional duties is done on the move: phone calls, planning, simple bookkeeping etc. The hastiness
of such profession often forces people to also spend their breaks in the vehicle, e.g. to eat in the car.
Overall, this kind of work might often become a source of heavy stress. AVs would be especially
beneficial for people with this kind of work — the vehicle would become their office and serve as a
mobile workstation.
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Current travel routine: w

JELMER: “And | actually travel throughout the country. Amsterdam we have people,
Tilburg and The Hague, we have people, so all the work projects have to be done, and on
the way | just make phone calls.”

Current travel activities:

“JELMER: On my way, | make calls, | try to put it on Bluetooth, with calls, | usually do.
Often my boss sends me a WhatsApp to me, that's the only time | have contact with that
man. For the rest, someone called in sick, | have to arrange a new guy.

MODERATOR: You are just working in the car?

JELMER: Yes

MODERATOR: And is there a moment of rest, or does it almost never occur?

JELMER: Almost never, | also eat on my way and then I'm at the Mac, then I'm with my
computer.”

AV use:
“JELMER: Yeah, automated car, I'm in for it. (...)Then the car would be my office in fact.
MODERATOR: Yes, what it actually is already.
JELMER: Yes, that's actually it.”

AV benefits:

JELMER: “The most immediate effect if | would have such an AV tomorrow would be, less
stressed because the work pressure is less. Or actually | can do much more. (...) Well, |
could use my time very efficiently in such a car.”

4.2.2.3. Businessinthe AV

One of the ideas from the FGs is moving the complete business into the AV. In case of jobs involving
appointments with multiple clients throughout the day, the AV might be used to make a prescheduled
tour among the clients. The interior could be adjusted to the specific requirements of the particular
business. The time spent on moving between the clients could be used by the business owner to
prepare for the next appointment. Not only jobs which currently entail similar tours might be moved
to the AV, it is also possible that some jobs currently stationary might become non-stationary. One
example could be medical professions: doctor, dentist, or veterinarian. In fact, numerous professions
which require visiting a certain place by multiple clients could be “reverted” - it would be the “place”
“visiting” the clients instead.
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Occupation: w
PAULIEN: “I work for myself as a pedicure specialist.”

Current travel routine:
“PAULIEN: I travel back and forth with the car all day long.

MODERATOR: So not at a fixed location.
PAULIEN: No, at people's homes.”

PAULIEN: “I travel by car every day, my journey takes, depending on where my customers
are, that can be in the region or elsewhere. (...) Half an hour to an hour and | have 5
customers on a day. “

Current travel activities:
PAULIEN: “What | do on the way is often eating a sandwich, because otherwise | do not
have time for it. Occasionally | stop and to do some grocery shopping. But only eating in
the car.”

AV use:
“PAULIEN: In my case, | no longer have to drive constantly from one side to the other.
That would also save me a lot of energy. | always have to go to the customer with my
suitcase, that is quite a heavy thing, that would save me a lot of time. Even energy.
PETRA: You can make a studio in your car.
PAULIEN: Yes, just a collapsible treatment chair. (...)Yes, and you have everything with
you. That would be very ideal.
PIETER: Yes, the car gets a completely different function. (...) You get all kinds of extra
possibilities with such AV. Just pedicure in the car. You do not go to the people anymore
but the people get into your car and in about half an hour or an hour you have made a
roundtrip.
PAULIEN: I do not have to do anything, | do not even have to drive to the next one. {(...)
Meanwhile, | can clean up my things for the next one. | must continue to do that myself.
(...) No, that's a good invention, yes.”

4.2.3. Daily use of AVs: expectations vs. reality?

Although the adaptations of daily activity plans discussed above show a broad range of ideas, some
participants also expressed their doubts about their occurrence in reality. They are of opinion that the
extra time will not be used in any productive or meaningful way, because people will quickly go back
to their usual habits ( ).

DANIEL: “I think | would use this saved time for something useful like learning some new
stuff, to code a bit more or some more words in Dutch. Or doing something healthier. But
after some time I’ll find some easier ways of gratification of myself like watching some
more YouTube or more television more entertainment. Then the time will be wasted
anyway.”

Another observation is that AVs will in fact create a sort of illusion of extra time.
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RENATE: “Yes, | also wonder if you are going to have time left. If you are going to organize
things differently, you will never have time left. You are going to rearrange it anyway.”
ELISABETH: “Nice to be home and doing nothing. This time is of course very short, so to
say, I fill it in, but you get used to is very fast, so you do not even appreciate having that
extra time.”

The above statements hint at the fact, that people aim at optimizing their daily plans using the available
resources. If an AV becomes available, after initial gain of extra time the daily pattern will be adapted
accordingly. Thus, eventually the time benefit might not be so apparent anymore.

4.3. Activities in AVs and travel choices

As already stated, the impact of AV activities on travel choices might be twofold. On one hand, travel
choices might change due to adjustments of daily activity schedules. However, also a more direct
impact is possible. The fact that travel time can be spent in a certain way might encourage people to
make more irregular (non-daily) trips to some destinations. Once more, the diagram showing these

two ways can be seen below:
Activities inside
AVs
Daily activity Travel and
plan location choices

In this chapter, first the indirect impact will be addressed (Daily travel choices), followed by a discussion
of the direct impact (Irregular travel choices)

4.3.1. Daily travel choices

As discussed in the preceding chapter, most changes regarding daily activity plans concerned different
adjustments of commuting time. Whereas it might impact time of day choice (e.g. by switching
commuting to earlier or later time and working in the vehicle), such adaptations have no influence on
travel choices manifested eventually as VMT. The participants were not able to come up with concrete
examples of adjustments leading to increased or reduced overall travel distance. Most probably, due
to high intricacy of daily plans it is difficult to imagine possible changes. The plans are already
optimised regarding available resources. If a new resource becomes available — an AV, the plans are
likely to change, but the exact reorganisation of the daily plan is difficult to predict beforehand.
Therefore, in the FGs only very general statements were made.

MODERATOR: Perhaps, we have also talked about for a bit. Would you travel more often
or further to carry out your activities?

RENATE: Yes.

PAULIEN: | would also travel more often.

CHRIS: Then yeah one of my hobbies would be changed to travel more.
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Also people with less stationary jobs, who do not have a regular commuting pattern, could not come
with any really concrete examples. Although some statements show clearly that travel choices might
be affected, it is impossible to say with any certainty if the change would lead to less or more travel.

NICOLE: “If it was an AV, | would do everything differently. More efficient working.{(...) Now
I am limited, would | go there or would | go there? Now (with AV) I can shift the
appointments, then | try to merge them with another appointment.”

LINDA: “My routine, how it will look like, | do not know, but my pattern will really change.
How I would use my travel time is going to change, that can be organized more efficient. |
do not think | would travel a lot of extra kilometers or travel more.

However, several themes were discovered during the discussions, which seem to have impact on daily
travel choices. Namely, independent use of AVs by children, travelling to locations with parking
problems and using AVs as couriers. These aspects will be now addressed in more detail.

4.3.1.1. Use of AVs by children

One of the expected benefits of AVs is that they will increase mobility of the members of society who
currently are not allowed (or not able) to travel by car. Among them children, who could potentially
travel by AVs on their own. In that case, children’s commute (to school) could be done separately from
their parents commute (to work), whereas now it is often done together in one tour. Consequently, it
could have impact on daily VMT. Some of the participants indeed recognize such use of AVs as
advantage and declare they would allow children to travel in an AV on their own (A.37).

JELMER: “Great advantage is that you do not have to bring your children anywhere. They
do not need a driver's license, just get in the car.”

However, people also clearly see disadvantages of such AV use. On one hand, it might take away an
important opportunity to spend quality time together with their children (A.38).

CHRIS: “I can remember when | was a child, sometimes my father came to my school, and
he picked me up and during the ride he asked me, hey Chris what did you do? What was
fun in school, or you had some discussion in between. Now sometimes you cannot find the
time because your father is more busy most of the time. So this (AVs) will take that
opportunity for the families”

On the other hand, also the problem of AVs security was raised. It was claimed multiple times that
parents would still prefer to travel together with their children due to lack of trust and anxiety about
child’s safety (A.39).

KATRIEN: “Well, my children are already much older, already grown up now, such a young
child who is 8 or 10 years old, | would not just put it in the AV and say: you have to go
there, the door opens and get inside yourself. | would also like to know if he actually arrives
there.”

Taking this into account, the possibility ow using AVs by children on their own should not be
overestimated, especially in case of those very young.
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4.3.1.2. Locations with parking problems

Another aspect related to daily travel choices is the problem of parking. Currently, it is claimed to be
one of the factors influencing travel choices. On one hand, it might be burdensome to find a parking
place when travelling by car. For that reason people tend to choose other modes of transport.

PETRA: “And parking, if you have to be in Rotterdam, PT is easier.”

Another reason for that are high parking fees (A.40).

NORA: “I think if you go to Maastricht with a car, you also have to pay for your parking
ticket. Then | would go with that cheap train ticket.”

In case of AVs parking seems to no longer be a problem. The traveler will step out of the vehicle and it
will simply drive away and park itself.

“CHRIS: If I have AV, then for the places that | have to park my car | don’t need a carpark,
just maybe can automatically find a car park and | go shopping.

MODERATOR: You go to the centre of Amsterdam.

CHRIS: Yeah, exactly.”

Regarding daily travel choices, it has to be therefore expected that with AVs people might travel more
willingly to locations with limited parking capacity or high parking fees.

4.3.1.3. AV asa courier

Although an empty AV could be used as a courier also for irregular travels, it was mentioned during
the FGs rather in daily context, therefore it is addressed in the present section. Some of the participants
declare they would like to take advantage of this option to travel less themselves and save time for
other activities. Still, the total amount of actual VMT would not decrease, and could even increase if
people indeed would feel prompted to use AVs as couriers more regularly.

DANIEL: “I think | would travel less (when having AV), | will send the AV without me to pick
up children, if | would have them, or friends from airports. Or help somebody to deliver
something. Usually you ask the person who has a car: please help me to move stuff in the
weekend. | prefer to do something more useful.”

It is difficult to predict in what exact circumstances people would be more prone to use AVs this way.
For example, two participants declared the willingness to send AV for shopping, e.g. to pick up
groceries (A.41). It seems that using the AV as a courier might be more prevalent for people who also
currently seek ways to maximize their convenience by using car — even to an excessive degree.

Current behaviour: w
PIETER: “Sometimes I'm so lazy, that | do not even walk two streets to the supermarket,
then | go by car.”

Behaviour when having an AV:
PIETER: “You can also let your car do some shopping for you. Everything is placed in your
car and after that it drives back to your house. (...) | think I'll leave more to my AV.
Grocery shopping, picking up or dropping someone. Mainly these thing.”
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Using the AV as a courier might also be particularly attractive for those living in remote or sparsely
inhabited areas with poor PT accessibility. Such people currently often need to drive a car to pick up
persons or items.

KOEN: “I think that the AV itself would drive more often, but not me. (...) | think | would
drive less myself. | live in Rotterdam but | live quite in the middle of nowhere. There is no
PT, I always have to pick up people in that neighbourhood. Then | would send that car, so
that would mean less driving.”

Using the AV as a courier also seems to be particularly advantageous when a number of people or
items must be collected at various locations. Instead of making such tour in person, it is possible to
send an empty AV and save this time for doing something else.

PAULIEN: “Those leisure trips, that is always very early somewhere to collect all the people,
that is not needed anymore. Because if you arrive somewhere at 9 o'clock you have to
collect all the people at 6 o'clock.”

The example can be conceptualised as follows:
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Figure 32. Advantage of using an empty AV in case of tour trips.

4.3.2. Irregular travel choices

The other type of impact on travel choices is direct — it does not manifest through changes in daily
activity schedules. In case of irregular travels the participants had a far clearer idea about AVs
application. Presumably due to the fact that a single trip made for one particular purpose is easier to
imagine that rearrangements in a complex, already optimized daily activity plan. In context of irregular
travels, the participants believe that the AV is especially attractive for long trips.
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NORBERT: “Yes, especially for medium-long distances, it could be a very pleasant
alternative.”

PIETER: “Yes, just long distances are ideal. | think that certain things will look different,
work and private.”

In the remaining part of the current section, first the identified advantages of AVs for long travels are
discussed. Secondly, different types of long-distance trips addressed during the FGs are described in
more detail.

4.3.2.1. Advantages of AVs for long trips
Most of the advantages of AVs in context of long travels are a result of taking off the traveller the
burden of steering the car. Moreover, AVs also have some specific benefits over PT.

Eliminating
the burden

of driving

Easiness of
making

Sleeping in
the AV
travel

decisions /

Advantages of
AVs for long
travels

Interaction

with other
passengers

Availability

Taking care

of children

Figure 33. Advantages of AVs for long travels

All the above aspects will be now elaborated. It has to be noted, that the two distinguished elements
represent advantages not related to the in-vehicle activities. Thus, they are not a manifestation of the
link connecting activities in AVs with travel and location choices, but are rather an inherent property
of the “Travel and location choices” element (in the triangle visualising the research scope). These
advantages will be discussed last, after addressing all the other, activity-based advantages.

Eliminating the burden of driving

As already stated, long car travels are often seen as a burden, especially in case of heavy traffic. Driving
becomes exhausting and problems with concentration might appear. Thus, the frequency of making
faraway car trips is limited for some people. The AV eliminates this burden and allows to spend travel
productively and comfortably. It might encourage AVs users to make long trips more often (A.42).

“RENATE: The family of my partner lives in South Limburg, coincidentally | was there again
last weekend, that is really... We were 3 hours on the road because we got a traffic jam,
on the way back also more than 2 hours. This also raises a threshold of how often you
travel to the South. | think we would travel to the South more often if you could spend the
time in the car differently. (...) And that it is also less tiring.

MODERATOR: That you arrive completely rested.

RENATE: Yes, actually! It is simply tiring, traveling. Everyone is just stuck, stuck on your
chair. Also as a co-driver you're just sitting there.”
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Sleeping in the AV

Another benefit is the possibility of sleeping in the AV. One could use this advantage at any time but,
most importantly, it opens far broader opportunities for travelling at night. Furthermore, one could
also sleep in the vehicle when it is parked, instead of a hotel. (A.43)

RENATE: “You may also travel more during the night. If you can really organize your
rhythm in such a way that you can actually sleep inside the AV.”

PIETER: “Now, you use the night to sleep at home but that is also possible inside the AV.”

In comparison to other modes allowing for sleeping (e.g. coaches), AVs seem to be a more attractive
alternative for long overnight trips, thanks to the comfort and facilities it provides.

BART: “Maybe the same thing for night travels. For travelling in Europe. There are night
buses. So if | know that | am able to sleep in the AV | would do the travel at night. So, arrive
at the destination and maybe be able to shave and brush my teeth. It is a big help. | would
arrive at my destination in a much better shape than when | have to sleep on a chair in a

”

bus.

The convenience of AV sleep might have impact on travel choices — night traffic is likely to increase.

“PIETER: You're going to travel more at night, you said?
RENATE: Yes. It has to fit with what you are going to do of course, but why not?”

However, it needs to be again noted that the FGs participants considered a very idealistic scenario. In
reality some people might find sleeping in the vehicle problematic, which was also pointed out at
certain point:

“CHRIS: Some people cannot sleep in the car.
CAROLINE: Why?
CHRIS: Some people are not comfortable to sleep in the car.”

Interaction with other passengers
Currently, the person steering a car is limited in terms of interaction with other passengers. Spending
travel time in a more social way is yet another argument for AVs suitability for long travels.

PAULIEN: “On the way, it is currently spending less time with each other. Then (with AV)
you will have more time for each other. If you are on the road for a long time, normally it
is only about driving, and the rest, you do not know what is happening next to you.”

Taking care of children

The interaction with other passengers is especially important in case of children. They often require a
lot of attention from the adult during the trip. If the only adult in the vehicle is the car driver, the
journey might not only become tiring, but also dangerous.

“NIEK: /t's about convenience. Now, someone is driving a car, a mother or a father, you
often look backwards at your child who wants something. These are dangerous situations.
MODERATOR: Then (with AV) you can go to an amusement park much more relaxed,
because you do not have to scream back and forth at your children.

NIEK: You can then just play games.”
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The advantage is especially important for very young children. Making long travels with a baby is
particularly burdensome — it requires basically constant attention.

NIEK: “You can just talk to everyone when you go out with your children. You can feed a
baby, you don’t have to stop along the highway at a gas station any more. You can just do
everything.”

Availability
Regarding long travels, AVs have also a specific advantage over PT — they are available at any time of
day.

“MODERATOR: For what kind of travel is such an automatic vehicle especially better than
other vehicles?

PAULIEN: Well, for PT that only drives until 1 o’clock.

MODERATOR: Yes, so especially night trips.

PAULIEN: It would be ideal for that.”

Increased availability is also another AVs convenience which might encourage people to more
overnight travels.

Easiness of making travel decisions

An especially striking feature of AVs in case of long travels is that they seem to require little to no
planning compared to now. The AV gives seems to give a lot of freedom in making travel decisions: it
is always waiting at the door and the only effort that has to be done is to get in and program it to go
from point A to B.

LINDA: “You have the freedom of: | get into the AV when it suits me and that AV is ready
for me at front of my door.”

The benefit is even more apparent if compared with the current situation, e.g. with PT:

ANDRE: “My parents live in Brabant which is quite far. | could go there more often. Now it
is doable in PT but you have to cycle to the station, to the train.”

Currently, a plane trip to a distant city requires booking tickets in advance, getting to the airport, going
through check-in, possibly customs, waiting for the plane, etc. In comparison to that, the flexibility and
easiness of AV is remarkable. Furthermore, the travel time might be used for preparing other details
of the trip — e.g. booking a hotel or finding more information about the chosen destination. (A.44)

NORBERT: “I can imagine that it is easier to go to Paris or to Berlin, because you do not
have to wait at an airport. You get in at your front door, sit down, you have movies you
want to see with you, books you want to read, then you just go there. That, you do not
have that you're on the plane, | can imagine that that can be extraordinarily pleasant. That
also makes it more accessible to go somewhere. Yes, but of course it takes longer, right?”

This easiness of making travel decision seems to have a psychological impact on people’s travel

decisions. On one hand, people declare to make more spontaneous decisions about faraway trips
when having an AV.
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PAULIEN: “I never actually plan anything in advance, it is just spontaneous. When you go
away for a weekend, | don’t know, you just take the AV, we go away for a weekend. Then
I really go to Limburg or something, or Belgium or Germany. Just take all kinds of things
along the way. And bring things along the way, so you can do useful things. You can spend
time on it but it is not planned.”

PETRA: “You can often say now: | am going away for a weekend, to get some rest.”

Moreover, the easiness might create certain psychological encouragement to travel for people who
usually spend their free time at home. Some participants state they might feel triggered to get into the
AV and go somewhere, just because travelling to far away destinations becomes so strikingly easy.

NORBERT: “On Sundays, | usually don’t do anything, then | don’t even get out of my house,
in that time frame from 12.00 to 20.00 in which you watch movies, watch football, you
just do nothing. In that time frame you are in fact somewhere else, to look at something.
So what | want to say: if you are comfortable, so not with 2 hours of waiting, checking-in
and everything, | would be more triggered to go further away. | would do that.”

Itis likely, that the easiness of travel associated with AVs might result in a significant increase in travel
in reality.

4.3.2.2. Specific use of AVs for long trips

After addressing the identified advantages of AVs for long trips, it is now possible to look closer at
specific types of long trips which people are willing to make. According to the participants, the above
benefits make AVs especially attractive for leisure purposes. Within this category, three different
applications can be distinguished: single-day trips, weekend trips and tourism (e.g. holidays). The
reason for this distinction is difference in travel distance and the travel “mechanism” — it is addressed
in detail for each case. Of course, professional life might require irregular (special) trips, too. Such
examples also appeared during the FGs, but mostly leisure trips were discussed in the context of long
trips.
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Figure 34. Application of AVs to long trips

The above types of long trips are addressed below in more detail.
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Single-day leisure trips

This kind of trips concern destinations in medium range, accessible within few hours. In addition to
already mentioned general AV benefits for long trips, it is also possible to organize the day in such a
way, that there is more time available for the actual activity at the destination (A.45). Also the energy
for the activity is better preserved, due to lack of driving burden and high comfort of the AV.

RENATE: “You can do that (sleep) inside the AV, even if you are less on the road than the
whole night, | can imagine going to Disneyland for a day. Then we get in in the evening,
inside the car, then we can all sleep and then you arrive in the morning at 5 o'clock, you
just set the settings like this, then it parks itself in the parking lot. Then you just wait until
you are awake and then you are already there.”

On the other hand, also interaction among the passengers can make the travel time also a part of the
quality time. Again, this advantage is especially important for travelling with children (A.46).

RENATE: “If | went for a day out with my family to a theme park far away, | would spend
time with my family during the trip. Do something together, like a game.”

These two ideas can be conceptualized as follows:
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Time
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Extending time at destination (AV):
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Time
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Figure 35. An example of a single-day leisure trip

Of course, the two above ways of using travel time with AV can also be combined during a single
journey.

Weekend leisure trips
Another type of long leisure trips are weekend trips. In comparison to single-day leisure trips, the
difference lies in further location of the destination. An example could be a visit to a capital of a
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neighbour country. The attractiveness of such places, as well as much longer travel distance, are
associated with longer preferred staying time at the destination. One of the obvious advantages of AVs
is again eliminating the burden of long driving:

PAULIEN: “For a weekend away you would easily take the AV. Normally you have to drive
a whole day for a weekend away.”

AVs would make such destinations more accessible, and at the same time would allow to smartly
include them in weekend plans. (A.47)

ELISABETH: “Just a weekend winter sport, | used to do that often. Then you think it's only
a 10 hour drive. You will just do that. Then you leave at 12 in the afternoon with your AV.
(...) The next day you have to work again and then it's nice if you're just...”

This concept can be visualised in the following way:

Currently: @
Example: a weekend trip from Delft to Berlin. In normal traffic conditions it takes 7-8 hours by car. If

leaving at 17:00 (right after work), arrival is possible at 0:00 — 1:00 (and exhausting travel spoils the next

day). If leaving on early Saturday morning (as shown below), the arrival is possible in the afternoon: still

some time is left for leisure in the evening and the morning next day. In the early afternoon departure is
necessary to make it back home before work on Monday.

' Long, tiring journey and short quality time !

Friday i Saturday | Sunday i Monday
Time

With AV:

It is possible to leave right after finishing work on Friday, sleep during the travel. That leaves the whole
Saturday and Sunday for leisure. It is possible to depart back late on Sunday, sleep in the vehicle on the
way back and go straight to work after arriving in Delft in the morning.

1 . . ! . X 1
1 Sleeping during travel and long quality time 1

Friday i Saturday E Sunday i Monday

Time

v

Figure 36. An example of a weekend trip

Because of the mentioned advantages of the AV for single-day and weekend leisure trips, some of the
participants explicitly expressed their willingness to travel more often and further for such purposes.

JOHANNA: “I think | would travel a lot, | think that would be a big difference. Going out in
the weekends. Going abroad. Or to a city where | earn more, than | would definitely do
that. That's what | think are the two big things for me. So travel and work.”
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However, no full agreement was reached regarding this willingness among the participants. Although
AVs might improve accessibility of distant locations for leisure trips, again the increase in range seems
limited.

“RENATE: It is definitely a time gain in many cases... Not always because, I'm thinking, |
always go on holiday to Croatia but it is also a long drive. If | don’t have to steer and just
can sit in my car, it would be more comfortable because you can do what you want. But in
the end you are still sitting for a day and a half in the car.

PIETER: It is a long time in the car. But, if you have all kinds of relaxation possibilities in the
car then it may not matter at all if you have to sit in the car for 12 or 8 hours.”

Once more the feeling of “being trapped” in the AV is manifested by the above statement.

Tourism

The last type of long leisure travels is using the AV for touristic purposes. This category includes
travelling very long distances and staying at the destination for a longer period of time than a day or
few days. In case of such travels, some people see car driving as a factor limiting the range of their
holiday destination. AV is seen as an good alternative in such situations.

LAURA: “If I go on holiday now, I prefer to go within one and a half hour, two hours, that
is the limit for me. So in this case | would say: | sit down and drive to France for a few
days.”

In case of very long trips, travelling by car becomes so inconvenient and brings such a high cost, that
travelling by plane is the preferred mode.

NORA: “We have been to Slovenia by car. That was hell, I'll never do that again. Both of
us have been driving, but it's really far away. At a certain moment your eyes really close,
this is really dangerous. In Germany there are trucks everywhere on the side of the road,
so you cannot park alongside with your car, because you cannot go there. You are obliged
to continue driving, so you cannot get off the road in Germany. So, if you want to go far
away on vacation, then an AV is a great solution. | would never choose to go that far by a
car. Then I'll take the plane.”

According to the participants, AVs might influence the way of travelling to such faraway destinations.
People seem to treat the AV as a camper van in such cases. Similarly to a car, the AV allows for
flexibility shaping of the route, and combines it with the freedom of performing activities resembling
PT. Thus, to some people the AV appears to be a perfect vehicle for tourism, particularly for a sort of
a holiday tour: traveling from one destination to another over a long period of time.

LAURENS: “If it is implemented throughout Europe, you can even use it for your holidays.
Then imagine your whole holiday, in terms of route, camping, hotel, or whatever, so you
can also travel through Europe without getting fatigue.”

In that way it is possible to visit multiple locations on the way, which is attractive for people fond of

sightseeing and visiting new places. Some participants state that they would prefer traveling by AV in
this way rather than travelling by plane (A.48).
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CAROLINE: “But for example | would go with my AV, because | am not concerned about
being tired or sleepy. So maybe I travel to Iran, my country. It’s ok, | am comfortable. | can
see all of the cities on the way. (...) | can see lots of cities on my way.”

This concept can be visualized as follows:
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Figure 37. Possible use of AVs instead of planes for long tourist trips.

However, again there is no full agreement among the participants. For some, still plane is a better
option.

LINDA: “l would not necessarily go more often, perhaps further, but not more often. |
would still like to catch a plane for long travels. | just want to be there as soon as possible.
I mean sitting in a car for a day is not fun, no matter how many movies you see.”

Again, the feeling of “being trapped” in case of long travel is manifested in the above statement.

Business trips

Apart from leisure trips, also the possibility of using AVs for long business trips was raised. Still, some
of the already mentioned advantages would play a decisive role (e.g. sleeping, no burden of driving),
as well as the possibility of using the AV as a work extension (and working in the vehicle).

MAARTEN: “A good example from my work as well: we have an office in Germany, | want
to go there for one week. But | don’t see myself doing that because of the distance, with
PT you're on the road for 12 hours. That kind of things, if you have to do a business trip, |
get in at 3 o'clock, I'll sleep a bit in the AV.”

However, using the AV in this way was not elaborately discussed during the FGs.
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4.4. Activitiesin AVs and location choices

The impact of AVs on residential location choices can be seen from two perspectives: On one hand the
fact of having an AV might trigger a decision to change residential location. On the other hand, it might
not be a reason to change location, but rather be a factor influencing relocation decision, when such
necessity arises due to other reasons (e.g. changing a job). These two cases will be now discussed
separately.

Significance of AVs in case of necessary relocation

On one hand, there was a broad agreement about the hypothetical influence of AVs on relocation
decision caused by other reasons than the vehicle itself. In such situation the AV gives more freedom
and would make the decision easier. (A.49)

PIETER: “Yes, such AV makes it a little easier, that you do not have to live very close to that
place or in that place itself. The AV makes it easier to move, to live further away.”

Still, there are limits to the AV influence on location decision. Some participants are of opinion, that in
case of slight increase of commuting time AV would not play any role and they would simply stick to
their current transport modes. (A.50)

PAULIEN: “No, it wouldn’t play a role in decision where I live. The Netherlands is not that
big, | just assume that, when you have a car, you have to go 10 km further, so that does
not matter that much.”

Furthermore, even though an AV makes the relocation decision easier, there still seem to be an upper
limit of commuting distance. Some participants claim that an AV would influence their decision, but
only to a certain extent. (A.51)

ELISABETH: “Yes, | might move, but not far beyond [gap] having a trip. Because you're just
locked up. | mean you can do a lot, you can have a lot of contact, but of course not really.
Of course you can shop on the web or cut your stuff. You're just locked up in a small
physical space. It's nice if it's more efficient, but | would not want to live much further from
my work. Maybe a little further. But | don’t feel like traveling 2 hours for work. Or: nice an
assignment in Paris, we will do.”

Again the problem of being “trapped” appears in the above statement. Overall, it seems that there is
some range of commuting distance, within which AV would have influence on the decision. If the
distance is too short, the benefits are not yet that “beneficial”, whether if the distance is too far, they
are not able to counterbalance the costs.

AVs as a reason to relocate

Whereas people think that AV would influence their relocation decision if it was necessary, there is
also a broad agreement on the fact that the AV itself would not be a reason to move somewhere else.
Most of the people are not willing to move “for a car” (A.52).

“MAARTEN: /t would not really be a reason to move, but if | were already considering
moving, this would make it easier.
MODERATOR: But if you are going to move, would this affect your location choice?
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MAARTEN: Yes, | think so. | do not like travel time, but at the moment when you can
organize travel time in a better way, that benefit would be taken into account, but not the
other way around: | can now organize my travel time more useful, so I'm moving.”

In choosing residential location other factors seem far more important to people than the benefits of
an AV. People stress the value of their own social life and neighbourhood. (A.53)

NORA: “No, I'm not going to move. (...) Good neighbours, no, I'm not going to move.
Certainly not for such a car, no.”

Although most of the participants would not like to move because of the AV, some people might feel
triggered to relocate because of financial reasons, in case their current location is too expensive. If
such problem appears and the other factors influencing relocation decision play lesser role, AV might
convince people to move to cheaper areas further away from their workplace (A.54).

FELIX: “I think | might move, | live in the center, which is quite expensive, for the same
money, | can have a much bigger house at another location.”
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5. Conclusions

The overarching goal of the research was to bring knowledge on the possible impact of in-vehicle
activities of future AVs users on travel and location choices. Thus, the main research question was
formulated as follows.

What is the expected impact of activities performed inside AVs on travel and residential location
choices?

Since the mentioned impact might be realised in either direct or indirect way, to cover the entire range
of the main research question it was supported by three sub-questions. In the current section, first
each of the sub-questions will be answered separately, leading ultimately to the answer to the main
qguestion. The first sub-question focused on the perceived role of AV travel time in comparison to
current modes of transport.

1. How will AV travel time be perceived by the AVs users compared to conventional modes of
transport?

It was found that currently travel time is treated in terms of burden or opportunity, and in both cases
can be spent in either passive or active way. Based on this distinction, travel time perception can
belong to four categories: time to kill, time wasted, time for action and time to relax. The category, to
which the traveller belongs at a particular point of time depends on characteristics of travel timespace
(temporal properties and travel environment), personal characteristics relevant for travel and external
factors: aspects considered as separate from the act of travel. Perception and use of travel time
depends on an intricate combination of these factors (and other factors not revealed by the study).
They serve as an input for a psychological mechanism, determining how much resemblance travel time
bears to “normal” time and how much remorse one feels to not spend the time productively. The
resulting pressure to perform activities (or lack of it) has impact on the actual use of time.
Consequently, travel time perception belongs to one of the four aforementioned categories.

It was found, that the current categorization of travel time perception does not capture accurately the
way travel time is perceived for AVs. This transition of perception is caused by changed significance of
various identified factors in case of AVs. Some factors are expected to lose their relevance (e.g. level
of privacy, some others will most likely be improved (e.g. available facilities). Due to these changes it
is less possible to perceive travel in terms of burden, but rather in terms of opportunity. It leads to a
new way of perceiving AV travel time, which was prevalent in the FGs: seeing the AV as either work or
home extension (home in sense of private life rather than a place). Still, travel time might be spent in
either active or passive way, which leads to a new, AV-specific categorization of travel time: time to
work, time for a break (AV as a work extension), time for hobbies/chores, time to relax (AV as a home
extension).

However, although the dichotomous distinction of AV travel time perception into work and home
extensions describes well the general way of thinking about AVs activities in the FGs, such discrete
categorization might not hold so clearly in reality. Two AV-specific phenomena unexpected prior to the
study were discovered, most likely having influence on travel time perception. First of them is
increased pressure to perform activities, which might make people in fact less able to spend time in
AVs passively. Due to higher resemblance of travel time to “normal” time AV users might feel more
remorse in case of not spending the in-vehicle time productively. The second phenomenon is related
to the factors mentioned in the discussions in a general context, but largely neglected when discussing
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the impact of AVs on daily activity plans and travel choices. Namely, deterministic manner of travel,
lack of social interaction, limited size of the vehicle, constriction by seatbelts and motion sickness were
found to be factors likely causing a feeling of being “trapped in the AV”. It is a phenomenon bringing
an element of burden to AV travel, thus most probably negatively influencing travel time perception.
Its impact on AVs activities cannot be determined, but it is hypothesized that it might negatively affect
the willingness to make frequent, long travels with AVs.

The question of the actual use of travel time was addressed by the second research sub-question:
2. What activities are expected to be performed by AVs users on-board?

As it could be expected, it was found that AV activities are strongly context-dependent. Since multiple
factors currently limiting in-vehicle activities will be improved or become irrelevant for AVs, the travel
activities are expected to be driven prevalently by external incentives, on-board facilities and travel
duration. In general, expected AV activities follow the presented work-home extension scheme.
Whereas the activities in case of using the AV as a work extension are rather straightforward to imagine
(e.g. working on laptop, sending emails, paperwork), in case of home extension also activities not
associated predominantly with home environment might be performed (e.g. working out — usually
done rather at the gym). The circumstances in which a particular activity will be performed in the
vehicle in case of daily AV use is discussed more elaborately when addressing the third research
subquestion.

In case of irregular (not daily) travels, the AV brings significant benefits regarding on-board activities.
Most importantly, it eliminates the burden of long-lasting driving. It allows to use the travel time to
sleep, which is seen as particularly attractive for long trips. Moreover, the AV provides better
opportunity to interact with other passengers, which is especially appreciated in case of leisure trips
(e.g. with friends) or travelling with children — in particular with very small ones who require almost
constant care and attention.

In the context of on-board activities, it must be stressed that the FGs scenario assumed the vehicles to
be 100% safe. Therefore, this aspect was left out from the discussions. Still, some statements of the
participants clearly show that it will likely be a factor limiting the range of possible actions. It is
hypothesized that as the perceived safety increases, the AVs users will be more willing to engage in
more mentally absorbing activities.

To address the indirect type of impact included in the main research question it was necessary to look
at the potential impact of activities in the AV on daily activity plans, which is covered by the 3™ sub-
question.

3. What is the expected impact of activities inside AVs on daily activity plans?

Firstly, it was found that the impact on daily activity plans is going to be significantly different for
regular commuters and for people with non-stationary jobs. Secondly, time pressure in daily life was
concluded to be a major determinant of in-vehicle activities.

Some of the regular commuters exhibit willingness to use the commuting time for removing time
pressure. If the pressure originates on private side of life, travel time could be used to perform the
pressure-generating activities in the AV. Similarly, when pressure is generated by work, commuting
time might be used to finish the remaining tasks on the move. Although such use of travel time implies
rearrangement of daily activities, they can also occur in a situation of no time pressure. In case the
pressure is not so apparent and explicit, some participants still expressed the willingness to work or
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perform private activities in the vehicle, and “make” more private time by doing so. For example, it
might be realised by working while commuting if travel time is accounted as working time. Such case
is different than the previous one: AV time is used for a regular time-saving rearrangement of activities,
and not as a time for optional work in case work pressure appears and might disrupt home-work
balance. Moreover, people not experiencing any time pressure expressed the willingness to either
replicate their current commuting activities, use AV time as extra private time or to treat it as a
transition time between home and work.

People with non-stationary job acknowledge great advantage of AVs regarding their daily activities.
For people travelling particularly intensely for their work, the time spent in the vehicle is currently
often burdensome and stressful. The AV could serve as a mobile office, allowing for more freedom in
performing work-related activities, but also for breaks, e.g. for meals. Moreover, the more
entrepreneurial the non-stationary job is, the more important is the advantage of flexible scheduling,
facilitated by the AV. If the daily schedule can be shaped depending on the circumstances of the
unfolding day, the AV brings a lot of freedom to do so due to the possibility of spending the travel time
productively. It allows for easier and smoother shifts of various tasks and appointments at multiple
destinations, providing an important benefit for people with rather unstructured and unrepeatable
daily activity plans. Lastly, AVs might be used for non-stationary jobs which require performing a pre-
defined tour among various clients. The travel time might be then used for preparation to the next
meeting. This aspect was found to be especially advantageous for specific types of jobs, e.g. doctor,
hairdresser, etc.

In this way all the sub-questions have been answered, which brings the conclusions back to the main
question:

What is the expected impact of activities performed inside AVs on travel and residential location
choices?

The impact addressed in the main question might be realized in two ways, either direct (as a direct
influence of activities on travel and location choices) or indirect (through changes in daily activity
plans).

Regarding the indirect impact on travel choices, no strong conclusions can be made based on the study.
Although the participants clearly exhibit the willingness to rearrange some of daily activities (which
hints at possible changes in travel patterns), no structured evidence was found to claim it would
manifest in change of total VMT. In case of regular commuters, the rearrangements concern
commuting time, which is neutral for travel decisions (with exception of time of day choice). On the
other hand, people with irregular travel patterns claim to organize “everything differently” with AVs,
which however also does not allow to derive conclusions about the exact impact on travel choices.
Very general, single sentence statements about predicted increase (or decrease) in total travel distance
were concluded not eligible for making any valid conclusions.

However, some other aspects relevant for daily travel choices were found, not directly related to on-
board activities. Firstly, the advertised benefit of increasing mobility of children might be exploited in
reality only to a limited extent. Parents are not willing to allow their children travel alone in the AV due
to safety and security concerns. Secondly, an increase in travel to destinations with parking problems
might occur. Thirdly, using an empty AV as a courier is deemed by some participants as an attractive
alternative, especially for remote and sparsely inhabited areas and for tour trips with the goal of
picking up people or items at multiple locations.
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Much more clear picture can be drawn in case of direct impact of AV activities on travel choices. AVs
are expected to bring multiple benefits for long travels. As already addressed by the second sub-
guestion, the technology will remove the burden of driving, allow for using long travel time for sleep,
interaction with other passengers or taking care of a child. Such benefits were found particularly
advantageous for single-day and weekend leisure trips, which frequency and distance might increase
significantly. Furthermore, the amount of overnight trips might considerably increase due to the
possibility of sleeping in the vehicle. Next to relatively short leisure trips, it is also possible to use the
AV as a sort of a camper van, which is especially attractive for very long holiday trips. Some participants
expressed willingness to use an AV instead of a plane, and visit multiple attractive locations on their
way to the final holiday destinations. Such trend could lead to further increase of VMT and modal shift.
Moreover, also the advantage of AVs for irregular, long business travels was mentioned, nevertheless
it was not elaborately discussed in the FGs.

Next to the AV benefits related to the in-vehicle activities, also two other advantages for irregular and
long travels were found. An advantage of AVs over PT is their availability, particularly for overnight
trips. However, perhaps one of the most striking and relevant aspects for travel choices is the second
advantage: The easiness of making a travel decision. Whereas currently long travels often require prior
planning and preparations, and usually entail the burden of access/egress trip, check-in, customs and
security control, in case of the AV the trip decision is as easy as getting inside the vehicle and
programming it for the desired destination. It was claimed in the FGs that the AVs users might feel
more triggered to make long, irregular leisure trips, which might bring significant increase in this kind
of travels overall.

Regarding the impact of AVs activities on residential location decisions, its nature might be twofold.
On one hand, the AV might serve as a reason triggering the relocation. In this case there was a broad
agreement among the participants, claiming that they would not be willing to move “for a car”. People
value their own neighbourhood and social circles too much to be convinced by the AV to relocate. On
the other hand, the AV might play a role in residential location choice in case the relocation is
unavoidable and caused by other reasons (e.g. starting a new job in another city). In this case also a
broad consensus was reached: the AV would bring more flexibility and make the decision to live further
away from the workplace easier. However, still the existence of upper commuting limit for the AV was
identified. In this way, the feeling of being “trapped in the AV”, addressed when answering the 1 sub-
guestion, is once more manifested. Overall, it has to be concluded that AVs have the potential to
increase urban sprawl and consequently total VMT. However, since people are not willing to “move
for a car” the process of this location shift in time will most probably not be too dynamic, at least in
the initial stage of AVs introduction to the market.
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6. Possible policy implications

As stated when discussing the motivation for the research, it is also meant to shed some initial light on
potential policy challenges stemming from behavioural adaptation of the future AVs users. However,
due to insufficient (and lack of quantitative) data, the goal is not to provide detailed policy
recommendations, but rather to bring a more general indication of possible problems.

Most importantly, it needs to be acknowledged that AVs bring potential risk of increase in VMT and a
modal shift of public transport. Whereas increase of travel was explicitly expressed in case of long,
irregular travels, the results also hint at the possibility of an increase on a daily basis. The FGs
participants acknowledged the convenience of the AV and claimed its advantage over PT, which can
be basis for such prediction. To mitigate this negative effect, PT could be promoted and made more
competitive with AVs, either by making it more attractive financially or by improving service quality.

Another category of potential problems concern the possibility of working in the AV. On one hand, the
AV gives room for potential exploitation of employees. By creating pressure (possibly also inexplicit)
to work during commute, employers might turn the in-vehicle time into extra, unpaid working time.
This risk might require new measures regarding worker’s right, specifically regarding acknowledging
travel time as working hours. Moreover, AVs provide a broad opportunity for many traditionally
stationary professions to be transferred completely into the vehicle. Some of them would surely
require additional regulation regarding the AV interior, e.g. for providing appropriate sanitary
conditions for medical professions. Another work-related problem is disappearance of professions
requiring a human driver, which needs to find its place in the long-term agenda of labour market policy.

The matter of working in the AV is also intertwined with another potential problem, namely possible
increase of commuting distance leading to urban sprawl. Although the spatial shift to more remote
areas is not expected to be dynamic in the initial phase of AVs implementation, it might gain
momentum over time, as the general population will keep getting other, non-AV related incentives to
change their residential locations. To mitigate the negative effects of such spatial spread appropriate
policy measures might be required, for instance subsidizing car-sharing for commuting purposes, or
extra taxation of AV commuters above certain acceptable commuting distance. Another possibility is
introducing an upper limit on daily time in the AV accounted as working time.

AVs might also bring new challenges for large cities, especially regarding city centers. Due to the
possible increase of trips to locations with parking problems, as well as growth of AV-induced tourism,
it might be advisable to restrict the access of AVs to the most central and busy areas of cities, or
increase parking fees for such vehicles. It might also be a reason to introduce more, AV-dedicated
parking infrastructure and further incentivize car-sharing, to avoid empty vehicles cruising
purposelessly. The problem of overusing the empty vehicles might also be reinforced by using AVs as
couriers. Although the magnitude of this particular kind of use cannot be predicted from the study, it
is possible that such utilization of AVs will have to be restricted or even forbidden.

Due to the advantages of AVs in terms of long travels, a growth in weekend leisure trips, as well as
overnight travels might be expected. Induced traffic might be expected on weekends and holidays,
creating an effect similar to the French “Black Saturday” — day of the year when the traffic is most
dense due to mass departures for holidays. AVs could cause a similar effect, but on a more frequent
basis. Mitigating such harmful traffic growth could be realized by further promotion of PT, or maybe
even introducing some restrictions regarding the use of AVs for leisure purposes.
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7. Discussion

In this section limitations of the study are addressed, the results are compared with the existing
literature, and suggestions for the further research are proposed. Lastly, a more personal reflection on
the research process is presented.

7.1. Limitations

It needs to be stressed that a number of limitations exist regarding the present study. The limitations
might be assigned to three different categories: limitations of the applied methods, limitations caused
by the speculative character of the study, and limitations related to the scenario presented to the FGs
participants.

Regarding the first of these three categories, both FGs and content analysis bear their own
methodological shortcomings. FGs participants constitute a small and unrepresentative sample of the
whole population. Thus, the results should be seen as an exploratory, general indication of possible
behavioural adaptations rather than conclusions representative for the general population of future
AVs users. Moreover, the results might be biased by possible self-selection of the participants, who
knew the topic of the discussions beforehand and could educate themselves on AVs priorly. Another
limitation of FGs, which is also one of the major advantages, is that the participants build their own
opinions on the statements of the other participants throughout the discussion. Although it brings an
exploratory, brainstorm character to FGs, it might also cause biasing each other’s statements.
Moreover, it is possible that the participants felt uncomfortable to share some of their opinions in
front of other people. Although the topic of the discussions was not controversial, such possibility
cannot be fully excluded. Lastly, a tendency of some of the FG participants to dominate the discussion
and divert from the topic might lead to obtaining irrelevant results. Although in case of the present
study such situation was not very apparent thanks to skillful moderation, still in the first focus groups
this problem could be observed at some moments.

Limitations of content analysis are somewhat intertwined with those of FGs: the conclusions are
ultimately built based on a very limited amount of data, which brings into question their actual validity.
However, the main reason limiting the validity for content analysis is the purely subjective nature of
analysis. It cannot be guaranteed with certainty, that given the same dataset another researcher would
come to the exact same set of conclusions.

Second category of limitations regards the speculative character of the study. Since none of the
participants had ever any prior experience with AVs, it was virtually impossible for them to imagine
how the actual travel experience would feel. For that reason, it seems that many aspects relevant in
real life were largely underestimated during the discussions. For example, the feeling of being “trapped
in the AV” was almost exclusively brought up as a general reflection, but was basically neglected when
discussing AVs in the context of daily activity plans and travel and location decisions. It brings a major
doubt about credibility of those results, for which the mentioned feeling could play a significant role.
For example, it raises the question whether people would be indeed willing to travel with AVs on a
regular daily basis, or perhaps the burden of deterministic, isolated travel would be too heavy.
Moreover, lack of experience with AVs and imaginary character of the discussions could cause
replication of current travel behavior in the statements of the participants (see Konig & Neumayr,
2017). Such replication was identified as one of the possible ways of using travel time inside the AV,
but due to this limitation it is not certain if it can be a valid conclusion regarding AVs users’ behavioural
adaptation. Furthermore, the speculative character of the study led to many very general statements
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from the participants, which validity cannot be assessed in any way. One of such examples is the
following quote:

“CHRIS: Then yeah, one of my hobbies would be changed to travel more.”

The above statement does not sound too strong, and without any actual context cannot lead to a
credible conclusion that indeed an AV would cause more travel. A similar example could be using an
empty AV as a courier. Whereas it is easy to “send” such vehicle to a grocery shop in a FG, this decision
might not be so obvious when dealing with an actual, privately own vehicle in real life, which most
likely cost a considerable amount of money.

The third, last category of limitations is related to the scenario presented to the FGs participants. To
make the discussion actually possible and avoid confusion and diverting from the main point, major
simplifications were assumed (see 3.1.4). Although the scenario facilitated carrying out the FGs, it is
rather unlikely to happen in real life. Aspects like safety, reliability or automation level of AVs will
certainly have a crucial impact on the actual activities in the vehicle. It must be noted that the scenario
used in the study is improbable to happen in the exact same form in reality. This fact can be seen as
perhaps the major limitation of the study.

7.2. Comparison to the existing literature

To bring depth to the findings and show their significance in the context of existing body of knowledge,
the results were compared with existing literature.

With regard to the findings on travel time use and perception, the impact of multiple elements also
identified by the present study was already stated by scientific papers. Factors like travel duration (e.g.
Gamberini et al., 2012), travel continuity (Hine & Scott, 2000), privacy (Tirachini et al., 2013), comfort
(Ohmori & Harata, 2008), facilities (Gripsrud & Hjorthol, 2012) already were acknowledged to be
significant for travel time use.

Findings not expected prior to the study, e.g. importance of casual social interaction for travel time
perception were also mentioned by a few papers. However, the existing literature on this topic (e.g.
Ettema et al., 2012; Morris & Guerra, 2015) refers explicitly to a direct interaction, and does not take
into account just “being among others” —the aspect found relevant in the current study. The influence
of isolated manner of travel specific for AVs was not yet properly addressed in the scientific literature.

The question of motion sickness for AVs has also already found some interest. Diels & Bos (2015) state
that motion sickness might prevent the users from engaging in non-driving tasks, which might be an
obstacle in capitalizing the benefits of the technology. They state that “self-driving cars cannot be
thought of as living rooms, offices, or entertainment venues on wheels and require careful
consideration of the impact of a moving environment.” Sivak & Schoettle (2015) also acknowledged
motion sickness as a serious problem for AVs and came up with some basic ways of alleviating it. More
advanced technical solutions AVs were also proposed. Ekchian et al. (2016) came up with an idea of
high bandwidth active suspension system, and Yusof & Karjanto (2017) developed a haptic feedback
device to increase situation awareness and mitigate motion sickness.

Regarding interior design of AVs, Jorlov et al. (2017) conducted a qualitative study on seating positions
in AVs and their impact on in-vehicle activities. Many of the findings resonate with the current study,
e.g. envisioning the AV by the respondents as “more than just a mean of transport”. The authors based
on their results also speculate about the convenience of an “AV for rent”, suitable for specific
occasions. The participants also showed little resistance towards hypothetical movement restraints
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(e.g. seatbelts), but the exact impact of such restraints on travel time perception and use remains
unknown.

Particular attractiveness of AVs for long leisure trips also resonates with the concept of travel time
ratio, which claims the existence of a unique trade-off relationship between activity duration and travel
time (Susilo & Dijst, 2009; Susilo & Dijst, 2010). It suggests that AVs might indeed make irregular leisure
trips more common by extending the time spent at the actual location. The idea of travel time ratio
can also be applied to commuting, which resonates with the observed limit of commuting time for AVs
(Schwanen & Dijst, 2002). Enthusiasm of the respondents for using the AV for long travel also finds
confirmation in the work of LaMondia et al., (2015). Moreover, the particular advantage of AVs for
long travel with children is indicated by study of Price & Matthews (2013) who conclude that travel
time might be used by parents and their children as quality time, which is also one of the findings on
the current study. Taking into account the entire variety of factors relevant for mode choice in case of
travelling with children, e.g. the ability to attend to child when travelling (McCarthy et al., 2017),
confirms the advantage of AVs over other modes in that respect.

7.3. Suggestions for further research

Reflecting on the results of the present research, | believe that although it brings a number of
interesting insights regarding behavioral adaptation to AVs, the actual credibility of the results is
extremely difficult to assess. Speculative character of the study implies that the respondents manage
hypothetical resources (their own time) by means of a vehicle they do not possess nor can conceive
the actual feeling of being inside it. | believe that until real AVs are available for wide-scale tests on
public roads, every attempt of examining public opinion on the technology either by qualitative or
guantitative methods will bring an unavoidable bias for the mentioned reasons.

Therefore, | am of opinion that further research on human adaptation to AVs requires a major
methodological shift, namely it should follow a path trying to emulate an actual AV as far as possible.
| believe that capturing the actual significance of factors like social isolation, deterministic character of
travelling, motion sickness or movement constriction on the activities inside the vehicle is only possible
in an experimental setting.

A possible idea would be providing the examined person with a car equipped with a chauffeur for a
certain period of time (e.g. a month). Assuming complete isolation of the respondent from the
chauffeur (by using tinted windows and a wall inside the vehicle) and availability of the vehicle at all
times, a reasonably close approximation of an actual AV could be achieved. Although this kind of
research is likely to bring major financial cost, | believe it is far more reliable way of examining future
behavioral response than purely speculative methods.

With help of such new methodological approach, a number of findings from the present study can be
validated and extended. Most importantly, the potential psychological effects can be examined more
closely. Among them, the possibly increased pressure to perform activities inside the vehicle, the
feeling of “being trapped” and the impact of easiness of making travel decisions need to be researched
further. These aspects might bear key significance for the actual willingness to use the technology.
Moreover, assuming longer duration of the experiment, the proposed method might also bring more
credible knowledge on in-vehicle activities, as well as rearrangement of daily activity plans.

7.4. Reflection on the process

Since the present study was my first encounter with qualitative study on any larger scale, | did not have
a clear idea about what to expect. Now, richer with all the experience gained throughout the research,

105



it is possible for me to reflect on the entire process, which | hope can be also useful for students
pursuing focus groups (or other qualitative methods) in the future.

Before conducting the first focus group, | was concerned that the discussions might not bring enough
data, or that people would not say anything interesting. As it turned out, the outcome was exactly the
opposite: a vast amount of data came out, and people said many interesting things, which was a major
reason of many struggles which appeared during data analysis.

First of all, | have learned that analyzing qualitative data is an extremely iterative process. After |
finished the analysis of all the data, | thought | arrived at a strong and rigid skeleton of what would be
the final results in my thesis. However, as one starts to write the results down and gets more and more
immersed in the data, the new doubts and ideas for improvements constantly keep appearing in one’s
head. At some point, as | was reading the transcripts for another time in a row, | decided to highlight
the parts that | find irrelevant and | will surely not use. To my surprise, reading the transcripts once
more at the very end, among these fragments | still found statements which were eventually included
in the final document. Thus, my most important advice for qualitative researchers is to be humble
about one’s results, namely having an open, critical mind at any point of the process.

A matter closely intertwined with the above is staying immersed in the data. | experienced myself the
negative impact of losing the overarching “grip” on the data as a whole. At one point | got very irritated
with the data analysis, so | had a break of about one week, during which | did not touch anything
related to the thesis. One could expect it would refresh the mind and bring useful distance, however |
strongly discourage anyone from doing so. Going back from such a break makes one irritated even
more, due to losing connection with the data and what has been done so far. It is therefore crucial to
be as immersed in the data as possible. If this is the case, it is often possible that new concepts and
connections of various data bits pop up in one’s head involuntarily - in a supermarket or when cycling.
From my own experience, | must say that at some point the FGs participants felt to me like people |
have known for ages — even though in reality | knew almost nothing about any of them. But when |
thought of a particular participant, | immediately had the whole story of this person in my head, which
is extremely helpful when analyzing qualitative data.

At this moment it is also important to stress that it is quite sure that during the process the mental
state is likely to vary a lot. My initial enthusiasm turned into anxiety, as | was first confronted with the
immense amount of data to analyze. As the analysis continued, moments of true interest and even
enjoyment appeared, as well as moments of puzzlement of pure burden and exhaustion. Now | realize
that this is a quite common state of affairs when writing a thesis, but what | would like to stress is the
importance to keep on going despite the circumstances. It can be even a little bit of work on one of
the worse days but again, not losing the grip on the data as a whole and on what has been done so far
is a key element.

One aspect to which | already referred is the problem of subjectivity of a qualitative study, especially
such speculative one. It often happened, that a statement that | interpreted in a certain way on one
day, the next day seemed to mean something different. Moreover, because all the statements on the
AVs are based on imagination, one can often wonder: do the people indeed mean what they say? What
can be concluded based on that? Is this conclusion still justified or am | making it up? After experiencing
such issues, | feel entitled to say that no one has the ultimate answer to these questions, including me.
| find it unjustified to say that every other researcher would arrive at exactly the same conclusions
based on the same dataset. What is however important to keep in mind is the risk of excessive
perfectionism. If subjectivity is such a vital element of analysis, one might easily fall into vicious circle
of constant reanalyzing and rewriting. As mentioned, the iterative element is crucial for deep analysis,
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but it is important to set the border, behind which the new iterations do not bring added value to the
results.

As a final point, | have to admit that at some moment | also fell victim to perfectionism, and there are
still things in the thesis | am not fully satisfied with. For example, | feel that the proposed travel time
use mechanism could more accurately explain treating the time as time to relax. Even though | know
what elements could enrich it, | believe they were not expressed explicit enough in the FGs to be
included as part of the results, namely purpose of the travel, time of day, or simply mood, which is a
very random factor. Thus, | made a decision to not adjust the data to fit my wishes and preconceptions,
but rather to use it in as inductive manner as possible. Still, the above factors are acknowledged by the
literature as significant for travel time use. Moreover, | also recognize the trouble with using notions
like “productivity” when talking about travel time use. Even though it leaves a lot of room for discussion
about what is productive, eventually | decided to use this term, being unable to find a more suitable
expression. | also spent a lot of time trying to make the results more concise and easier to read.
However again, making the trade-off between detailed explanation and compactness was a very
challenging task, especially for such speculative research. | must admit that all such unresolved issues
still leave the lingering feeling of unfulfillment.

However, | also admit that writing these final words | feel relief at the thought of submitting the final
document and ultimately letting go of the uneasy thoughts on making certain things differently.
Throughout the whole thesis process, | started to pay more attention to people talking about their
travel experiences, and the use of travel time. To my satisfaction, | noticed certain patterns which are
confirmation of many of my findings. It makes me hope that my research contributed in some little
way to the exploration of the very complex phenomenon of travel time use, and perhaps might serve
researchers in the future.

For everyone wishing to delve into qualitative research, in particular FGs, | wish best luck. Despite of
the above difficulties and obstacles on the way | really encourage for it, since above all | believe that
FGs are in fact a fun and interesting thing to do.
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Appendices

Appendix A: Relevant quotes
A1l

PAULIEN: “If (the travel) is shorter, | call hands free and listen to music. If it is a longer trip, like next
Friday I have to go to Helmond, then | do self-study. Then | switch between my music and study.”
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A2

“FELIX: We are talking about a travel time of 20, 40 minutes. It is not that you can do miracles in such
a time. Half an hour longer in the car and then all your work is complete.

JELMER: No but I'm almost all day in the car.

FELIX: Yes for you, but for the rest.

MODERATOR: For him, a lot more productive.

FELIX: Yes, yes. But for me that's 20 minutes in the car, that work, how much work is that?”
CAROLINE: “Some people might leave their office earlier to do the rest in the car. But if the travel time
is at least one hour. They may leave earlier to reach home earlier.”

A3

ERIC: “I'm happy when | look at the travel planner and | see that the trip takes an hour and twenty
minutes and it indeed takes also an hour and twenty minutes. Then | get satisfied, then | have slept or
whatever | have done. But if it takes longer then I'm annoyed. It has to do with the time that | used
during the train journey. If the time indicated for it, is taken, then I'm going leaving the train much more
relaxed.”

A4

LAURENS: “Also for work, (...) If you have 2 hours then it really matters. (...) But, within a short time
there is nothing to do. The risk when you are busy in the AV and you arrive at your destination when
you are not done yet. That might be a negative thing, at least for me. I'm worried about that.”
“DENNIS: But if | am in a bus | think sometimes | feel like | want to extend the trip so | can finish this
particular podcast. So sometimes the length of the audio varies, sometimes it is very short and
sometimes it is more than 20 minutes. | consider it as nice entertainment and | don’t want to stop.
MODERATOR: So sometimes the bus is delayed and all the people are ‘grrr’ and you are ‘yes!’

DENNIS: Yes! Delayed!”

A5

LINDA: “I live on the eastern side of Rotterdam so | have to switch, so it's short pieces that | travel. It is
an hour or so from door to door. | cycle a bit, then the train, then switch again, another train, then a
tram. So a lot of fragmented trips. (...) And the fact that | have to makes switches leads to the fact that
I cannot really do anything, prepare for work or whatever. It could be more optimal, | adapt to the
possibilities that | have at that moment.”

ELISABETH: “I think it also depends on the connection you have, so if you have a long intercity trip then
you open your laptop, then that's different from Delft to Rotterdam. Then you have to switch to the
subway, then you have short trips and you just don’t.”

A.6

DENNIS: “Because | am in a bus | don’t want to travel further for shopping activities on the way back
from work or something. | don’t want a trip chain. But | could if | had an AV. Because it comes together.
I like my entertainment as well as doing shopping, with PT is too much of a hassle.”

ANDRE: “My parents live in Brabant which is quite far. | could go there more often. Now it is doable in
PT but you have to cycle to the station, to the train.”

NORBERT: “What would be nice: now, | often have to wait because | have to transfer, that would be
gone. Certainly in winter, it is also not very annoying, but that might be an advantage.”
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A7

PAULIEN: “The rush hour also. The subways are completely full, you can avoid that, when you travel
with the AV.”

“ELISABETH: | wonder if we need to assume that there is still PT (in the future) So when do you choose
to go in your own customized AV and when you do you just take a busy NS train?

JELMER: | think that they will go bankrupt, to be very honest.

FELIX: I do not see the value of PT anymore in the future.”

A8

PIETER: “Is it true that the chairs in an AV are design in a way such that you are facing each other? The
basic situation is of course that we are sitting behind each other. Maybe they have swivel chairs.”
LAURENS: “This ensures that you save time eventually. Then | would just like to have a luxury car, just
a good bed. | rest my case.”

BART: “Yeah, maybe thinking about resting like ‘relaxation car’ where | can lay down maybe with music
and maybe perfumes.”

PETRA: “l was just visualizing that you have some sort of room or you can go to bed or you can sit at
your desk, that you indeed have these interiors.”

NORA: “Then you build a coffee machine in your car, then you can just make coffee.”

A9

“LAURENS: It seems very strange to me, (outside) design does not matter anymore, yes functionality.
Pub inside it.

GABRIELLE: Yes

ELISABETH: / think design matters.

JELMER: I think it's especially for the inside. One directs him as an office, the other like a pub, | think
that's where the focus will be.”

A.10

BART: “Maybe AVs that are available for rent. A collection of AVs with different functions. They may be
available for rent. (...) You rent the car when you need it, when you go away for the weekend, they tell
you the position of the car in the city.”

LINDA: “You will get a kind of lease construction, you get a subscription on three types of AVs, sports
AV, the chill AV and the business AV. In the morning | will book the business AV, in the afternoon | will
take the chill AV, and it is there when you need it.”

ARJUN: “(In the AV) you can play chess, you can play darts, cards. Books reading. | mean you can have
a small shelves of books. Even you can have like a whole menu like in restaurants: which kind of car you
want.”

A11

NORA: “I have no work that | can do within my car. So from my job perspective, my work is really my
job, so | do not have do that in my car. So | would go and watch a movie.”
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A.12

ARJUN: “I don’t think it (traveling by car) is productive, it is totally unproductive. So, even if | could work
on my laptop | would prefer to send some mails, which could be short tasks, that | could finish when
travelling.”

CHRIS: “Yeah, of course when you are driving, you don’t do anything, you’re just driving. | cannot do
any work.”

A.13

MAARTEN: “Yes, imagine sitting in the AV, you don’t have to pay attention to the traffic all the time
and look if you have to intervene. The moment a car drives itself and you no longer need to focus on
the road, it will ensure that you can relax a bit more.”

NIEK: “In my case, if | would use an AV, | would see it more as a moment of relaxation. (...) You do not
have to pay attention to the road by yourself. It is not that | am going to do all sorts of stuff in the AV,
brushing teeth, working, mailing or something.”

CHRIS: “It is interesting to sit in a car that moves automatically, you have no stress. (...) You are relaxed,
sitting in a car, smooth, automatically. It is good. If it is your personal AV you can check email, read the
news, easily talk with phone, send message.”

MAARTEN: “/ just noticed that in a car, you are always very limited in the things you can do. So the
moment you have your hands free (in AV), and you do not have to concentrate, then you are a lot more
free.”

PIETER: “Yes, if you can fully rely on the equipment of the car, in terms of safety, then you are very
relaxed in the car. Then you can do a lot of other things.”

A.14
ELISABETH: “I'm really annoyed when I'm on the highway, stuck behind a slow car for a long time and
it just does not go smoothly.”

A.15

DENNIS: “So when | cycle with my wife (...) it’s meaningful. You’re just talking and spending time
together. But if | was alone, probably | want to reach my destination as fast as possible, because | don’t
think it is really productive if | was cycling alone.”

A.16

KATRIEN: “There is always the fact that you are in a traffic jam with several people and not alone. And
you can look around you at what the rest is doing.”

GABRIELLE: “No one seems to look at you anymore. You all have your own world in that car. So nobody
is looking at each other anymore. Once you get in, you're doing something. (...) It will be a completely
different dimension.”

A.17

NORBERT: “If you have to travel by PT, like me, sometimes you encounter unexpected moment right?
How should | say this, if you have the same trip every day in that AV, then every day is the same. What
you see, whether it rains, if the sun shines, or you see how people walk, what people say, what people
look like, all those things. It becomes monotonous. Then you are no longer surprised either in a positive
or in a negative sense.”
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LAURENS: “A few weeks ago | drove with my girlfriend, at a certain moment | followed the signs to
Nijmegen. That was not the road we drove before. Then we passed a part of the Netherlands where
you had houses in hills and we really thought like: damn that's fun!”

ELISABETH: I think you can no longer really decide on what your route looks like at this time and how
you feel at that moment. You're just handed over to the device you're in. While | normally thought, here
you can really tear up. Or stop at that petrol pump.

FELIX: That is still possible, | think?

ELISABETH: Yes, you can, but you have to re-enter and schedule it. That vehicle will not pass other cars
at the moment you're in a hurry.

GABRIELLE: Yes, the control factor of course. That's gone. Completely gone. You are only in control
when programming. What kind of stop you're going to make, but that's it. Then no more. | think you're
mentally a little less good. Now, of course, you must react alertly and respond ad hoc if something
happens and so on. | think that little bit in your brain just dies.

A.18

Travel time perception:
LAURENS: “I am more or less happy with it (travel time) You are used to it and it is until
here and not further, in the sense of: if | want to relax then | put on my music and then |
am not available (...). | understand Koen's frustration with traffic. | also worked in
Amsterdam for 6 months, so | know exactly what it is about. But at the same time | think:
| cannot get through it, | cannot go over it, not under it, so just try to stay calm, it is just
a mindset.”

Activities:
LAURENS: “Listening to music, smoking a cigarette, putting the day planning in my
head.”

A.19

Travel time perception:
KOEN: “I am not happy at all with the travel time that | have. {(...) So, if | have to w
be somewhere at 8 o'clock, and it's a two hour drive, | have to leave at 6 o'clock.
Then | think, in that time | could easily answer my e-mail, make phone calls, things
like that. (...) At the end of a working day it would be nice if you could relax, instead
of being annoyed and still have to go all the way home.”

Activities:
KOEN: “I travel to work by car. One time it takes an hour, the other time two and
a half. It is a bit mixed during the week. What do | do when | am on the road?
Watching traffic. And | do listen to the radio or Spotify in the car. So pay attention
and listen to music and being irritated.”
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A.20

Travel time perception:
PIETER: “I sell plastic window frames, dormer windows, sliding doors. | am very much on
the road, they sometimes send me to Vlissingen. It may also be the case that | have to go
to Almere or Den Helder. | also notice that it is getting busier. Compared to a year and a
half ago, extremely busy. (...) The stress you experience, it is simply incredibly exhausting.
Continuously have to pay attention, in case of congestion, during traffic jams. Cars can
suddenly come from everywhere. You get all sorts of crazy situations when driving in a
traffic jam.”

Activities:
PIETER: “On the way, | eat in the car, | call, | mail, | send WhatsApps (...), sometimes also
a bit of administration, keep track of things in terms of financial numbers, (...) just in a
notebook.”

A.21

Travel time perception:
JOHANNA: “I really like to drive the car, so I really see it as relaxation. I'm also driving too w
fast, | like it. Those 20, 25 minutes to my job, | always like it. But, | have to say, I'm
annoyed by people who are driving to slow, so that's not nice.”

Activities:
JOHANNA: “What do | do in the car? Listen to music, singing, sometimes make my
makeup when I'm in front of a traffic light, if | forgot that. The mobile | try to conceal as
much as possible. Sometimes it happens that | look at it, send a little message, but not
often. Almost never actually.”

Travel time perception:
LAURA: When | am on the train, | am very relaxed. (...) When | go by car, I'm going to do w
something nice. So then | am especially happy. (...) At that moment, for example, | go for
diner to my mother. That's why | pick the car. | do not feel like my time is lost in the car.
MODERATOR: You see it mainly as time to relax?
LAURA: Yes.”
Activities:
LAURA: “(In the car) I just listen to my radio. (...) | do not prepare work in the train, | do
not need that for my job. | call my sister.”

A.22

NORBERT: “Doing nothing may also be good for your mind and body. (...) So | am thinking, just like
doing nothing, like listening to radio, listening to music in the car, | think that is important, just relaxed,
that you do not have a feeling of being rushed all the time, like: | still have to this, | still have this, I'm
not going to make it. The time that | have, that you just don’t need to do anything, walk quietly to the
station, the time that you listen to music, the time you're not busy. That may also be good.”
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A.23

JELMER: “Yes, if you have such an automatic car and you drive it, the highway becomes a kind of express
train.”

ELISABETH: “The question is whether there is still PT and private transport, or the AV in an ideal world
is PT. (...) Actually a kind of taxi.”

NIEK: “Well | would, just like when you get on a bus, just relax, just sit down and relax. (...) Normally
you are constantly paying attention to the road. You must now imagine that you are going to travel by
bus. (...) So, a driver who drives the bus, but you do not have to do anything. You can just sit very
relaxed.”

A.24

LINDA: “I would still like to catch a plane for a long travels. | just want to be there as soon as possible.
I mean sitting in a car for a day is not fun, no matter how many movies you see.”

RENATE: “If | do not have to steer and just can sit in my car, it would be more comfortable because you
can do what you want, but in the end you are still sitting for a day and a half in the car.

Pieter: It is a long time in the car.”

LINDA: “However, | still think | will get bored at a certain moment, you are still locked up. You get some
more degrees of freedom, but you're still trapped.”

CAROLINE: “We shouldn’t spend more time in the AV because it is comfortable. My home is also
comfortable so why not spend time there? (...) So, | just forget about the house, and | can live in my AV?
Because of being comfortable | should not spend more time in the car. It does not make sense for me.”

A.25

LAURENS: “Yes, if you now enter the car, you get in, then you have no sense of freedom. You can decide
what's going to happen, music, no music, it also works a bit therapeutically so to say. Having thoughts
about whatever. Later on you will think, drive across the country, | have a 2 hour drive, this means that
there is a workload because you have a 2 hour drive. You assume it's all going to happen. It just becomes
working time.”

PAULIEN: “But when it comes to work in the AV or whatever, you have to know your own limits. Then |
think the car makes it better. | mean regarding to your work, that you do not just keep going because
you have more time, then you go on and on, with everything. For relaxation, the car makes it better.
But if you are going to work, work, work and when you have free time you also work, you also take your
phone in your bed, then you have no limits anymore. Then you cannot relax. You think you have more
time to relax, but it is not. If you have everything in balance, then it is just better.”

A.26

“ARJUN: I can read news in my AV and have breakfast.

MODERATOR: Breakfast, ok. Normally you have your breakfast at home but now you change your
breakfast to...

ARJUN: Normally | don’t have breakfast because | don’t have time in the morning.”

MAARTEN: “Yes, also what Norbert says, you can shift your program a bit more. Breakfast, brushing
teeth that kind of things you do at home before you leave. (...) | am not someone who is looking forward
to a very long travel time, even though you can set up your car as a kind of living room. But still, this
would be something that | think is really nice. To move your morning program to your trip.”
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A.27
CHRIS: “If | used the AV in the morning so | can sleep more and have breakfast in the AV.”

KOEN: “Well | can sleep longer. Imagine that you can do your make-up in the AV, wash yourself or name
it, you can sleep longer, you can change clothes when you go to work in the AV, do your hair, you name
it. I really see time saving. ”

A.28

NORBERT: “You have a contract that you have to work 8 hours a day, those hours you normally work,
not more. But if you have two hours of travel time in which you cannot do anything, then you have lost
those two hours. But if you can already use these two hours, then you really do have time left. | can
imagine that it could be a very big advantage.”

CAROLINE: “Some people might leave their office earlier to do the rest in the car. But if the travel time
is at least one hour. They may leave earlier to reach home earlier.”

A.29

Current travel behaviour: 4
DENNIS: “So when | am cycling | don’t do anything. | usually cycle with my wife so | have w
to talk to her. Or look at the landscape or try to be faster, asking her come faster. And in
the bus | usually listen to podcasts or music.”

Behaviour in AV:

DENNIS: “Actually, | don’t think | would (sleep in the AV). I like what and where | am
doing right now. (...) If | compare with PT or a bus | would do the same thing, | would
listen do a podcast or read a book. | don’t think | would work more. So, | think for me it
doesn’t really change much. It’s not transferring something | do at home to something
which | do in a car.

A.30

MAARTEN: “Yes, it is like, | cannot really say how | would use that time. (...) | do not immediately see
what things | could do, look at my phone, but that is of course not very useful. So for that matter, it is
not like: | can now spend my time much more useful. But now it feels as completely lost time.”
RENATE: “It is so difficult to think about what you would want different, you are just used to it. It is
therefore difficult to think differently. Yes, what would you like differently?”

A31

NIEK: “Yes, look, in my case if | would use an automatic car, | would see it more as a moment of
relaxation. It is not that | am going to do things like: preparing my work, it is purely for relaxation. You
do not have to pay attention to the road by yourself. It is not that | am going to do all sorts of stuff in
the car, brushing teeth, working, mailing or something.”

JOHANNA: | like sewing in my free time, which takes a lot of time. Sometimes I'm busy for 3 hours, it's
going very fast. But, | would also like to do that in the AV.
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A.32

LAURENS: “I would like to have multiple choices. Suppose | have a stressed day, then | want a massage
chair and just my favourite music in the background. But indeed, another day | still have energy left,
and then | want to exercise.”

Petra: “Sleeping will not apply to me. The nice thing is that you can do something active or something
passive, that you can make the choice. That you can determine this per day or per time.”

PAULIEN: “It is for me also more impulsive. Not pre-planned. (...) | never actually plan anything in
advance, it is just spontaneous.”

A.33
PETRA: “Or if you actually finish your work inside the car. Then you come home and then you do not
have to finish it. Then you have more time for your children or other important things.”

A.34

PAULIEN: “When you leave the AV you are done, (...) just leave it there and at home is at home. (...)
That last hour is used differently, you are more productive. And then just feet in the air at home,
watching TV, music, knitting, reading.”

ERIC: “I think it is nice to close the office door behind you and really be ready, so to say.”

MAARTEN: “It can go two ways, on the one hand | think, | sometimes stay late on my work, but then |
am working on something and then | want to finish it. It might be that at the moment you know, | do
not want to go home yet because | want to finish something, | could catch up on the way home. {(...) So
if I have something like that, | want to finish something for half an hour, because | will forget it before
the next day, then | can do that in the AV.”

A.35

CAROLINE: “I won’t do the work in my AV. But busy people may do this.”

PAULIEN: “Or if you do business, you can have a business meeting on a large screen. Then you can give
a presentation somewhere on the way.”

LAURENS: “I would meet with my customers more easily outside the office. If | want to meet outside
the office now, before | have made an appointment, then | have to sit in a car for an hour and a half,
one and a half hour back then I think: | am not going to do that.”

A.36

“DANIEL: | think one of the disadvantages for me, if | replace my bike and train with an AV, | will become
fat really fast. (...) Because | will be too lazy to go for a run in the evenings or go to the gym afterwards
to burn extra calories. | also could not resist eating the same, less.

MODERATOR: Isn’t there a gym in your AV? Or not in yours?

DANIEL: But it still takes the willpower to use the gym. It’s only a resource for me.”

“BART: People are busy, it is all. | feel that people do not spend time, which is essential, for casual
interaction or not about work. Spending time with people with good colleagues. It is very important.
Spending some time to work in the car will liberate, make available some time for this kind of
interaction. (...)Yeah of course the time would be used to have this interaction.

ANDRE: You think people will? | think when people have more time, they just spend more time on their

7

own.
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CAROLINE: “After a while people will not travel anymore. It is not interesting anymore.”

KOEN: “I think I'm going to get bored at a certain moment. Then | think: yes, everything is already done,
then | am back on the couch. Then after months or years, yes, life was better in the past, back then |
was just busy.”

ELISABETH: “I think that too many new things of which you think at the beginning: | go a lot more time
but at one point it's just normal and then you think yes... The novelty is off. And then it's no longer
necessary. | can imagine, yes your travel range just gets bigger.”

A.37

FELIX: “I actually have exactly this, | work for four and a half day and every Wednesday afternoon | pick
up my son from school. (...) And if he goes out by himself or something. That car can also pick up your
children at night. Then you do not have to stay awake for it. (...) | like that a lot, my son is 10 now, but
if he's going to go out, and | feel like | do not want him to go over the streets alone. Then | do not have
to pick him up but then the AV can.”

A.38

“KATRIEN: Can you also send the AV by itself?

LAURA: | like to take a look at my children, at their preparations. When my son plays football | always
go there and look at the training. | am one of the few mothers who never misses a training but | think
it's important to see that they play together and that things are going well.

KATRIEN: That's nice for your child when he sees: Mom is interested in me.

LAURA: | feel really sorry if | have to make a deadline but then | just say goodbye to my boss: | go to my
child.”

A.39

“NORA: We have to bring my daughter to her internship two evenings a week, so we do not have to
take her to an internship anymore. Now, she can get in that car and the car will take her there. And
that car comes back to us, so that would save time. So that would be nice, if | trusted it. But | have to
trust that thing first. I'm not really going to put my child in such a car on his own.

NIEK: Yes, so do I, how do you know that the right person is getting in your car?

NORA: Yes, exactly. It is my daughter, so | do not just do that.

MODERATOR: But imagine that it is completely safe.

NORA: Yes, then | would do it.”

PAULIEN: “But, when it comes to picking up children, | do not really think that is an advantage. You do
not know how old they are. Maybe they sit in the car with a group. No, | think that's too risky.”
RENATE: “I would just stay with my children if | bring them to school, that may also have something to
do with age. If they get older then | would (let them travel alone).”

A.40

LAURA: “If I have to park my car in Amsterdam, Rotterdam you have to pay a lot of parking fees. Does
this remain? Is that different?”

LAURENS: “I actually combine it, we have an office in The Hague, where | have to be two days a week.
Then | go partly by car to <location removed>, then | get on the Randstad Rail again, because | have to
pay parking fees.”
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MAARTEN: “I mainly use the bicycle for things in the city center. | think it's already mentioned, but if
you have to park your car there, it will cost you a lot. That is why | think | would still take the bike,
because you have to park your car somewhere.”

A.41
RENATE: “Let the AV pick up your groceries at the pick-up point of Albert Heijn, | do not have to go
anymore.”

A.42

“Maarten: If | have to drive for more than two hours, | have completely lost my concentration. | would
never make a car trip to Paris, but in this (AV) case, you do not have to take it into account.

Norbert: Exactly, and you have the comfort of your own room, no noise, no people who are calling, you
do not have that.”

A.43

PIETER: “I often have the fight against sleep, while I still have to drive a long distance. But, | don’t want
to go off the highway, | want to go home as soon as possible. But actually | am really tired. It would be
great if you could sleep. Even if others ride along with me, | am the one who has to stay awake, they
can turn their chair backwards, | would like to do that myself.”

CAROLINE: “Hotels will not be happy with this because if it is allowed people will spend the night in
their AV. So for them traveling is cheaper, because they do not need to pay for the hotel. You have a
good bed. So traveling is cheaper so maybe | will travel more.”

A.44

PIETER: Well look, your freedom, you are in your own cocoon which does the work for you, maybe it
will take longer but you will travel in a very relaxing way to your destination. Airport is stressful, already
in the arrival hall, but also in the plane itself. There are incredibly many people in a very small space.
PAULIEN: All the carrying with suitcases and waiting.

PIETER: It can be very cheap, but that is not a pleasant way of traveling. While this will be a very nice
way of traveling.

PAULIEN: “Now, | will perhaps realize everything (travel plans), with holidays and travel. If you take a
look at France and Germany, if you have to go by plane, first 2 hours to Schiphol, then you might go by
AV as well.”

A.45

RENATE: “Yes family trips, to the zoo, amusement parks, that are the things | would do, I'm not going
for a daytrip to a zoo in Arnhem now, I really have to go during holiday or weekend away when | would
like to do that.”

A.46

“MODERATOR: So for example you would travel further for vacation?

LAURA: But also just for myself, a day in Groningen is great fun. A day in Haarlem is also fun.

LINDA: 3 hours to your destination, so 6 hours in total, that remains the same.

KATRIEN: Yes, but less intensive. It is a difference whether you drive yourself or whether you can sit
back or play a game with your family, whatever you do in that car.

LAURA: That is nice, monopoly in the car.

KATRIEN: Exactly.”

PAULIEN: “But suppose you have younger children, then you go to a theme park, then you can be busy
on the go, quality time with the children.”
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A.47

“GABRIELLE: (Would travel) further away, yes. (...) You are less tired. You do not have to account for a
ride back, you do not have to go back in the evening, if | go so far away, | want to eat and drink, but
that's not possible again. In this way, you can easily go to Brussels or Paris or so.

MODERATOR: To eat out there?

GABRIELLE: Yes

FELIX: That would be an invention, to Paris, God.

GABRIELLE: Yes, nice right? Eat there and then go back and sleep in your car.

ELISABETH: Then you are not talking about commuting anymore, but really about fun trips.”

A48

“PIETER: I would also travel further. | would also go on vacation much easier, instead of going by plane.
PAULIEN: Yes, I also travel by car to Italy, Spain, that kind of places but | also go by plane. Now, | would
take the AV rather than the plane. | am more a person that really does things on the go. Just stop on
the way and eat something. Exploring the neighbourhood, that's what I like more. My children are of
course also a bit older. They don’t want to only go swimming in the hotel.”

A.49

LINDA: “If | have to move it is indeed, the time you have to travel back and forth is less decisive than
now. Now it is like: it shouldn’t be more than an hour otherwise it is really a waste of your time, but, if
you can use this hour useful, then it makes sense.”

CHRIS: “It makes the decision easier. If you live in a place where your work is far away. If | have AV |
would be more comfortable.”

JELMER: “But there is one possibility (otherwise would not move), if | can work more, want to work
elsewhere, other boss, career opportunities, a job offer in Paris, | would do it. | would not do it for the
moving part, but | would make other choices because | can travel further.”

DENNIS: “But when you have your own private car or AV | think it would definitely be so much easier,
you don’t have to think so much. | know people that commute from Leiden or Amsterdam to Delft, it is
a bit strange that you want to travel a lot, but if you have other constraints, for example my wife, then
it makes the decision quite easy.”

A.50

NORA: “No, if | had to move for my job, | would travel a bit further to my job, | would travel a bit further.
I would not move for that. | would travel a bit further, that does not matter to me, but I'm not going to
move.”

A.51

ELISABETH: “No | would not work at all in Groningen, even if | still live in Delft. You still have the travel
time. | can use that as well for other things.”

CAROLINE: “There is no difference for me. | don’t want to change my city. | don’t want to spend time
commuting every day.”

LINDA: “About moving? No, | would not move because | have an AV. If | have to move it is indeed, the
time you have to travel back and forth is less decisive than now. Now it is like: it should not be more
than an hour otherwise it is really a waste of your time, but, if you can use this hour useful, then it
makes sense. However, I still think | will get bored at a certain moment, you are still locked up. You get
some more degrees of freedom, but you're still trapped.”

121



A.52
LINDA: “About moving? No, | would not move because | have an AV.”

NIEK: “I see it as a nice addition, but | certainly would not move for it.”
PAULIEN: “Yes, | want to move anyway, but not because of that car. That is different. (...) So that
basically will not be the cause for a move.”

RENATE: “It does not affect me either. | would not move for it.”

A.53

PETRA: “No, | would not move. | do not see myself living in a village or in a rural area. It is of course nice
that you can perform a trip more often to go there. | need people around me.”

JELMER: “I feel like this: my house is my house. | am a Rotterdammer now. | have nice neighbours who
will not move for me. I like it there. If my son is home, we'll go outside. There really cannot be a car that
is better than that.”

JOHANNA: “Now, | see myself living in Delft in the future, | think it is such a cute little town. That you
walk into town, a pub for example. | think | would not move for that. Because it is cozy, the atmosphere,
(...) social events. Friends, going out. In that case: no (to relocation).”

NIEK: “No, for me it is more dependent on the location, not whether | have an automatic car.”

A.54

BART: “Yeah, it would influence my decision. In Delft rents are very high, so we may decide to rent a
flat elsewhere. In a place with better housing and a nicer for weekends. And commute in AV.”

DANIEL: “I think it is also depends on how expensive the living there is in the region. If there is a big
advantage in price by living outside the city and you don’t have a choice then it is an option.”

GABRIELLE: “Yes, | would do that too (move somewhere else). Wherever there is less regional tax.”

KOEN: “But suppose you have to move, suppose | would get a job in Amsterdam and | have to move
there, so | would want to live outside of Amsterdam. Because if you want to live in Amsterdam, you
have to be really rich.”

122



ts

icipan

FG parti

Appendix B

S$9210Yd uonedo

s?d10Yd |anea |

awi} ea1x9 Jo d
sn/auawasuelseal
ueld Ajieg

Jajsuesy Alanoy

AV 3pIsul SSIIARDY

aJnssaad awi|

(mou) AioSared
uondasiad awiy

awi [anesy
YM uoioejsnes
juauIn)

S3I1IAIDE
Suyjanen jensn

Wi} |9Aed] Jualin)

Suijanen
Jo Aem juaain)

uonednaQ
a8y
awepN

J9quwnu dnoio

umouun

umousun

Ajlwey pue spualy
0] U340 2JOW [9ABJ} PINOAN

umowjun

(das|s 4o saiqqoy

/Algeqoud,) eapi Jeajd ou
‘asimiaylQ ‘awiy Ja8uo) e uoy
Suiuana ayy ul ayeme 3ulhels

(Apnis 4o peas ,aqhew,)
B3PI JB3|I OU ‘BSIMIBYI0
‘Bujuiow ay3 uj das|s esix3

suoljesedasd

Suid
uiasais Suluiow jo Jaysued]
Jadedsmau
Buidas|s
‘Isepjealq :8ujuio
1sepeauq 404 dwi} ON
11"} 01 3wl paisem swi]

apnyne aaiHsod yum paydasde
9q 0} UapJINq d|gepioAeuNn
ue s 31 :paysines Jayiey

aAindnpoldun
Aj@19)dw02 s 31 :payysiesun

a1snw
Jooq peaJ ‘auoyd uo Aeid

uo13s98uU0d Jo asneaaq
paieJisnuy s398 ‘Suiyiou

umouu eo
un e ul) yg o1dn aq 03 pasn
Ld/aM9 Jed Jal|iea/a31q
uspnIS uspnIS
9T 144

9.puy

unly

123



Aeme Jayiiny 2oe|d

Jadeayd pue J3dlu e 03 aAowW
pinom ‘uoisioap |eallayrodAy
0 2UaN|Jul BABY P|NOM AY

AemAue uiznwiwod 91| 3,ussop
‘90UBJ3J4IP W J0U P|NOM AY

uoIsdap |ednaylodAy uo
9JUaN|jul dABY p|NOM }|

(snq aysiu e ur )
1ySiuiano siow |3AeRIY PINOAN

sasod.nd 213s1un0}
404 {(ued) 03 swoy yaeq 3ujog '8-9)
s|aneJ1 Suoj| Joj AY 3sh p|no

swa|qoJd Supjied
UM suoljeuisap

0} 9J0W |[9ABI} P|NOM
‘2Jow [aAeJ] PINOAN

U0I10e43]UI [BID0S BJOA|

Suluiow
9y} ul das|s eJix3

(doide| uo yaom 01 3|qissodwi
S} 1d ul) Jajsuesy Jom

S9I}IAINOe JO J3jsued} ON

1sepjealg

(sjrews
Supppayd) ydom ‘smau upprsyd

2y oeue))

'8'9 1104 dwI} Sy JIABU BYS SSuIY L

|lews ‘3unes ‘3uidas|s

uOoI30BJ]UI |BID0S JOJ dWI] OU
aJ0j249y3 : Asnqg aJe 9jdoad,,

Op 01 31| PINOM 3YS S3IHAIIOE
9JNSI3| UBIID JO} BWI ON

Xe|aJ 03 dWl]/Uollde Joj dwl]

(popasu
1) uonoe Joj swil /||y 01 WL

Xe|aJ 01 dwi]

3unenwiis pue aAioNpoad
S| Bul||aneuy :palysnes

ysnoyy
aA1dNpoudun si 3| :umouun

SuInLp Y17 :palyshes

adeospue] je y00| ‘peal

Papasu 1 J4OM 404 Pash 3q
ued aw Ing ‘(Suliels/suoawos
01 3upyjea/suoyd) Suiyiou Ajjensn

8uiylou/oipeu:ied
‘Buinuasqo ‘uiyiou 1 d

umouyun umouyun umouun
Apsow J31|1e3/3¥1q Mou NP
1d A¥ 1d Js14e3/331q 01 pasn ‘14/3Y1q mou
juapnIS JayoJeasay uapnIS
143 [43 8¢

ueg

auijole)

SUYD

124



9210Y2 UOI1e0|
Joj uenodwi aq
p|nom 30adse |ejpueuld

Jaised
UOISIJ9p UOIIBI0[3] YW PINOM AY

WAV 9pisul paddeuy, a1,noA asnedaq
uapJng e [|13s sI dwil Suipnwwo) ‘Aeme
Jej 00} 10U Inq }q B dA0W 3gABW PINOM

ssuip

pue 9|doad 40} 431uN0D

e se Ay 3uisn Jo asnedaq
SS3| |9ARJ) PINO

umouun

(,,USsurauois)y
ul 4om upjnom |,) sdiiy Jein8adul

Joj Ajuo os|y ‘440 si Ayanou,, se uoos

Se pua p|nom eyl inq Aeme Jey sduy
94Ns19] 404 Udo aJow 03 sgAew piNopA

Jaiyyjeay 3uial {(yaang/spod
03 Sujuses)) uawdo|anap-49S

umowiun

(,mou Sulop w,| a1aym
pue 1eym 31| |,,) SOIMAIIDE JO J3jsued) ON

uoneJisiuiwpe asnoH

sawe3 J93ndwod SuiAe|d

300q:‘1seapod :Mmou se awes

(uonessiuiwpe asnoy) spuetsd
8ulop ‘AL yoiem ‘uadedsmau peay

uolleJISIuIWpPe 3SNOH

1113 03 dwill

UoI3oe 40} dWI]

(4e2) xeJ24 01 BWI] {(1d) paIsem awi|

,9A110Nnpoidun
pue aAndnpoud usamiaq,
S, :SS9sSe 01 3NdIId

9SIMJBY10 3A3dNposdun

‘(3seopod 01 Suluals!|/a4M yum
3ulj|anes] *8°9) sainAnode Sulwaoyiad
31 9A1dNpoud :palysiies Jayiey

juswow Su1Isal e s, ‘palysies

1482 ‘A}INUIIUOD [9ABJ} PUE 1JOJWOD

40 30e| puB SUIPMOJD 03 3Np 3,Ued INq
Aj3UaJalp 31 9sn pjnom ‘paysiesun :1d

3
uliels/yooqgolipne/aisnw

s)joogolpne/siseapod/aisnw
:1d ‘Buiyzou :BuipAd

olpeJ/(paiejaJ-yiom) sjlewa/s|jes sauoyd

umouyun ulwQgZ:1d ‘ulwpg:ayiq ulwg/-ulwQy :4ed ‘ulwoy:1d
ulesy 1d/a1q Jed/Aemqgns+ules
1uspnis uapnis 1ue}Nsu0d uspuadapu
[43 €€ [474
[a1ueq sluuag yiaqesi|3

(o]

125



w?a|qoud e ya8uo| ou
Qw3 |9ned :asnoy J4a3381q pue uoledo| Jodeayd
e 01 Aeme Jayuny anow AjjeannayrodAy pjnop

Xe} |euoidal ssa| yum
2oe|d e 0} aAOW pjnOM
{UoISI23p UO[3EI0|D4
90U3N|JUI PINOM AY

sled 01 sduy aunsi9)
*8°9 {J9y1iny |9ARI) PINOAN

daajs 4oy 40 Jaswiy
J0j dwil s1y1 asn pjnom ysiu ayl uunp
J0 |00y2s wody p|iya dn yaid 01 9ABY 10U PINOM

awil anes
pue Ajjensn ueyy JaijJes
wA3 01 03 p|nod ays ‘AV
ul 3 ulysiuly pue Jaljuea

340M Sulnea| UBYM

uoljeJlsiuiwpe asnoy ‘salas Al Suiydoiep

(dn-ayew) suoneseds.id
Sujuiow awos Jajsued]

UO|}ESIIAUOD
e 9ABY JO 183 ‘SUlylou Op :Xe|ay

pIIYya sty Joy
Ja1N0d e se Ay 8uisn ‘3saJ ‘salias AL Suiyorepn

dn-a)ew oqg

93enoys doaajs ‘Asnq 0o1s,9y
9snedaq aJowAue ules ay3 ul
1sepjealq asedaud 3,usaop ‘Aep
ay3 Suunp syuswiulodde Auely

auOop 3 01 dABY YdIYM SI2113]/uoiielisiujwpe
asnoy awos os|e ‘Juixe|a.

30U S} :(,ysnJ e ul, S31I3S AL S9YIIEM)

awioy 1e awil a4nsia| SuIAeY UBYM Xe|aJ 3,Ue)

113 03 dwilL

113 03 dwil]

UoI3de 40} dWI|

(pa1ysnesun) ueld

Ajiep jo suondnusip o3 spes|
11 JUDJBHIP SI U JI ‘pa1dadxd
Se S| 9wl |9ARI] JI palYsIIeS

AV UB Yum AjjuaIaip
3w} ay3 9zjuedJo pINOAA :palysiiesun Jayiey

Qw1 150| 3q p|nom
9SIMJI3Y3I0 Ydiym s3uiyy
Op 01 3WI3 S,1] :palysiies

(suolsioap snoauejuods) |eniu
ou ‘auoyd 3jiqow ‘3saJ ‘3uiyou

19UJ93U] 3y}
uo 3ulans/aisnw : | 4 ‘ddesyieym/oisnw ued

34OM i1 d
‘auoyd ayy uo Supjjey :ued

ulwoe

Uy :1d ‘Ui :4ed

ulwoy

uley

Aemans sawawos/ied

Jed

Jaumo Auedwod a8el01s

jua8e sajes

(pa4nnaJ) Jaydes]

(013

€€

59

oIBE|

X124

9|IsHgeD

126



(,ano

8u108 ‘spuay ‘syuand
|e1nos,,) Juenodw

1S0W S| JUBWOJIAUD

Aso2 pue pooyinoqysiau
‘30102 3Y3 ddUBNHUI
10U J3ylel pjnom AY

uolsIap
UOI1eJ0]34 3JU3N|JUI 0} AV JOj ySiy
00} s| 9|doad pue pooysnoqysisu
921U JO 3N|eA 33 3SIMIBY10
‘(uoisaap ayi 1oedwi pjnom

AV Uay3) qol Jamaq yonw e passyo
usaym Suirow JapISU0d pINo

9l0J e Aejd os|e pjnom
SUOI}BJIPISUOD |BIDUBULY
papaau S| SuIAlIp Ou 3snedaq
Aeme Jayuny ‘ease 31ainb
9JOW B 0} SAOW p|NOM ‘@row
01 pey juediped ayy 4|

peoiqe/ainsia)
10} [9ABJ) IO

SS9| |9AeJ] pjnom juedidijied
9y1 Inq ‘(4314n03 e se)
U91JO 3JOW [dARIY P|NOM JBD

Allwey yum awiy esx3

91| |e120S 40y
W} eJIXd 3sn :(AV ul) Jo1j4es
ydom Suiies ‘das|s esix3

pooj Suinnd

J34SueJ} IO

Sunuuyl

«9IHO
Aw aqg pjnom Ay, :(s||eauoyd
"8'3) AV Ul 310M Sy Op PINOM

suoiesedasd
Suiuiow jo Jajsuedy a|qissod
{(uoneisyiom e se AY) J4O0M

34l| Ajiwey 4oy peq sl yoiym awoy
YIOM BY3 SHE] ‘D1jeu) [NySSAIIS
{182 Y} DPISINO 1B USAS 0} dWI}
OU USYO :3JNnssald YJOM JueIsuo)

XejaJ 03 dwi|

UoI3oe J0J dWI|

paisem awi|

Suixeja. sty ‘Jed
e uinup sAolus :payysines

[NJSSD41S 5,1 :palsiesun

awil eyl

ul das|s/s||ea suoyd/sjiew
JaMsue p|nod ‘palesisniy
SI {]|e 1e paysiies 10N

dnayew/3uiduls/aisnw

Jed syl ui Sunea
{()4om Joy) s|jedsuoyd/ddesnieym

JlIsnw/olpel
‘2144e43 03 uonuane Aed

(IN 4210 || Sj40Mm 10}

ulw JOM JOJ aWl] @ e S|oAeld
1Hoe g 3 OUI U lIE Sieneh suoneulysap ajdiynw) ysz-yt
Jed Jed Jed
juejsisse m:twumu J01oeJ1uo) juelnsuod ssauisng
T 44 €€

euueyor

Jawar

us0)

127



A2 B Ul YONIS
198 10u 031 Juenodwi st Aemysiy
e 03} SS920e Po0o3 [|13S AV YHM UDAT

gofl e uoj Ajuo uays ‘anow
| 38243 S| pooysnoqydiau
9y3 asnedaq ade|d ua.INd

ay1 ul Aels usayies pjnopp

apIssAiaunod oy ‘Aeme
Jayuny anow Ajqissod pjnopn

ualjo aJsow Aeme

Jey Ajlwey SUllISIA AV Ul UBPINQ SSI)
S| |9ABJ] 3SNEI3(Q ‘921440 BY1 SPISINO
s3u119aw 4oy us4o asow 3ulj|dAed |

sasodund
211514N01 404 OS|e {(3]e1404W0d
9J0OW S,11) JoYyuNy |9ALI |

(8uinlip sAofus)
10| e s|jaAeJ} Apeadje asnedaq
‘910W |aAeJ} 30U PINOA

Ajpuaidiyye sasow Aep ajnpayds
01 9|qIssod ‘(auejeq ajl|/siom
19119q 01 $}uey3) uoldelalul
|e120S 2J0W 404 D} eJIXd Sulsn

jJuswasduelleal oN

(swoy 1e sad1nap
|043Uu02 Aj930WaJ ued NOA
41 9gAew) Juswaduelieas oN

‘92UaJ9ju0203pIA :9|doad ssauisnq
J0j poo3 AV ‘(1ods)asiouaxa<

-1y9] ABuaua ||13s H1 ‘a1eyd

98essew e YUM Xe|al<-|nJSsalls
:poow pue Aep ay3 uo spuadag

AV 3pisul op 03 s8uly3 puly 01
1IN21}1Q ‘SII1NIAINDR JO JBjSueI}
ON ‘Mopuim 3y} apisino Suliels

.Yyonw op
I, @A3119q 3,uop |, {(ddysieym
‘llew ‘a1snw ‘alaow) swiy Sulfiy

1113 03 swill

Xe|aJ 01 dWi]

paisem awi|

apnie aaisod
yum paidadde aq 01 uspinqg
9|qeploAeun ue s}l :paljsiies sayley

Xe|2J 01 W S,1| :paysies

9|qeholus

2J0W }| W SJ3sn Jed Jaylo
‘uo1saduod pue awil 3uo|

JO 9sNeJ3q palysiiesun Jayley

Aep ay3 Buruue|d Bupjows disnw
:1ed ‘auoyd ‘uadedsmau :|ies+ied

olpeds

J1snwi ‘s||ea
auoyd ‘Aep ays Sujuueld ‘oiped

YT-UIWQE 118D ‘YT :|ied+ed

yT :Jed ‘uiw og:ulesy

(8uiuana)
sulw Q€ ‘(Suluiow) yt

Jed :sAep g/|ies+ied Dj@am e shep g ulesy/Jed Jed
Auedwod

491108103 31pa43 92UBINSU| 1B UOIIBJISIUIWPY 19np sng

9t 8¢ 9

suainet

eine

usuey

128



(,dn pax20] ||13s 24,n0A,

1JU3]IX3 UleL3d 03 dn) UoISIdIAP
93 uo 1edwi aAey pjnom

AV Sulnow Jo 3sed ul ‘J9AaMOH
AV JO 95nE23(q SA0W 10U P|NOA\

(3uenodwi ssa| sawo23q Wil
[9AeJY) papaau s| Suirow Ji 1edwi aney
PINOM :AY JO 3SNEI3F SAOW 10U PINOAN

(wsjqoud ou si Jayiuny 11q e Sulj|aneul)
Jayue 1edwi |eanrayrodAy aaey jou
PINOM :AY JO 9SNEISQ SAOW 10U PINOAN

ysnoyi aoueisip |aned)
135 SI 49y ‘U910 240U
10U INq ‘4ay1iny [9ABJY PINOAA

shepijoy
Aofua 1,usaop pue asaymAians 01 3so|d
Apeauje sanl| :uayiny Sulj|anesy oN

AM[1qIX3]} 240W JO 3SNeIAq
‘U340 DJOW pue JBYNY [9ARI]} PINOAA

w3} 9344 aJow SuIng

‘31q1ssod AY apisul yJom ulysiuly
‘ainssaud awiy uo Sujpuadap
‘BWOY/310M JO UOISUIIXS UB AY

daa|s aiow J0) pash aq pnom

AV @Y1 ul (3sepjeasq) suonesedaud
Bujuiow Jo Jajsued) ‘dwoy 1e aJow ¢
pue dwill 9AEBS 0] }JOM Jdjsuet) pjnop

(Ajpueasuod syualpd pue saoed
snolea 03 3ul||9Aedl) a|qeldipasdun
pue d1weuAp Ayaud st ajA194|

J9y Jnauaidauiua ue se JuaIdIYd
2Jow o9 03 Aep Jay a8uesleal pjnop

soolejod 3uljead ‘suonesedaud
Sujuiow Jo Jajsuedy 9|q1ssod

awoy/ade|dyJoM JO UOISUIXD
ue se Ay ‘SIN0O\ 33 ‘xejal
3oeq Aem ayl uQ ‘smau {jlews
1sepjealq ‘dn-axew :(y4om
Joj os|e) suonesedasd Suluio

(039 ‘sasua) ‘y1aa1 Suiysniq)
suoljesedasd Sujuiow Ajqissod

'219 ‘Buil@awW ssauisnq ‘uaJp|iyd
yum awiy Anjenb :sanjiqissod peoug

paisem awi|

paisem awi]

uol3de 40} dWI|

3|qissodwi Sa13IAI3OE
9)ew 3uipmoJd pue Axnuiuod
|9ABJY JO XJB| :palysiresun

Jed e pue 3JoAdIq e U0y
y10q ‘Aissaoau Jueseajdun :palysiesun

3|21YaA 3y} uj op ued
juapuodsal ay3 yonw moy uo spuadag

9IAOW SaWI}DWOS
‘Smau Bulpeau ‘eipaw |e120S

siseopod/oipe.

(1oAe41 428u0|) sasunod olpne ulApnis
{(]anea1 110ys) a1snw/s|jed auoyd

yt

SUIWIST 4D ‘SUlWGY a)Iq

ssauisng
10} dWI} Y3 [|e S|aAeJ} Ajjuain)

WieJl+UleJl+Uulesi+d9Ad

ay1q/Jed

Jed

JaYy2Jeasas Adjjod

Jadojanap aiemyos

(8uiyoeod s8ewi) 42oue|aa44

8v

epun

usaueen

9]02IN

129



(auersodwi ssow s1 uoied0|)
papaau si Suinow 4 1edwi dAey jou
PINOM :AY JO 9SNEI3 SA0W 10U PINO

(wa|qoud

ou S| Jayuiny Uq e Suljjaney)
Jayua 1edwi [eanaylodAiy
9ABY 10U PINOM :AY

J0 9SNeJaq SAOW 10U PINOM

J3p|O UaYM 3pISAIUNOD
0} 2A0W dgABW PINOA

sAepijoy Jo} aJow [aAed |

Aeme
Jey sAepijoy 4oy Joyny 8uion

SPUYIIM UO 3JOW [9ABIY PINOM

uoliexe[aJ 4oy Ajuo AY
asn {sa[HAII0E AUE J3)SUBJ] 10U P|NO

awi} 9sn:daals eJ1xa J0) Wi}
BJ1X9 9Sn OS|e p|nod ‘A1 dJow
yazem pjnom ‘ase|dyiom
9pPISIN0 YI0OM J3jsues) 0}
1uediied ayi Joy 9jqissodw|

S31}IAI30E J34sued) 03 3|qissodw|
AV YUM 3wl 9AEBS pue aullnod
Ajiep jo 10| e 98ueyd 01 3|qe 10N

(AjjeansyrodAy) Suluiow ay3 ut swin
OUu JI AV Ul 1sepjeauq 1es 01 3|qIss0d

S92UR)SIP J91OYS
Joj Juepodwi ss9| ‘uolIsaduod Ul yanis
uaym Ajjerdadsa ‘auoyd ajigow yum
JO Jleyd 9|geojwod e uo ‘8'9 ‘xejay

(po1snJy aq ued 3
41) USJP|IYd 404 JB1INOI B SB AY
Buisn ‘AL ‘S1no ‘auoyd 19D

s1iqey |aAeJ} a8ueyd Jou pjNoAA

(AlleanzayiodAy)
1sepyealq 404 Wiy o yoen

113 03 dwiIL

113 03 dwil]

(uoousaye) xeja. 03
awl] ‘(S8uiuiow) uonoe 1oy swi|

w3 siy1 Sunp xejaJ Jayiel
PINOM :UOI3S3SUO0D UBYM palysizesun

,wa1sAs ay3 ul, s,)1 ‘uapanqg
d|geploAeuN UE S,31 :palSiies

juesea|d aJow aq p|nod
11 MOY MOU)| 3,Usa0( :palysizes

auoyd :uleJ1 dIsnw
Ajjeuoisseado ‘3uiyiou Ajjensn :ied

olpe.
214je41 031 uonnuane Suihed

(8uiyrou Buiop/aisnw /suoyd)
w3 Sul(y :uoousaye {(Jom
Joj os|e) uadedsmau :Sutuiow

ulwoe

ulwst

YT-uIwsy

ay1q/Jed

Jeds

uresi+ulesy+Aemgns

JUIpPN3S pue JaYdea |

N |elnaualdaJiua 40} uolNHIsu|

eJION

13gJoN

130



eaJe |nyooead asow e 0} Aeme Jayriny
9A0W pInod ‘Buirow |eansyrodAiy
J0 9sed ul 9jou e Aejd pjnom Ay

punoue 3|doad aney 03
S9Y|1| AV JO 9SNEI3Q SAOW J0U P|NOAN

Suinow uaym

9]04 e Ae|d ued ‘@oe|dyJom wouy
J3y1iny 3AI| 01 J3ISE ) S¥eW AY
AV JO 3snedaq aAow 10U pPINOAA

(01 248ym JE3[OUN) [9ARI] USLO IO

umowjun

(sue|d jo peaasul
AV) uoI1edeA 104 J3yliny Suloo

umouun

(Aouaiiye swn Sulured
JOJ WOOJ SS3| pUB 31| 21393y SS9
sny3 ‘Ajiwey ou) Juswaduesseas oN

s8uiyy/e|doad dn Supyaid
J0} J314N0D B Se AY 9y} 3sn pP|NOAA

A\
9y} 03UI SSaUISNQ Jay Jajsuesy pjnop

J9Ya :snoauejuods ag pjnom op o1
1BYM UO SUOISII9P Su4OM 10U UBYM
‘3unnsneyxa os aq Ja8uo| ou pjnom
SIUDI|2 U9IMIIQ Jed 3Y3 SuIALIp

‘1ed ayj Ul Xe[aJ pue 3Jom op p|No

aAIssed 4o aA130e Sulyldwos
‘Aep jo awin pue poow Aq saliep

3JOM :3WI] BUNSI9| 94043q

‘91n0W ‘smau Sulydlem asimIaylo
‘3uidaals :(soaueisip Suoj) Suiaup
J0 10| B UBYM SUIUBAS By} U|

w3 Jo yoe|
J0 3snedaq Jed ay3 uj s1ea Ajjuain)

umouun

Xe|aJ 01 dwi|

uoloe Joj awl]

(s)dwexa 10y oipes

uol3s98u0d JI palysiesun 9y1 01 SuUlU3]SI| UBYM) SWI} dwes umouyun
9y} pue Suixe|aJ pue |nasn :palysiies
(311om (3o0g310U

Sunes ‘oipeu

4O pulw SulJea|d):uooutaye (340M J0}
poow 3y} ui Suin1ad):Suiuiow ‘olpe

e ul) yJom ‘ddesneym {jrew
‘suoyd ayy uo Supjjey ‘Bunes

(Aep |je sauaid
03 Y10} pue yoeq [9Ae4}) YT-UlWQE

(swin Supjiom
Je|n8auur) o1yeuy uo spuadsp ‘Uiz

(340Mm 10y |9ARIY JO
10| B) YZ }99M B 92IM} {UIWSH-0E

Jed

Jed

Jeds

1sije1oads aJnaipad

9JeJ |eJaun4

uewso|es

ualned

es19d

1931314

131



AV JO 95nedaq aA0W 10U PINOAN

uolneden/ainsia|/Ajiwey
0} |9AeJ] 92UuelSIp-3Uo| 40N

jJuswasuelseal oN

J91y3nep Jay yum Adessyy yooads

Sujuiow

9y} ul yJom Joj uoljesedasd

:siseq Ajiep e uQ (swes paeoq ‘8-9)
wayl yum awn Ayjenb Suipuads
‘Ajlwey yum diiy 2unsis| e uo usaym

J91y3nep Jay yum Adesayy
y29ads e Joj 3wl puly 03 3Nd14QA

Xe|aJ 01 dwi|

(paAouue) uonsaduod
J1 paysiiesun ‘Buixe|a. s,1 :palsies

ddesneym
‘auoyd ayj uo 3upjjey ‘Bunes

(>}4om o4 saoe|d snorien
01 AepAians 10| e ul||aAeIl) SUIWIQE

Jed

ejpusawap yyum sjdoad
JOJ UOIINHISUI UB U] J0}RUIPJI00D)

a1euay

132



Appendix C: List of codes

Code Example

Alcohol in AV

AV as a courier

AV for rent

AV interior

AV seen as PT

AV size

AV vs. other modes

AV: comfort

AV: <activity>

Burden of driving

Business inside AV

Children

Congestion

Considering travel
as working time

“l think another behavioural change could be, sitting in the car, watch a
movie, drink some beers or some other alcohol, not worry about how you
are going to drive home. So basically more people will be drunk inside these
cars.”

“Let the AV pick up your groceries at the pick-up point of Albert Heijn, | do
not have to go anymore.”

“Maybe cars that are available for rent. A collection of cars with different
functions. They may be available for rent. There are cities where there are
programs for car sharing. You rent the car when you need it, when you go
away for the weekend, they tell you the position of the car in the city.”

“I think it has to do with how the design of the car will look like, it will become
a relaxation room or it will become a working space.”

“I really see it (AV) as a kind of individual PT, individual automated transport.
The two conveniences of the current means of transport are combined, in PT
you do not have the worry about the fact that you have to pay attention in
traffic, you have the freedom of: | get into the car when it suits me and that
car is ready for me at front of my door.”

“ KOEN: No, it does not necessarily have to be a desk. But if you have your
door, you can for example slide a table out. That you can stand in a kind of
way in your car, that would be nice.

LAURA: Then it becomes a very big car.

KOEN: That does not matter.”

“I think that such AV can be a formidable competitor for the aircraft to a
certain range. So up to Spain or within Europe.”

“Yes, better, because now you do everything quickly, you can do it more
relaxed by then. It is freer, you are comfortable, you do not have to pay
attention to traffic.”

Code for activities people declared to perform in the AV. Activities include:
relaxing, staring, sport, gaming, sleeping, knitting, etc. Example: AV: staring
—“If I can sit in it, | just sit and look outside and | think, enjoy nature.”

“I am not happy at all with the travel time that | have. (...) So, if | have to be
somewhere at 8 o'clock, and it's a two hour drive, | have to leave at 6 o'clock.
Then | think, in that time | could easily answer my e-mail, make phone calls,
things like that. (...) At the end of a working day it would be nice if you could
relax, instead of being annoyed and still have to go all the way home.”
PETRA: You can make a studio in your car.

PAULIEN: Yes, just a collapsible treatment chair. (...)Yes and you have
everything with you. That would be very ideal.

“Yes, and yet he can be with his child. | don’t want to think about that, well
my children are already much older, already grown up now, such a young
child who is 8 or 10 years old, | would not just put it in the car and say: you
have to go there, the door opens and get inside yourself. | would also like to
know if he actually arrives there.”

“At first | don’t think that it is lost time. But as soon as you stand still it is a
lot more annoying yes. That gives a very different feeling.”

“If your employer also takes into account that your travel time is also your
working time then you can also stop earlier. Then you take that into the car
so you do not have a disadvantage at all from the travelling.”
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Difficulty to imagine

Enjoying driving

Extension of
workplace/home

Extra: <activity>

Health
deterioration

lllusion of extra
time

Leisure trips

Long trips

Mood and activities

Motion sickness

No activity transfer

Now: <activity>

Old habits prevail

Overcrowding in PT

Own choice

Parking

“Then it is so difficult to think about what you would want different, you are
just used to it. It is therefore difficult to think differently. Yes, what would
you like differently?”

“Yeah, | like driving. Then | listen during the driving to music or radio or just
nothing, just take care of driving.”

“It will also be an extension of home, because at home you just do what you
feel like doing. This will also be like that.”

Code for activities people declared to do in extra time thanks to AV: sleeping,
self-development, social interaction, etc. Example: Extra: sleeping - “Well |
can sleep longer. Imagine that you can do your make-up in the car, wash
yourself or name it, you can sleep longer, you can change clothes when you
go to work in the car, do your hair, you name it all. | really see time saving.”
“I think one of the disadvantages for me, if | replace my bike and train to an
AV, | will become fat really fast.”

“Nice to be home and doing nothing. This time is of course very short, so to
say, | fill it in, but you get used to is very fast, so you do not even appreciate
having that extra time.”

“Those leisure trips, that is always very early somewhere to collect all the
people, that is not needed anymore. Because if you arrive somewhere at 9
o'clock you have to collect all the people at 6 o'clock.”

“I often have the fight against sleep, while | still have to drive a long distance.
But, | do not want to go off the highway, | want to go home as soon as
possible. But actually | am really tired. It would be great if you can sleep. Even
if others ride along with me, | am the one who has to stay awake, they can
turn their chair backwards, | would like to do that myself.”

“l would like to have multiple choices. Suppose | have a stressed day, then |
want a massage chair and just my favourite music on the background. But
indeed, another day | still have energy left, and then | want to exercise.”

“l must say something about reading, | think | would do that? So, | cannot
actually read a book inside the car because | will get sick. Watching a movie
is still possible, | would still do that. But, | hope that | will not suffer from it
anymore. | never tried that behind the computer.”

“No, | was just thinking about that. | do not think so. Ideally, you could do
everything, in such a car. Brushing your teeth, putting on your lenses,
everything. You cannot take a shower, that's a little over-enthusiastic. So for
me personally the difference would not be that big. | do not have to
concentrate at all in the morning. I'm just going to sit down.”

Activities people declare to do now during travel time. Example: Now: radio
— “Listen to radio, listen to traffic information”

“But after some time I'll find some easier ways of gratification of myself like
watching some more YouTube or more television more entertainment. Than
the time will be wasted anyway.”

“I do not know if it is a clear question for me, | would like to use my time in
the PT differently. But | often travel in the peak hours, | do not like to open
my laptop, then you're on your cellphone for a bit, just on the internet doing
nothing.”

“But yes, | do not think the responsibility lies with the car to live healthy. That
lies with you.”

“If | have to park my car in Amsterdam, Rotterdam you have to pay a lot of
parking fees. Does this remain? Is that different?”
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Policy

Predictability

Pressure in daily life

Pressure to work

Privacy

Relocation:
financial aspect

Relocation: moving
further away

Relocation:
neighbourhood

Relocation:
hypothetical AV
impact
Relocation: no
hypothetical AV
impact

Satisfied with travel
time

Seatbelts
Social aspect of
travel

Social aspect:
children

“If this really happens, rules will also change. So many cars can use the road
today, or something like that. You cannot just say, families who are going on
vacation on black Saturday, | don’t know what they call it. But, that's just not
allowed, to go all together at the same time, that is what | think at least. It
really cannot be the case that they are all allowed at once on the roads, now
that is allowed, on one hand, that is an advantage, however, we will not have
this freedom anymore.”

“I am afraid that if we use AV’s all the time we will find ourselves in bubbles.
We go from point A to destination in an isolated way. So there may be no be
much room for interaction and unpredictable things. Like it may be to
deterministic, less exciting.”

“It also works the other way round, if you want to go home, at 6 o'clock 7
o'clock, and | have such a pile of work, | can do it in a rush, or | can take it
too.”

“That's what | am wondering about, because | also think people will work
more because of this. So people can use that time to relax or to work even
more.”

“l would say it will different from PT, because in PT | don’t put my laptop out.
Well | have a smartphone. | will take the AV as a mini office space, movable
office space, and do office work that does not need any interaction with
people. So it is different because it is confined environment where | can
concentrate.”

“I think it is also depends ow how expensive the living there is in the region.
If there is a big advantage in price by living outside the city and you don’t
have a choice than it is an option. But in the Netherlands almost all places
are the same expensive.”

“Yes, such AV makes it a little easier, that you do not have to live very close
to that place or in that place itself. The AV makes it easier to move, to live
further away.”

“I feel like this: my house is my house. | am a Rotterdammer now. | have nice
neighbours who will not move for me. I like it there. If my son is home, we'll
go outside. There really cannot be a car that is better than that.”

“It would not really be a reason to move, but if | were already considering
moving, this would make it easier.”

“There is no difference for me. | don’t want to change my city. | don’t want
to spend time commuting every day.”

“Well at the moment | think it, | also drive at times that it is generally not
busy, then | find it, if it does not take too long, | also find it a kind of relaxing
to drive. If it all just goes nice then | just think, good. Music on, my
cappuccino. Then | do not think it's all that bad.”

“I have another question: are there any belts in those cars?”

“There is always the fact that you are in a traffic jam with several people and
not alone. And you can look around you at what the rest is doing.”

“I can remember when | was a child, sometimes my father came to my
school, and he picked me up and during the ride he asked me, hey Chris what
did you do? What was fun in school, or you had some discussion in between.
Now sometimes you cannot find the time because your father is more busy
most of the time. So this (AVs) will take that opportunity for the families”
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Social aspect:
irregular trips

Social equity

Social isolation

Time continuity and
activities

Time ownership

Time pressure

Tourism

Transfer: <activity>

Trapped inside AV

Travel as necessary
burden

Travel duration

Travel further

Travel less often

Travel overnight

“If 1 went for a day out with my family to a theme park far away, | would
spend time with my family during the trip. Do something together, like a
game.”

“Not everyone drives a car, you obviously have elderly people without a
driver's license, my husband does not have a driver's license. They can also
get into such a car.”

“No one seems to look at you anymore. You all have your own world in that
car. So nobody is looking at each other anymore. Once you get in, you're
doing something. (...) It will be a completely different dimension.”

“It would be an alternative for me if | had to take the bike and change to the
bus and the metro, 2 times or 3 times. That is not a direct connection. Then
you are on the road for one hour instead of 20 minutes. Then | take the car.
If I have to cycle for 10 minutes, | will take the bike.”

“Of course, your employer may also expect that you work inside the car. You
have an AV, so you can work in the car for 3 hours.”

“But what | do on the way is often eating a sandwich, because otherwise | do
not have time for it.”

“I can imagine that it is easier to go to Paris or to Berlin, because you do not
have to wait at an airport. You get in at your front door, sit down, you have
movies you want to see with you, books you want to read, then you just go
there. That, you do not have that you're on the plane, | can imagine that that
can be extraordinarily pleasant. That also makes it more accessible to go
somewhere.”

Activities which people declare to potentially transfer into the AV. Example:
Transfer: morning preparations — “l would like to prepare myself for my work
in the morning. Just like you sometimes do your make-up in the train
nowadays, | would definitely want to do that too. Refreshing you can do still
at home, nice inside the shower.”

“Because you're just locked up. | mean you can do a lot, you can have a lot
of contact, but of course not really. Of course you can shop on the web or
cut your stuff. You're just locked up in a small physical space. It's nice if it's
more efficient, but | would not want to live much further from my work.
Maybe a little further. But | don’t feel like traveling 2 hours for work.”

“For me, travel time is really loss of my time. | think car driving is not really
relaxed, especially when it is busy, then | notice that | do need a lot of focus
to look at the road. The same holds for cycling, it is not like: | do it for
relaxation. It is more that you have to do it to get to work. But to really say
that | find it relaxing, or that | think | spent that time useful: no. | would
certainly spend my time more efficiently if that would be possible.”

“We are talking about a travel time of 20, 40 minutes. It is not that you can
do miracles in such a time. Half an hour longer in the car and then your work
is complete.”

“If I go on vacation now, | prefer to go within one and a half hour, two hours,
that is the limit for me. So in this case | would say: | sit down and drive to
France for a few days.”

“I think | would drive less myself. | live in Rotterdam but | live quite in the
middle of nowhere. There is no PT, | always have to pick up people in that
neighbourhood. Then | would send that car, so that would mean less driving.”
“You may also travel more during the night. If you can really organize your
rhythm in such a way that you can actually sleep inside it.”
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Travel time
perception

Travelling as
stimulation

Travelling more
often

Unsatisfied with
travel time

Work/life balance

Work transferability

Work regularity

Work as an option

“I think for me it is something in between productive and unproductive. |
can’t say it is totally unproductive, because if | have this time at home, | have
wasted this time completely even worse when driving train. It is not totally
unproductive as well because at least | can at least check the internet.
Sometimes it is also not good because it feeds my internet addiction further.
It seems that all this internet is finished.”

“Yeah, well, quite productive actually in PT | used to read quite a lot, more
than when | am at home. So yeah, when | travel, | used to, | don’t know,
maybe psychological, | used to read a lot.”

“I see my friends twice a year now, but then probably way more often. Yeah
big change for me.”

“No, | don’t think it is productive, it is totally unproductive. So, even if | can
work on my laptop | would prefer to send some mails, which can be short
tasks, | can finish when travelling.”

“Or if you actually finish your work inside the car. Then you come home and
then you do not have to finish it. Then you have more time for your children
or other important things.”

“I must also mention that the work | do is not really suitable for working at
home. So at the moment, it is of course a cultural thing, that not all people
are in the system yet, it is being encouraged to work at home.”

“Well, | am satisfied one day, then | get everything done. The other day | am
not satisfied, because | do not have a permanent working place. | travel
everywhere, for me, every day is different. Every day is a surprise.”

“But something that came to my mind that there was a time that | used PT
regularly and | used to have a presentation, so | could use that time for
getting ready for the presentation. And it was very useful. (...) Yeah, but |
prefer to do nothing.

Appendix D: Process of content analysis

Below a process of coming from the specific to the general is shown based on one example from the

results of the study.

One of the preconceptions made before the analysis of the results was to find the mechanism behind
travel time perception, that is find the factors which determine how this time is currently perceived.

In the process of open coding a number of codes was identified, all of which are listed in the Appendix
D. Similar list of codes, but including all the relevant quotations, was prepared after coding all the data
and used as a coding sheet. That served the purpose of easy access to all the codes and quotations,
and allowed for quick access and comparison, which facilitated the analysis.

Among the identified codes are (with exemplary quotations):

“Enjoying driving”

CHRIS: “Yeah, | like driving. Then | listen to music or radio or just do nothing, just take care of driving.”

“Burden of driving”

KOEN: “I am not happy at all with the travel time that | have. (...) So, if | have to be somewhere at 8
o'clock, and it's a two hour drive, | have to leave at 6 o'clock. Then | think, in that time | could easily
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answer my e-mail, make phone calls, things like that. (...) At the end of a working day it would be nice
if you could relax, instead of being annoyed and still have to go all the way home.”

“Congestion”

LINDA: “Yes, another disadvantage: driving itself can also be quite nice, if you are not in a traffic jam. |
also know people who, on Sundays, not the typical Sunday driver, but who just drive a bit on Sunday,
just for fun.”

“Unsatisfied with travel time”

ARJUN: “I don’t think it (traveling by car) is productive, it is totally unproductive. So, even if | could work
on my laptop | would prefer to send some mails, which could be short tasks, that | could finish when
travelling.(...) For me, travel time is really loss of my time. | think car driving is not really relaxed,
especially when it is busy, then | notice that | do need a lot of focus to look at the road. (...) | would
certainly spend my time more efficiently if that would be possible.”

By identifying that these codes are all related to the attitude towards driving, they can be grouped
together in the process of categorization.

//‘\

Enjoying Burden of ) Unsatisfied
L . Congestion . .
driving driving with travel time

Among the applied the codes are also the following (with exemplary quotations):
- “Social aspect of travel”

KATRIEN: “There is always the fact that you are in a traffic jam with several people and not alone. And
you can look around you at what the rest is doing.”

“Social aspect: children”

CHRIS: “I can remember when | was a child, sometimes my father came to my school, and he picked me
up and during the ride he asked me, hey Chris what did you do? What was fun in school, or you had
some discussion in between. Now sometimes you cannot find the time because your father is more busy
most of the time. So this (AVs) will take that opportunity for the families”

“Social isolation”

GABRIELLE: “No one seems to look at you anymore. You all have your own world in that car. So nobody
is looking at each other anymore. Once you get in, you're doing something. (...) It will be a completely
different dimension.”

Similar as in the previous example, the codes can be grouped together into a category “social value of
travel”.
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T

Social aspect Social aspect: Social
of travel children isolation

During the stage of open coding also a code was used to mark statements about the life possibly
becoming too deterministic due to AV:

“Predictability”

NORBERT: “If you have to travel by PT, like me, sometimes you encounter unexpected moment right?
How should | say this, if you have the same trip every day in that AV, then every day is the same. What
you see, whether it rains, if the sun shines, or you see how people walk, what people say, what people
look like, all those things. It becomes monotonous. Then you are no longer surprised either in a positive
or in a negative sense.”

Because this code is unique and considered relevant it can constitute a category on its own.

1

Predictability

By continuing this kind of reasoning, it is eventually possible to combine similar categories into one
general category: “psychological characeristics”, which together with “non-psychological”
characteristics constitute a broad category: “Personal characteristics”.
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( 5.1.3]

Personal chamcenstics

Psychological MNon-psy cholegicl

Attitude towards
driving
5.1.3.1 J 5.1.3.6

' Ty

Attitude towards

congestion

\ 5.1.3.2 J
-

Motion sickness

Social satisfaction
with trvel
5.1.3.3
—_————,

"Travel ennui”

5.1.34

Perceptionof
safety

| 5.1.3.5

In the process of further abstraction, the category “Personal characteristics” was conceptualized as
one of the three large groups of factors constituting the input for travel time use mechanism.
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